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TilE PlU 

GL \OIER OF 10 N'I RAINIER. 

By l. 'RAEL . R s ELL. 

1P L PITY l Al:. P EATU HE OF THE T TE OF 
W A JIINGTO :r . 

'l'lle tnte of Wasbiuo·ton pre cuts marked geographic a nd climatic 
div r i ties . The ascade l'IIountaiuscro' the tatein ageneralnortb 
ou th direction ~wei di,·i de i t into two portions \\·bic!J are a different 

from each o ber in nearly a ll thei r f, atures a· two ad.iac nt r gions 
can ,yell be. 

The ' a ·ade 1\Iountaiu begin at the outh in norther n 'alifornia 
and ext nd uor thward aero · Or gon and Wa bingtou an d into B ri ti b 

olumbia. Iu JIOrt!J ru vVa ·bingtou t!J e r auo·e i compo ed of gntni tic 
rock , aud it ·' 11ic feattu·e ar b rc much more diYcr e thnn in it 
southemexteu ion, wh er·eonlyigueou rock , mo t lya nd iteanclba -alt, 
haven ' yet u en report d to occur. htny of the ummit l) aks f the 
Ca ·adc Ha nge in "\Va lJington are from 6 000 to ,000 fee or more in 
n lti tud e. ..::\..t lea t fi Y pa s ar k nowu which are co n idered practi ·a
bl for r a ilroad. . The e range iu cl \ atiou from 3,100 to 5,500 feet 
abov the~ a . T!J lnmuia l~iTer, ft owin •.,. from ea t tow t pas ·c 
thr tt<Yh t he mountain formin g in part th > uonudarybetwe n \\'a bing-
ton ml(lOr gon nntl dis e ts th ran g nea l'ly to a 1 vel. Tb l Ya
t ion at a, ·ado L Ck l:' i ' bu lOG feet au ve tile 0. an. 

Ea t of th f, othill t b of' the 
olumbia asiti ·t rm d \\'bi·bmerge u t lt e outuwith ava t platean, 

forming· outh •a t m "\\rashiu gtou and ex t uding- far into Oreo·ou. The 
elevation in thi s r giou mng from about· 00 feet alon g the ohunbia 
to 2,500~ t ncarth W a!'< hin "'ton-ldahououudnry. eut ral and outh-
n tern ashingtou, mura in g a r giou nbout 20,000 quare mil es in 

ar a wa, 011 a I vel pla in of ba alt form d by many ' ucce i' e flow 
of molten ro k. In the Ilei ,,;hborltootl of tl1e 'a cade th e once level 
ba altic h •t have be n brok n by unmeron line of fracture aud the 
interveniJJ O' block have b n variously ti.lted , bu t in the outhea t rn 
portion of t he tat th lava, beet <LI' t ill horizontal a1 1d form a 
nearly 1 vel plateau i n wh1ch ther ar many deeply eroded tream chan-
nel , orne of which, termed coul l ar no longer line of drainage. 

355 
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Tit a t hwa flow whi ·h ·o v red centml nnd Ro nth east'nt vYa h-
iugtou, a ud a · till grca ter region to the :onth wanl met th mountain , 
of metamorphic ro ·k of hlalto and Washin gto n in n,n itTen·uhtr lin e 
coi nci!ling iu g nera i with t l1 vVash i ngtoH-ldalto bou nd ary from the 
Oregon line north wnrd to pokanc Rher; th nco we::; ward tl1 border 
of the lava i ·fo llowed by t h olnm bia in nJ akin •'· i t we terly d tour, 
kuown a the Big Bend. To the north of th .B ig l~end or th Colum
bia arc r ugg'd mountain , of grau it rock which m rg with the 
north ern ascn,d . h n th o· ol gy au<l g ooTai hy of \\ a l1ing ton 
are more horo ugb ly. tudi ecl it will proba.bly b fou11d t.l1 at th g ranitic 
portion of t he northern a cades belouo- in reality to th gT nt r·ic 
of bi n·hland and mountain ' nort l1 of the B ig Bend which is de ignat d 
in g· n ral a.s the Okanogan ~Iountai11 . 

The ~r·cade Mountains nr 1 r eipit us 011 the w and d ce11 tl 
abrup 1.} to a re n·ion of mild reli fi n which tl1 extr m ly in g-ular 
ba iu occupied by J'uo· 't uud i nnk. Thi ' low cou ntry d 'ply 
covered with glaci ~Ll drift ext nd w stward to the lyrnpic Mountain · 
aucl to tbe Paci fie. 

' bowu in tbi brief ontJ iu e, tl.Je mai11 o· ograr hie featur · of Wn ' h
ington are a 0 Tent mountain rano·e tr nding approxi maL ly :N . Jf>O g ., 
a rou o· ll ened lanL pL,t au n th ea t, and a dis: t d plain of ghl ·ial 
drift on til wet. 

· ocia t d 'vith t ho a cade range in Y\ a hiucrtou, bu of late1· date, 
and di tioct from it bolh geographically and g ologi ally, ar fom 
especially promineut volcanic mountain·. bout F rnil ' a t of tll 
re t line of the a ·ades in outh-ce11tral Wa hiugton taud M un t 

Adam , 0,570 fe t hio·b. T his is a vol an ic coue much defa · d by di . 
in tegration and ero ion, bLlt team e caping front i ts ummi t reveal ' 
the fact that the rock wi thin t.he 110w- and i · - ·ov r d cou are till 
hot. Fifty tnilcs we · of lte a· ·ad ·, aud Hea-r LlJ au a lia,u 'bound· 
ary rises 1\Iou ut Baker 10 7-; feet lligb al ' O <tvolcani mountain, with 
a well-d fined crater 11ear it ummit. imilar to 1onnt Baker in g o
gra]Jhical po ition, but in tbe onthern part of th Puget ound coun
try, stands Mount St. Helen , 9,750 fe t high. Mount Baker and 
Monu t t. H elen have been in ruption iu modern tim ·, :111d i t i ' 
believed, altl10no-h perbap not proY u that erupti ns from them l1 ave 
occurr cl within the la t fift;y yea r . 'I be fourth great vol ano referred 
to, and th e gra.ncle t of all i Mount Rainier to be de crib d later, ou 
which the glacier· formi11g th nbject of thi pap r ar ituated. 

GLIMA.1'E . 

Of pecial intere t in the tucly of the g lacier of ~1ount Rainier is 
the character of the climate of Wa hington. 'rh plateau countr.} to 
the ea t of the Oa cad ::; i arid and partakes of the d e er t-like n<Lture 
of the Great Ba in region, of which iu mauy respects it is a northern 
exten ion. The rainfall i · small. Over an area of 20,000 quare miles· 
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tb P- mean annual pre ipitation varie from 5 to 20 in ·l1 ei'\. The sum
mer., are long a nd hot· the wint r mild and raiuy. uo\\· lie on the 
higher portion~> of the plateau for everal '"eck ea ·h yea 1·, bn t Reldom 
renu-tin s more t lnm a few day.· in the va.ll cy . T he plntca.n i · treelc s. 
In the lo,Yer vall ey agebru l.t and other de. r t sh rubs impart t heir 
neutral t in t· to the lantls ~,;ap . The hi gher portion of the platenu in 
a tate of nature were cover d with lu xuriant bunch gras e. . {ucl.t 
of the form r prairi e is now und r cultiva.ti.nn . The deep rich ~-;oil 

formed l>y the decay of basa.lt ab orh th e rain a nd retain it in u ·h a. 
manuer a tor ud r wheat raising pos ible with an ann nnl precipita
t ion of le t l1 an 20 in ebes. 

West of tl1 Ca ·cade the en t ire country, except certai n l imi ted areas 
where ·oil con lition nre unfavorabl e, was originally cloth cl witlt mag
nificent fore · ts. T he forest of fi r, cedar, spruce etc. from whieh t he 
Evergreen • t:tte derive· it popular nam , extend from t he sbore of t he 
Pncific over the Cascade fountains a nd down their eastern f' lop to 
an elevatioll of auont 2,000 feet, leaving the hi gher ·unnnits bare. 
Tl.Je annu:tl rainf:tll to t he we t or the mountain s range- from GO to 
onrJOOinches. On th bi o·hermonnta in i ti probabletha themcan 
annnal precipitation, mostly in the fonu of sno~· , i iu exc.:c. of' the 
ben ,·ie. t precipi t-ation ob erve(l in the vall ey· . 'Ih e tempcrn.ture 
tbrongbout tl1 year i stu·pri in gly miltl and equable. The win ter are 
lmmid, but with littl e , now in t il Yalley . 

The prevai lin g willll in Washington are from t he we, t, a11d com 
from the Pa ci fi cbaro· d '\\' i b moi tnre. In pa. · in o· 1\Iount l~ainier 
and other lofty mountain they are forced up ,1·a1'Cl, rnrefiecl, and elti ll etl, 
an] part with mucb of t h ir !.tumidity before rea ·bin g the plateau east 
of the Ca. cad 

Glacier. are no le· d pendent on ·limatic co ndition t l1 an fore t . 
W r l1ioh mou ntain ril-;e in t he paths of 
warm monntai11 of IY<1 hin oton, and parti ·u-
larly n .i'llou 11 lh~i ni L'. th , co nd i ions ar abundantly fn l fill d. 

l 0 'ITIOK A D l~ LJ~Y .ATION 01•' :i\IO ..... r'J.' R.A.lmER. 

Monnt Rai ni r i' Rittmt d a.pproximat'ly 4:) miles l'lOilth astor the 
rityof'Ta.·onuLa nd 11 mil I:;W''toftii C 1'(' , ofth Ca cau i\lountains. 
A determined b · th ruit d tat G oloo·i al nrvey it highe t 

nmmit C'rnter Peak i~ in latitud J(iO 51' 0±. J" and lon o·itnd LlO 
45' ~ .50" and is lJ. 5~G fe t in hei ght. 

'l'h cou n try in t .rv nino· betw 11 Puo·et onnd and the foothill of 
:J\Jount Hainit~ r is low and for th most pnrt heavily for t COY red. 
li rom Ta oma wbi ·h i: at tide l " I 11 \rho! hri o-lt t of the mnj e t i 
mountain i. in ,·iew · i.ltat is t.h i na l heigh t of t he peak embraces 
the ntire I nttion of its nmmit abo ,·e th a.. 'l' be nppea ranc of 
tile mou ntain fro m near Tn ·o ma, i ho1vn in t it photograpl1 forming 
Pl. L-"-v . A ltl 1 ng h mnel 1 of th d tail in t he. culp tming of tb moun -
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taiu's slopes is lo t iu thi picture, yet it rves to how tll i olation of 
the gr at peak and th roann r in wbi lt it tower above all it neigh. 
bor . een from many point on Puo- t Sound ev n a far north as 
the trait of Fn a, tbe monntai11 i wom1erfu11y impr ive. It ri C' 

boldly into tb ky a. a mao·niftcent SltOir-clad dom , and ap[ ars 
uffi iently rugo·ed and precipitous to bid d fianc to th bold st moun. 

taine r. In fact, it north rn id is o pr ipitou that no a cents 
have be n attempted from that direction. 

'Io tbe ast of Mount l~ainier and i nt rv nin o· b twe nit base and 
the Cascade range, th r i a rugo·ed and d ej1ly roded country not 
yet thorong!J ly xplored, in which the lt i o·b t p ak are, by estimate, 
between 7 000 aud 8,000 £ et high. Tbis region, in co tnmon with th 
lower lop of l\Iount Rain i rand nearly all of t h adjacent country 
a preYiou ·ly stated i den, ely£ re ' t ov red. 

Th important place that 1\Iount Hainier occupi in th mind of all 
who are familiar with the harming sc n L'Y of w stern Wa hington ba 
created fL de ire for more detail d information on rnino- it higher 
and more ina ce . ibl portion and particularly to tbe 
glacier vi ible on it · side from ()"rea t cl i tance . 

DI OVJi;UY A DEAl LY EA.'"PL R TI 
RAINIER. 

1 ~ MOU:NT 

pani h explorer entered what i now known a Puget ouncl in 
1790, and mu t have be n familiar with Mount Haiuier as een from a. 
di tanc , but, o far a, there ord eem to show, they did not giv a 
nfLme to tbe roouutain. 

Yancou er explored and mapped Pug t Sound in 179 .. and named 
not only the waterways and tb ir imm diate. bor but ev ral of the 
mountains een in the eli tance a well. Mount Bakpr, Ra.iniflr, nml 
Hood woro uaru •c.l at ll.li · time in honor of th lord of the Briti ·h 

clmiralty who e name they till bear. In the narrative of his oy· 
age/ in de cribiug the region about PortTownsrnd, Cal ta.in Van ·ouver 
stated that a '·very remarkabl' high round mountain, overed with 
now, apparently at th outltern extremity of tlte eli tant range of 

snowy mountain before noticed [the Ca .. cade l boreS. 4~"'0 E.' When 
farther outh iu Puget ound, he record d (p.70) : "'Ib weather wa ' 
erene and plea ant, and the country conti nued to exhibit, between u 

and the eastern snowy range, the ame luxuriant appearance. At its 
northern extremity }\[ount Baker bore by compa N. 220 E .; the round 
snowy mountain now forming it southern extr mity, and which, after 
my friend Rear-Admiral Rainier, I distingni ' bed by the name of Mount 
Rainier, bore N". 420 E . 

Before the coming of Vancouver the Indian had a 11ame for tlle 
mountain in whi h we are intere ted. To them it wa known a · Tacoma, 

1 Cnptaiu ,eorgc Vnncom·cr , A Vnyuge of DiscoYery to tho }[ortl.l Pnciflc Ocean ami Round the 
World , London , J 01 , 8°, ,-ol. 2, 1 p, 73, 79. 
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as nearly a. their pronunciation can be rendered in E11glisl.t. Person
ally, 1 am trongly in favor of retaining tl.te aboriginal name, but as the 

- 11ited States Boa.nl on Geograpl.tic Name ha dflcided that the name 
which Yanconver g::n-e shall be nsed on Government ma.p and in offi
cial p·ublications, I have no choice in tbi paper but to accept their 
decision. 

The first ascent of Mount Rainier W!l>S made by Gen. Hazard Steven 
and P. B. Van Trump in Augu t, 1870. A.n ex eedingly graphic and 
ent rtaiuing account of thi pioneer climb was publi, b d by Stevens in 
tbe .Atlantic Monthly, Yol. XXXVIII, 1 76. Tbi asceut wa made on 
the ·onth id of th e mountain, by the way of what a re now known a. 
Paradise Park and Gibraltar wl.tich i practically the route followed in 
receut year by many tonri ·t . After spending a nio·bt iu the crater at 
the ummit, they made the descent by the arne route. 

In October, 1 70, 1\Ie r ·. S. F. Emmons and A. D. V\ ilson, of the 
United States Geological Exploration of tl.te Fortieth Parallel a cended 
Iount Rainier, takino· es entially the arne route as tl.tat followed 

about two months before by teven and Van Trump. During th i 
excu rsion mu ·h valuable information concerning the geology of the 
mountain and e pecially in r lation to tbe numerou glacier on its 
ide , was obtained and tbi will be presented later. 
During th past ten years the south ide of Mount Rainier, between 

the "i qnally and Oo\Ylitz glacier , ha become a favorite and much 
frequented re ort for camping parties. The park-like region near 
timber line pre ent · unu ual attractions on ac ount of the r,ool ummer 
temperature, bracing a ir, and magnificent cenery, and al o furnishes a 
con enient starting point for person de iring to climb the great peak. 
An e ' pecially beautiful portiou of the southern slope, known as Para
di e Pa.rk is one of a number of or en meadow-like tract trewn in 
profu .. ion with charming flower during the bort summer and diver i
i.ied bytl.trif'tygmve offir towhichmncbofit b autyi due. From 
Paradise Park the way to the . urn mit of Mount Rainier i ea ily fouud, 
and the climb, con idering the elevation attainable i by no mean 
diffi ·ult. 

IL~R.A TERI TI 

Mount aiuier i an extinct volcano. The re idual heat of it once 
molten rock sti ll o·i\-e origin to steam jet , li CYhtly impregnated with 
ulphurou ga e in a few in tance , which e cape from crevice in the 

uow partially now-filled craters at the ummit . 
.A has b 11 determined by Bailey Willi , tbe mountain tand on a 

lanting p neplaio, wbi l1 consi t of o-ranite ' , cbist , and coal-bearing 
T rtiary rock : that i , the region where Mount Rainier i situa.ted 
wa roded duriug late Tertiary tim s un til it wa reduced practically 
to a plain at ea lev I. Such a I hLin i, known among geographers a 
a peneplaiu. Tbi peueplain wa then upraised and t ilted o as to slope 
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g ntl y we. tward . inc th e plain wa b n d eply 
di s cted by ero ion, :wcl th e Janel ma es bet we n t h sunk n t ream 
cha nnel hav b en worn in to mountain form . Tbe o- n rn.l lev l of 
t he , ummi t. whi •h mark a.pproxim ately the po it ion of the t il ted pen . 
pla.in in t he r gion aljacent to fount Haini ron th e nor tl1 , is <tbont 
6,500 ~ et. The tream that have rotwbencd the plnin by excavatiu 
deep channels in the rock compo in g .it were ·uided we 'tward by t il e 
slope procl nced by the uplift ing; t ha t i , t heir com·,e w r dct rmin d 
by th lope of tb land, due to til t ing and for thi 
cla ed a con~eq uent tream . ev ra l river hav t h ir OUI' C in 
t he glacier of J\1ount Rainier, and flo w away fro m th e mountain in a ll 
direct ions, a nd have cl eply eroded it ide~ . 'fh , too ar on, . 
quent trea m ; that i , t heir cour e were letermin cd by tbe orig inal 
slope of the mountain . 

Tb late t marked rup tion of Iount Rainier cea ed before th work 
of ero ion, now evitlencetl by nch on picuous re nlt on it:· low t· 

lopes a nd in the platfo rm on whi hit tam] wu: fa r n<l vanced. T he 
ro ks all about t he b~t e of tb " l a.no are 111 ai uly Terti a ry edi1n nts 
an d the product of an icnt volcan i eruption s. Of ol d r date tha.n 
tbe Ter t iary, a nd apparently ri ing th rough tbe ro k. o that ag at a 
few locali ties, are i olated area of li ght- colored granite. On t rop 
of gran ite were noted on the ou th id of fount Eaini r nea.r the 
extremity of the Ni qually Glacier , by Kantz in 1 -7, and Hl o by 
Emmon in 1 70. Simi lar g r·ani te, formiDg bold round d knob. and 
mountain -like mas e on tl1e nor tl1 id of t h motmta.in, between ar· 
bon and • in throp gla iers, wa. discov reel iu 1 96 durino· the recon
nai a.ncewh ich formed the b:t i of this paper. line conn ctiu g the 
granite outcrop on the two id s of t he mountain bear lightly ea t 
of north, and pos ibl y indicate t he dir ction of t he liue of fracture 
that admitted of the extru ion of th la.va of wbi h ~1 unt Rainier i 
bui lt . n hypotbe is uo·ge t d by th e ob rvation. mad by my elf 
la t ummer i that t be g ranit '"a, rai eel by faul ting after the 
adjacent Tertiary rock were depo ited. bu t previou to th ir b ing 
worn down to a peneplain . No opportunity wa found !Jowever, for 
testing this ugO'e t ion . 

The main ma of f ount Rain ier i com po eel of and . ite a.nd basal t, 
which were ejected to a con ideraule extent in a frag me11 tal condi tion 
as cori a, pumice, lapilli, bomb , etc. La\a tl ow were not abundant 
duriug tbe later s!age oferuptio n. Th e 1110untainrank asacompo i t 
cone, but so far a it. tructure i revealed in th e canyon and amphithe
ater sculptured in i ts ide , an tl as i indicate<l also by t be profil of 
t he great cone, it wa bui lt largely of material thrown out by explo ion 
from a. ummit crater. Th profil e of the mou ntain and the character 
of it. ummit how t hat a t the time of its greate. t per:e ction and 
beanty it r o ·e a a taperin g cone, with gentl y concave ides, to a b io·bt 
about 2,000 feet gre~ter than its present elevation . At a la ter date it 
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wa truncated, probably uy a n explo ion, which removed t he upper 
2,000 feet and left a snmmit crater from 2 to 3 miles in diamet r. 
Remnant of tb e rim of this imm n e crater no~- form Peak ncce 
a11d Liberty 'ap. Subsequently explo ive ruption partially filled 
the great crater a nd formed t~·o ·mallet' craters withi11 it. The rims 
of t he. mnller c· ratcrs are t ill ·] early t racen ble, although nt pre ent 
the depression tb y encircle are nearly fil led ~ith snow. A mod erately 
prominent point between the two younger ·rater known a rater 
Peak, i now the actual summit of the mountain. 
Asl\Jount]~aini er tand . to·da itha lo tmuchof itsyoutbfuloTace 

and ym metry. It. rock have yi Id e l to frost and torm and ha\e 
been deeply sculptured by glaci r . T!Je cltara teri tic feature pro
duced by the deca y, eli ection, anrl e ro. ion of the rock formin()' t he 
mountain, and tit future topoo-raph ic ·ltano· , that may b expec;tecl to 
take place if t lt e preRent de tru ti,-e agencies con tinn e their work, w ill 
be co tt icl "re(l after th nature of the g lacier to which tlte change in 
the pbysiogl'aphy of the mountain ar mainly dne a 1'e briefly discu sed. 

X RRA'IIYE. 

The reconnai . ance dnrin g whi •h tlt note for tbi es ay were 
obtained began at arbonado a mall ·oal-minin g t wn nbont 20 mil s 
sou thea t of THcoma, with which it i con1te ·ted by a bran h of the 

nion Pa itic Haill'oad. Oarbonado i ~ ituat d on th e bord r of the 
unbroken fore t. Eastwarcl to beyond tlte ere t of tbe Ca cn.de Uoun
taitt i a prim eval forest, the d n ity Hll(l magnificence of which it is 
impo ible atlequat ly to de cribe to one " ·hoi not omewbat familia'r 
wi.th tlt e ruget Soun<l region . From Carbonado a trail, cut throuo·b 
tlte forest under tlte dire ti.on of Willi in 1 1, lead to Carbon Hiver, 
a tream flowing from Mount Rainier, ~lJi ch it formerly cro eel by a 
bridge that i 110\1' cl ·tr yed a,ncl tben c ntiuu to tbc w t of Lite 
mountain to Bn ywild. A branch of thL trail J a 1 ea tward to the 
north ' i<l or th mountain, ntakin g a e ibl a b autiful r egiou near 
th timb r lin e knO\Yn a pl'ay Parle \.. portion of th mnin trail 
and th bran h leadiu o· to pra,.r J ark i . hown on th accompanying 
map, Pl. LXVL 

Onr party ·on i, ted of Hnil y Vi illi . g ologis in barg . GeorO'e 
Oti mith and my. elf, a . i tants and F. l . in \\'Orth, Fr cl Kocb 
Vi illiaru B. William ·, and fi chael Anti r ca111p hand 

From arbon aclo w proc ed cl with pack animal along the Willis 
trail, already wention cd, to tb cro , ing of arbon Ri\ r . W > th D 

le ft the maiu trail ancl \V nt up the ri ght bank f the ri\er by a trail 
re entlycuta fnra the month of ' bcnui •·eek. Attbat loca.lityou r 
party wa. divided. Willi ::tllll my elf, taking blanket , ration , etc., 



362 GLACIER OJ<' MO ' 'f RAINIER. 

and cro ing the ri1·er, pro eeded up it bowlder· trewn left bank to tb 
foot of arbon Glacier. The r mainder of tbe p<trty cut a trail along 
the rio-1Jt bank and in t he cour!ie of a few clays ucce ied in makin g 
a depot of nppli e near wh re the ri er m rge from beu a,tll tbc 
extremity of the glacier. Th pack train was t h n tak n back to near 
Carbonado for pa. tur . 

The tramp from C::trbonado to the foot of the arbon Glaci r wa 
full of intere t, as it revealed the ·baract ri tic of a great region, 
covered with a den e forest, whi ·his a part of th de ply di . c ·ted 
Tertiary peneplain nrroundiug l\foun t I aiuier. Th rock from Car. 
bonado to arbou River cro ·ing ar oal b aring. Exten iv min ' 
are worked at arbon ado, and t st haJt · h::t\ e be n p n d at a G w 
localitie 11ear the trail which we folio"· d. \ t 'arbonado th river 
flows through a teep·sid i canyon about 300 fe t deep. ear where 
the Willis trail cro. es th tream the canyon broaden i deeply filled 
with bowlder ·, and i bordered by forest-covered mountain fully 3,000 
feet in elevation. On account of th d u. e for , t , th sc n ry through· 
out the region travers d i wild and l)i tm·e qu . ~\t a ~ w locali t i 
glimpses were obtained of the grea,t now- clad dom of Iouut Raini r, 
ri ing· far OYer the intervening tr c veretl foothill . 

Th forests of t]1e Puget Sound r gion arc th mo t ma-gnificent on 
the continent. Tit moi::;t atmo phere and genial climate h ave led to a 
wond rfnlly luxuriant gTowth, e p cially of evergr en·. Rug fir tree 
and cedar tand in clo e-set rank and hoot upward traight and 
ma ·iye to h ight which frequently ex eed 250 fe t, and om times arc 
even in excess of 300 feet. The tree ar' frequently 10 to L f et or 
more in diameter at the height of one'· head and ri e in ma~ iv col
umn without a blend ·h to the fir t branch wbi ·h ar in many 
in -tauce 130 feet from the ground. The oil beneath th mighty tre s 
is deeply overed with mos ·e of many harmonious tint. and rle kE-d 
with ruuk fern;:,' llo gra ·efully bending frond attain a le11gth of G 
to feet. Lithe, lender map! , , termed vine-maple from their l1abit 
of growth are pi nti fn l e pecially a,long the small water course . In 
many place the broad 1 ave of th d Yil :-; club (Pat ·ia horridct ) g1ve 
an almo t tropical luxuriance to the hadowy re.Llm beneath the lofty 
canopie forme(l by the fir and cedar . 

In writing of life in t id fore ·t while pro pecting for coal in 1 '1, 
Willi ·1 state that on of tbe fir tree which wa · mea ured ro e like 
a bnge obeli k to a height of 1 0 feet without a limb and tapered to a 
point 40 fe t above. "The more lender tr e , curiou ly enouo·b a.re 
the taller; straight, lear shaft· rise 100 to 150 feet, topped with fo li
age who e higbe t 11eedl would look d wn on Trinity spire. Cedar , 
hemlock sprnce, and white fir mingle with thes giant , and not 
competing with them in height, they till the spa es in the va t colon-

•Bailey Willis , alions and glaciers, r•journ y to th <· ic Helds of Mount Tacoma : 'l'be Northwest, 
April, 1883, Vol. I, p. 2. 
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nade. • • • Tbe ilence of these forests is awe orne, the solitude 
oppre . iv The deer, tile bear, the panther, are eldom met; they 
ee and hear first and ilently lip away, leaving only their tracks to 

prove their 11umber . There are Yery few bird . • • • The wind 
play in tile tree tops far overhead, but seldom Lir. the branche of 
the maller growth. 'Ill great tree trunks , tand immovable. The 
more awful i it when a gale roars through the t imber, when the huge 
column way in uni.::on and groan with voice . trangely human." 

The mighty forest through which we t raveled from Carbonado to the 
eros iug of Carbon River extends over the country all about Mount 
Rainier and clo the the sid ~ of the mountain to a height of about 
6,000 feet. From di tant point of view it appear a an unbroken 
emerald etting for the gleamino·, jewel-like ummitof the now-cov red 
peak. 

In . pite of th many attraction of the forest, it wa wit.h a ense of 
relief that we entered the canyou of Carbon River and bad space to 
ee about u . The ri,·er pre ent feature of geograph ical interest, 

e pecially in tbe fa t t hat i t i fillino· in its val ley. Tbc load of tone 
contributed b) the g la ·ier from which t lle stream come as a roar
ing turbid flood, i ' greater than it can weep along, and much of its 
freight is dropped uy the way. The bottom of the canyon i a de olate, 
flood - wept area of rounded bowlder , from 100 to 200 yards broad. 
'l'be strean1 channel i contin ually" llifting, and i frequently divid·ed by 
island of bowlder , lteaped high durin g som period of flood. :!\iauy 
of the tream ·bannel leading away from Mount Rainier are known 
to have tb cbaracteri tic of the one we a ·cemled, and ' bow that the 
canyon. wer can-ed under differ nt condit ion from tho e now ~re
vailing. Th prin ipal amount of canyon utt ing mu ' t have been 
don before the ·tream were overloaded with d bri contributed by 
rr)aci r -that i the d , p di e tion of the lower slope of Mount 

b I latform u " -hi h it tallll mu t bav preceded the 

N TIIE , LA IER:-4. 

re tin th , b lt r of tll fore t, lnll d to leep by the 
roar t' arbon I i\ r itt it tnmultuou. ours after it ' cap from the 

limb d th b avi ly morain e-cov r d xtr mity of ar
A night weary with carryin,; lwavy packs over the 

chao· of s t n that co et· the gla ·i r , we lept on a ouch of mo 
b antitl d witll lovely ulo out, almo t within tho spray of Phi lo Falls, 
<t at~tra ·t of lear ic wat r that pours into the canyon of arbon 
Gla i r from , now field high up on thew tern wall of tbe anyon . 

I will a k t h r ader to defer t h study of t he glaciers until we have 
mad a r connai ance of the mountain and ·limbed to it ummit, a 
be will tlt n b b ttcr prepar d to und rstaud th relation of the 
glacier , n ve,, and otl1 r f -atnre with which it will be nece sary to 
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deal. In thi portion of om· fir sid 
outing, deferrin o· uu tillatcr t he mor 
gl a. ·ier . 

XJ loration let u ~ enjoy n. umm r 
ta k of qu s ioning the 

F rom P hilo Fall · we asc nd d . til l hi gh r, by followi ng partiftlly 
snow-fi lled la11 e b t 1> ' ll th e long Jat ral morn,in es that lt a, 
by t he shl'inkin o· of arbon Gla i r , a nd fon nd t in para II >I ·lt ai 'P· 
r ·sted ridge about a mil long n,nd fro m 100 to 150 ~ et hi g lt mad or 
bo~dd r. and ::;ton s of all hap .. , wlti c:h re ·ord th form I' p l ' it ioll . of 
tlt glacier. A long th e w tern border of t.h old s :mel most we. t rl y 
of thee ridge tbcr i a vall y p rln1p 100 arus wid , i nt tTenin o
betw n the aban don d lnternl morni n n,nu th w t m l'ii d e of th 
yall ey which ri e ·in pr ipi e . to for t cov r d heigh t at 1 •a. t I 000 
£ et a,bove. B twe n the morainal ridrr thor s im ilar l HLIT w 

va,Jley ach of wbi h a tb tillle of our vL it July H> 1le ply 
snow·cover d. Tlt ri clg s a,re ·l tb d "· i b . prnc nnd 
togeth r with a vari e y of ·bi'llOS and fl w ri 1w a nnual s. 
ri!Sing tbrough th wi h fi ow r . . 
purple 13rya ntbu , , r 
panion, if not n ar r elatiYe tlt 'a iop , with wh it 
clo ely ' imulat in g tbe wbit h fLth r mn,k gloriou ' tb IIIOssy bn.nk 
fro m wb ich lte li II o·er ing I'll OW ha on .iII t d epa r t d . A 'l' s of lll ad ow 
la nd, t ill oft with ~now water a.nd mu ical witl t rill.' a ncl brook IJ w
in g in unc r tain co ur es O\·er t he d p , ri ch turf n,r b '< In tifn l with 
lilies, which . e med wov n iu n, •l th of o·old :tl>ont t li bord rs of tit 
li ngerin g now bauk . \\ nr ncar t h upp r limi of' timbE>r g-rowth 
wh er parklike op ning witb t hick .t f v I 'OT e ll ' g-iv n,. p \<·Ltl 
charm to t l1 c mountai n . id . Th morain al rid o· 11 nrc ' t th glacier i 
forest- O\' reu on it outer . I p whil t h d c nt to t il ' g la it·r i a 
r ough, de. ob te l>ank of . tone, n,nd diTt. T il g la i r ha. 1·id nfly 
out r ntly shrunk away from t hi rid g ' \\'lti ·h wa ~ I'll) d alowr it 
b order l>y tone Ol'OUgltt f rom :t U Jcl ·}iff tiJat ris S l1 er frotn he ice 
a mile up tream . tandin o· on he morainal rido·e ovcrl ooki iiO' th 
glacier one h a to t he a t 1rard an nuob truct cl Yi w f t h d ol, te 
and mo tly tone and dirt ·o,· red i · . Acros t he g lac i •r nnoth ' l' 

embankmen an be en, , imil ar to t he on on t il e west, nncl lik it, 
r ecording a rcc nt lowerin g- of the nrfa of t it o·la ·i et' of aoout 150 
feet. Beyond the o·Iaci r are xtremcly oold n,ud rnggecl mountain . 

ca11tily cloth d wi th fore t ne.-"t rly to t heir . ummi t. . The p ition 
of the timb r liu bow that t lt oar p ak a,bov ar bet\\' ll 8 000 
and 9,000 fe t hio-b . Lookiug outhward up t it gla ·i er w !Ja,·e a 
gli rup P. in to tbe wi ld a mpltitheat r iu wbi •h i Ita . its ource. Tb, 
'~all of the great l10llowin tb moun ta in . id ri:;; in . ll!in gly ,·erti '<11 

precipi ·es about 4,000 feet hi glt. Far n,bove is a ·ltinin , snow-cov,rcd 
peak, whi lt \Villi. uamecl t he Lioerty 'ap . It i one of t h Citlmina t 
i ng points f Ionnt Raini r, but not tl1 actual . ummit. It· I ,·ation 
is about 14,300 feet abov the sea. Toward the west the ' 'iew is 
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limited l>y t l1 e forest-covered morain al rid ge· 11 ear a t h a nd a nd l>y the 
precip itous f'llope · l> eyond , whi ·h lea d to a JJ Orth ward-projectin g spur 
of 1\iount H.aini er, kn0\\'11 a· t h M:otl1 e r Mountain . Thi , our fi r t 
vi ew of 1\lonut l aini er Hear nt ha ud , h a · uown t hat the Yall ey down 
wui clt arbon Glac ier .flO\r .·, as ''" 11 as t he va~ t a mphi theater in wllich 
it u ~ · i ts source, is s u11k in t h · tlank s of t-he mountaiu. 'ro resto~·e 

t he nor th r u ·lop of t he a ncient volcano a · it exi t d wh n the moun
taiu wa youn o- we should h:.we to fil l th depress ion iu wh ich tll 
o· lacier li .·at least t o t he h eigh t of its borderi11 g rid o·e ·. On lookiu g 
down tb g·laci r we se i t d ·cendi11 g into a Ya ' t o·ulf l>orcle red by 
steel mou11 taiu , whi cl1 ri se at lea t 3,000 feet above it. · l>o t tom. 
Tbi is t h canyon throu g h wl1iclt t b ' m t r form d by t he m lt ing of 
the o·la ·i r e cape . 'I'o r tore t he m untain t hi g reat gulf would 
al o l1 a e to l> e fi lled. ··]early the t raveler in t lii 1·egion is. urrounded 
by t i.L r cords of mig h ty ch a nges. Not onl y doc h e inq uire l1 o'v the 
volcanic mountain >ra form ed , b u l10w i t i bein g de t royed. The 
t ud y of t he glacier will do mn 11 to wa rd makin o· clear the mann er iu 

wl..ti cl1 th on ·e ·mooth lop · .- h ave b een t renehecl by radiatin g valley , 
leav in g moun tain -like r id g s b t 'veell . 

.A.notuer lin e of in quiry w hich we hall fi 11cl of in ter • ta >rc advan c 
i , uo·o·e t cl by t h e r e ent shriukao·e of Uarbon Glacier. reall ofthe 
glac i l " t hat flow· from t h moun ta in " a tin g a way . I f we find t hi to 
l.> t heca e what climati cha nge doe it indi ate~ 

and beau ty. 

1' R ATEU. LAK E . 

a mong tl1 e moraill a l ridges by t ll icl of Carbon 
ach o f which ''"a · rowtl ccl wi t u 
excur ion , mad · by Mr. mi tb 



366 GLACIER OF MO NT RATNIEH. 

and the lake was ice C0\7 red xc pt for a few f et ncar t he margin. 
Thi wa.· 011 July 20. I l1 ave been informed that tll lak i ' wma,Jly 
free of i ·e before t his date, but the winter pr· cd ing onr vi it wa of 
more t han u ' ual ' ,·eri t.), t h snowfall being- li avy, aml tu comi ug 
of summer wa therefor mudt dela ·ed . 

'J'be name ra terLak implie tbatit water oc upyav l aniccrat r. 
vYi lli s ~tates t hat. a.tur ha. b r placct1 <1.11 lllerald ' a! on n 
P ln to s ally po1·t · but t hat th gr>at depr 0 ion no' water-fill d i a 
volcanic ra ter i JI Ot 0 appato nt a, W might xpe t. rrh e ba~ill i in 
Yolca nic r ock bn uon of th hnrnc· tt.>ri stic fa crat r dne to vulcnn i 
ex1)lo ion an IJ recon·n iz 'd . T h ro ko , . o far a ' l aw t ll m ar 
ma ive lavas, and no t fragmental ,o c·ori :u or other prod uct 0 of exploHi\ 
eruption . On tl1 e bold, round >ll rock ledg s d wn wlli ·11 "' climb d 
in order to reach th e sl1 or t her Yrer de p 'lacial orinn· howin g 
that t lt l.>asin wa on c: deeply filled with movin g ic . M ob. t·vation 
wer not su fficiently xt n<l Ll to cnab l m to form <Ln opinion a: to t it 
ori gin of t li e remarb1blo d pre sion, but wh.tte,· r may hav b n it 
ea rli t hi ' tory, it l1a ertainly b n profonndl JII Ocli ti tl by ic rosion. 

Following t il lake hor outhwanl O'ropiuo· our way ben atl t t he 
thick drooping brancbe whicll dip iu tb lak , w reac·h d tll 110t ·!t 
in tb r im or th e ba in t hron()'b wltich h wat ,., e ap a nd tart n 
thei r journey t "i'.lowi ·h Hiver and tli nee t tl1 ca . \ e tber fi und 
t l1 c branch of th o \Yilli tr,til leadi ng to pray Pnrk, and t urn d toward 
camp. Aga in w njo:y d th luxury of follo\ring a windin g pathway 
tbrou n·h ileu t colo11u ad(' fo rm d by th mo 0 TOW ll truuk of nobl 
trees. On eit her ide of the rail \TOrn in t h brown il It t rn nud 
flo"- ring l1rnbs w rob nt over in oTa eful ctu·,· , a nd a t time filled 
tb l ittlc-u ed lane fir t tra,- r ed fift en year b for>. 

'l'he trai l 1 d u to hn()' le ' li ff a bold ro ky promoutory r i iug a. 
doe E l apitan from th Yo mit , 1, 00 £ t from the for ot-li11 d 
cauyon of ::\Iowi h HiY r . From }~aul e lifl' on b bold th mo, t 
ma nificent Yiew that is. to b bacl in all the wonderful r ()'ion ab n 
l\Jount Rainier. 'l' be cene b lt elcl on look itw ca tward toward th 
mightymouutain i 0 remarkable <l ike for it magoi fi n e ~Ln d for tll 
arti t ic grouping of th variou featnre 0 of t he nl.>lim p icture. In 
the va. t depth a t on ,' feet t he t ree top 0

' tbrongh whi h the mi ts 
from neighborin g cataract. are lrifting, impart a omber ton e and mak 
the vall y · bottow eem far mor remote than i t i . The id of the 
canyou are formed by prominent rrate ridg , leadin g upward to the 
h,ining now fiel l of the mi ()'h ty dome that head tbc valle . in 

thousand feet above our stat iou ro e the pur wh it Liberty ap th 
crownio no glory of t he mountain a een from the northward. The now 
de cendin g tlte northwo t ide of t he great cent1 al dom i ' gather d 
between t he ridge forming the ides of tile valley nnd funn a white 
ncv from WlliCh :flowR Willis Glacier. orne idea of tbe grandeur 
of this cene may be gained from the illu tration, Pl. LXVIII. In 
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looking up tbe valley from Eagle Uliff the eutire extent of the snow 
fields nod of the river like . tream of icc flowing from them is in full 
vi w. T l1 e ice eud iu a dirt-covered ann rock- trewn termiuus, ju"t 
above a hug rounded dome that rise: in its path. In J 1 tho ice 
rea ·bed nearly to the top of the dom and broke oft' in an icc eliif the 
<.l eta ·heel blocks fallin · into the gulf belo~•. The appearan ·e of thi 
cliff in 1H .) is shown by Pl. LXXX I. 'rhe glacier has now withdrawn 
its terminus well above the precipice ,,·hero it formerly fell a an ice cas
cade, aud its snrface ba hrunk an·ay from well-defined moraine ·· in 
much the ,am manner as l1 a~ a l read ·been noted iu th oa of Carbon 
Glacier. A more detail d a ·count of the retreat of tho extremity of 
Willi Gla ·i r will be given lat >r. 

From Eagl Cliff \YO ontinuod our tramp eastwa rd alono· th tra il 
lead in g to pnLy Park climbed the zigzag patbwny up tl1e face of a 
cliff in frout of pray Fa.ll . and gained th picture qu nn<l b autiful 
park-like region abo ,·e. An h our trnmp brought us again near tlle 
Guardian Hocl,s. .A wift descent down tho ev n suow fi ld~; ennbl ed 
ns to r oach camp ju -t a th sh<Hlows of ,-enin g \\'Ore gathering in the 
tleeper oa nyo11 ·, l aving the . ilent now field.' above ,tl l ~Lglow with 
rellected :nn t tint . 

CRO '. ' CARBO.X GLAC TEl • 

Taking heavy packs on our back .. 011 tb > morning of ,Jnly 21, we 
rl cendetl tb , tc p broken snrfae of the !llost re nt lllOrain bonler
in•r arbon blacierin it ' !llid<ll ' cout\' e om idea of which i' eonveyell 
by Pl. LX.:~T\7 : and reached t h . olid blu icc behn . Our cour o led us 
directly aero . tlle g lacier aloug the lower border of the rapidly meltin i)' 
CO\-erinO'Of wint r 110\'i' . rrlJ o-]acier i there<lbon a mile aero. . It 
ceutral part i hi gher than it ' borcl r, and for th mo t. part the iee is 
cone al d by dir a 1Hl .-ton"· .rust below th n<' \'1;, howe\' •r, we found 
a pac about half a mile long in which melting l1 ad not le<l to tho 
<:Oll ·entration of . nfli c:i nt debri · t mak trav •lin g liflicult. Farther 
<l<J\nl th gla i r wh r surfa. m ltiu g m-ts more <ldv~mcetl t h entire 
g-la ·i r with t h exc ptio11 of a few Jan of clear i •e b t w en th ill· 
d fin cl m diaJ mot·nin · wa , compl tely CO lH·Nll <l beneath a d esolate 
he t of' angular. ton' ' . On reaching tb a , t side of th glacier w 

were ·onfhmt d with a, wall of clay and tone .. , th iun r , lope of n, 

moraine imila1· in all resp t s to the one we ba l deRcench·d tor '<l •h 
th w t bord r of the gin ier. littl ar ·h revealed a locality 
wher a ton g u of i ·e in a -light mba.yment 1 roj ~cted som di tauce 
up th wall of morai nal material and a teep limb or 50 or GO feet 
brought us to tb ummit. 'rb gla.eier has rec ntly ' hrnnk-tbat is, 
it SUl'fac ba b CU low red frOlll ' () to 100 fe t uy melting. 

On the a t id or 1 b g lacier we found ev ra.l teep, sha.rp-cr ted 
ridg ·lotl1 d wi h ~ rest tre , ·\\'ith nanow gra '.)',a nd flower· tre\\'JJ 
dell b~tw eu in wLich bauk of uow till l ingered . The ritlg-c are 
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compo>~ed of bowlcl 'I' aml a.no·nla.r tou s of n. g reat vari ty of izc, · 
and shape' rLlld ar plain! · lat 'ra.lmorain s ab:w<lom•tl by the shrinking 
of the n·Ja ier. Oltoosing ,~ wa,y up one of t he nan·ow l:1ne: uorder d 
on ca. •11 side by ste p lopes d n el cover d with tr> s tt ll(l lll'l1us, 
w f u ud seem· footi ug- in t h hard gnu11ll ~u· :no"' . and soon 
r ached n, more op ' n pa.rklike <~l'l'<t, eov r d with mossy bos s of turf 
on wit ieh grew n. g r at, profus ion of brill ia 11 t flow 'r . Be for 11 . ro:sc th 
great •lifT wlticlt p:lrtially in ·los' tit a1nplri t.hentor in which 
C:hwi •r lla it our •c. 'rlte · • pr 'ei pi · s, a, a lready stat ' U, Jmv a 
heightofabou t4,000:Cet <Lnd aro stepth<ttth ·n wtlo· · n tel iu g 
to t helll, bnt de ends in :wahw he·. bov th ·lift's \\'It r t tltc 
inclination i lo pr ·ipitou tht s now li · ill t hi ek Jay r ~:~ tlt dg-es 
of "hich are expo ed in a vcrti •n l pre ipi e rising auove th avalall hc
·w •p t r ck-slope below. Far above, and n.lway th e c ntral obje ·till tit 
wild c n ry uri'Otmding us ro ·e tbe bri ll iant white Liberty U<Lp, on 
of th pinnacles on the rim of tlte <>Tea um1nit rater. Our way tl1en 
tnrn d eastward following th ·irle of lt ntOUll t:-Lin and l <l u · throngh 
aregionju tabov th timberline wlticbcolnntaudsfarreachin ·view~-! 

to t h wild a nd rugged mou 11 tai n to th uortl1ea t. 'l'h is op 11 tra ·t, 
leading down to grove - of :pru · t ree aml di cr ifi '1 u. ·harming 
Jakel t bear~ aUUIJlhtllt \' id II ·e Of havin g form r]y b 611 iCe· ' OV I' d 
anrl i , knO\\'ll a .Moraine P:lrk. 

In order tor tain our cl vation w Toss d liago nally t it t p : Jt OW 
lope · in the upp r portion or the l\lomin Parle 1\liclw<t.Y o r he 
now w re ted at a ltarp re of ro ·1;: , aucl found that it is ·ompo,;ecl 

ofligbt-colored gTanite. Lat I' we found thatmu ·h or tlt area b tween 
tb • arbon and V\ iuthrop gla ·ier i omr o d of thi: ant kind of 
ro ·k. Grauit form · a portion of tlte border of lt vall •y throuo·h 
which :flow tlt >·la ier · ju -t HHtned, <LDd furui ·hed tit rn with mu ·h 
graniti·debri .whiclti ·carri dawny:u;morninc. nndl:ttorwork Jo r 
iuto well-rounded bowlder by tb tt·ea.m. ft winO' f1·om th i · . The 
pr enc of oTauite p bble ' iu tlJe •our. e of arbon a nd \Vhi te riven;, 
far below the glacier· i thn ac ounted for. 

weary tramp of about-± mil 'S from tlt amp we had l rt brou l1t 
u to t he border of \\'iuthrop Glacier. In the l1igbe t o- ro,·e of tr e. 
whi hare bent down and fre(FteJttly li e pt•one on tbe ground although 
till living we I ·ted a w lJ . ' h l tered ca01 piug pla ·e. Balsamuough 

fumi bed luxuriant b('d ·,and ti t • tr . killed u.r winter torm euaul d 
us to have a roat·iug camp fh'e. Freslt trail of mouuta,1u goat and 
their but recently abandoned b d llO\\' e l that tlti is a favorite r e ort 
for tho e hardy auimal ·. l\Iannot · were a l abundaut, and frequently 
awakened tbe echoes with tl teit· hrill, whi tling ri s. 'ill el vatiou 
of our t·amp wa about ,000 feet. 

From our camp ou the clifl's above th we ·t border of Wintbrop Gla
cier w made excur ion· aero s that glacier and to it ' heavily mora,iue
covered extremity. 'Ib - snow mautle that is ·prea.d over the reg-ion 
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about Mount Rainier each winter melts fir ton the rugged plateau ur
rouuding the base of the mountain , and, as the summer's h at increa:es, 
gradually withdraws up the mountain sides, but never so a to un cover 
t.he more elevated r gion. The snow line-that i , the positiou to which 
the lower border of the mantle of perennial snow withdraws Iat in 
snmmer-ha an elevation of about 9,000 feet. The lower margin of the 
wintry covering i alway irregular, however, extending farthe t down 
on the glaciers and retreating bighest on the rocks. At t ile time of our 
visit the snow had melted off of nearly all the region below our camp, 
leaving on ly dirt- taioed now banks iu the more completely sheltered 
reces es and in deeply shaded dells in the adjacent forest ·. On t lJe 
glacier all the region at a greater elevation than our camp was white 
and free from dirt and toues, while th ·bard glacial ice wa abundantly 
expo eel at lower alti tude · and ended in a completely moraine-covered 
terminu . Above u all wa. barren, white, and wintry; b low lay the 
i~O\Yery vale aud gras park , warm and inviting, leadi11g to the wei
com bad of noble fore t ' . Otu' cour e led upward into the frozen 
region . 

TO 1'HE WEDGE. 

On leavin g the eamp on the border of Winthrop Glacier we began our 
alpin work. There \Yere five in the party elected for the difficult ta k 
of :caling 1\Iount l{.ai nier, namely: Willi mitb, Ain ·worth, William 
and myself. Taking· our blanket a small npply of ration , an a lcohol 
lamp alpen tocks a. rope 1 0 feet long to erve as a life line, and a few 
other article 11ece · ary fo r traveling above t imber line ''e b gan the 
a ·ent of ·winthrop Glacier early on the morning of July 23. Our 
route wa comparatively ea y at the t;u·t, but became st eper n.nd 
ste per a we advau d. The snow was fi.rm and, except for t he numer

revass<' pr " nted no great diffi nlti e<> to h over ome. In eveml 
in dom ' as if foreed up from b neath but cau ed 

in r alit by bo of ro ·k OY r whi ·li th gla ·ier flow . Tbe e d me 
ar broken by radiatin o· •r vas ·e whith inter ect in tb ir central por
tion leavin pillar ' n.ud ea tl li k mn e of now with vet·tical id . 

t n lo<'ality in att mptin to pa betwe n two of tb batt red 
dom s, w fountl our way blo ked by an impa able ·reva 

rn.bl time' as 1 ·t in arcll in o· for a practi able upward route, but at 
I ngth, by makin <~ d tou r to tb right, w found a way wllich, althouo·h 
teep, a llo"' d u to va·~ the much cr va d ar a and gain the harp 

rid g-e of roek whi h di,·id the n ~vc . now rlowiuo· ii·om the centra l 
dome of the mountain , au d mark tb eparat ion h tween v iu thro1 
and E m moo glaci r . Thi · prow-like promontory, rising ome 500 feet 
ab e the gla ier ou eith r band we named The We l o- . 'I hi i 
the upward pointing, a ut angl of a great V- hap d portion of the 
lower lop of the mountain left iu bold reli f by the ero ion or the 
vall y ou ith r id . A will be described later, there are everal of 

1 GEOL, P1' ~--24 
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these remna.nt about the ides of the mountain at th sam g nera.l 
horizon , which r cord a . omewhat definite stag·e in the d tru ·tiou of 
the mountain by ic ero ·ion. 

On reaching The Wedge w found it an utterly de olate rocky cape 
in a ea of snow. ' e were at a.n altitud of about 10,000 fe t, and far 
above timb r. "\Vater wa btain d by preadiug now Oll roooth 
rocks or on rubber beet and allowing it to melt IJy th ' h at of tbe 
aftemoon sun. Cotr e wa pr pared over tho alcohol lamp shelt red 
from the wind by a bed he t ·ur port d by alpen to ·k . Aft r a 
frugal lun ·h we made uelf lik l dg in a . t ep lop of nrth and 
stones and laid down oi.u blank t for tb night. From . hl'ltered 
1100k amid the rock , expo d to the full warmth of the d lining l:i tlll , 
we bad tl1e icy lop s of the main c ntral dom e of the mountain in full 
view and 110 what emed tue mo favorabl rout for the morrow' 
climb. 

nrrouuded a we were by the de olntiou and olitud of barr n rock , 
on whicll 11ot 'en ali ben llad t<tken root, and pur whit 110w Ji •ld ·, 
we were much urpri eel to re ·eive pa ·ing vi it from ' ev ral hum· 
ming bird ·, which hot pa t u like winged j wei . They came up 
the vall y o upied b the Emmon Glaci r, turned harply n.t The 
Wedge aud went down tue way of the v inthrop lacier. ·what 
tempts the c children of the uulig!Jt and the flower into he frozen 
regions eem a my t ry. That th humming bird ar bold xplorer 
wa not new to me, for tue rea on that on everal occa ·ion in previous 
year , while on the now-covcl'ed lope · of fount t . Elia far abo,,e 
all ve tiges of vegetation, my heart had been gladdened by glimp e of 
their brilliant plumag . 

When t!Jc sun d cliued beyond t!Je great now-cover d dome that 
towered above u , antl th blue hadows crept down the pr viou ly 
dazzliug cliil" , Lhc air l>o ·awe ·old auu u, Ll'oug· \1 iuu 11HL<le our ]H~r ·11 
on the rock uncomfortable. Wrapping our ·~lve in our blanket we 
slept until the ea tern ky began to glow witu ' unri e tint . 

~1.'0 THE St.:i>Q\IIT. 

Early on the morning of July 24 we beo·an the climb of the steep 
now slope leading to the ummit of tbe mountain. I oped together 

a we bad been on the previou day, we lowly worked our way upward 
in a tortuou oour e, in order to avoid the many yawniuo- crcva e . 
The way wa teep and difficult. Some member of the party felt the 
effect of the rarefied air, and as we lacked experienc in true alpine 
work out progre wa low and laboriou . lVIauy of the creva · e that 
our oour e eros ed were of the nature of fault . Their upper rim 
tood everal feet above their lower margm , antl thu added to the 

difficulty of passing tbem. Our aim at firl:it wa to traver e tbe n v of 
Emmon Glacier and gain the less rugged slope bordering it ou the 
south, but the intervening region was gTeatly broken and, a we found 



u. S. GEOLOGICAL SURVEV EIGHTEF"TH M~~UAL RE'J''O'H PART II Pl. LXVIII 

MOUNT RAINI ER ; TH E LIBERTY CAP AND WI LLIS GL ACIE R, FROM T Hr: TRAIL NEAR EAGLE CLirF; LOOKING SOUTHEA ST. 





ROSSELL.) THE CR.ATER AT THE SUMMI'r. 371 

after several approaches to it, utterly impassable. The climb presented 
no pecial difficulties other than the extreme fatigue incident to climb
ing steep snow slopes, especially while attached to a life liue, and the 
delays neces itated by frequently turning and retracing our step in 
order to get around wide crevasses. 

Once while crossing a steep snow slope diagonally, and having a wide 
crevasse below u , Ainsworth, who was next to the rear of the lin lo t 
hi s footing and .·lid down the slope on hi ' back. Unfortunat ly, at that 
instant, Williams, who was at the r ear .of the line, removed his alpen
stock from the . now, was overturned by the pull on the liu e, and shot 
head first down the slope and eli appeared over tlle briuk of the 
crevas e. trong pull came ou the members of tlle party who were 
in advance, but onr alpenstocks held fa t, and before assistance could 
be extended to the mau dan gling in midair, be climbed the taut rope 
and stood unhurt among u ·once more. The only seriou result of the 
accideut was the loss of an alpenstock. 

Pr ssing on toward the dark rim of rock t hat we ould now aud then 
catch o·limpses of at the head of tbe now slope and which we knew 
to b tlte outer portion of the ummit crat r, we rossed many frail 
snow brido·es and climbed precipitous lope ·, in som of which steps 
bad to be cut. A we u ared the summit we met a strong we ' terly 
gale t bat chilled u and benumbed otu· :fingers. At length, \veary and 
faint on account of the rarity of the air, we gained th e lower portion 
of t.he rim of stones marking the po itiou of the crater. \iVhile my 
companion rested for a few moments in the helter of the rock ·, I 
pre sed on up the rugged s lope and gained the top of the rim. 

'Ihe stones exposed at the summit are bare of snow, po ibly on 
account of the heat from below, and ar rounded and their expo ed 
ul'face poli bed. The mootb, black bowlders bine in the unlight 

mnch the same a the and-burni heel tones in de ert region . Here 
on the monntain brow, expo ~d to an almo t coutinuou gale, the 
rock llave b en poli lt l by drifting snow cry tal ' . The prevail'ng 
round d form that the stou s pr eut may be there uJt of w atlt eriug, 
or po sibly is du to t he ma,nuer in which the fragm nt w re je ted 
from th volcano. Iy hasty xamiuatiou uggested the former 
explanation. 

D ceoding into the crater, I di covered revi e from \rhicb team 
wa e •aping, and on riacing my band on the ro ·k wa r~joi ced to 
find th m hot. My orupanion soon joined me, and we began the 
expl ration of t b crater tu aim b ing to find the 1 as uncomfortable 
pla e ill ' hich to take r fu o·e from the free>~ing bla t rather tha,u to 
make ci ntific di co Yerie . 

The crater that we had entered i ou of the maller and more recent 
oues in the truncat d summit of the peak, and i deeply filled with 
now, but the rim i bare a11d well de:fi.n d. The steam a.nd heat from 

the ro ks have melted out many ·averns beneath the snow. Iu oue of 
these we found helter. 
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.A ' I G H T I N 'l'HE 'H..A'l'ER. 

The cavern we chos in which to pas· th nig llL, al though irr gular, 
wa about 60 feet lono- by 40 wide, and had an arch d ceilings me 20 feet 
high. 'l'il e uow bad be n m !ted out from beneatil , lea v i ug a r oof o 
thin that a diffused blue li g ht p uetra.t d the chamber. Til floor 
slop d teeply and on the ide to\vard tile center of th crat r there 
wa a narrow pace b tw n the ro k . aud tb d ·c ndiu g roof wbi h 
led to uuexplored depth . a lid into tlti ·forbidding g ul f would 
have been exce diu gly un omfortable, if not eriou , our li fe lin \va 
stretched from crag to crao- o a to furni h a supJ10rt aud allow u to 
walk back and forth during the night wi thont danger of lippin<Y. 
Three arched openino· or doorway communicated with other cham
ber , and throu gh tlte e draft of oll a ir were continually blowing. 
The i y air chilled t he vapo r ri. ing ft·om th warm ro ·k and ti lled t he 
ch amber ·with team which took on g rot qu forms in tho un ertai n, 
fadin g light. In t h central part of the icy cha mb r wa a pinnae! of 
rock, from tbe rev ice · of which team wa!:i i uin g wi t h a low ltis, iog 
ound . ome of the team j t · wer too lt t to b ·omfortablo to the 

ungloved band . In tbi uninviting chamber w pa d t ll e ui rrlt t. 'l'h 
muffl ed roar of tb gal a ~ it ' wept over t ho moun ta,i n ·ould b h ard 
ilt our retr a t and made us thankful for the belter the erwern 
afton.! eel . 

The floor of our ell wa too uneven and too te ply in liu d to admit 
of lyin g down . Tllrougbout t b night we l an d ao-aill t th h t r ck 
or tramped wearily up and down holding tb life line. old bla . t from 
the brauching ice bamber swep t \er u . Our clotlle · w re aturate l 
with con den ed t eam. \\bile one ide of th e body re t in g arrain t t he 
rock would be hot, t he trong- drafts of air with a fr zin o- tempera
ture cltill d the otll er sid . fter 1oug hour of inten e darkn e. the 
dom of snow above u became fain t ly illumiuatecl, tellin g that tlle sun 
was again shiuiug. Aft r a light breakf<l, t aud a up of tea, I repared 
over our alcohol lamp, we resumed our exploration, nou e th wor e for 
the xpo ure- of the ni gh t. 

N R.A.TER PE.A.J . 

Following the in ner rim of the crater so a to be b ltered from the 
ga.Je. till blowiPg teadily from the we t, we gaiuedi t northern border 
and climbed to th topmo tpinnacle, known a Columbia' Ore, t. 'rhi 
pinnacle ri ·es about 50 feet above the general l v l of the irregular 
rim of the crater, and i the highest point on the moun tain . It eleva
tion, a previou ly tated, i 14 ""6 feet. 

The magnificeut view described by form er visitor to this command
ing tation, which we bad hoped would reward our efforts, was con
cealed beneath a canopy of moke that covered all of the region about 
the mountain to a depth of about 10,000 feet. The surface of the layer 
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of smoke was barply defined, and appeared like an undulatinO' ea 
surrounding the island on which we stood. Far to th northward ro e 
the regular conical summit of fount Baker, like an isolated cagirt 
i land. A few of tlt rugged and more elevated ·ummit ·, markiug the 
cour>ie of the ascade Mountain., could be discerned to th ea tward. 
Tbe ummit of l\fount Adams and Mount St. Helen were in plain view 
and emingly 11ear at band. All of th forest-covered region between 
the -e elevated ummits wa blotted out uy t he d 11 e, heavy layer of 
smoke, ~-hicb ro e until it met the westerly gale of the upper region . 

During the a cent of Mount H.ainier by Emmon and Wil on, pre
viou ·ly referred to more favorable atmospheric cottditions prevailed 
than at the time of my vi it, and the region about the ba of the 
moun tain was clearly revealed. In describing the view from th , urn
mit Emmons ay : 

From the north ca. tern rim of th e crater we could look down au unbroken slope of 
nearl,l' 10,000 feet to tb bead of the \Yhi t Hiver , th upper half or two-thirds of 
whi ch was o st eep tha t one had th e feeling of looking over n. p rpcncli cnlar wnll.. 
[Itwas11p t hi slopethntthe climb bri ef:lyclescribed a bovewas mad .] The s.vs
tems of glacier n.ncl tho stream.· which fl owed from them lay prea(l out as on a map 
at on r feet; radiating out in ev ry direction from t he c utral mass, they n.ll with one 
accord curve to tho we twanl to end t lleir waters down toward Puget ouud or the 
Lower olnmbia . [Attention has a lread y heen directed to tho westward CU J''•a ture 
of tho streams from Moun t Rainier on reachi ng the til ted peneplain on whi ch the 
mounta in tands, and tho explanation h a b en suggested that they arc consequent 
streams tbe directi on of which wa determin ed by the ori ..,. iua.l slop of the now 
deeply dis ected plateau. ] 

Lookin g to tb o more distant country, the whole tretch of Puget Sonud, eeming 
like a pre ty li ttle lake emhow red in green, c uld be een in thenorth,·est beyond 
whi ch the Olympi Mountai ns extend out into tb e Pncifi c Ocean. The a cade 
Motlntains, lying dwarfed at onr feet, ou ld be traced northward into Bri ti h ol
umbi:~, and so nthwa,rd in to Or gon, while above them , at comparati,•ely regulnr 
intervals, ro ·e the gh o t-l ike forms of on r compani on volcanoes. To th e eastward the 
~· o rnngocl ~ r hnndr cls of mil s over hain on cha in of monntaiu ridge , which 

gradually disappea r din the dim, bln di tnn ce. 

THE l\IO • '.rAI 

In th tnm ated. ummi t of 1oun Rainier there are three crater . 
The large t one, par tially filled by the building of tbe two otll r , is 
th old t, a.nd ba ulfered o O'reatly fr m ub equent volcan ic ex:plo-
ion and ero ion that no more than it general outline an be traced. 

Peak ucce s and Lib rty ap are promin ot point on th rim of what 
remaius of thi lJUge crat r . It diameter, a. 11early as can bejudged, 
i about 2t mile . v itbin the great <.:rat r , in the formation of which 
th mountain wa truucat d and a previou ly stated, lo t fu Uy 2,000 
fee of it ummi t, there are two mnch maHer and much more recent 
crater . The larger of th e, the one in which we tool refuge, is about 
300 yard in diameter aml th e econd, which is an incomplete circle, 
it rim having been broken by the formation of its more recent com
panion, is perhaps 200 yard a ross . The rim of each now partially 
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snow-filled bowl i e te ply from wi thin to a harp 
ere t. The character of t h inn r IOJ)eS !tows that much rocky mate
rial ba been d tached and ha fall en into th e caviti from wl1icl1 it 
wa ~jected. '£he ro ·kin th ·rat r wa ll i in fragm nts and n1a e , 
some of them w ll rounded and probably of the na tur of volcanic 
bombs. In each of the nut II r crat r ' t l.t er are num eron. t am .i t:-;. 
These bow that the rock b low i . till hot, and that wat r percolating 
downward is changed to team. '£b e steam j t~ vidently indi ·at 
the pre en e of re idual h a.t a.nd 110t a.n a ·tual connection with a. vol-
canic center l ep below the nrfac . · 11 th c ideo availabl t IH.l 

to how that Rainer i!:l a n xtin t vol ·ano. It b 1 n g~' , how vC'r, to tile 
explosivetypeofvolcanoe ,ofwbicb Ve uviusi tb be8t-known exam
ple, and there is no a tuauce that it u rgi may not b reawak ned. 

'.I.'HE DE CENT. 

In de cending we cho e of tb mountain I 110win g 
from the reports of many xcursioni t who bad a cend d the p ak 
from that direction that a. practicabl · route c uld probably b found. 
Tbr ading our way betwe n numerou cr va ' e ' w Roo n ·a me in ight 
of a bold, out tanding rock ma , whi h w judg d to b Gibraltar and 
succeeded in r a hiu g i t with bu t li ttle difficulty. Ou ga ining tile 
junction of the rock ·with tb now field ri in g abo it we founfl vi
deuce. of a trail, which wa , oon lo t, bow ver ancl onl y s rv d to show 
that our g neral cour e wa tl.t e right on . d p, narrO\Y , pa e 
between the border of i q ually Gla ier a nd t b , pr ·ipitous , ide of 
Gibraltar, ft·om whi h t l1 e now and i hacl b en m !ted by the II ·at 
reflect d from tlle clift on our left, l d n lowu to a , h If on t ll e lower 
side of the promontory,' hich I rov d a . afe a ud a. ' y way to t lt ere t 
of a rocky rib on th e mountain ide whic:h xtend d far down toward 
tho dark for ·t in view b low. 

Gibraltar i a portion of the cone of Raini ' r built b for the explo ion 
which t runcated the mountain. I t is an ont · tandin g a nd very promi
nent rock ma , a may be se n in PI . L ..: _ IV and L~ XVII lef in 
bold relief by the ice excavation which ha ca rved cl ep vall y on each 
ide. The ro k di vide tbe de ending n v in the am mann r a 

doe The Wedge, and cau e a part of tb now dra iuage to flow to the 
Cowlitz and the other par t to be h·ibutary to th N i qually 0 lac ier. 
The rock formin g Gibraltar con , i t la rgely of fragment ej cted from 
th crater above, but pre eut a rude ~>tratification due to the pr ~ nee 
of lava flow . When eeu from the . ide a.nd at a convenient di tance, 
it i evident that the plane of beddin g, if continued upward at th 
same angle, won.ld reach above the pre ent ummit of the mouutain. 
Gibraltar, like The Wedge and everal other ecoudary peak on the 
sides of Mount Rainier, are, a previou ly explained , the harp, upward
pointing angle of large V- haped mas e of tbe original volcanic cone, 
left in bold relief by the excavation of deep valleys radiating from the 
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central peak. On the back , so to speak, of the e oTeat V- haped por
tion of the mountain whi h now seem to rest again t the central dome, 
secondary glacier or interglaciers a they may be termed. have exca
vated valleys an d amphitheaters. In the V -shaped ma of which Gib
raltar i the apex, a broad amphitheater-like depression ha been cut 
out, leaving a bold cliff abo ,·e it. The excavation of the amphitheater 
did not progress far enough up the mountain to cut away the apex of 
the V-shaped ma , , but left H with a preci]_.Jice on it lower ide. Tllis 
remnant is Gibraltar. An attempt will be made later to describe mor 
fully tile proc of glacial ero ion of a coni al mountain, and to how 
that the econdary topographic features of Mount Rainier are not with _. 
out. y tem, a they appear at fir t view, but really re ult from a process 
which may be said to have a defi nite en lin view. 

Below Gibraltar the de. cent was easy. ur life line wa no longer 
11eeded. 'frampin g in single file over t he hard ·urface of the . now 
field, remnant of the previou wint er' now, we made rapid progre s, 
an l about noon gaiued the sca.ttered groves of $pruce tree which form 
uch an attractive feature of Paradi e Parle 
Fortunately, we fountl Prof. E. S. Ingraham, of Seattle, and a party 

of friends, including everal ladie encamped in Paradi ' e Park and 
the ho pitali ty of tile camp wa ' extended to us. During th afternoon 
w ba ked in the warm unshine. and in tho eveni,1g gathered ab nt 
a roaring campfire and enjoyed the oci ty of our com1 anion , who 
wer entbusia tic in their prai e of the wonderful cenf'. about their 
camp. 

PARADI E P RK. 

The southern ide of Mount Raini r i much le precipitou tbau 
its 11orthern face, and the open park-like region near timber lin i 
broader, more diver iti.ed, and much ruor ea y of acce . The general 
el vation of tb park i l'! b . tw n r>,OOO and 7,000 fe t, and it is . everal 
th u au l a ·r in ext n t . Its b undarie a,re ind finite. It merg 
into th h avily forested rerrion to th, ontb, and int more alpine 
r g ion on th id toward th mountain which tower above it on 
th north . To th ea t it i bord r d by owlitz Glacier and on the 
we t by ~i qually Gla i r. Ea ·h of the fine ice river de cend 
far b lo\v t imber lin . Th . mall iuterrrlacier kuown a. the Paradise 

lacier, may bc COil ider c1 as I ing witl1in the limit of th park. 
Paradi Park pr , nt ma.ny and varied harm . It i a omewhat 

rugged land witl1 ad 'P pi ·tur squ va.ll y winding throu gh it. The 
tr s "TOW in i olatc(l rr rove . Each bunch of (l ark-green fir an d hal -
am. is a cl.u t r of g-rar fu lly taperino· pire . Th undulatin g mead

ows b tw en the hady grove a1·e brillian t in ummer with a veritaul 
carp tofgorg u blo oms: Ineontra.,tto thee quisitecbarm oftbe 
grove and flow r -d eked rolling m adow are de olate ice .fields and 
rugged gla iers whi h vary through many ti uts a.nd shades, from 
silvery whitene s to int n . blu . Added to these minor charm , and 



.' 



RU ELL.) PARADISE PAI{K. 375 

central peak . On the back , o to peak, of t hese great v. haped por
tions of t he mountain which now eem to rest against the central dome, 
secondary glaciers or in erglaciers as tbey_ruay be termed, have exca
vated valley an d amphith ater . In the V- haped mas of which Gib
raltar i t he ap x, a broad amphit!Jea.ter-like depres iou bas been cut 
out, leavin g <1. bold cliff' aboYe it. The excavation of the amphitheater 
did not progres far enough up the mountain to cut away the apex of 
the V- baped ma s, but left i t with a precivice on its lower ide. This 
remnant i Gibraltar. An attempt will be made later to describe more 
fully tile proces of glacial oro ion of a conical mountain, and to bow 
that the econdary topoo-raphic feature of fount R.ain ier are uot with-" 
out sy tem, as they appear at fir t view, but realJy result from a proce 
which may be said to have a definite end ill view. 

Below Gibrnltar the de. cent was ea y. Our life line wa no longer 
needed. Tramping ill ingle file over the bard urface of tb now 
field , r mnants of the previous winter now we made rapid progre , 
and about noon gained th cattered o-rove of sprue trees which form 
uch an attractive feature of Paradise Park. 
Fortunately, we found Prof. E . S. Ingraham, of Seattle and a party 

of friends, including everal ladies, encamped in raradise Park and 
t):!e hospitality of the camp wa. extended to us. During the aft rnoon 
we basked itl tbe warm sunshine, a,nd in the e~·eni,1g gat!Jered about 
a roaring campfire and enjoyed the oci ty of our companion , who 
wer enthusia t ic in their prai e of the wonderful cenP. abou their 
camp. 

PARADI E PARK. 

The outbern ide of 1ount Rainier i much les pr cipitou than 
it uorthern face, and the open park-like r gion near tiwber liue i 
broader, more diver ified, a nd run ·h more ea y of ace s. Th general 
1 vati n of tho park is b tw n :1,000 and 7 000 f, et, and it i . veral 

thou and acr in ext n t. It bonndari ar ind fruit . It merges 
into th h avily for st d region o tb south, and into more alpine 
r gion on th i I toward th mountain, whi.cb tower aboYe it on 
th north. To th bord re 1 by owlitz Glacier and on tbe 

Ea ·h of the fine ic river de c nd 
mall intergla ier known a , the Paradi e 

Gla ier may be con id r d a lying witlli.n the limit of tb park. 
Pat'adi Park pr nts ma.ny and varied charm . It i a omewhat 

rngge<lland with ad 'P I i tur qn vall y winding thxouglt it. 'Ihe 
tr ' ' grow in i olat !1 oTove . Ea h bun h of dark-o-reen fir and bal -
ams i · a cln ter of oTac fully tapering pir s. The undulating mead

OW!:! between th hady o-rove ar brilliant in umm r with a ver itable 
carp tof gorg ous blo oms: In contrast to the exquisite charm of the 
groves and ftower-d eked rollino· m adows are de olate ice fields and 
rugged glacier wbi h vary, thr ugh many ti ut. and shades, from 
silvery whitene to int n e blue. Added to the e minor charm , and 
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towering· far above them, is tb ma ive . ummit of' l{aini r. At time 
t lle ublime motmtain app a rs teel-l>ln o in tll unclouded sky, or ro 'y 
with the aftero·Jow at ttn s t, or all a.tlarne with the glorie of t h new
born day. Cloud · gati..H:•r about t lle lofty summit and transform it into 
a torm kiug. Avalanche rushiug dow11 it id awakell t lt e clto 
in tlle tt eighborin g for t. The app aran e of t he monntain i · 11 ever 
the san1 on differ nt da.y · · indeed , it cbangcs it mood and xert a, 
varying intluen e on th beholder from l1our to hour. 

omethi11g of the magnifi enc of 1\'fount l aiuicr a.- s en by visitot· · to 
Paradi e Park i revealed in the accompa11 yin g ph togrnph (Pl. L..-~Xl\ , 

here r produced through tbe kindne of Mr. E . Oul'tis, of eattlc. Tbe 
view was taken near sun et, when the bill of vouin g wa just begin. 
ning to dis ·ipate tb vapors thn.t en hrou<l d t h -tlmmit f the o· ,~ at 
peale 

While th e central attraction to th Jo,· r of moun tain c n r in l'ara
dise Park i. th va, t now· ·overed dome of Moun t I aini r th r ar 
other mountaius in vi '"' that merit atten tion . To th' ea t rise' th 
serrate and rugged Tatt o b ranO'e, hown on Pl. LXXII whi b i 
remarkabl for t he boldn s with whi h it ' bonl ring .'lope" ri from 
the fore t d region about it and tb angularit of its ma.ny errate 
summit . Thi ran ge ba, never be n explor d xcept b ' min et'> ' and 
bunters, wbo bav mad no record of their di overie . ] t i virgin 
ground to the geologist and geogn11 her. Di taut view sugg st tlt at 
the Tattoo lJ Mountain have been ulr tured from a plateau prob
ably au uprai ·eel peueplain iu which there exist d a gre.'1t rna ,' of 
igneous rock urround ed by le re i taut Tertiary ediment . Tbe 
softer rock have been remov d, leaving th hard r and more re i tan 
ones in bold relief, to become ulptured by rain aud fro t into a mul ti
tude of angular p ak . 'fbi attractive, and a yet nn tudi d group 
of peak i in pla.in view from Paradi Pru~k , and may be a, il .v 
reached from them by a single day tramp. fany otller deliO'btfnl 
excursion are open to one who pitche hi tent in tb alpine meadow 
on the outb side of Mount Rainier. 

'1'0 LITTLE TAHOMA.. 

Bidding our friend in Paradi e Park good-by, we re mned our 
journey ear·ly on the morning of J nly 26. ending tow~Lrd Gibraltar 
until an elevation of about 10,000 feet wa rea bed, we turned ea t· 
ward for the purpo e of traversing tb ea tern ·lope of tbe mountain 
and regaining our camp at 'Winthrop Gla ·ier. fter cro in o- tb 
upper portion of Paradi e Glacier, we traversed broad and but little 
broken snov. fields to the brink of tbe vall y down which Cowlitz 
Glacier flows. Beyond Cowlitz Glacier, at ~Lbout the ·am level tbat w 
bad reached, we could , ee the bold, cathedral-like craO' of Little 
Tahoma, th e upward-pointing anO'le of a econdary mountain ma s 
which divides owlitz a.nd Emmon · glacier . Not wi bing to descend 
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into the (leep valley before us an d climb out again on the farth r ide, 
we chose to ross t he 11ev field to our left nud endeavor to pa s over 
a rugged and much broken re0 ·ion wh re th main urr nt of Cowlit:;r, 
Gln ier descends a, rocky lop about a thousand feet h igh. Inti llow. 
ing the route ch o Pn we became inYolved in a ucce. ion of creva ses 
aud ice precipi ·es, which cau ed mu h delay. Jowl.) workino- our w·ay 
upward, we renched t he ba e of the hi o-he t ice wall , bnt a vertical 
cliff of ice about 50 feet high barred a,ll fu rther progress iu that direc
tion. Reluctan tly we turned back a,nd, losing a,ll the advantage we had 
gained by three r four hour of exce ively hard climbing, went down 
the central portion of th e Cowlitz Glacier until we reaclled the level 
of the high est grove of tree on its left bank and crossing to tb land 
chose a, deli ghtful and well beltered pot benea,th low pine tr es at 
which tore t for the night . 

Our camp wa perhaps half a mile below where the ice tream flowing 
southward from Little 'l'aboma, and nam d Ingraham Glacier on the map 
forming P l. L~ YI, joius the main Cowlitz Glacier. Our bivouac wa, in 
a delightful locali ty, and would h ave furni hed a plea ant camping place 
if we bad beeu provided with the nece sary blanket ' ~tnd ration with 
wll ich to make life comfortable. A. i t was, we had to sleep on h mo s 
without covering, our feet to a blazing fire. For food each man l1ad 
on hard-tack a nd a cup of t ea, without sugar or milk, for each meal. 

ar at l1 ancl wa a cascade of clear water, furnished by t he m lting 
suow field on the back of the pur of which Little Tahoma i th cul
m iuating ummit. A. larger cascade a mile below tum bled over the 
rugged cliff and awakened the echoes on the precipice aero t he 
glacier. Th mu ic of the falling water filled the interval of our 
broken leep. 'I he full moon shed a oft light over the white glacier 
and ruo·ged ro ·k , and added a charm to a wild ceoe that under more 
comfortabl couditioo would have been cou idered oue of b most 
fa ·inating we m t duriug our excur ion. 

11 of tb owlit11 Glacier in i w was h avily now-cover d, and 
brok 11 i11 a y ' tematic maun r b marginal creva se which 1 ft t he 
hor at angle f about 450 and tr nded upstr am. The appearance 

or t hi gla ier at a lat r tage in t h melting of its ·overin g of now 
is shown on P l. L -X I. Th glaci r i d eply tUlk in a well -defined 
valley and i perhap. t he mo t chara teri ti · exampl of a glacier of 
tlt · alpine typ to b found n the l ope of lVIouot Rai ni r. 

J i ing with the ' lut a,nd parta,kin o· of our a,llotteu ingle hn.rd-tack 
and a up of t a., w climbed th rn ·g-ed !iff at the ba e of wl1i h we 
l1 atl pa d t lt nio·h t, taking a rout explored tb previou af rnoon 
by mitb and in worth~ an d o-ain u the ummi t of the cliff overlook
ing Ingraham Glaci r. 

dee1 de c ut of 500 feet over ledg of crumbling lava brought u to 
the bard ice below. A.u hour's tramp up the glacier a nd along the ba e 
of magni.liceut cliff of vol ·anic ago·Jomerate and lava iu rude, irregular 
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layers bronght u, to th sharp angle of rock at the ba c or Littl 
Tahoma, again t which the n ovel now from the ntra l dom ' divide. 
Th de cending now 111eets th wcdg of ro ·k and is parted by it, as 
the cnrr nt is clivi l d by th prow or a hip <It an ·hor. Tlt icc and 
snow mnch ' hattered and tandin g in pinnacl , , ri s a lllln1recl f t 
more ngnin t he ob truction in it lownward cour . The ·lifi'R are or 
being cut away by the trong ice current, and ri l'l aboYe it in vertical 
precipice' that culminate in harp pire a thou Raud fee t above. th 
glacier. 'Ibis proved a plenditl lo ality for t udyi 1t o- the mann er in 
which tile n v6 divide on rea bing the medial portion of th main 
mountain .,ide, and for eein o- the modification in the topography clue 
to the erosion of glaci r flowing· from the central dome. 

To the north of Little Tahoma :mel :flowing a twar<l i , Emmons 
Glacier , the large t ic tr am of fount Rainier. Thi · glaci r is 
gr atly brok n e pecially in it upper cour e, and ha a pe nliar 
feature not · en in conn ction with any other glaci r. In i t c 11tral 
portion th ere are two neatly parallel ridge of ro k, wbi h begin far up 
toward th summit of the main dome an.d descend for a mil or more 
below the level of the prow-like point of Httle Tahoma. Th ~ parallel 
ridge app a.r from a di tan e to be media.! moraine , and in part thi. 
i their true charact r. 1l along the dark belt in the c nt r of the 
gla,cier llOWeYer, there are narrow and angular ere t. of 1'0 kin pia ·e, 
wJ1ich proj ct above the surface of th e ·now and i e. 'Ih . r tR of 
rock can great creva s . to form in tb i ·e flowino· on ith r id of 
them and between them. For this rea on Emmou Glaci r is mor 
difficult to ·ro than any other met with duri~1g our re onnai ance. 
The origin of the parallel rocky er e t the nat tll' of whicl1 is , h0\1' 11 to 
some extent on Pl. L III, a.nd their place in the t pograpl1ic d velop
ment of t he mountain wa not fully ma11e out. 

A 'RO ·::; E:\DlO~' tT-LA 'lEl't. 

The n •v of E mmon Glaci r abr a ' t of th prow of Littl Tahoma 
wa · o 0 T a.t ly sbatt red that, looking clown on it from th clifl' again t 
wllich the neve divide 'no practicable way for cro, !no- could b cllo ·en. 
Going clown onto the a-lacier and fol1owiuo- i t . id under the l1afluw 
of Little Tahoma for about a mil we found the lope more g- ntle 
with fewer crevas e , an l then turn d our fac toward Tb vY dge, 
where we had left our blanket. four day pr viously. way aero s 
the glacier was fin ally eli ·overed however by patiently makin g- trial 
after trial and going a.bout tb end of the wide t br ak . :\Iany nar
row creva, es '~>ere jumped, other were eros eel by frail ' now bridge . 
By per i ·tent effort we at length g-ained the nan·ow ere t of ro ·kin the 
center of the g-lacier, a11d although our goal was in plain view, many 
difficulties had till to be overcome before we reach cl our former ca.mp
ing ground. 

Aha ty lunch and a cup of coffee renewed our strength. Takiug 
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our blank ts n our backs once more, we started on tl1e homeward 
tramp down the Winthrop Glacier. 'l:he footpr in t made fiy days 
prev iou ly were clearly visible n,t first, bu t each impre io11 stood in 
high relief, owing to tbe more rapid mel t ing of tbe uncompacted now 
about i t. The descent was easy n,n d rapid. By 5 in tbe afteruom1 '"e 
again joined the member of .our party who had remain ed in the timber· 
line camp on the we t border of Winthrop Glacier. 

1'HE RET RN. 

Our I lan wa to c;ury our reconnai sauce about the west lope of 
Mount Rainier, o as to g·ain at lea tag neral idea of all of the glacier 
flowing from the mountain , and of other feature in the geography and 
geology of the r gion, but learning that the forest along the trail leading 
to arbonado was ou fire, a change became nece ary. 

l~eturning to our form er camp on the west side of Carbon Glacier, 
pfans were quickly mad e for di viding the party. Willi , with the camp 
haULls, returned to the lower extremity of Carbon Glacier and thence 
to Carbonado, whil Smith and my ·elf, taking a smail supply of rat ion ,· 
but without tent. or blankets, turned our face westward and vi ited 
Willis Gla ier, Eagle Clitl', Crater Lake, atld thence by way of the Spray 
Park trail aud t he main Willi trail al ' O rea lied Carbonado. 

Ourreconnai ' ance x.t ndedfromJulyl5to3l in lu ive. Ourroute 
may b traced on t he accompanying sketch map Pl. LXVI, on which 
the o·lacie r and maitt topoS'rapbic features of the mountain are indi· 
cated. The glacier · on the outbwe t ide of tbe mountain between 
Wi lli and i q uaJly glaciers w re not visited, but ome of their prin
cipal feature were eeu from di tant point of ob erYation . 

I 1<: ERO ION OF I OLATED, 0~-:ICAL ~IOUN.r..tU~. 

tudy of th mann r in which tb topoO'raphy of Mount Rainier 
en modifi d by ic ero ion ha ugo·e. ted <'er tain O'eneral priu

ipl whi lt control th cu lpturin · of an isolated mountain peak 
nfliciently lofty to 1> cr wn d with perennial no w alltl to o·ive origin 

to gla i r::;. Althou rh the ·e con lu ion w re reach 1 after lletailecl 
tudi , of imli\·itlual O' la ·ier, and of th topographi change r ulting 

from lon g-continued il' rosioo it is on ven ietl t in <lescri bin g t be gla iers 
of Monnt Raini r to lt ~t ,· o in mind at lea t the gen raJ laws goveruiug 
tit ir li ·t t·iuu ion ~wcl l.Jeba,vior. 1 

Th geoloo·y of 1ount Rainier and it pre ent general form how t bat 
when in it · gr a te t p rfe t ion it We . a onical mouuta,iu with grace
full concav ide, . Th upp rportion of the moun ta in i form d to a 

xtent of frao·m nt throwuoutduringexplo ive eruption. Lava 
flow are al~o abuuda,ut, but did not greatly modify the character of tlle 
lope as determine l by the falling of projectiles hot out of the ummit 

crater. The primitive form was that of a typical coria and lapilli 
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COlle of the character of Fusiyama, Japan, aud otll r coni ·al volcanic 
pile whi h ' till r tain their youthful perf tiou of form. 

Wheth r or not l{.ai11ier wa trnncated before til g-lacier had greatly 
modified it lower lop i unknowu, but the trnneution wa not Ruf
ficieu to ll<t e 1nu h influenc on th character of the gla ·ial mautlc 
form d about it. ln either ca th b ight of tb mounlftil1-b tween 
15,000aJldlG,OOO fe tuefor th xplo iontbattrUJwated it~:;sunlmit,and 
about H,.-oo feet after that event-in ur d the gathering of' p rennial 
snows £tnd the formatio11 of JH~ve fi Ids au1l gla ·i rs on it mor ol va,ted 
portion. withont lUI intorvenino· period of " Mhering and str ·~tm ero
sion. The main topogntphic change that ha\re r ult d mu ·t tiler fore 
be due to glachll action an l to th rodirw power of Rtream fed by the 
melting f the ic . 

Th weathering of rock ma ei'> unprotect d uy now and i ·e ba also 
a, i ted in th work of deformi1JO' the one ymmetrical pcnk. 'limatic 
condition . similar to those to w b ich Ioun t Rainier i. II OW xpo ' ed 
would lead to the covering of th mouutain above ~Ln levation of about 
10 000 feet with a sheet of pereouial snow. Th now' ould chang to 
th conclitiOJI of a n v which would give origin to glaciers. A om
ing that th peal· wa originally a perfectly ymm trical cone with 
smooth, ven sides, and that tlH~· n ~ formed a uniform cov riug over 
the upp r third of it urface, the downward flow f th n c would be 
equal in all direction . The preading of the ice as it flow d down the 
cone a progre i>ely gr ater area l>eing covered by it as it d 8ceuded, 
wotild insure equal melting, ex ept o far as that miglJt be influenced 
by the nuequal amount of heat r aching the outbom and northern 
sid >1 of the peak, and would either thin away uniformly in all direction 
or l>o gath red into local stream . 

:Jbtny disturbing conditions come in ho,vever in theca' of a p ak 
like :'lfonnt Raini('r, COtnl)Of\('11 of looR r g g lomcrn,t f\llfl ln,vn, Rh ts. 
Irregularitie in th urface of th cone, ero ion by tr am. flowing 
from the ice, unequal drifting of th now a w II a unequal m lting 
owing to variation ·in expo ·uTe on the 110rthern :tnd outbern id , etc., 
would lead to tb gatheriuo· of the descending ice into more or le . w Jl. 
defined streams. Individualized ice tream once e tabli bed would 
hold their po itiou and by their ero ion would sink de per and deeper 
into the rock . From the extremity of each gla ier a stream fed by the 
melting ice wou ld carve a gorg or canyon 1 adiug to riv rs on the 
plain below. . tbe ice gathered in well ·defiued Rtream melting would 
be retarded and t he glacier cou queutly extended farther and farther 
down the water-cut gorge . In this nntnuer what maybe termed primary 
glacier would origin ate fro m the dividing of the de,·cending neve. 

Below the horizon where the primary glacier divide the ice ero ion 
would be confined to comparatively narrow ·hannel , and would cut 
radiatino- trencbe~-; in the ides of the mountain. Excavation would be 
continued below the extremitie of the glacier by the str am, flowing 
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from them, and the valleys would there be narrower th~Ln in tileir ice
filled depre siou higiler up. As the glacier de pen their bed th y 
sink into the roountaiu and are more completely sheltered from tb un, 
thus tending to perpetuate their own exi tence. Between t h primary 
glaciers ther e would be portions of the lower .·lopes of tlie monntain 
left in relief by tlie excavation of the valleys bet,veen them. Tlte e 
V-shaped ma s pointing up t he mountain would form wedge again t 
which the de ·ceudin o- mSve would divide to form primary g lacier, . The 
Wedge and Little Tahoma are t pical example of uclt wedge . 

The surface left a ' V-.- haped masses between th primary glacier' 
wbeu the division occur above the now line, or wb n a climatic ·hauge 
cause t lte perennial snow to desceud lower on the mountain · ide ·, 
would become covered with now field , which would give origin to 
secondary glaciers. Interglacier, below Tbe Wedo·e, and the small 
glacier on th back of the V- haped rna of which Little Tn,homa is 
the ulminating point, are exampl of the e econdary glaciers, or 
inter,qlacie1·.·, as t hey may be termed, after th typical e:-.:ample jn t 
mention eel. 

The interglaciers exc::wate valley ' and cu t b::tck amphitb ater: o 
that tlte urface of the original V-' baped ma betwe 11 a11y tw·o pri
mary gla ier b come hollo'1'ed ut, leaving rocky ·re ts along their 
ides. The ridges bordering the primary glacier conY rge upward, 

and , u11iting form w dge., 'vhich, crumbliuo- under tit ' attacks of the 
de, tru ·Live ageucie of th, air becom broken iuto piuu:ccle . or otll er 
form the d tail · in t lleir scnlpturing c1 p ndin o· on t!J ' uatur of tlte 
rock. Tlle original v .. ilap >dwa ~w 1 L't by the intrenching of prima1·y 
glacier.- tllll · be·orne k 1 ton form ' , their border ' and hio-lt, w dge
lik , upwanl -poi11ting cxtremitie alone 1 roj e ·ting above th ' IIOW, 

except when be ummer melting is far adva n eel . 
.A. i w ll known , tit a ·tion of a glacier other conditions 

b iua th aroe d p nd.' on tit <•Tadient of it~ bottom. 'rhe a,bra:;ion 
of til b d of <t norm<tl alpin ('fla i r in ·r ases from Hs terlllillu:; with 
incr a of rrradi nt Ul to a c rtain p int, a11d tlien if the o-radient 

till in r aRt' •' and approacl.le th vertical, l.l om les aml le ' :S . Tbe 
gradi ' Ut that insnr , g-reat ' t ero ·iou i.· JJot d finitely knowu. It Yari e 
with tlte amount or d bri ' witll which h i e i ' ·ltaro·ed a , well a ' 1r ith 
otl1 er onditou . , bntis tlpparently in tb neio-bborhood of 3oo. Tlli · law 
ba an important bearing on til topooTaphic ·hauo- · that an i ' olatecl 
gla ·iCl·-co , eretl mountain p::ts s through . Judrring fTom the pre ent 
ondition of ]I( nut Rainier a11d oth r imilar i olated peak on the 

l >a ifi c ·oa t, it app <H that tb ll1ost inteu e erosi.on oc urs in a zone 
a !.Jon t half a, mil br ad, wher th primary o·lacier h om d i ind 
ice lu tbi , zon t h gla iers xcavatc ca,nyou and tl.lu 
iucrea e · tb slope of th ·eutral mas of tb mountain abov the 

C the V- haped r . idualrua se on its lower lope . Tlie 
valley tend to become ampllitheaters. 
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has been show n, e peci~tlly by W illard D. John 011, of the nited 
State. cological urvey-tb re ult · of who e tudi , ltow ver, are 
no t y t fully pnbli hed-tbe cliffi · n ' irclin g an amphitheater in which 
a glaci r ha it ourc graduall y r c d , owing to th di integration 
of the rocks in t he great ct·eva so, t rmed a b rg · ·hntnd1 wbi ·h is 
forru e l n ar wher th upward - loping 11 • e m ets t he rock wall· 
inclo in u it. Tbe rock in tbe b rg chrund are ·batt r e<l by change. · 
in temp ratur and by the freezing f water in th ei r crevi es and inter
stice , and tb loo ened fragm nt · ar pin ked out by the outward 
flow of the neve now. Tll bero· chrund are rtll >d with uow each 
winter ani reopened the followino· prino·. Tbi ' proce s I ads to an 
en r o·etic apping of t !J ba e ' f the clifl' an 1 a con · qnent r ce ion 
of their wall . The fac ' of the clitl:' n ircliug an amphith at r or 
cirque ar ommonly too te p to admit of th accumulation of ·now 
upon them but aJiow i t to fall i n av;;tla n he and to be blown away. 
The cliffi ' , b >ino· bare of now ar expo ed to chaua of temperature 
and ar wind- wept. The e variou d trnctiive a · uci a ··i in the 
extensiou of t ho ampbith ater toward the urumi t of th mountain a,ud 
aJ o in it g n ral enlarg ment. 

The primary o·ln ier' exca.vate deep, teep- id d vall y ·· but ac ·om
pli ·h litt le toward alterin g the profil of an isolated p ak as i app ars 
when beheld from a di tauce. The even lope of tb mountain be ome 
broken by the in:en e ero ion aud the d pening of ampbith at r 
above the e:s:tr mitie of t'IJe bnttres ing wedo·e . Wh u ·e n in profile 
the moun tain lope become broken at t b horizon referred to, as may 
be een iu I l . LX r and L_rx L Th re is th n a lou o·, we piug 
a ·cent from the ba e of the mountain to th horizon where the wedo·e. 
terminate, a nd then a down ward lop toward the v rti al axi ' of he 
pil leading to a belt of mod rate io lination which tarminate above 
in tbe .., teeper lopes forming the ide of t !J en raJ don . 

. t t!Je ummi of a lofty now-cover d mountain tb r· i · but little 
ero ion. Tbe now ar mo tly blown away orb aped in J)yramid ' on 
the ·rowning ummit ' . On mountain of uffici nt height-such height 
varying with clima.tic condit.ious-tlte sno'v do uot melt ·o a.' to be 
changed to a neve, but i. alway . dry and pow ]ery. llder uch on
dition relief from indefinite accumulation i e ·ured by the blowing 
actio.n of the wind, by evaporation of the now, and by it de nt in 
avalanche . Whcu bare rocks are expo ed on a lofty mountain, a in 
theca of Mount Rainier, they may b ome poli hed by drifting now 
but this action i too light to 1 ad to noticeable topoo-rapbic cl•ange . 

By tbe proce s outlined above a regular, ·mooth vol a nic cou whi It 
reache well above the now line become sculptured by g-laciers, o a · 
to pre ent a pre ·ipitous central mas , with a conical or dome- hap d 
nrumit, according to be hape of the · riginal peak, bounded by tbe 

steep walls of amphitheater a nd urrounded by secondary peak and 
crag forming tlle a pice of V- hap d r e idual ma ses between primary 
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Elevat1on of the foreground , about 6, 500 feet , elevation of the summ•ts, 14,000 to 14,526 feet. 
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glaciers. From the ·e tahomas-using t he name of the be t example on 
the ides of Mount Rainier as a generic term-descending line of ·rags 
forming rocky ribs lead down to the platform on which t he mounta.iu 
stands. 

The extension of the amphitheater at tb bead of tl te primary 
glaci ers renders tl1e ides of the entral dome more and mor • precipi
tou as glacial erosion progre se . rtaiu of the primary glacier ma y 
advance with their task of excavat.in o- the lope- wbi ·h th ey d ·cend 
more rapidly tha n others a.nd eut back their ampbithea.tet· faster t han 
doth ir neighbors, tbu makin o· the Central dome UIJ ymmetrical. rJ'bi 
i th case in the present tag of th e erosion of 'lonnt ]{ainier. Carbon 
Glacier flowing northward and having it amphitheater l'h ltcred from 
the noonday un, ba excav<1ted a 0 Teat recess or cirque in the ide f 
t he mouutain, while the glacier on the on th . id of the peak have 
s arcely more than b egun to form similar reces e . 

Th proces outlin ed auove, by whiclt ani olated now-cov r d coi1 e 
i culptured by glacier ' and by the treams flowing from th m is not 
an ideal pictur of what may occnr, but i ·rather a tatement of what 
bas take~1 plac ou iount R aini er. The regularity in the developmen 
of topographic form that wonld re ulJ from the cnlpturiug of a conical 
mountain of bomogeneou rock b a. been modifi ed in the exam1)l e uefore 
us by irregularities in th primitive form, due iu part to th trun ati on 
of t l.Je snmmit, but to a mu h gr ater xtent by Ya.riation in ro ·k tex
ture. Mount Ra inier, a already state l , i a compo ite c·one bnilt of 
projectile and lava treams. The portion form d of agglomerat a.re 
open in texture and yield readily to mechanical ero ion. 'Ib lava 
flows are frequently den e and comr act aud tand in relief when the 
adjacent agglomerate is worn away. Inequalities in oowfall al o 
occur, owin g- to th preva1en of we terly wind · a.nd, a: preYiou ly 
mentioned, now melting i greatest on the outheru , or po sibly the 
southw st ru , ide of t b mou11tain . \..tan arly tage iu tb hi tory 

f the moun tain aft r it bad c < ed to be an acti,-e vol ano t iJ heat of 
inftu nc d th rate at whi h tb now fallin g on it 

wa · m It a. Thi influ n wa g r ate t and lono-est continued at the 
ummit, a orne e ft.' t ' of tb re. iclual beat of the rock are till to b 

n there. Fr m th i cau tb ·mumit may l1 avc be n bar for a, lon g 
t im e after o-Ja. ·iee · orio-inat d on tlt id of tl..te mountain a nd had 
b gun th ei r ta ·1- of eroding tb ro k . 

Tb vari d condition ju t numerated and po ibly till other , 
would lead to modification in tb orderly equ nc of tor ograpllic 
·hanges that a lofty i olat d p ak f IJOlllOg neon ro k would r a 
t hrough. 

'han o-e' in th tor ogTaphy of fonn Ra inier have al o b en influenced 
by gr at vari· tions in climatic condition: . Tb mountain i uppo n 
to be of T rtiary age, probably rlio en (a to the definite time at wbi h 
it was built I can offer 110 dir · proof), aud wa expo cd to t h climatic 
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cl1a.ng s which wer ncb a mark d feature of the Gla ial p riod. Tb 
extent of t b gla ·ier ' that flowed away from t be p ak durin g th Ula-

ial period and tb variations they experi u ·eel h av not l>een mad 
out. ucb fact as are in b;wd bearing 011 th i q u tion ind icate that 
th primary glaciers w re well e tabli lJ d before he coming of' t lw 
Gla ·ial per iod and that th ice dra inage during it maximum followed 
valley pr viou ly outlin d, whi h were gr atly d pen d. 

In pite of the modifying condition ' enu m rated abov , a ncl1 o ibl~ 

still other thatruayhav inf:lueoc d t b e ma11ner in whi •hl\fouu tHainier 
ba been ulpt ured, the change in top0°Tapby that the mot111tain ba 
undergone make a 11 ar approach t what houl l b xpe t d from tit 
erosion by ice on t h upper port ion aud by wat r on the low r ·lope · o · 
a ym m trical p ak of l1omogeueou rock of th e h io·bt of th example
before u auclund r the cli ma.ti · c udition to which it ha b n xpo ·cL 

OOMI 1'0POGR PHl HA .E '. 

With the postulate that xi ' tino- climatic co ndi t ion will r main pra 
ti all unchanged for a. Teat length f tim -the tendency of th glar 
cier tor cede, di. ens eel lat r, bei og cltecked-it i 11 ot difficult to sketch 
in outline the main to] ograpbical change that Mount Baini r will pa 
through clnring the age· o com . 

The primary glacier are cutti nrr ba k the Jiffi · ncir •ling the amphi
theater. from whi ·h they flow, and in their middl cour · ' ar ·lowly 
inking into th ~ide of th mountain. 'rhi ntr ncbing of th gla ·i r,, 

by affordino· greater b lter for t l1 ic , tend toward th ir pr en·ntio . 
Th gr ate t change· in topography now in progres about l\Iouut 
Rainier are at the bead of th (}' lacier that have mad a mark l 
advau · in excavating th ir amphitheater . 

As an amphith ater rec de far her aud fartb r into t l1 , ide of an 
i ·olateu peak tlle reniou J~worable fot· tlJe accum ulatiou of ·n w aJI(l 
the OTOwth of a neve ue ·om l ' and I exten iv . For this r a on 
the enlargem nt of an amplii th at r leads to a c1 Tea e in t he iz C 

th e glacier flowiug from it. Thi is illu trated at t il e pre ent time on 
l\Iount Rainier by Carbo11 Gla ·ier, which ba formed a hug amphithe-
ater on the uorth ide of the peak. T!Je ·now on tb le te p , lo 
above the cliff Jeadiug to Liberty Cap creep clown to t he verge of tli 
preci1 ice and there break o1f an l form avalancl1 , whicb de ·c 11Cl to 
the glacier below. Carbon Gla ·ier in reality ha no true n<~ ve at pre -

11 t, except th now-covered areaju t m ntion ed above tb summit f 
the cliffs ncircling it · amphitheater. Til gathering ground of tb 
glacier ba been decrea ed by the extension of til amphitb ater until 
i t is but a fifth or a ten tlt of its original exte11t . Some compensatio11 for 
the clecrea e in the size of the neve, a a glacier eularg s its a mphi
theater i found in the fa t that as the enlargeme11t take p lace the 
divide between the amphitheater and aclja ·ent neve field . ·rumbl 
away, and the glacier whose amphitheater recede mo. t rap idl y div r t · 
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some of the snow drainage that wa previously contributed to tbe 
neighboring glad r. This proce' i ' illustrated by Carbon Gla ier, 
which ba ' enlarged the western side of its amphitheater o a, to divert 

. orne of the neve whi h formerly upplied Willi Glacier. 
Carbo n Glacier is still enlarg-ing it amp hitheater, and if the process 

doe not check itself by deer asing the area on which now for th up
ply of the gbcier accu mulates, will cau such a recessiun of the cliffs 
at its head that t he central doroe of the mountain will becom broken. 
The pre ent ymmetrical form of the mountain' summit will then be 
modified and replace l by a ere ·t lJ<wiug a teep descent to the north 
aud a much gentler outhern lope. 

If other glacier about l\Ionnt Rainier al o cut back their amphi· 
theater so a to break the ummit curve of the mountain , pinnacles 
and crests will replace the present rounded dome. In this stage there 
would be a centra l core, or a mattm·ho·rn, as it may be termed, with pre
cipitou ribs and angn lar ummit, surrounded by deep amphitheater . 
Wh u thi stage is r eached the gathering ground for ncv fields will 
probably be o reduced t!Jat t!J e glacier will shl'iuk a ndll av but little 
influen ·e 011 the ucceediug topographic cha,nge~:~ wllich tlle mountain 
will pas through . 

fter the glacier ' have ceased their work, weathering and tream 
erosion will continue. The mountain will b come more and more angu
lar, owing to the ulpturing of deep radial vall eys down its sides, 
and tb peaks and cr ts l ft betwe n them. The hi tory in stor for 
the mountain ,...-hen it is o altered in hape and reduced in elevn.tion
with th exc ption of the central core-that glacier· can no longer be 
upplietl b it now, i illustra.ted by many ancient volcanic pile and 

need not be eli ·cussed at this time. Briefly stated, th topographic diver-
ity of tb mountaiu will increns for· a t ime anu gradually th central 

core of hardPu d lava, filling the pipe through which eruption formerly 
reach d the urfa will b brough out in reli f by the removal of the 
le · orupa t a. O'lom rate a nd lava sheet' about it and stand a a 
tow r abo th ruin urroundinO' it. Thi ''vol ·ani · n ck" will 
lowly rumbl and iuk to the condition of a round d hill with rock 

fragment ou it· ummit. Tb ultimate fate of tb on e gloriou moun· 
tain i r du ti u to ba 'el v >I. When thi · topoO'rapbic ph a e i rea hed, 
a plain bu littl levat d abo the ea, will occupy tb place where 
now tands Mount Raini r . 

PR • NT ONDITIO OF TilE LA IER . 

As stated on a previous pao·e the ice b die on :Mount R,ainier may 
b cia, ified in r fer n ·e to their position on th moun t~Lin as primary 
aud econdary glaciers. Th ecoudary glaciers have al o be u termed 
iuterglaci r th type beino· Interglacier1 situated on the broad -shaped 
r mnant of the middle mountain lope between "\Yinthrop and Emmon 
glaci rs. 

1 GEOL1 PT 2--25 
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The primary ice treams in t lle order of their oc urrence, beginning 
on t he nor th ide of the mountain and going about it toward t he at 
south etc., are as inrlica.te<l on tlt e accompanying 111ap, the Carbon, 
Winthrop, Emmons Iugr'allam Cowlit~, Nisqually Kautz vVil on, 
Tah oma P u allup, Bdmund and Willi s glaciers. 

The secondary tream , or interglacier , as i t is couvenie11t to term 
th m, in tb order ju t stated are Interglacier, Fryin ·. pan Little 
Tahoma, Williwaka , Paradi se Van Trump, and oth n; not rtam d. 

ll t he glacier of tb i type al'e not repre entetl ou the accompany
ing map (Pl. LXVI), partly for the r a on that they merg with 
indefin ite SUO\> field ~ , and some of them bav not been r coO' nizecl by 
tho e to whom we ar incl btecl for tb map. It is only in htte um
m r or early autumn that the existence of glacial ice ben atb the 
general snowy covering of the higher por tion of the mountain can be 
eli tingnished. The interglacier a a rule do not form well -defined ice 

. str ams, but are rather broad n V"S, from wl.Jicll a protru ion of o·iacial 
ice can be f:>ee u when the summ r melting i far advanced . In s me 
instances a. about t he Guardian rock , t b glaciers of hi type s a.r ely 
merit he name here applied to them, a t!Jey a.r littl mor than n6vcs. 
The ' e . mall ice bodi s gra le in to Jtow accumulation whi ·h endure 
perhaps fo r 8everal year , but are oc a ioually complet ly melted . A 
former extension of the interglacier , and the previou existence of true 
gla ·ier where only deep. now accumulations now occnr, is ho wu by the 
poli h and grooves on the rock below the po ition they occupy. In 
common with the prirmtry glacier , tho e of tbe · oudary typ w re 
formerly much more exten ive than at present but t ll eir condition dur
ing the Glacial period lias not been fully determined. 

CARBO GL.A. IER. 

The a,mpbitheater in which arbon Glacier has its source, as already 
stated, is the lar rre t excavation that ha ueen made in the ide of 
Mount Rainier. The wall of rock ri ing above the bead of the glacier 
is auout 4,000 :fuet higb. On this vast precipice little snow accumulate. , 
but on it summit there is a vertical cliff of stratified neve DOW about 
200 feet high. This wall of suow, conspicuous on account of it· ou
tra tin color with the dark rocks below, expo e a section of the nev · 
which re ts on the slope leading from the crest of the precipice to 
Liberty Cap. The low do)Vuward creep of the neve can s portion 
of it to br~ak off fro-m time to time and descend in avalanches to tb 
bottom of the amphitheater. 

I n the amphitheater is a n ve, it is true, but not of the ordinary typ . 
A deep accumulation of now is formed there each winter by t!Je ava
lanches and by snow blown from neighboring heights, in addition to 
that which falls directly, bnt the surface of the depoS>it tllu formed i 
uneven, and, as may be seen in the numerous creva es, lacks the well
marked stratification which is such a characteristic feature of uorm al 
neves. 
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The avalanches from the cliffs encircling the head of Carbon Glacier 
bring down con · id rable rock d bris, and in StlmJUCL' rock-falls arc com. 
ruou, owing to the action of the wind, tb loosening of blocks by changes 
of temperature, etc. The now iu the amphitheater tiJU becomes 
heavily charged with debri ·,which i carried down by tbe outward flow 
of the n ~ ve , a nd become concentrated on i t::> urface a melting pro
gre se . On account of th e strong wind that prevail much dust i 
also scattered over tile now flooring the ampbith ater, which serve to 
darken it nrface. 

vVith tbe rece iou of the wall' at the bead of the amphitheater there 
ha been an increa e in it bread th. Some of the now drainage l1L'e
viou ly contributed to \Villi Glacier on t he we t, a nd to a former in ter
glaci ron th east, ba been diverted and now feeds Carbon Glaci r . 
\ s prev iously tated, tbe rece ion· of the cliffs at the head of the 

amphitheater ha deer a e<.l the area of. uow accumula tionl adiug to 
it, an d thu ba led to a diminution in the ize of the glacim· originating 
in it. Th e lo s due to the rece sion of t l1e cliff , and the con.·eq uent 
deer ase in tlte extent of t he elevat d region of now accumulation, 
bas apparently been mu h greater than tbe gain duo to a broadening of 
the amphithea ter and the con qnent robbino- of adjacent glaciers of 
their now upply. Carbon Glacier, by enlarging its amphi theater, i 
lowly de ·troyin o- the conditions on which it exi tence dep nd.,. n 

the central portion of the great wall at t he bead of the amphitheater 
t!Jere i a buttre s-like ridge, which indicates tbe po ition of a form r 
dividing wall. At an early stage· in the culpturing of the moun tain 
tber were evid ntly two amphi theaters which contributed their now 
to arbon lacier . With the enl argement of the e rece e in the 
mountain side the rid ge that eli vided t hem l1 as nearly disappeared. 

The ide of the amphi theater are rocky ere ts as may be een e pe
cially on the a t where a cl ark ridge of rock marked by pinnacles and 
crag. parat the now drainage of arbon lacier from that of 
Winthrop Tla ·i r . Thi line of rao- and pinnacle i the re t of the 
wall of bar r k inking we twar l to arbon Glacier, but it ea t rn 
, lop i mu ·h Je pr cipiton and i lleavHy over d with n ve sn w. 

mall enlarg m~ot of tlJe amphitheater will can e a break in the 
divide on th ummit of th li ffi, and some of the now nowflowing to 
Winthrop la ier will b div r d to feed it more energetic neighbor 
on thew t. 

The out tt·otching ridge forming the ' ide wall of th amphitheater 
extend n rthw~•rd and mer e at their lower or northern extremitie 
iuto broad, int rglacier space at an elevation of about 9,000 feet. The 
amr hitheater i about ,000 £ t acros from ea t to we t, and in the 
neighborhood of 5 000 ti t in l ngth from the ba e of the great cliffs 
at it b ad to tb br ak throucrh which the glacier outflow . 

At the outlet of th amphithe<Lter' the snow, till having the cbarac
teri tics of an v i mu h creva eel, e pecially where it pa es over 
bo e of rock on th fioor beneath. Dome-lik elevation are thus 



3 8 GLACIERS OF MOUNT RAI J.ER. 

can ed in the gla. i r which are brok n by radiating- fl, nr , into 
ca tle-lik block with pre ·ipitou wa,Jl . Dome of tlti ll<Lturo at· a 
characteristic featur of many of the gla ·iers on Monnt Raioi r and 
the fact that they ar du to the i pa ing ov r promin >utrock ma s 
is clearly hown near th extr miti of ev ral of th primary ·Ia i r. 
wb re t b rocks have been xpo d b the m l ti ng ao1lr c 'S ion of the 
icc. Tbe w1ture of the e domes will be 11oted Juor iu detail in ·on. 
ne ·tion with the d suription which follo'Y of Wi ntltrop and v\ illi 
a]acier . 

Just b lo'' tb 

resembling a great Atairway, are not a novel featur , a 
but a characteri tic of many alpine gla ier . Th l v 
rating break· in a glacier indi ·ate imilar topogra.pbi 
rock urfacebeneath. In tndyino· xi tino·gla·ier. iti in 'tructi veto 
examine valleys form rly gla iated. 'rbe be t report d illu tn1tiou f 
tbe altel'Uate tep a11d terra e ~ ature in hiah .grade gla iatecl vall y 
occur in the ierra Nevada, and hav be n de ribed by m in a pre
vion article. 1 In ascendincr 'l'uolumne all , n ar it ource on Monnt 
Lyell, for example, oue encounter· a ,erie · of t ep e carpm nt pi:tr 
rated oue from another by almo t level reache , iu orne of which tb r 
are hallow rock-ba in lakes. When tb great valley re£ rr d to wa 
oc upied by a glacier eaub of the teep dt' S euts can eel an ice fall. 
The e condition are reproduced on a mall cale by Carbon (Hader. 

As is explained in part in the report just r ferred t , and a ha been 
till more clearly tated by 'Willard D. Jobn 011, a glaci r cut back it 

bed from one ice falL to another in mu h the arne way that a a cade 
in a tream recede . The formation of scarp and bel v , as the 1 vel 
reaches may be termed, ~ tlue to a process similar to that by whicb 
amphitheaters are enlarged. 

Opposite Ande ite Clift' arbon Glader is about half a mile broad 
but it soon increa e to nearly a mile in witlth, and maintain tbi 
increa e all the way to the brink of the teep de'cent a mile and a half 

1 I. C. Russell, Quaternary history of Mono Valley, California: Eighth A.nu. Rept. . '. Geol. Sur· 
vey. 1889, pp. 348, 354.-355. 

• 
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uelow. Indeed, bnt little diminntion in breadth occur until the :final 
de ·cent toward t il terminu begi n, . It then coutract in width orne
what auruptly to a l>ont 1,000 feet, and ends in a precipitou lope. 

Oppo ite Andesite Oliff the ltard blue ice of the glacier i ex po eel. 
In thi rel!ion tl1ere i a reach of the glacier about half a mile loner 

. ' ' bl 

intervening between tiJe lower edge of tbe nev , and tl1e l1eavily 
111oraine-covered i e farther clow·n tream, which i ompa,ratively f1·ee 
from dirt and Rtone . Th e exten t and character of thi. nrface vary 
from day to day cl uring t he ummer, the neve receding and t h dirt
stain cl anfl stone-covered area at the same tim increa in g up tream, 
owino· to tl1e concentration of d bri at tb surface as melting 11ro
gre s . 

Down tr am from th b l t of clear iee just referred to th glaci r is 
prooT iY ly more and lllOre deeply overed with ton and dirt. In 
tl1i s r~giou many of tiJe minor features haracteri tic of moraine ov
red ice, uch a . glacier tables, , ntl cone , . urface tream monlin ·, 

et ·. may be recogniz d. bout 1,000 feet down tream from ncl ite 
liff four . om what prom in 11t medial moraine make their app arance, 

and may be tra d to the brink of the t ep de ce11t a mil uelow. 
'r'''O of t he em raine ar n ar the we t side of tbe g·lacier the neare t 
beiug about 700 f~et from it west rn border, and eparAted from it 
c mpanion by a lau e of le compl etely d •bris-covered ice about 150 
~ et broad. 'rJJe otiJer pair of 111edial moraiu . occupy a similar po i
tion adjacent to th ea t i le of the gla ·ier. The e medial moraine 
ar Hot con pi ·u u, featu.re , but ar markecl by irregular debri. pyra
mid , ri iug from 10 to 30 feet aboYe tiJ a(ljae nt surface. 

Tb debri alooo- thew st , i le of tb o·la ·ier, derived larg ly from 
11d ' ite 'liff, i · gray, corre ·poncling witl• be olor of the cliff from 

\Thitlt i Come j UUt 011 aJl otb 1' pOl'tlODS Of the urface the prevailin o· 
colo!' or t il mot·ain s; is; d:-n·k l rown. Practi<'ally all of t he morainal 
mat t•ial i ' angular. Hound d or mootb And · triat <1 ston are 1-
dom 

B I w th b gim1ing c nt I ading to tb t rminu ' of 
tile crlaticr uo i · ·an u . n in ~t gtnera l vi w. 'rh utire urfa i 

t of b rown Ancrular d •bri::;. The huger , tone 
rAng in l:'iz from a f: · w in ·h to · veral feet and mino·led with them 
ar la.ro· qu< ntiti of fin , enrth -lik material. Thi ·portion of tbe 
o·Ja i r is rugged n a· ount or numerou ren1 · es a111l unequalm lt
ing dn to variation· in t he thicku of tl1e d ~ bri . ometbing of 
tlic mann r in whi h urfac morainal material i · one ntrated in d pr s-
ions ~llld t hen rai i i 11 r li f by th m lti ng f th adja ·en t nrface o 

as to form debri s P. ramid · may t ller be 11 . Thi proce " lto·wever, 
o n most nctiv ly wh n a g l i r lm bot little motion or i tag-

nan t }.tnd about llfount lhi11ier lllfi·Y b lJ t studied near the t rminus 
f Winthrop J" la ·ier. .At the nd of 'arbon Glaci r tiJ iced c ml 

pre i pitonsly · 00 or 400 feet, and prcseu ts a dirt· stained fac too teep 
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for one to climb t p R. t tlJ foot of this steep 
d ·cent Carbon l{i er om ro· m a caveru in tl te ice, a · a browu, 
roaring torrent, beavily en umbered witl r bowlders. 'r il e r iv r i over- · 
loaded witb oar e debri and i~'~ filling·, or aggrading, its vall y n,l! tlte 
way to tlle mtrrow ·auyon 3 mil abo ' arbouado. 'Ih condition of 
th valley bottom below tbat locality i not k11owu to m '. 

\Yhere the riYer leave th icy cav rn from whi It it merge · mauy 
of the ston s in its bed are a,ugular; tb , hav om dir ctly fr·om the 
teep ice lope aboYe. tit r tone -, J11a11y of them ~ f t or mor in 

diameter a.nd composed of hard ro ·k are well r nnded; th se ltave 
been brought out of t he ubg·lacial tuun ,1, and. how that much ro~ion 

i p rform ,d by tb tren.m before it com to th l igh . Le · than 
hall' a mile below tbe termiuu of the glacier nearly a ll th tonet> tl1at 
form it bank. are well rounded. 

Th nd of arbon la i r was een by 'Willi in 1 1 AL the 
time of our vi, it the gla ·i r had r tr ated about 100 yards a n arly 
as ·oulcl b ·timated, aboY th po iti u it o ·cupi d frft n y •ar 
previou and the precipi ·eat H< terminu ltad brco111 mu hI s . t p. 

·om1 anying the r ces · iou of tlJ t rmiuu durirw r ·ent year-, 
there ba bceu a general lowering of tlr ·urfa.c of th glaci r all the 
way up to tlr n YC, but no mea ure of the amount that t he i · haJ 
hrunk could be ma.de. 'rb low ring f the ·nrface is of th natur f 

a g neral sbriukinrr, wllich i great ~t Hear tb r ~t of th low r ice 
fall and I rog-re " i vely d ·r a e up trearn. Ou con::;picnou ' r . nl t of 
tbi · urface 111 •Jting i ' <t marked iucrea ·e in the am unt of up rglacial 
dcbri , a noted by Willi .1 

A r ecent lowering of the nrfac of tlr glaci I' i <l by abau-
doued htteral moraines. Th are con pi uou along- a ·It t:iid' of the 
gla ier, from the brink of tlr low r i fall up to nd it ' liil' on 
tl1 we t bank and to tho ntrauco to th amphitb •at r u t.h ' t!<L ·t sid . 
Tbe ' e moraine , compo ' l largely of audy lay lt a ily ·barg d with 

tone- and angular ro k rna ·e ·, ri e from th ice in pre ·ipitou~ ·carp
ment from 100 to 140 feet high, and a.re too teep in man pla e: to b 
climbed. The angle of lope toward the glacier i front400 to 500. Tlie ·e 
lope are broken faces, fr m whi h tone fr qu ntly fall and ar 

entirely bare of verretation. Tlle slope r £ rred tori. to a sharp r t, 
from wbicb the lop away from the i e i · more gentle, a.veraginO' 
between 300 and 400. Ou the e outer slope::; pru 'e tr e ·, ome of th m 
20 to 30 feet high, are growing. 

On lea.ving the glacier on either id and climbing the fre h lop 
of morainal material bordering it, one tind oth r imi lar parallel 
ridge , each of which i clothed with fore ·t tree..:. The e older mor;tin s 
are in several instance h igher than the roo t modern on , a.nd , how in 
general :t progres ' ive lowering of the urface of t he ice a. the widtll 
decr ea ed. 

'Seventeenth Ann. Rept. U. 
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The narrow vall ey bet"-een t he abandon ed moraine are without 
for~st trees, but are carpeted with m s, g rasse::;, and a profu ion of 
bnll iant flowers . The snow lingers until lat in ummer in t il e e 
slladed dells, and the bla ·k , humu ' oil, after t h snowdri ft disappear, 
is \\·ater·son,ked aud in mauy place wampy. Thu iu several way t he 
ridges f<tvor the growth of forest tree::; while the marshy dell between 
furni h onditions uitable for the growth of more lowly plant . 

The abandoned lateral morain s belo w Andesite Oli ff are in an 
embayment on t h . id('l of the valley. Their formation illustrates t he 
ma-nner in \\·hich :t o· Jacier build moraine · wlret·e the vnl1ey widen , 
a11d t lm tends to make it channel even ·ided. Tbe mo t reeent 
morain - the one overlook ing the i ce-start>~ from Ande ite litr, but 
no t at its most expo ·ed portion. 'l'b next lateralmomine to be form d 
if th glaci r <'Ontinnes to hrink will, i t i ' to 1.Je exp cted ·tart from 
tb extr •me end of tile cliffs where they now project into tbe gla ier. 

'rile older lateral morain :, of whi ch tbere are ometime three, and 
again four abrea t, t rminate at t.hei r upper or· proximal nd abrup tly, 
with ut u11itin g with the cliff from. which they d rived much of the 
material composi11 g them . Th reason for th eir abrupt ndin g i t ha-t 
a lateral t rea.m fo ll owing t h ide of the g lacier cut a cha11nel a.cros 
th m at thei r junction with the ide of the valley. This proces. i 
plainly illu trated on the w t border of vYinthrop Glacier near it 
terminus. 

Th morain e on the ea t side of Carbon Glacier ar in o·en rallike 
tho e just m utioned, and again all but the last form ed are witbout con
nection at their proximal ends with the ro.or 1 vatecl region aboY . 

All of t he moraine just de CI' ibed per tain to the pre nt topography 
and were formed wl ren the o·Jacier bad its pre ent charact ri ti s, 
except t hat below nd site ' li .ff, wb n the earli t pair wa formed, 
it w::1. ::~,bont a mi l broader and its urfa e abou t ~ro feet hi gll er t han 
now. Wh ther th valley 'm ver mor de ply fi ll d with ic tba,n i , 
r ·orcled by th ld mora.in r main to b d tennine l. 

WlN'l'HR P LACIEH .. 

Th of Win IJrop Gla •i r ext nd ' to the summit of Mount 
par of tb snow tbat a cnm ulat iu t h 0 Teat ummit 
11 'r:tter p ak and L ib rty Cap Jiow M tward down the 

pr ipitou lop f th c ntral dome a.od ·ontribute to the growth ot 
th ' xt n iv neves ov rirw all that id of the mountaill . Th ea. t. 
rn . I pe of th moun ta:n is more he}tv ily snow ov reel than any other 

portion mainly for th r a on that the prevailin g we terly wind cau. e 
tlle now to b depo it d thN' in oT ate t abuudanc . 'rbe grea t peak 
ri ·in g in th path of the moi t win ch; from the Pacific produce ome
thin g like an ddy in th a ir unent ou i t ea tern side, ancl thus 
favors deep d10w n cumulation. 

All of the ea ter 11 id of tbe mountain auove au elevation of 000 
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ar.companying map. 

· crao'!l, i n •v6 

thr , pd
wu on the 

Th n •ve of \i\ in t iJrop Gla, iPr d scenct ]j low Th W !lg and t rmi
nat s a,bove timb r lin e at an 1 vation of npproximat ly 000 f > 't. 
Below tlte lower margin of th n('y tb , lid blt1e ic' of tli gla ·ier 
proper in place h avily over d with down the 
valley b tween rugo-eclmoHutaio n.nd 
4 000 a.nd 000 feet . 

a nlrealy mention d, i ' tbe oc urr 11 of ,r , ll-mark l lom s the 
, ummi t · of which ar' CO IIltnOnly fra ·tur d o a ' tu prodn · nldiating-

ev ral of t he dom cur in WiHtltrOI laci r both in 
glacier proper, aU<l furni ' h abundant 

low red down Y rtically 011to a . urfa · on whi<·h th r w r kt 
lil <lOIIICI:! ur l'U ·k lOO lu 300 re (, ltiglJ. In 1:\ll ·It a, ·a Llle le 0 
dom 1;1 would become fra tnr d wl.Jile on th ' g nerally ven nrfa 
betw n it ·would ettl tlown with le: bre,tking an 1 on form to t l.Jc 
general contour of tl.Je rod~ ' b n 'atb. 

\Ye know how ver, that h · now and i e uppl yitw th 
flow fro m h igb r r gion , a,ud that it mn ' t ad vane ov t· tlt dom . . 
Thi. m an that tlt ice ha iu fact an upward motion for the g la ier · 
ri e in pa io g over th elevatiou in tl.Jeir bed . From the um111it of 
the dome the now, or ic , as th ca ·e may be, de c nd in a ll dir . 
tion but u · uall y the lope i t epe ton the down tream i le. 

A eries of i e domes on the glaciers about Mount Rainier mi gh t 
easi oy be selected ranging fr·om regular dome with practically equal 
lope on all i<l ~ , through otber similar form with pr cipitou lower 

face, to precij)ice down which the ice des end , forming what ar 
ter-med ice ca. cades. From analo o-y with the iee ca cade I hall d e ig
nate the eleva tions on the urface of the g la ier here de cribed ice 
domes. Like the cascade the dome vary in their cbaracteri ti 
according as they occur iu a n eve region or in a. glacier proper. 
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Tile domes in the neve region, as on t!Je upper portion of Win brop 

Glacier below The v\ edge, differ in apJ1eanmce from tho e in th o·Jacier 
b 

proper, owi n 0' to di1fe rences in the physical propertie of n0v ~ snow 
and ice. The dome · in t hen ve have more or les of a network of wide 
fi . ure about t!Jeir sum mit with radiating fi .' Lues extendin g down the 
Ride , whic·h gradually contract and die out in the cour e of 100 or 200 
yards. The radiat in g fi . ures on the up tr am sid of the domes a.r~:~ 
ommonly le s extensive and much le s conspicuous than t bo e extend

in g in other direction . TI.Je fi ure iu the summits or ti.Je domes in 
the mve at the time of our v isit were widely expand ll and ,,ben t h 
temr rature was below freez in g one could afely walk over t he rough 
cavernou ' now partially filling th m and penetrate to the very center 
of the y tern of br a.ks. In some in tances a near ly recta ngular 
column of snow 30 fee t on a id e nnd r i ' iug· 50 or GO feet above ti.J e 
partially ftll <l re ,·a)i es borderin o· i t ro e iu tb center lik a hug 
obelisk. 

Farther down Winthrop Glacier, in t h glacier proper ~be dome: are 
equally on pi •uou , but the creva::; es in them fire le · rerruJar and not 
nearly so wide as in tlt iu .·tan ·e just cited. Ju .- t below tbe , kirt of 
the 11ht> a i t exi~ted nt the tim e of our visit tb r ar four domes 
in closi ng a ba in in "· bicb tTtere wa n hallo\\T pond about a,n a,cre in 
a.rea, which 1ra ·on ' l)icuou on account of it blue color.. Tlte::;e r1ome 
ro ' e, by estimate about 0 or GO f, et abov the ice 011 tb up tr am ,· ide, 
but IJ Oil!' far tb t downstr am when en fro 111 b low bad 11 nr ly 
twic tbi ' lt eigbt. Tb ir lopes ou tbe up, tre::un ' ide d S<;ended a a,n 
auo·le of rtbout 4° to GO but on the do1n1 tream , ide they w re <;On id
erably steep r probably 10° to 12:>, and in one iu -tanc at left ·t ~oo 
or 250. Jn t above ea ·It tl ome there i an absen · of revas·es, anl 
the i e eems to b con1pre ' ed, but ~;mall break app ar 00 11 after t h 
n cent b g in . 'Ih c c·r nts es are curved and tend to sunound the 
dom <lR <' ntonr . but n ar tl1 ir nd t reucl away fr m it in tlr\' :5 

·on<·av' towar l th aw:1y. The cr· \'a be 0111 
broad r on th pecially on tho brink of tbe 

d ' C nc1. are c1o ed. rh lo,rer 
r dome wa vi;;;it d, fL IHl a hollow in tbe ur-

glacit·r wa s round b low it. tan din g- in hi hollow and 
facing t h dom on a te p d c nt mu It lik au i ·efall "' ith 
piuna les of bin i<; along t h On ach, ide of the dome tb er 
i a, ·nrv clri<lg or ic makin g th' ea ·t nll(l w t wall of tl1 depres
. ion i n whi •h !1 obs rv r taud . The cnrv <l ridge becom low r 
and low r a ' t it y lea.v t-he dome, and uui ting, ompletelJ inclo e t he 
J.e.pr • ion , th lowe t poiut on th rim b ing oppo ite th dome. A 
tream f, cl by surfac · Ill ltin n· ·our d along in th b ttom of t he 

de1 res ioH, flowing in th , llir ·tion of o·Jaci al mot ion for 5 or G rod s, 
and tb n plungect into a ·revas . In tb depre ion below other ·im
ilat· dom . there w r ·hallow pond . 

The barri rs below t he dome are evidently due to a trong flow of 
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ic about their side~:>, whi b for]l)ed th lateral urved ridg th;tt unite 
a hort distan ·e l>elow. 

'Ihat tll dom a.r du 

The mann r in which a gla i r ri e OY r a dom i. of int rest in 
connectioq with tb muclHli us ed problem of th au e of gla ial 
motion . A. detailed study of ice dom would apparently fnmislt vi· 
d nee for deciding wbether '" glacier b l•av . a a 1 igid body that i 
thrust forward by a for a ·tin()' from above or aR a pla . tic l>ody mov
ing under the inftuenc of gravity. The mann r in whi ·h th ic in 
th ca e of a dome in tho glacier proper, flow about the ob.-truction o 
a to form lateral ridg s which gradnally approach an1l inclo a 
depre ion below c rtainly favorR th idea of pla. ti('ity. 'rh i e 
appear to b forced over th ummit of a rock dom ancl tori. e high r 
than tho adjacent urface np txeam both by the pr ·ur of i • abov 
and by the lrag of the d per ice curr nt on itb r ide. 

Jt i difficult to con eive of the mann r in wllich a rigiU body would 
l> have undP-r the condition h r referred to but ther appears to l> 
no rea on for a sumin()' tLat it would close in below the dome ; w 
should expect, ratl1er, to find an opeu h:mn 1 b low each obstruction, 
with pr cipitou and much -broken walL. 

On the ea t ide of W in throp Glacier below TheW d()'e, the rock 
ri e precipiton ly and form cli:ffi , from which much debri fall . Til 
glacier i evidently apping the cliff that border it from The Wedg 
to near it termination. On the we t side the limit f the nev ~field 
i indefinite, there being many crags that ri e through the ·now abov 
the timber line. · 

Below that horizon, however, th glacier'. margin is sharply defined 
by bordering precipices. The ice has there melt d back from rugged 
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cliffs so as to leave a marginal valley some 200 feet de~p, in wbi h a 
stream flows. The margin of the glacier is heavily moraine-covered 
and much broken by creva es. In places it is impassable. The 
extremity of the glacier, as already stat d, flows pa t a bold ro k 
dome, which was formerly covered by the ice, and at a later tao·e, a.s 
the g-lacier re eded, divided into two bran he , the eastern one being 
tbe broader . As the glacier continued to retreat the tongue of 1ce to 
the we t of th e rock dome melted back, and a heavy lateral moraine 
was depo itecl as a free ridge, having a curved course, which extends 
out from the hore and join ~ th e rock dome. The end of the moraine 
near the , bore ba been cut away by the stream following t l1 e ide of 
the glacier, and when trac d toward th e border of the valley i;· found 
to end in a ptecipitous slope. Standing on the ere t of the moraiu , on 
which a few . mall spruce tree are growing one can look down into a 
deep vall y to the we t of the ro k dome across which th e morain has 
been built. The slope of the moraine on that side i: steep aud the 
des ent i a-bout 400 feet. On the id overlooking the gla i r tbe 
de cent i still more precipiton . Th e ice ha brunk away from 
the moraiu and i now fully 100 feet below its re t. 

Above the ro k -dome and bordered by the harp-crested moraine 
ju t mentioned th ere i an embayment in th ide of th ghcier, oc u
pied by he;w ily d ~ uri -covered ice that is fast m ltiug away. Tbi 
·· tagnan t ice ba · a markedly different a pect from that on other portion 
of the glacier where motion i till in pro o-re ·. 

The topography of t;tgnant moraine-covered ice is difficult to 
de cribe, but ea ily recogni zed. promineu feat ure is the great 
numb r of bort, teep ridge or crest , ri iug to a broad, gable-like 
an gle in the center and bounded on one ·ide by a teep re cent-shaped 
lope of dirty ice :tnd on the other by a much more g ntle lope, which 

i h avily morain -covered. The steep slope usually face outhward, 
but thi · i.' not an invariable rul . B low the teep lope , and filling 
the pa e betw ' n ndja n t r t there i · u ually n. deep accuumla
tion of tone a11d dirt. m ltin o- progr e the e concentrated 
mas of morainal material are l ft a dcbri pyramid . The moraines 
n stagnant i ar u ually darker than Olt other portion of a gla
i r, probably on a count of th gr ater abund ance of fin e, earth-like 

deb•·i , whi ·h r tain moi tnre ao(l i alway w t. Tbe teep lope · of 
the i · re t iu th ase of the Mount I ainier Glacier ar dark-brown 
and frequently appear u arly bla k, as i. aLo true of the tagn ant 
border of !ala pina Glacier Ala 'ka. The e dark, wet lope are not 
common on movino- ic . 

The a teru branch of \Vin th rop lacier end in a low lope to the 
a t of the r ck-dome referred to, and lla bnt li ttle morainal material 

in it. Abov th e lo w terrninu tlle ice r ise teeply, and lla been 
wa bed cleau by urface t ream. . bove tbi steep r i e the ice i pro
foundly creva eel aud can be eros eel only by patiently choo ing a way 
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from one na rrow i blade to a noth r b tw n d e p ga· he in t he olid 
blue ic . 

Tber ar many otber :D atnres of Winthrop Gla ·i r that <1 nt n,nd 
att ntion, but in th :Lb nc of a cl tailed map and otb r i lln tration 
an n,ttempt to de cril>e t hem i ~ probably itot ad Yi :tble. 

On intere ting- fea.tur 11 at· tile end of vVinthrop Ia ier, r ported 
by ]!.J . • Iugraltam, but not . , n uy m , i ad fp, narrow clef in the 
rock, on the borcl r or the ' all ey and parallel to it · long r axi , abottt a 
mile below wher th o o·laci r DOW termina te· . Tlli gorg is probauly 
tlte r ' ult of .·trea m ro ion alouo· th itl of th gln i r wlt ni t was 
much more extend ed than now. That tbi i tb rn explanatiou f' it 
origin, however, remains for futnre t r av ler to d term ine. 

EM:;\10 S GL.A IER. 

The best exampl of the manner in which t he gen ral n v • field 
de cending tlt lopes of tbe · ntral l om of Mount H.a,ini r i clivid cl 
by wedges of rock int primary glaci r is furni h d by Emmon ' In ·ier 
and it 1t eighborin g iee treams. Tbe origin of tho w dg now rlivid · 
ing th Hcve, by tlle rosion of t b outwarcl.fio,ving i ·e, ha. air' ndy 
b n explaine L 

Below Tb Wedg and Little Tahorn,, Emmon Ia icr i a w 11. 
defined ice strea,m, about 5 mile in leu()'tb, wiLh bold, ro ·ky ·lift': on 
ea It side. T h glacier b come ltea.vi l charged ~vith debris alono· its 
border from tlt adj~teent !i ff and in th low r portion of its ·our 
i ' completely covered with tone , nd dirt on each ·ide. 'J'he:e lat raJ 
moraines become broad r and broad r toward tb terminu, of' tlr 

con aled by a cont illuon t o f brown a.n<ll.>aLT n l l- bri . 
right-hand id of tlrA glaci r, for one or two lllil . ab \' tb terminu 
abandoned lateral moraine occur in pantll l ridg ' , markino- a graJual 
shrinking of t ire ice. A imilnr rt•cord · ur:' al o on th 1 ft hie but 
the morain e ar there broad r aud lr ow by til ir olor alld by tb 
r eli f of the urface tlrat they re t on , tagnant ic . On h id of 
the valley, above t be ,tagnant morai n -cover d ic jn t re~ rr d to, 
there are abandoned morain s which ar ban ked ao·a.in ' t tb steep li If's 
forming the vall ey .:id . 

The toDgue of cl ar ice 1rear tlte extr mity of th gla. ier i om 2 
or 3 mile long ana, although gradu nlly tap ring down tream is 
much of the way about 01re-tlrird of tile width of til valley. T he 
grade is there low and the i ·e not much brok n by cr va Dowu 
the central portion of t lti ' tongu t here are t "'o li gh t medial morainal· 
ban d , d erived fro m rocky ere. t · in tlr e central par t of ti re n >ve mo tly 
above th e horizon of Little Tahoma. 'Tbe e narrow r ocky 1 dge may 
be een in P l. LXXII!. 
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The manner in which debris causes a (lecrease in the flow of the ice 
containin g it, and :final stagnation if tl.t e rock material reache <L laro·e 

0 

p rcentage, 1 lead to int re ting- ugge tion in t!Je ca e of the o·lacier 
here de cribed. 

The· excessive Joa.d of toneR and earth on the ides of tb rrlaciel' 
' the central portion being notably free from . uch accumulation ause 

the mm·ginal portion to become lwavily charg d with engla ial d 'bri 
a meltino· peogres e . The flow of t!Je ice i thu checked, and the 
marginal portions of tbe glacier become tagnant. Thi i equivalent 
to a narrowing of the valley through which the ic flow., ancl the 
cleitr portion i enabled to J)rogre farther before melting than it 
would if the uorder had no t become tagnant. Emmon, Glacier, lik " 11 
tbe oth r primar>y glaciers on Mount Rainier, is evidently wa ting away 
and it · terminu r ced ing. The proce s just r ferred to by which t !Je 
channel available for the tlow of the clea.r ice become con tra.cted, 
might lead to an ad van ·e of the terminus in spite of tlle fact that a 
g-eneral wa t in g awa.y i' in progre . 'I he, taguant i along the ide 
of tl1e valley not only causes a decrea e in the width of the channel, 
but bi ld the clear ice from melting more effectually than tiffs of 
rock would do. TIJ' clear ice nnd r the pr ent conditiou i ' also able 
to advance farther than it 'Would in a broad vall y where it iue 
would be expo eel to melting; or t!Jan it would betw en cliff, and rocks 
which, by reflecting h at, would canse even greater marginal Jll ltin o· 
than would occur in a broad valley. 

Emmon Glacier is deeply intrenched. Near its terminus it is bor
dered on each icle by bold, rugged mountain ranges, left in relief by 
the excavation of the valley in the whi h glacier li . T!Je valley 
become narrower and it ide~ still more rugged below the terminus of 
the glacier. The tream flowing down it, a bmn h of White River, like 
other imilar rivers already mentioned, i overloaded with coarse d bris 
and i aggrading it channel. 

INGR HA."'I GLACIER. 

The .portion of th nev d cending t.!Je ea t icl of the central dofi!e 
of ::U0unt I ainier, t the right or outh of Littl Talloma and divided 
by that promoutory from the portion of then ve tribu.tary to E mmons 

laci r, form a primary gla ier of an a.bnormal type. Tbi well
defl.n dice strea,m doe not de cend t he mountain lope in direct cour e, 
but i deflected southward or becom tributary to Cowlitz Glacier. 
It cour i oblique to what may be considered the normal flow of a 
primary glacier originating on an i olated peak. 

v h r the d cending n v is plit by the sharp edge of the great 
wedge- hap d remnant of the ide of the mouutain, of which Little 
Tahoma i the ulminatincr peak, the ice ri e again t the rocks an d i 

1 I. . Ru s 11, '!'he intlueuc of d6bris ou the fiO\\' Of glncier : Jour. Geol. , Yo!. III, 1895, pp. 23-832. 
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greatly shattered. The portion of then v '• turn <.1. southward by the 
ob truction now <le cend a te p slop and is mu h creva. · ed; below 
the lope the uc, ent is more gentle, and th bard, blue ice, but little 
encumbered with clebri flows on a a well-clefin c1 gln,ci r. All along 
the left side of the gla icr the cliffs of Little Tahoma, ri ' O in rugged 
precipices from which d •bris i continually falling. On approaching 
it junction with owlitz Glaci r, Ingrallam laci r de ceud a pre i· 
pice about 800 feet high and form a fine ico a ad . ometbino- of th 
appearance of tll i teep ioe-cov red de cent i sbown in tb accompa. 
nyiu o· illn tration (Pl. LX .,.., ), in which the bead of Cowlitz lacier and. 
the bold cliffi ofb deled lava and aggl merate betwe u the two glacier 
areal o hown. In thi illu tration, als~, the bedd d charaot r of th 
toek forming Little 'rahoma, and the manu r iu w·hich t he irregular 
strata end in the air on the I ft-that i , toward the ummit of Mount 
Rainier-may b recognized. Before ero ion alt r d tho topograpl1y of 
the mountain, and pr viou to the blowing away of its ummit, the 
strata i11 Little Tahoma w re continued upward to th ummit of tlJe 
perfect •olcanic con . 

The illustration to which attention ha been dir ·ted i nn ati factory 
on account of it "flatne ." Tbe 1i tance from the ro k in tbe fore
ground, across Cowlitz Glacier, to the clifl' of inclined b d between 
the two ice falls i fully a mile. The peak of Little Tahoma i about 
3 miles di tant. With these mea ure in mind the photograph r pro· 
duced in Pl. L XV become more intelligible. 

COWLITZ LA IER. 

The Cowlitz Glacier, above where Ingraham Glacier joins it, xpands 
somewhat ttnd occupie au irregular depre ion baviug m of the 
feature of an amphitheater. The lope at the head of the depre . 
Fion n.r , o shMp thn.t th snow descends in n-valan hcs. The main 
portion of the ncv6 i comparatively low on the mountain ide but ome 
of the now drainage comes from near tl1e ummit. The valley o cupi d 
by the neve contracts ju t above where Ingraham Glaci r come in, 
and it is there that the lower limit of the n eve probably occur , but 
at the time of our visit the glacier wa now-coveted and white a· far 
down its cour e a we were able to ee. The nowfall during the win
ter preceding our visit wa uuu nnlly heavy, e pecially on the south 
side of the mouutaiu, and the melting of tbe now in spring wa Joug 
delayed. Photograph taken in previous year (PJ. LXXVI) show that 
ordinarily in ]ate ummer the oli<l glacial ice i expo eel and form an 
extremely rugged, dirt-covered urface, where we walked with ea e over 
hard now. 

The portion of Cowlitz Glacier below Ingraham Glacier is inclo eel 
by bold cliffs, and is well defined. There is le s evidence of shrinkage 
along its side than in theca e of the other glaciers examined. This is 
pos ibly due in part to the fact that Ingraham Glacier has a high grade 
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and probably condu ts away mneh of the snow tha might be con id· 
ered a · belongino· to Emmons Glacier. A sbarp-cre ' ted lateral moraine 
across a side expa,n ion of the valley, a mile below Ingraham Glacier, 
i evidence, ltowe\7 er, of a recent lowering of the nrface of at. lea ' t 75 
or 100 feet. 

The low r portion of Cowlitz Glacier was not een by me but judg
ing from wltat I ob ·erved, I should ay that it furnishe the most typical 
example of an Alpine glacier that exi t abou i\fount Rainier. It is 
readily acces ible from Paradi e Park, and could conveniently be ma.de 
the subject of special tudy. 

NISQUALLY GLA IER. 

The i qually Glaeier flow pa:-;t Paradise Park on the west, and as 
thi beautiful region i visited each summer by hundred of touri t , it 
is, in a general way, the be t known of the glacier on Mount l{.ainier. 
1y visit t o the southern ide of the rnouuta,in was too brief, bowev r, 

to admit of my becoming acquainted with the glacier that i o familiar 
to many other and in tead of attemptino- a de cription of it I wi h 
rather to su o·gest ob ervations that vi itors to Paradise Pari;: may ea ily 
make. 

i qually lacier ltead in two nev field ' which 0 cupy what may 
be termed incipient amph itheater , situated below the level of Gibraltar. 
Each of th se depre sious receives snow from avalanches that de cend 
tb teep l pe above them. The ea tedy u ve, the one neare t Gib
raltar, however is fed by two now tr ams, which endure through the 
ummer, and from ice ca cades, on which small avalanches frequently 

occur. The e feature are shown on P l. LX VII, which al o mus
trate the manner in which the glacier i creva sed and the extent of 
the beet of d bris covering it bord r · ju t below where th two n ves 
unite. In this same reo-ion there are everal mall ice dome , one of 
wbi ·b may be re ogniz cl in PJ. L "" rr ~ . i itor to 1 aradi e Park 
cou ld r nder a i tanc to tud nt of glacier by obtaining goo l pho
tograph of thi i e dom from time to time, and thu furni bing a 
re •ord of tb hange it pa e through. By boring 2-inc!J auger holes 
to a depth of 6 or £ et in the ice and in erting vertical take , the 
daily rate of urfac melting ould be mea ured. row of such 
tak plac d i11 lin aero s the glacier would furni b a mean of meas

uring the fl.ow of the i e. 
The i qually la i r uarrow to a well-defined tream to the we t 

of Paradi e Park and at it ten.ninu there i an archway from which 
Ni qually River ru b out. Photographs of the terminu taken at 

v ral dat duri11g the summer from the arne point of vi w-which 
llould be o marked that it could b rediscovered year after year for 

the purr ose of obtaiuino· atllitional pictures-would ftunish data for 
a c rtainin rr the advan e and rece ion of tlte gla ier. To aid in 
the ob ervatiou, r cords hould be made on the cliffs, eitlter by hi el-
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ing into th ro k or by pain ting nn appropriate 111 arlc npo n i t, which 
would mark the 1 osition of t ll ice front n.t !t d no it time n.nd admit of 
mea nrem~ut of the tluctua.tions of t he end of t li e glacier in ub equ nt 
years.' 

Nisqually Glacier atl"onl abun :!aut opportunity for ob erviuo- and 
studying the various minor feature that glacit·r pr ent, ucli as tlle 
unture of creva.s e · aucl tb ir ditf rent types; t he natur and o1·igin 
of moraine ; the manner in \\"hieb.lateralmorain ' a-re l ' l"t tr<tlld don 
the sides of a valley by tbe low ring of the ice; o-lacial table·, and th 
chan o·e t hey pa. t hrou o·lt during t h sea ··on of melting; and on . ; 
d •bri pymmicls et . The deli ght of camp life in Paradi Pari can 
be greatly enh anced by anyo 11 e who cboo ·e to ava.il him elf of tb 
ad vauta.o·es for glacier study there afforded. 

The glacier ou the southwe t ·ide of l\Iotmt Ra.iu ier hav not be n 
een by m , and no data a,re availn ble concerning them ex ept such a 

are gi ,-eu on the a companying map. 

1\'ILLIS GL CIER. 

On the northwe t i1le of }\fount Rainier and at tlt h ad of the deep 
narrow vall ey t hrough whi h th n rth branch of {owich l~iver flow 
there i a gla ier, known a the Willi Gla ·ier, wbi ·h i p rbaps the 
most intere ting of any here con ' id red. It ha many of th features 
of tbe primary glacier all'eady describ d, but i of mall si~e, and one 
may ee all it chara ·teri tic feature in a _,ingle day' excnr ion. 

From tl.Ie summit of Ea,o-le !iff-where may be e n t he mo t magnif· 
icent of the view about 1ouut Rainier and in fact one of tl.Ie mo t 
sublime picture of noble ceuery to b h~td anywhere in Ameri a-the 
whole of illis Gla i r fr m the now fielJ that giv brillian y to 
Liberty Cap down to the dirt- taioed and creva eel xtcemity of tbe 
ice tream, i embx·aced in a ingleview. Below tbe end of the glacier 
the river, ri iog in two br:mche from it divid cl extremity rag O\'er 
its bowlder-fi lled chann 1 and between craggy moun tain which ris 
in precipice· on eitlxer hand. To an ob erver on Eagle Cliff tbe di tant 
roar of th troubled waters in tbe wild valley at hi feet i mingled with 
the softer mu ic of creek and rill that plunge down the bordering 
cli'ffi to join the torrent below. 

From Eagle Cliff tbe manner in which Willis Glacier i divided at 
its extremity into two moraine-covered tongues of ice i a noticeable 
feature. The bold, rocky emi nence that causes the di visiou ri e steeply 
in the ·enter of the valley to a height of fully 1,000 feet, and is clothed 
on it down tream ide with fore t tree . For the ake of a name, I 

1A com.mit<ee of the International Congress of Geologists was u.ppointed in 1894 for the purpose of 
recordiug observations of tbe uatttro aboYe suggested . Prof. IL Fieldiug R id , of J"obns Hopkins 
Onh·ersity, Raltimor , Maryland, is a member of thirl committee, an<l will furnish instructions for 
makiug the desired obsen·ations. Photographs, or oth r <lnln concerning the fluctuations of glo. •iers, 
forwarded to Professor Reid will b carefully preserved and utilized to thG be• t advantage, full credi 
being given those furnishing tbe informa.tion. ee theJ"ournal of Geology, Vol. IIl, 1895, p. 284. 
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propo e to call this bold, i. olated miuence Division Ro k:. 1n1 n 
Eagle Cliff was fir t reached by Willi in 1 81 the glaci r si'1ce nam d 
in l.Jis honor was larger than now, and extended to near the summit of 
Di>i ion Rock. On gaining tl1e brink of the cliff imm diately to the 
nortll of the nmmit of be rock, which i con 11icuou · from many points 
of Yie"· lower down the valley, tuc i ·e broke off so a · to form a preci
pic at the summit of the rock c1ifl'. A . will be hown below, this 
ob ervation enable u . to make a rough mea ure of the amount that 
the end of the glacier has receded during the pa ·t fifteen year . On 
reaching DiYi ion Ro ·k the glac.: ier divide into t\>O tapering tongue , 
more fully described below, and as e n from Ean·le Cliff is marked by 
three rather faint medial moraine , ep~Lrated by lane of clear ice. 
The central moraine end at the division produ · d by the ro ·k, and the 
ones on each side follow the ·entral portion of tbe tongue oC i c in the 
valley at it · ide . 

In Yi itinn· ·w illi. Olaci r I approacl1ed it from the ea t by way of 
the Guardian Rock , and ca1ne to the brink of tho canyon through 
wllich it flows micl\ray betw en it terminu and the teeper portions 
of its m~v<l . The cr . t of the cliff's of jointe<l aude ite bord ring the 
glacier on the northea t ri e more than 1,000 feet above it urfac and 
fu_rni h exc edingly fa,·orable localities for ob rving the glacier at 
their ba e. From uch a tation the entire glacier, from the clear white 
snow :field culminating at Liberty ap down th teep ide of th cen
tral tlome, wh re the 11 1v6 i much broken, to the blue ice b lo\\· and 
on to the moraine-covered terminul", i. in full vi w. The entir dis
tance from Liberty Cap, where the now accumulate , to th extremity 
of tho n·lacicr., where it melts away, i approximately .) mile. . 'l'he 
di~tance from the head of the slightly defined amphi.th.enter in which 
the glacier heads to it t rminu i abont 3 mile . The br a<lth f the 
glacier wl1 r it ' borcl r ar be t defined, about a mile abov it t rmi
nns, i approximat ly 3 000 ~ t. Thc ·e measure ·, or rather e timatcs, 
lww that th gla i r i rnall, but the many int r ting feature it 

it on or tb mo t instrn tivc of tho glaciers in the 
-;y ' tem to whi ·hit belong:'. 

'Ihe Horth waH of th canyon through which th' glaci r fiO\Y is 
expo eel to th . un aud the uow is melt cl from it arly in the ~ ummer, 
while the ·on"h wall n a,rly to tl1e end of the gla.ci r remain . h avily 
now-cover d throughout th year. From the c uo\\· fteld' broad, 

irregular n(• t' d c nd to fe d th glacier. Owing to thi ]iff renee 
in exposur and to th manner in wbi h the oppo ite ide of th canyon 
arc affect d by n •ve ero ion and \\"Catherinn- the ontllward facing wall 
i steep and rugged with ome veg tatiou in favor d place while the 
northward-fncinn- lope are n·entl . 

_\ t t l1e head of the canyon tber is a t p ascent to the summit of the 
mountain r cmbling th high r an(l more precipitou · ·liff· at thel1 ad 
of Carbon G-laei r. On these cliff' irregular patche of nev 1 now are 

1 (:EOL, P1' .;.J--26 
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to be se n. Tb 
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umulations as w 11 a. from 
d s · ncl · in twaJanch s to 

of then ·v region a mile or two above. Tbi ro k is worn and round d 
on it up tream side, but pr nt a broken and angula r precipic ·when 
seen from b low. 

The ,.rad of the ncv portion of the gla ·i r i · g ntl ; in fa ct to ou 
tanding by it, id in it ' lower portion, th surfac appear almo t 

level, except that it i higher in th middl than a t the mar,.in . B low 
the ice fall ju t below the lower limit of th ncv tb de cent to the 
terminu of the «lacier above Divi ion Rock i ~4.0 feet, or about 1 foot 
in 10. 

Above the ice fall mentioned above the n ·v · i not only n arl y flat 
for orne 2,000 feet, but pr.tctically wi thout cr va se:s. The a,bs nee of 
crevas es in thi region i mainly clue, 110 doubt, to the ab euce of in · 
1nalitie on the rocky floor beneath, but i in part exr lain d by the fact 
tbat the previou. winter' snow, forming the nrface conceals th break 
that may exi tin t he ice beneath. 
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Below the neve, at the time of my vi it, July 30, there wa clear i ·e 
fonniug a bel t orne 500 feet broad, which extended aero. s the glacier 
and wa limited below by the ice fall. In this IJOrtion creva es beo-in 

0 ' whieh at first are narrow, and grow broader and broader as the ice 
nears t bc brink of the preciJ)ice o\· r which it fall s. The fir t creva es 
to be een are marginal , and trend upstrearu at angles of a bout 40o 
with th e ·hore, but toward their eli tal extremities they curve clown
stream. oon the ·revas e ' from either side meet in the center of the 
gla ·ier. Thes lon g breaks a t fir t have a o-entl e downstream urvature 
in the central portion. earer a ud nearer the brink of tbe fall the cre
vasse become wider and wider, a.ucl at th e same Ume more pronouncedly 
curved , until the brink of tl.re precipice i r each d . The wall of 
ice tl1ere b come brok 11 and fa.ll in blocks and fragmen ts of many 
hapes aud ' ize into the intervening creva se . On the brink of the 

fall t l.rere ar uumerou blade and to"·er-like pinnacle·, from 10 to 15 
feet thick and 20 to 30 feet high , which are inclined forward a they 
pa s ov r t he precipi.c and fall fro m time to time witll a era h. 

The mo t interesti11g feature of the ice fall i t hat the imrface of t he 
gla ·ier, a. the ice approacbe the te p de cent, ri :e , harply, a i t doe 
in pa s ino- over a dome. The backward or up tream lope of th e nr
face of the g lacier in the central part, a mea ' ured with a clinometer, 
whil e on a level with it on the adjacent shore, is betwe n 20 aml 20 30'. 
The total ri e is about 20 feet. Tbi ri e of he surface ou 11 eari ll g the 
Lrink of the precipice eems to l1ow that a ri lge or bard rodr there 
cro es t he bed of the g-lacier. The nature of the rock in the precipi ·e 
dowtr whi ·h the ice de cud i r vealed at th e end ot t he fall, but 
wbeth r there is softer eock above it or not was not ob en ·ed. Wber1 
the ice passed ov r Di vi ion Rock a rise of the glacier, like that j u t 
cle.-cribed, mu t have o ·ctured ince tl1e surfa e of t he rock lopes 
downwa rd t ward tb • e:~.. t, formino- an in clin ed plane, up which the 
glacie r traveled. 'lh inclina iou of t he . urfa of th rock was not 
mea ueed but by e. t imat i ertaiuly 3° to 5° . The len nth of the 
in lin ed plane now expo cd i ' about 500 feet. 

At t h ' icl) fall d scribed abov t he o-Jaci r d precipitously 
400 fe ' t. On til fac of tlr fall tile cr ,·a se so con pi uou aboYe 
ar ·lo d and th , urface . lope lr arpl.r down tr am probably at an 
angl of tiO or 100 for about 500 feet, ~wd then b come mor gentle. 
Th ic at the ba e or th fall i vidently trorwly ompres. d. Blue 
band ' at ri gllt ano·Jes to tl1e flow of th e glacier w re ob er,·ed but a 
·areful . tudy of th em wa. 110t mad('. urface tream. are common on 

tbi p rtion of the gin •i r dnring mirlday in ummer, but they oon 
reach •reva s ' aull di~:;app ar. 

D cending the glacier, one finds t,bat th ice 11ear the terminus is 
mucb wa ted by meltino-,, urface dcbri b('come abund:mt. aud iu the 
c ntral portion abov Divi ion H.o ·k de I creva es ar pear wltich are 
I arallel in a general way witll the d irection of flow. Th creva , es 

I 
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inclica.tc that t he ic is split on comin g in contact with t he rock on 
wh ich it divid e~; . 

On reachino· Division Rock w foun(l t hat in th miLlcllo of th V 
formed by th eli vi ion of the glacier we on lu t p from t h i o on to 
the rock although at the sitle of t lt e T k t he ice had melt c1 <t\\·ay o 
a: to form d ep o· u I fs. 

Ju t wh re the ice divide a monument of rough t ne abm tt -lo feet 
high \ras bni lt. Tbi mouumeut i on th top of a mall rounded ro ·k 
dome som what detaclt d from t he mn,in mn,. of Division I o k, and 
records tb po ition of tbe t rminuR of t ho o-la icr at the center of t ho 
V referred to on July 30, 189G. Divi ion Ro ·k, as tat d a boY , ri ·e 
teeply from the monument to its summit and i trewn with tone . 

On it summit there re about ten small ever 0 T en tr ", whiclt how 
that the actual ummit was uot occupied by the crlaei r wh 11 it wa 
se 11 by illis in 1 1. 

The eli , tance from the monument d crib cl abov to t it bl'ink of the 
cliff at the urnmit of wbi ·h the ice broke ofr, n ou · rv d by \i ill if!, at 
th e date ju ·t tated, i abont 00 feet. T h gla ·i r ba l' tr at d th i 
distance ct.uriucr tb pa t fifteen year , but tbi i not an a cumt 
mea ·nrc of total rece. sion, ince at th t im th po ition of tb t rmi
nu . wa fir t record ed it formed a v rti a! precipice of i •e on the . nm 
mit of the cliff r ferred to. In tbe nmm r of 1 1 tb gla ier form d 
a n ice t::a cade at the low r ide of Divi ion Rock, but th fa ll en ic did 
not reuuite below tlJ cl iff. 

The appearanc of Div i ion Ro k in th . nromer of 1 
gla ·ier ~till end i in a. -pre ipice at it low r maro·in, i. 
LXXXI. 

- , wlten tlt 
ho\\·n in Pl. 

The glacier , after being parted by D ivi ion 1 o k , end . a lopin ·and 
rapidly tapering d ·bri ·C v red tongue of ie <lown the deep vall y ou 
ea h ide of iii. 'J:he utb r u tongue i ' t-ll · larger of tlt two a nd now 
end about abrea t of tbe hi gbe t 1 ortion of the ro ·k. 

Up tream from Divi ion Rock the icc ri e omewbat , t .eply i 
heavily covered wit h dcbri , and o brokt~n by cr a e that it i with 
d ifficulty oue can climb it. Ju t above the ftr. t ·harp ri · , and on tho 
right or northern bank of the glacier, th r i a nother bold ro k Im t
lar to Di>i ion Rock, but clo e to the bord r of tbe canyon . This mi
nen ce wa formerly covered by the o-Jacier, but h a be n abandoned 
uffici utly long to a,ll ow fore t trees to grow on it · . ummit and north

we. tern side. 
The retreat of the glacier wi thin recent yea,r. ha been accompanied by 

a lowering of i t urfa.ce, a i pla inly re orded by fre h-looking r idg · 
of debris along its border. On the northem ide of the g lacier, for a 
mil e above the fetE of 400 feet, there are three well-defi ned aba ndoned 
lateral moraine . The younge t of the , the one neare t t he glaciel', 
rise· about 50 feet above th e ice, and at th fall i about on a level with 
the piunacle ou it crest. The second momine is about 40 feet high r 





, .. 
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tltan t he fir t, and, unlike the more r ecent one, is par tially clothed with 
small tree::;; above tlti again is a thick moraine, the crest of whi h is 
lower than that of t l1 e s cond. 

Belo\Y t l111 400-foot fall therei ·an abandoned lateral moraine, }Jroba
bly of t he arne ag a.- the youngest morain de cribed abo>c, which i 
100 to 120 feet above t he glacier. The vertical interval b tween thi s 
moraine and the pres nt surface of th ice increa es "'radnally d wn
stream. This moraiu shows a recent reces. ion of th e ice, aud probably 
marks ~L stage in t he loweriu g of its smface, whi ch wa. d termin d in 
tiJe reach betwe n the 400-foot fall a nd the present termiuu. by t he 
ob truction mad e by Division Ro ·k. 

'Ihere ar e many other instructive features to be een on Willi Glacier 
whi ch would well r epay detail ed stud y, b ut t he time ::wailable did not 
enable me to make accurate notes concernin g th m. It is to be 1101 ed 
t !J at future tr:wel rs will r eport e p cially th e po ition of t l1 e i e witlt 
re~ renee to the monument built on the east end of Divi iou Rock, an d, 
if po . ible, ' ecure photographs of t he gla,cier from tb point of Yiew 
from which th e photograph reproduced in Pl. LXXXI wa obtaiuecl. 

INTERGL.A.CIERS. 

I can offer but canty informat i n concerning the intergla ier ' about 
Mount Rainier, a s the time avai labl for making the reconnai• ance on 
which t his report i. ba ed was too short to admit of more than a a ual 
examination of a few of t it m. Th at the mall glaciers or iginating on 

. the remnants of t l1 e mountain id , bet.ween the deep can;~ ons arved 
by tbe primary glacier , however, arc of importao ce iu t he proc of 
topographic de' eloi m nt t !Jrouo·h which Mouut Hainier i pas in g, is 
evident from even the hasty ob ' ervations available. 

Tbe type of tl1 i nterglacier i funti heel by the example from which 
the generi name i derived. Interglaci r, named by E. . Ingraham, 
o ·cuvie a broad, d p d pr ion on t he V- hapecl remn ant of t be a t-
rn slop of tbe mounta in betw n Winthrop ani Emmon glacier . 

Th ar x of thi V- bnp cl ma i. Tb '\"Vedge, de ribed on a pre
viou pag . Th gla ·i r r ei e u now drainage from the main c n
tral d m of 1ount I ainier but i . upp li d by b now fallinO' on the 
V- hap dar a r ~ - rr d to. Th o·Jaci r ba · d epened it ba in by exca
Yation unti l om tl1i1w of an a mpl.Ji tb a~er lta be n form ed, t ile rim of 
whi hi th li\' id between Intergla i r aul \'i inthrop Glacier on one 
id and E mm on Glnci ron th other. The rocky ridge parating 

Intero·Jacier fr m ·win throp Glacier ba be n brok n at on e locality, 
principally by th lateral cro ion of t he latter i e tream, o as to form 
what h a been named t . Blmo Pa ·s. 

In terglacier flow n t warcl, but 111 1 t a way before reacl.tin g- the ' alley 
wbi h Em mon lacier occu])if\ . Tl.t stream form ed by its meltin o· is 
tributary to White l{i v r. 

T!Je iut ~·glacier below Littl e Tahoma ha a broad now field , below 
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whi h there is apr trus ion of true glacial ice in snmm r. Instead of 
de cending t he slope of the mouutain so as to excavate a symmet;rical 
amphitheater, how ver, t his glaciee divides a nd i tributary to l~mmon 
Glacier on tbe north and to Cowlitz la ier on t he so uth. The u ve to 
the east of Little Tahoma divid into two bmnch in mu ch the same 
manner a. the main u vc :fi ld about t he c ntral dome of the m uu
tain give origin to primary glaeie1·s. The two mall glaciers fed by 
tbi · snow :field have xca a ted d pre ion for themselve , 1 aving a 
sharp wedge-like mas of rock at tll pla e of divi •ior r. On the en tern 
slope of thi econdary V- hap d rem11aut of th mountain sid , I ft in 
relief by the cuttin g away of its border , there i a mall now :field, 
shown on the accompa.nyiug map, which probably Ira t rue o·Jacial ice 
beneath it. nder the tentativ 1"ystem of cla ification u d above 
for the glacier about i\iount Raini r the little glacier here rcferr d to 
would b long to a tertiary erie . Thi mall namele o-laci r d mand 
attention from future traveler , a· it supplements in an in ,trnctiv 
manner the e\'idence furni bed by the lar·ger glaciers of the topograpll i 
development of an i.-olated peak nnder tl•e iuflu n e of glacial ro ion . 

.A. may be eeu on consult ing the mnp ju t referr d to, ach of th 
bran be of the interglacier to the ea t of Little Tahorn::~. ag·aiu sub
divides, leaving- in a h insta.nce at t h place of bifurcation fl , weclO'e. 
like rock mass facing- toward t!Je neve fi'OI1\ wllich tl1e glacier have 
their source. .A similar divi ion of o·Jacier into bran lle i illu trat d 
on a much larger scale by everal of tlle ic tream on the s utbw t 
side of Mount Rainier. In thes in tanc , how ver it i probable that 
rock dome imilar to Divi ion Rock at th extremity of Willis Gla ·i r 
cau e the ice tr am · to divide, and not tb iucrea e in the area of th 
mountain side with di tauce fr mit apex. 

Tb information re£ rred to above concerning- the topooTapby of tl1 
V-. haped a.rea en t of IJittl 'l'ahoma and the e ' i, ten of a sma ll 
glacier .in that region repre enting a tertiary ri i ba e l entir lyon 
the excellent ketch map forming Pl. L.-vr, wh ich i here r produced 
with some li g-ht change , from a manuscript map prepared by 1 r ... 
H.1\:L arveut and G. F . Evan , of Tacoma, Wa ·hington, from . urvey 
made by them elve' . 

Between Cowlitz and Ni qually glaciers there i an ther condary 
glacier or intergla i r known a Paradi. e Glacier. Other mall ice 
bodies on the ides of Mount I ainier, beginning at about timb >r lin 
and occupying-areas more or le s completely inclo ed by primary gla
ciers, may be ea ily recognized, but to attempt a detailed cle ' criptiou 
of them at this time would be premature. 

The interglaciers were form erly much more extensive than now, and 
much of the beauty of th e park-like region in the neigh borl10od of th 
upper limit of tirnb r growth is due to the cl1anges they made in t lre 
r elief of the mountain id , both by rounding and smoothing the rock 
over whi~h they flowed and by heapiug moraine upon them. Many of 
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th e era o· and pinnacles which give diver. ity to the enery on the tc p 
moun tain slope , like the Gu~Lrdiau Rocks near Spray Park, Gibraltar 
and the numerous ere t nea r it, and other similar crag in Henry' 
Hunting Ground, etc., a re remnants pared by the glacier which once 
enveloped n early t he entire urface of the mountain , but still in th ir 
deeper portion. flowed in mo t instances in well-defined hanneh;. 

RECE lOX .zL""D ITRil\T~GE OF TITE GT., CIER . 

Every glaciel' about i'llount Rainier that wa examined by the writer 
furnished evidence of a recent rece ion of i ts terminu and of a lower
iug- of i t surface. In t wo inst auce - the Carbon and W illis glaciers
rou gh mea urements of the a mount of t llese changes during the pa t 
tift en yean; were obtai n d . 

A re ent rece ion of the extremities of the glacier i , hown by 
barren area. below t hem on which vegetatiou i advancin g. .All of t he 
primary glacier extenfl. below timber 1iue, aud in a climate lik that of 
the r o·ion about :Mount Hai nier any area where t here is ufficient soil 
oon bee me covered witll youn · trees. The barren ar a about the 

end of the g-lacier may in part be accounted fo r by the fa t t hat t he 
tream from the glaciers hift their po it ious from time to t.im and 

sweep away t lJ e earth in their cour es or make depo its of bowlder 
and ton ; but abou t t he extr mit.y of each glaeier t her are area not 
thus affected which are simila r in oil co ndition to adjaceu t ar as on 
whi •h large tree are g row in ·. Til forest. are advancing· on th bar
ren a r a and o-raclually taking po se sion of t hem. Tllis evidenc , 
even if actna l ob ervation of tl1e recession of tlJe extremitie of t he 
glacier wer not available, i · suffi ient to how that th ic treams 
ha ve for a number of year been growing horter and borter. 

The fa t t ha t abandoned lateral morain s borderin g- t be gla ier 
b low tl1 ir n v fi ld ar in many in tance not yet clothed wi th yeo·e
tntion, whil older mor<: in of a imilar chara ter are for t coY red, 
i vifl. nc t hat th ir urfa e. have b n rec ntly lowered . Theel va.
ti u f t he ·r -ts of t h • r cently abandone 1 lateral moraines n bove 
the ui·fa of th glrt ·i r that t hey border i l a t, or perhaps lJOt :tt a,ll, 
noticeabl jn t b l ow t h low·er bor lcrs of the n 'V' , an d become pro-

re, j,·ely gr ater· a nd o-reat r down tr am. Th lowcriu o- of t he . ur
face, f t he o· Jnci rs i · dn laro· ly to surface melt ing. Tlli ' l ads to a 
one ntration of ngla ial dcbri at t he urfacc. Por tlti .· rea on the 

l wel' portio n of t lt o·Ja ier a.re almo t alway h av ily ov r d \Tith 
ton and , l'th . t h up rficial debri · incr a es in thickne s 

it a lford gr atcr a ntl oT at r prote t ion to the ie beneath, and ur
face m l t in g is corT pondingly r tanled. '£b influen e of climate on 
tb melting of t h gla i r i t bu. eonn teractctl to a marke!l d gree. 
'While in the as of glaci r that arc free of morainal mat rial Ol' but 
li o-htly load cl nl'fac mel t ingwon ltl bc in exces ofsnb urface m ltino·, 
it i apparent t hat in th a· of heavily moraine-covered iee bodies 
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tlle rate of m ltin g is g-ren,t t below the urfac portiou. The ub ur. 
fa e 111 •ltino· is appar ntly due to the d c nt of urfa e ·tr ams into 
cr va . . e and moulins and to th ll at fnrni bed by tr am from tbc 
adjacent land \Yhiclt :flow through en(Tlacia l or ubrrlacial tnnn 1.. 

Th mark d recession and shrinkag-e in I rogr . in t l1e en c of the 
glacier::> ou r[onut Rainier i vidcn e of a climatic ·hang-e whi l1 is 
a ·c mpaniecl eitller by ad r a e in the snowfall or by an in r a · in 
th mean a1111Ual meltino·, or what i more probable, of both. \\ hctl1er 
th rece ion aud urfa e low ring f tb g la i rs i a, o11tinuous proc-
es or i vari d by minor 11eriods of a lvauc an lrise of th urf:t · i 
not known. Judg-ing by what l1as be n ob erv d in t he case f t he 
gla iers of the .A. lp , how v r, i t i to b xp ·t d that the gla ·i rs 
abont Mount Rainier will be fon11d t pul ate, a it w r -tba i their 
extremitie , althouo·)t in pro of r tr at wh n a, p •riod of t n or 
twenty y ar i con id r>cl, will be found to al ternately advanc and 
retreat wh n mall r period of time ar considered tl 1 a,Jg brai . urn 
of the fluctuatious being in the dir ction of r e ion. It i forth 
purpo e of obtaining mor d tail d information in r ~ re11 • to the 
fluctu atio11s of the glaci r tltat re ord of th p ition occupied by 
thcit· extremiti , suo·gested in a preceding page, arc !lC ired . 

The rapid recession n,nd marked lowering of the urfac of th gla. 
cier. about 'lount Rainier i not peculia.r to that ystem of ic , tream , 
bu i .· bared by all of the glacier ~ of the we t coa. t of orth Am ri a, 
with but one l;:uown exception. In 110 in tan ·e hav tbe minor fiu ct u
ation . of tl1o glaciers referred to been ob erv cl, but the fa t of a rr 'II · 

eral retreat of tho extremities of tbe glaciers from tho e in th Hi gh 
Sierra of California to wet rn .A.laska ' i well kuown. 1 Not only <He 
the glacier. of the Cordilleran region of orth .A.m rica uud r o·o ing a 
gradual decrea e, but all other iu th northern hemi pllcr , with the 
1)0 . . ible. exc 11tion of tho. c of Gr<' nlnncl anrl nfljnf'Ant region , nro 
likewi e :hrinkin g back in to tlte Jli gber porti n of b mountain · from 
wllich they flow, altbough in , orne in tanc xhib.itiu · local ad van 

Tile rece sion of the glacier r ferr d to i evidenc that a climatic 
clwnge ha been in progre for at lea t a s or of year 1 a.nd probably 
for over a century whi h i unfavorabl to the exi tenc of perennial 
ice. Evidently the mean ann ual snowfall i becomin · lc. , th mcau 
summer temperature gr at r, the p revalence of clon l and fog. in the 
ummer ea on clecrea ing, or a combination of the change in con

dition throurrhout th entire 110rthem h mi ph r is leading, on au 
averag , to an excm; of m ltino· over snow accumulation . Obser
vations on t ho fluctuation of tl1e extremitie of the glaci r abont 
Mount Raiui r tlJus have increa d inter• t becau e the e fluctuation: 
form a part of a erie of changes whi ·h i affecting probably th e 
entire eartl1. 'Ihe tudy of the climatic changes inclica,ted by t l1 flue· 

11. C. Russell, Glaciers of North .america, Gwu &. Co.,Bost.ou, 18U7, pp. HG-150. 
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tua.tious of exis ting o·lac ier ha · a till wider bearing, a. it may be 
expected to t ltrow light on the much-d i, cus d problem of the ca.u e of 
tb cold of t he Glacial period. 

1\Iount Rainier is a typical example of a. lofty volcanic cone built 
la rgely of projectile lm t conta ining a l ·o mauy laya tream . 1 b lon o· 
with t he cia s of volcauic mou uta in known a compo ite cone . 

t ou time t he mountain wa more lofty t han i t now i.', it r du . 
tion in :Ueight beino· (}u to an xplo ive ruption which blew awn,y t he 
upper 2,000 feet of the ol'iginal cone, leavi11 g a great rater in the trun
cated remnant. fter t lt e lo s of it summit tbe mountain wa not 
symm tri nl; t b rim of its great . ummit crater wa big-best on t he 
w :t, and lowe t a11d probably breac'bed ou the eastward ide. 

At a more recent date two maller crater were formed by mild 
explosive eruption. within the great crater and uearly fi ll ed it.. The 
buildiug of t lt e e seco ndary rater · partially re torecl the ymmctrical 
outline of t he top of the mou11tain, but gave t o it a dome- hnped itt tead 
of a conical ummit. Wh ther glacier were -formed ou the mountain 
pr viou to it: t runcation, or appeared only after that vent i u11knO\YU. 

Tit ere is 11 0 evideuce to show t bat the hi g:U er por t ion of th mouutain 
wa · expo eel to stream ero ion previou to tl.te gathering of per nnial 
s11ow. and the formation of glacier.. Broad u ' vc.' field w re formed 
about tuo ides of the mountain , and extended from t ue ummit far 
down its ide ·. The lower limi ·of the ~ 11ow fie lds fluctuated with •li
matic chan ges, which al o cau eel many Yari ation in the size aud 
extent of the glacier flowing from t hem. The de ·c nditw u ~ n~ , on 
preadiuo· a tho area to be covered i11 r a eel with deer a of ele

vation, b came diviued antl gave origin to primary glacier which 
cnrv d d cp canyons in t it mi cld l IOIIQ f th mountai11. Th~ back
ward cnttiug f th h ad of the a11yon 1 d to t b xcavation of more 
or l w 11-d ti11 d a mpbith at r . 

n low tb xtremi ti f tu l rimary O'la i r tbe ri,·er. formed by 
th · m ·l ti no- i e carv tl d p anyon Jtot on ly iu t h low r lo1 •: of 
the mountain, butin th plat~ rm or p lat au on wlti hit i ituat cl . 

e ondary g laci r~ origi11ating on tlt intrr-pace between th pri
mary gla i r , xcavated depr ion , tho r im of which now tand a 
ricl g ' and peaks abont the middl 1 pe of tb main momttaiu ma . 

Th modifi cation. i11 th o·en ral hi story du to a great exteu ion of 
tlJ glaci r during th Glacial po b r emai 11 to b ndied. A ll of th 
glacier about :Mount Rai11i r ar r ecedin g a11d ,· ltrinkiJ g within the 
vall .Y wa.Jl t hat on fl ne h m. 'Evitl n · fa marked eli watic bange 
unfavorable t o th exi't nt· of p r nnial ice i t bn incli atcd , 1rbiclt 
i in harmony w.it lt imil ar viden ·e fnrni heel by uearly a.ll t be kuowu 
glaci r. of the 11ortheru hemi ph re. 
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·wA TIINGTO :r :NA.TI NAJ_, PARI. 

The magnifi.c nee of fount Rainier and th wood rfnl b auty of the 
region immediately surroundin g it bavc 1 <l to an arnest <.l ' ir on 
the part of nearly all who are famili<ll' \Yith the Puget uncl country 
and arc con iderate of tb future w lfar of th Stat of a bing- on 
to have the mouutain <1nd it environ r er d in a tat of !latur a 
a national park. 

:Xot only is the tting a id of t lt propo d park thougbt d irabl 
on w.bnt may be consid red , th ti · ground '-a.s the pre erva.tion of 
a tract of primitive fore t fr m th inroa.d of lumb ' rm n and from 
fire kindled through car I r:; ne or with a ruthle d sir to d troy 
may be termed-but student of fore try e clearly that to pr er e 
tbe natural vegetation about .Mount Raini r m an. a cb cl n tit 
floods in the river flowing from tbe mountain and a le ening of 
the dang r from inundation. in the thickly settled vall y I ading to 
Pun·et' ound and Columbia I iver. 
I~l 93 byproclam<ttiouof Presid nt .] veland a r e tangulartractof 

laud indicated on the map forming Pl. L..._r :X:XII about 3- mil qnare, 
and in lucling Mount Raini r in it west rn por ion, wa made a fore ' t 
re erve. A may b een from the map, more than half of tbi · r ·erv 
li ea t of the ere t of the a cade Mountain·. Owing to ami tak 
due to the imperfection of the map available, tb w tern boundary 
of tlte re erve wa made a north- outh line pa sing only about 3,Z mile 
we t of the nmmit of Iount Rainier, and tho leaving much of til 
we tern ,'lope of the mou11tain, i1tcluding ome of it , n w field and 
glacier , outside of tll prot ctecl area. To orrect tbi mi:sta.k , and 
also in order to secure more compl te protection for tb r n-ion ab ut 
Mount Rainier, a bill wa introduced in ougre on Jnne 11, 1 D6 
(H. R. l'~o. 405 ), for t he purpo of creating a national park to b 
kuowu a the' Wa bingtou Natioual Park, which hould in lud au 
area about _,5 mile quare of whi ·h tit ummit of Mount Rainier 
would be aboot the central point. The bouuctarie · or thi · propo ' ed 
park ar al o ltown on Pl. LXXXII. 

Owing to the preceden e of other bu in , the bill referred to did 
not ome up for action in 1 96, but before the do e of t h la t ion 
of the Fifty-fourth Congress it wa. pas eel-too htt , however, to receive 
the Pre iclent's . ignature. 

The movement toward making the region abou t 1ount l ainieL' a 
national park bas attracted much attention and received the h arty 
support of many person , among whom are tho e be t <tualified to 
juclge of the de irab ilit..y of preventing the r egion r ferred to from 
pa , siltg into th owner ·hip of individuals or corporatiOn . In oruer 
to indicate to t he reader the wide pread interest that ha beeu awak
ened in tbi project, and to pre e11t additional information concerning 
the region to be included in the propo eel park, I can 110t do better 
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than append llere a memorial from committees appointed uy veral of 
the scientifi c ocieties of t he U nited tates, which was pre ented to 
the Uni ted States Senate by Senator qu ire on July Hi, 1 94,1 Thi 
memori al reads a follows : 

To the enatc a11d Bouse of Rep1·eaentati.ves of the United States of America in Congress 
assembled: · 
At a m eting of the Geological ociety of America, in Mad ison, Wis. Angu t 15, 

1 93, :t ommittee wns appointed for the purpose of memorializing th ongr $' in 
rela t ion to t h establi hment of n natiounl park iu th o ta to of Wn shiugton to 
inclutl ?llonnt Raini r , often call etl Moun t Tacoma. Thtl committ-ee consi t of 
Dr. DaYicl T. D:1y, Mr. • . F. Emmons, and Mr. Bailey Willis. 

At a meeting of the Americau A sociation for the Advan cemen t of, cicnc , in 
Mncli on , Wi ., Angu t 21, 1 93, !1 committe was noppointed by thnt bocly for t he 
snme purpo o ns abo,·e mentioned, consi sting of Maj . . T. W. I owell, Prof. J o eph Le 
Conk, Prof. I. . Ru ·ell , ;\fr. B. E. Fcrnow, aud Dr. C. H . i\I rri ~.m. 

At ~L meetin g of th e rational Geo<Yrapbic ociety, held in \ asbin<>'ton, D. ., on 
October 13, 1 93, tb ro wa appointetl a ommittee for tho J11lrpo e abo,·e men tion cl, 
con i ting of Bon. Gnrdiner G. Hubl>a.rd, Hon . \V',ttsou C. qu ire, :.\Ir. John \V. 
Thomp on, ;\ l is :.\l :ny F. \ \ -aite, aud :.\ [is Eliz:t R .... cidmore. 

At :1 meeting of th e. ierm Clnb, held in 'an l"rnnci co December 30, 1 93, :1 com-
mittee for tb arne purpo~f' wa appo'in tetl, composccl of 1\Ir . John :.\luir, Pro id ent 
D. , . Jordon, 1\Ir. R. j\[. Johnson, ;\ir. George ll. Bayley; Mr. I'. H. Van Trnmp. 

At nome tin" of the Appalacbinn Motmtain luh, held in Boston Aprilll , J 94, a 
siutilar comm itte was n.ppoiuted, consisting of Ur. John Ritchie, jr., Rov. E. 
, mith, Dr . . barles E. Fay. 

The comm ittee tbns n.ppointetl were instrncted by the several bodie to which 
th ey belong to cooperat-e in the preparAtion of a memorial to ongre s, settin ,. foi·tb 
the nl.J tantial rea ons for the estnb li sbment of such park. 

Pnr un nt to their in!'truction , th e co mmittees pre en the follo"' in memorial to 
the ongres , and JH'A y that sn b act.ion may be tk'lken by t hu honoralJle f'enators 
and Hepre entatives as will secure to the people of the Unitecl tn.tes the benefit of 
a nationnl I ark whi ch ball ittt'lnde tb(' arcno mcntion d above. In upport of their 
prayer they heg to nbmit tbo followin,. tatement : 

Hy pro lamation of tho President, in com pliance with the stn tntcs pro,·idell tber -
for, a P:1cific Fore t R serve Ita be n e ta.bli ·heel in the State of \\ a bington , the 
west rn portion of wbi his nearly coin i 1 ut wi t h tb tract of lantl to b in cluded 
in tit national park for which yonr memoriali t pray. 

The we tern part of thi re en · in lu<lt·s many fcatn re of nni qn inter st and 
w nd rfnl grand ur, whi ch fit it pe<" uliarly to h a nati onal park, forev r se t a iclo 
forth plea nrc nntl in.tru Lion of th p opl e. Th r e,.,.ion i one of ncb exceptional 
rninf!Lll and now fall that t!:le pr ervntion of its for ' t i$ of unu unl importance as 
a prot ctio n :1"'ain t flo ds in th o low rv nll y~ · hut tho enic feature, whi ch mark 
it out for :1 national p:1rl' :.tttract tonri t.<, who ot fire to tb timber. This de truo
t iou goc on no tw itb tanding i t is a for ~t r c ·erve, n ncl will con ti nne until prot.ectiou 
i afl'orcl c1 by adeqmtt o npervi i n of t he area, wb tber ns 1t re rve or park. 

GE NER.U. D~: RJPTJO:s'. 

Tb rc rvo i tray rsed through tho mi rl dlo from n orth to south by t he ere t cf 
tb Ca c:1de R:tnge, whi ch has an eleva t ion vnryin "' front 5,300 to 6, 00 feet. This is 
th o divide b tw n tribntarie o f Pnget ountl , Jlowiu« wet, :1nd tho e of Yakima. 
Ri,·er, flowi tw onst. l\l ount Hninior, th i olat d Yol c:wic p ak, 14,400 feet bi,.h, 
6tancl 12 mile w t of t ho divid , from which it i~ epnratc<l by !1 deep Yall y. 

' , unto Mis. Do . No. 24i , .Fifty. third Cougres , econd ses ion. 
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than a.ppend here a, memorial from committees appointed uy several of 
th e scientific societie of the ni tecl States, whi ·h was presented to 
t he United States Senate by Senator Squire on July lu, 1894,1 Thi 
memorial reads as follows: 

To the Senate and House of Rep!WJen_tativcs of the Uni.ted Stales of America in ongress 
assembled: 
At a me till" of the Geological ocioty of America, in )Jadi on, Wis., Aug-u t 15, 
93, n committee was appointed for the ymrposo of memoriali zinu th o Congres in 

reln t iou to th e e tablishmeut of a nati onal park in the . ta te of \\Ta hingtou to 
in clml o i\loun t Haini r, often call ed i\lonnt Tacoma. Tht> committ-ee cons i t of 
Dr. D:wi!l T. Dny, i\fr. ' . F. Emmon , and Mr. Dailey \· illis. 

At a meeting of the American Asso iation for tho Advan c meut of cience, in 
i\lacl i on, \ is. , Angu t 21, 1 93, a committee was appointed b y that body for t he 
same purpo e a above mentioned, consi ·tiD<Y of Maj . . T. ,V. Powell, Pro f. Jos ph Le 
Conk, Prof. I. ' . Ru sell, )Jr. B. E. Fernow, aud Dr. C. H . :Merriam. 

At a rueetiu g of the rntional Geo<rrapbic ociety, held in Wa!!hingtou, D . . on 
Octob r 13, 1 93, there wa appoiutecl a eommittee for the J11lfJ>OSe aho,·c mentioned, 
con isting of Hon. Ga rd iner . Hnbharcl, l-Ion. ' Vnt. ou C. 'qu ire, )fr. John \V. 
Thomp on, ;\Jiss )Jary F . " "a ite, and :'IIi Eliza, R. ~ cidmoro. 

At a meetin g of tho • ierra lnh, b el!l in . an} rnnci co December 30, 1 93, a com
mittee for th e am pmpn I' wa nppo'intod, comp osed of Mr. John )luir, Pr ident 
D., .. Jordou, 1\Ir. R. i\I. John. on, l\Jr. ' eorgo B. Bayl y; 1fr. P. B. Yan Trnmp. 

At a mee tin" of tho Appalach ian 1\Ionntain lnh b ld in 13oston Aprilll, J 9-1, a 
si11tilar ommitte was appointed, con i ting of Mr. John Hitchie, jr., Rev. E . C. 
,'mitb , Dr. Chnrle E. Fay. 

The comm ittee thus appointed were instructed by the several bodie to which 
th e,,· uelonrr to eoopcrate in the preparation of am morial to ongre s ~etting forth 
the nbstantialrea ons forth e t>thli hmeut of ncb park. 

Pursuant to tbeir in11trnetiou th e committee p r eut the following memoria l to 
the Con"'I'Ol< , ancl prny that snch notion may ue taken by the honorabl e Fenator 
and Hepre enta.tive as will ~ccnre to tho people of the United tate the ben e lits of 
a natiounl park which hnll inl'lnd tb€> ar am utiou d above. Iu upport of th ii· 
prn~- r they beg to nbtnit th following tatement: 

By proclama t ion of tho Pr i!lcnt, in omp lin.nce with the tntnt s pro·l"ided t here
for, a Pa ific Fore t Re rve lw becu e tabli ·bed in tb tate of 'Va hiuorton , the 
WE'St rn portion of whi hi nearly coiD ident with the tract of laud to ue in lud od 
in th national park for whi b sour memoriali ts pra~'· 

Th west rn part of thi resel'\- in ludt·s many f atnre of nni qne intere t and 
won<l rful gmndcur, whil'h fit it pe uliarly to be a national park , forever t a ido 
for the plea ur and in ·tru tion of th p ople. Th r giou i one of ncb xcep ional 
rainfall and snowfall that. tb pre ervttti n of its for t i11 of nnu u:U importance as 
a prot clion aga in t flood in th o low rvalleys; hut th conic f•atnres, whit-h mark 
it out for a na t ional prtrk Itt tract tonri t~, who t fir to th timber. This de t rno· 
tion go son notwith tand itJ it i sa fore~<t rcs n e nnuw ill C'ontinne untilprot. ctiou 
i · afford eel by a deqna t • SUI erdsion of the ar a wh tber as n r e ·erve or park. 

GE NERA.L DE, lllf'TJO:-'. 

d through the mirldlo from north to outh b y the ere t cf 
the a ·end l aug , which has an r leva tion varyi n .r fro111 5,300 to 6, 00 fe t. Tb i 'is 
tho divitl betwe()u tr ibutnri s of Pnget onntl flowiog wet, and t hose of Yakima 
Hiv r , flowin" n t. )lonn t Hnini or, tb isolat d ,-ol canic peak, 14,400 feet high, 
6taud 12 miles we, t of th dh-id ·,from which it is pnmt d by a deep nlley. 

11nL ~fie . Do . ' o. 2n, Fifty. tbiru Con1-rres · . second e io11. 
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The ea t rn hnlf of the reserve difi'er from t he westPrn in li111 nte, in flOI'a, noel 
in fnunn , io <YeO"';·apb i antl geolog ic f, n,tun• , and inn, poets of c IH' r~· · The o:l te rn 
slop of th e 'a ·cado .Haug-o withinthores 1·v i amonntainou 1· g ion,witbsnmmit 
risin o- to a g nernJ l vntion of 6,500 to 7,600 fe I aboYo th s a. It i f(lrcst CO\' red 
andpr cotsmnnyattra tionstolhetonristan<l bnntor; butiti not p onl inramong 
the mountain regions of Am ri a itb r for g randen1· or int re t and it is no t an 
e sentinl1lart of th nrcn. to b set np'art as a nati onal park. 

Th we tern slope of t h a cades within tb re erVL' i sl1ort and st p a. ·om-
pared with t!Je oa t rn. i\[uch of it i pi·e ipiton , particularly oppo ito .l ount. 
Haini er whore its bare wall · w ould npp ar most g rand w r they not in th shadow 
of that OYerpowering penk. K rth and ·outh of Haini r thi slop i · 111 r g radual 
and t1cns ly wooded. 

Th wet I'D !J a lf of the Pncifir r • ervc t hn t portion whi ch i t is propo rd shall be 
m:1de a, national pnrk, i . chm·nct ri z <l by ~lou ut Haini cr, who. sn mmi t i but 4 
mile from the we torn houmlary of t!Je r en · aud whose g lacier xteod b yond 
it s limit . 

1\lonnt Tacoma is no t imply n, YOlcauic cou , p cnliar for it hn gene s. It was 
form erly a Yast vol a ui do me, 30 mil e in radiu s to t h 11 0rth, w ·t , nnd so uth ; but 
ri,·ers have nt deep canyon g lac·iers have arv d ampl e U IH pbithnater~ uaek iu to 
the ma , aud now ma ny. n:nte ridg- s ri sing from n f w hundr d to 10, 00 Ji•ct 
above th o ea co111·eror at that nltitud to upport t h o c u tral pyramid, whi h to w r 
mor thnn 4- 000 feet abov it lJase. 

Thi g rand mountai n i 110t, lik e Moun t Blan c, m rely t h dom inant peak of a 
h nin of snO\\'. wonntain · i t is th only now p ak iu vi ow, Mount 

1\lonu t Adam h iug, like it, i oln te(l a u<lmany mile eli taut. I a inier i majc ti · in 
it · isolation , r ea bin ,.,. 6,0 0 io ,000 fee t aboYe it n ighbor . It is up rb in its 
boldne , ri in o- from one cauyon 11,000 f et iu 7 mile . Not onl y i it th grn nd •st 
mountain in thi onntry, it i one of th e rand mountain of the w rid, to he 
named with t . E li a , Fu iyau1a , and Aramt, and th mo t sup rb snnunit of' the 
Alp . Eminent ci nti t of En"'land and Germany, who, a m mbcr of tli Al pine 

lub of witz rland and tnw ler of wide xp ri uce, woulclnatnrally h 
tiv in their judgment, have horu witne t t he maj t y of th see n ry about 
Raini r. 

In 1 3 Prof ssor Zittel , a well-l{oown Oerman geologi t, and Prof. J ame Br~· co, 

member of Parliam nt nod author of th Am ri an Cowmonw alth mad a r port 
on th o sc nery about 1 nnt] :tin ier. Amon ~ other thin gs, th ~· said: 

"The c n ry of Mount Raini r is of rar and v~~r iecl bean t.v. Th peak it elf i as 
noble a mountain n we bn,· ,·or en in it lin and tructnre. Tho glaci r whi ch 
descencl from it now field pre. cut all tb e chara tori ti c feature of tho c in tbe 
Alps, noel though le extensi,·e than t!Je i tr ams of th Mount Blan c or lll on ta 
Rosa group arc in their reva se aud .scrrar eqnally t riking aud eq ually worth y 
of lo o study. \\'e ha ve seen nothing more b eau tiful in . wi tz rland or Tyrol, 
iu orway or in th e P~Tenee , than t!Je a rbon River gla icrs ::wcl th e great l'ny
allup glaci er ; indeed, tb ic in the latter is tllliJSually pure, and t ho cren1s s 
unusually fine. T!J e co mbin ation of ice cenery with woolllan<l c nor~· of the 
grande t typo i to be found nowhere in tb Old \\'orl d, unl it be iu the Himalayas, 
aud, so fa r as w know, now here cl eon th e Am eri can ontinent." 

These emh1eut and experieue d ob erver furth r ay: 
" \ Ve may perha ps h e permitted to xp re sa hope that the snggeijtion will nt no 

distant date be wade to ougre s that }Jouot l ainier lJOnld, like the Yo ·cm ite 
Vall y aud the geyser re"'ion of the t;pper Yellowston , b r eserved b y t!J e FeLicral 
Government and treated ns a national pa rk. " 

But ;\fonnt Tacoma i i ugle not merel y b cn,use i t is sup rbly maje tic; i t i an 
arct.ic i land in a temperat zone. In a bygone age an arctic limate prevailod over 
the ~orthwest, and gl aciers cover d t!Je as a(le Range. Al'(·ti animal ~ nml ar tic 
plauls then lived throughout the region. A thu climate became milder and glaciers 
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melted, t he creature. of the cold ·limate w l 'O limited in their geographic range to t he 
eli tricts of the hriuking o-lacieTs. On the "'reat peak the glaci rs linger still. They 
give to i t its g rcate. t b anty. They n.re themselves ma g nifi cent, and with them 
snr vives a co lon y of nrctic a nimnl and plants wh:ch can not exL t in the t emper ate 
climate of the l c ·s l ofty mountain s. The e ar ctic form. are a effectunJJ y isolated 
as hipwrecked sa ilors on an i land in mid-ocean . Th ere i no refuge£ r t hem beyond 
t hd r ha un t on ice-bound cli ff' . But even t h ere t h birds an d animal are uo l ou o-er 
sa f' from t he k een portsman, and the few snTvi,·ors must soou be exterminated 
ttnlc s protectec.l by t he Government in a national park. 

F.CO~O~n RE OuHCE . 

Tbe a rea of the Pacifi cforestre erve iuclndesYa ln alJle imberand importantwater 
snppli It .i aid t o ·ontain coa l, gold, and ih ·er. 

The t im ber on th e western lope difl'ers f rom that on t ho en tern in size an d density 
of growth a nd in kinds of trees. The fore ts of Pnget ou nd nrc world-renown cl for 
the magn ituue a ufl b nnty of t h ir hemlocks, c·ed:us, and fi r . Th eir t im be r consti
tutes on e o f t h e mo t important reso urces of th o State. ow here aro t hey more 
luxu r i:mt t han on the fnotbill we t and north of :Mount Ra ini er. But th i r value 
a.s t imb r i there ubordinate to th eir value as regnlators of flood s. Tbe Puyallup 
Rh·er, wh e lower va ll ey is n. rich h op o-n ruen, i e>on now subj ect to floods during 
t he rapid molt inn- of t he snow on ?II unt Ra in i r in t he l imited area n.bove t im ber 
li ne. In the broauer area below timber l ine, b u t a bove 3,000 f: et in elevation, the 
depth of now in the winter of 1 93 was 9 to 15 fe t. P rotected by t he dense canopy 
of the fir and hemlock tr c. · thi snow melt slowly and t he river is high from I a rch 
to Jnn . But let the fore t be once dest r yed qy fi r or by lumbermen and tho s nows 
of e<<Ch w inter, molting iu a rl y sp ri nrr, will a nnuall y overw helm t b Pnyn llup 
Vall ey and trausform i t into a g ravell y wa t11. Th e same is true of White Ri,·er 
and tho Kisrtun ll y . 

The fore ts of t b ea t ru lope, tributary to tho Yakima, are of ven greater 
importune as wa,tor pre en · r . Th y cou. titnte :t g reat re er voir, holding back 
the pr cipita ion of t ho wet ea on an l all owing it to 61ter do wn wh n mo t n o ded 
by crop . In the Yakim a Valley water gives to land it val ue. torage of fl ood 
water · a nd exteu i\' tlistri bu t iou by canals i H OC s a ry. Tb fore ts bein rr prc
sen· eu to ontrol t ho water, t ho natural torage b a iu shonhl be improved and 
canal b nil t. For the o r a on it is most important t hat no p ar t of t he fores t 
r esen ·o bonl<l be acr ifioeu, oven thou,.b the eas tern half is not included in t he 
natiou:1l park. 

Th boundarie10 o f tho p ropo eel nntionnl pnrk. have b en so clrawn a to oxcl ucle 
from it a rea all lan d upon whi<·h c·oal. goltl or otb r v;tln abl mineral are uppo otl 
t o oconr an<l th y con.fonn to the pnrpo. c tba.t th pari· shall include a ll feature of 
p nliar n io b anty w i th out oncroa bing on the int r sts of min rs or ett ler. 

A CE S ! Bli.ITY. 

on snv t ho e who an mnr<'h nn,·l cn mp in tho prim val fo r est can n ow v i it 
Mount I aini r; but it i w ildoru ~>, no t th di tnnc , that >11:1 k sit difficult of 
approa h . n thew t t h di ·tance up th Ni q ually RiYcr from t ho r a ilroad at 
Yelm Prairie to t he r es r v j but JO mil<' . Th on rrlJ h ea,Til y timbcrell, tho Yal ley of 
the T i t:~([nal l y afl'or<ls nu a y r onte for a railroad. The owli tz Valley a! o oifer a 
lin f approa. h without eli IIi nl ty by rail , it bciu "' a bout 50 mile from t b railroacl 
to be rc rv . 

n t h nor tl1w t t he r ai lroa<l :ot \Vi lk on is but 2 miles from t he summit of 
:Mount Raini r , nntl th ' Ia i rs can be reach d by ri ding 25 mil e t hxough t he 
gr at fo re t. 

On t h n rth the 'a cad brnnch of tb e ror thern PaciH Railroad cro e t he 
rnu g •, onl y 13 mil o in a direct lin and 19 miles along t h summit from t h northern 
limi t ofth I'e r ve. 
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On the ea t th city of "orth Yakima is but 6:. miles from the summit of Mount 
Rainier. 

The propo ed park OYer n mountain rt•<Yion which li s o ' I'O s th lin of trav 1 
from ea t to wet. The raib·oad winds northward; the travel clown th oluud.>ir\ 
Ri\'erturn southwardto nvoid it. Th g r !ttClllT ntoftouristswhi bfl owsnorth 
and ontb through I ortlantl, 'fa oma, cattl , Ynn e 11\' r, antl Ala ka pa s s to th 
we t within ight of Mount] ai11i r, and wh n tlle gran<l old mountain i ohscnr d 
by doml. t.l.J travel r linger to Cle it, or, passing regretfully on th ir way, know 
that they have mi eel th e lin Rt view of th ir t rip . 

\\hen n railroafl i l.Juilt up the ' isq 11ally or owlit.z Valley to th park and cotl
nect iou l.Jystag is ns ur d uorthwnnl to tho a <'!l(ll' hntnch ofth orthorn J a ··ific 
Railroad and astward to Yakima, tlle Jlood of tm" l will l.J div rt d thr·ough tho 
park. 

nOUTES WITf!lN T II J.: nE F.R \ 'Il:. 

The point which oombin acce sibility with . nrrouUtlin "s of ~r at b anty, and 
whi h i tb refore mo t approp riate :1 a ho t l it , i onth as t of i\ Ionnt H:tini r, 
on on of the pur of th Tootoo h Mountains, ne;tr the owlitz Valley. To open 
this region to trav. 1 it would b Sllffioient toe tnuli h the h ot I ancl it · onn otions 
down the Ki qnaJly or wlitz Ynlle)-, to <r tb r with trail to point of int rc t 
within the p :u·k. From th .hotel a prin r i1 a! trail would xt ntl. uortl1 to tb 
Emmon and \Yhi to I iver glaci r whi h would thus b a ily accC' iblo, and 
th n e th railroad at \Vi lk s n co uld r eadily u · reached on hor cba I o,·cr th old 
Northern Pacific trnil. In th futnr, starre road ,or po ·ibly a railroad, w nl<l be 
extemled ov01: th 'owlitz Pus to the a tom lope orth Yal<ima woulu ho r :tch d 
>i :t the Tieton or Tannum alley, noel Taunum Lak woulcl becom a favorite r e ort. 

But tho lli ghway w.':lich wonld ·hall n rr th world for its qua l in grana sc n •·y 
would extend from tho owlitY- Pa ll rtbward alon rr tho .. rc t of th rang to th 

a oade bran h . Th di lance i 50 mil , 31 in tho park ancl 19 beyond it to tb 
railroad . ·within tho re crvethe nmmit i open and park-like. n tb a, t i as ·a 
of mountain ; on th we t i a bold d c nt of 3 0 0 fc t to tbo ' ' all y of (' wlitz 
and \Yhi torh·crs, beyond whi ch Tacoma ri in ov rpow ring "rand ur ,000 fe t 
above the road and on ly 12 miles distaut. 

0:\'CLL' l X . 

A committee of your memorialist has carefully xnm ine<l the xis ting ma.p of tb 
tate of \\ a hiugton with pecialreferenc to the po itiou of this r r>e, and find 

that the bonndari s of th o r ' on ·o are farth er a t, iJl r lation to 1\lount Rainier, 
than wa uppo ed. The we ·tern boundary tra\"Cr s the lop of ~!ount Rainier at 
altitudes of 7,000 to 9,000 feet, and the glacier extend several mile beyond it. In 
order to include all of the glacial area and the immediately adja ent for ton th 
we t, your mcmoriali t re peotfully r ecommend. that the we tern boundary of 
the p ark be drawu one rang west of that of th rc rve, viz, at the r nucre liu 
between rauge 6 and 7 east of the Willam t te m rid ian. By this chan"e no pal't of 
the Wilke Oil- arbouaclo coal field would be included iu the park. 

Your memoriali ts fi nd, a already tated, that it i n ot necessary to include the 
ea tern lope of th Cascad in tho park, and f11rtb rmore that i t is de imble to 
leave tho Katchcz Pass on the n or th and the Cowlitz Pa on t h south open for 
tho con tructiou of railroads. Your memorialists t ber fore pray that th park u•· 
defined by the followin" uoundaries : B <Y inuiug at the northwc t corner of sec. 19 
T. 18 "., R. 7 E. of t he \Villametto meridian · then e south 24 mil e more or les to 
the sou th west corner of seo.l , T.l4 N., R. 7 E.; thence east 27 mil e more or les 
to the summit of the Cascacl Range; thence iu :~ northerly direction to a point 
east of the place of beginu iJJg, and thence we t 26 miles ruore or lea to th place of 
beginning. 
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Your memorinli ts r espectfull y r epresent that--
Rail road Jiu s have beeu surveyed and after thee tablisllment of a nn,tional p a rk 

wonlu oo n b e built to i ts bouudaries. Tho conce ions for a h otel, stoppiuo- places, 
aut! tage routes co uld be l ea cd and t b proceeds devoted to th o mainteuan ce of the 
park. Tlle }JOli ciug of the }J::trk coulu be Jlerformed from the barrack s at Yan couv r 
by cletails of soldiers, who would thus be g iveu useful unl h ealthful cmploymeut 
fron• May to 0 tobcr. 

The e tabli hm ont of :1 hotel would afford opriortunity for a weather tntio u 
which, in vi ew of th o cont rolliuo- i nfluence xcr ted by louut Rnini cr on tb 
moi turc-laden wiud from tlle Pacific w ould b e imporraut in r cla tiou io local 
w at her pred ictiou . 

Your mcmori nli sts fnrtb r represeut that this r gion of n.Htn·elous beauty is even 
11 ow being seriousl y marr cl by careless campiug p ar t ies . Its va,lnabl for ts nnd 
rare ::tn imnl nre b e ing inj ur tl and ·will· certainly he destroyed uul c s th forest 
r e erv be pol iced dnriu o- th camping seasons. But efl1cien t protect ion of the unde
veloped wildern i extraordina rily difficult nnd iu this ea practica lly impo s ible. 

Therefore, for tho pre erntti ou of the property of the Uuited State , for the pro
tectio n from flo ods of the 11eopl e of \\"nshington in the Yakima, Cowlitz, Xi squall y, 
Puyal lup, nucl White RiY r vall ys, nncl for t,he pl a u re and ccl ncatiou of the nati on, 
yo.'n· memorialil;t · pray t ha t the area :tboYo cle cribecl be declared r, national pnrk 
fore,· r. 

For t he -ntiona l G ogrnpbi e oci ty: 
TARDIXER . HUBUARD, 

Presiclent. 
For t he Ameri ca n As ociation fo1· the Advancement of ei nee : 

J . \V . 1~0 \Y ELL. 
For tb :eolog ical ocioty of Ameri cn : 

B.ULEY WILI. I 
For tho Sierra Club: 
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