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Tt is i s on~ of a s0ries of t echnical r eports dealing 
wi t h t he preliminary sc i entific r esults of the American 
Gcor,r aphical Society' s Southern Chile Expedition 19S9, Th e 
oxpedit ion was carried out in order t o ::".'econstruct the late­
Pl eistocene ( late-glacial and postglacial) environments of 
southern Chile, Although data ar e abundant on the late­
Pl eistocene of North America and other parts of the northern 
hemispher e , r el atively f ew studies concerned with the subj 8ct 
have been conducte-1 in the southern hemispher e , The fundamen­
tal objective of tLis r e search is to uncover fac ts which will 
l ead to an unders Lnnding of inter-hemispheric climatic r el a­
t ionships and the undorlying mechani13ms causine climatic 
change- s. 

This study of the glacial geology of the Laguna San 
Rafae l area by Dr, Ernest H, Mullc:r i s the second t echni­
cal r eport t o be issued, In subsequ-,nt months, additionnl 
r epor ts on t he botanical, limnological, and palynologi cal 
work of the expedition wj_ll appear. 
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,]I.ACLU aroLOGY OF THE LAGUNA SAN RAFAEL AREA, SOUTHERN CHIIE 

by 

Ernest H. Muller 

INTRODUCTION 

GENERAL STATEMENT 

This paper reports on investigations of glacial geology in the Laguna San 
Rafael area during January and February 1959. During this field season, funda­
rr~ntal groundwork was laid in recoMaissance of the Sc.n Rafael area, in estab­
lishment of a partial chronology ot late Pleistocene and Recent events, and in 
preliminary glaciological studies of San RafaPl Glacier. 

Ten years of investigations by the American Geographical Society on the 
Juneau Ice Field and elsewhere in Pacific coastal Alaska ( Heuaser 19~8, 1959; 

Lawrence 1958), alo~ with closely related Alaskan glacier studies (Olson & 

Broecker 19~9, Karlstrom 1957) afforded the expedition basic data on glacial 
chronology in the west coast aarine climate in the northern helllisphere . The 
Laguna SD.n Ra!~el area in southern Chile offered co~arable opportunity in the 
southern hemi~phere, combined with ready accessibility from the sea, availa­
bility of shelte~, an:i a reasonably long record of glacier ob5ervation. 

GEDGRAPHY 

Laguna San Rafael is a tidal., but brnckish alXi nearly land-locked, embay­

-"Bnt of the sea at 46° 40' 5 lat in the intensely fiorded coast of southern 

Chile (Figs. 1-J). It lies 150 ~n south-southwest of Puerto aisen, capital of 
Chile I s rel'll)te ard sparsely populat ed Aisen Province. In the past it has been 
served by regular tourist sailings from Puerto Montt, but at the present tiroo 

it is reached only by an occasional chartered fishing vessel from Puerto Aisen 
or neighboring ports. Yet the scen:Lc grandeur of Lagwia San Rafael is known in 
all parts of Chile. In 19'>9 it was sot aside as a Park Nacional. 

Forcmoet a."'OOng the attraction! of the Laguna San Rafael area is the San 

Rafael Glacier with its roaasive ard gleaming sea-cliff more than 5 km long. 
From this constill'ltlY changing sea-wall, icebergs calve sporadically to drift to 

and fro 1n the shitting currents of the Laguna, or to escape through the Rio 

Tempanos (Iceberg River) be!or~ ioolting. Dense rain forest, coq>osed dominant­

ly of southern beech ( !!othofF), blankets all but the stoe~st slopes and 
climbs virtually to the snow inc a.t atx>ut 1200 m. Partly concealed behind the 

low coastal n>untains and visible only !rom the western shore of the Laguna is 
Mount San Valentin ( u~8 m), 1!:.he highest peak in southern Chile. This peak 

starxis at the nort.h end ot thH cxtenaive North Patagonian Ice Field which feeds 

a score ot valley glacier a, wrx>ng which San Rafael is one of the m:,st striking 

( Grosse 19~c;). 

L~gury.1, Snn Rafael 111. ro_ygbl,y f':.m-shaped, with its f'lattened eastern shore 
trending about 20• ec.at of north. Its max1.mwfl d1Ens1on, JOughly north-south, 

is 16 kJll; roughly oo.at-veat, it is almost 11 km broad. Its shores are rimmed 
on all aidea by bluffs generally leas than l5 Ill high, out in unconsolidated 
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drift. Low-lying, but r athor well -dra ined land only a f ew J'll0t ·rs cJ.:}OVE: se :.1 
l t.:V,:; l li,.:: s cast of t..'16 no r theast .r n portion of the La ' una . Its bas ..i. . i • r .:...mried 
by a pr ominont compound moraine ridge . Ma jor fl ow i nto th · lake coJTh..;s fr o;;i San 
Raf ael Glacier on t ho east, in the position of the handle of the f ::v1 . ar gi.nal 
str eams enter Laguna S2.n Rafael on both north and s outh edge s of th8 glacier, 
but the ir discharge is insignificant corrpared t o the f l ow of meltwater and cal v­
i ng from the se c1-cliff of the glacier. Only ore other streamlet of signifi­
cance crosses t he moraine rim which oorders the Laguna. This i s 'Ca scade Cr uek" 
wh ich flows fr om a h2nging trough paralle l to and a f ew kilomet ers north of San 
Rafael Glaci er. Maximum dopth of Lc.gun2. San Rafael charted by pr evious hydro­
graphic surveys was 109 m (Armada de Chile 19SO) , but soundings with nylon line 
during the pres 0nt investigations suggest depths of as much as 140 m, nearer to 
the sea-cli.ff ( Sho ji Hor L , personal conununi cr~tion). 

In 1941 t he Chi1c .:.m gover nment began excavat ion of a c.o.nd to link Laguna 
Sa n Rafael -wit h the Gol fo de Penas and so to creat e a shcl t ·r ed wa t erway fr om 
central to souther nmost Chil •. On th cas t shor e of the Laguna a roodc rn t our ­
ist hote l was built to house in comfor t those who might travc.l from far off t o 
enjoy the n tractions of the ar ea . Wo.rtimc conditions br ought abandonment of 
the can:21 pro j ect. Limited touris t inter est forc ed closing of t he hot e l a year 
l ater. In 19:;9 nobody lives in the Laguna San Rafat:";l ar \... a , and the ne2-rest 
homestead is 23 km t o the north near Puntc. Ques .'.lhucn. 

CLIMi TE AND ;-:ETEDRO WGY 

Th...., climate of the San Rafael ar ea , like that of southeastern 1·i.1aska , is 
typic al of stations in mid-latitude:, west-coast, m rine locat i ons ( Cb climat e 
of the Kgppcn classification). Tho dominant clime. ic contr ol is posit i on on 
the OAl)Os c d slope of a coastal cordiller a" that i s sub' Lct t o fr cquen1:. micr ci.tor y 
cycloni,;:, s tor ms. hS a r esult, diurnal and annual t ·mp <... r atur · r anges 2..r2 n·0 rrow, 
storms a r e frequent , and pr ecipitat i on i s abundant i n &11 seasons . 

Table 1 sUITlJTu'.lrizc s meteorol ogical notes made at Laguna San Raf ac l in mid­
s ummer 19S9 Rnd precipitation data at Pu ,rto t~iscm during thE: sairo per i od. 
The obse rvat i ons arc t oo brief to justify rnor , than passing discussi on. Tem­
poraturs s du.ring J a nuary o.nd Februar y r2.n ed bc' we en t; 0 and 10° c. at th0 hot e l 
~ithin ~ kilol'TK:! t c r of San Rr..fQol Glacier. dar rnc r t0mp ~r atures ITlc'.y be ·xpectcd 
at Ofqui on the west shor- 1 c f too Le.guna and f arther f r om the glac i er. Precipi­
tation at thG hotel during the 26-day Gbservation p riod avc r aeed 18 mm/day . 
Maximum precipitation on one; day was l.!B mm; six days wer 0 without any precipi­
t ation. Puerto i'.isl.,n h:1.d c:.bout 25 ;i l e ss pr0c l~itation during tnc sam2 period, 
but the pe<.k precipitati on in a 2u hour period was 87 mm, al ost twice as great 
as at the Laguna. Fiv fr ontal p2.ssage? s wcr G r 1,.:cogni7,ed. 

A typic al mid- sununcr wc:c.ther sequ nc0 experi enced at Laguna Sr.n Rn.f ael is 
as f ollows. ilft er 2. f r ontc.ll passag0 the wind shifts t o southwest with shower 
activity a rrl occ o.sional huil or graupc~l during th2 day. A l ow strntiform cloud 
cover JT1£,y devel op after dark. Shower activity is 10s s intense on the following 
dny, with clouds scat tc.. r ed by evening. Fresh snow blankets the mountains down 
t o 1200 t o 1~00 m. With the wind backing around t o the oast, clearing occurs 
on the follow;i.no- d.ey. Fair _weather.,_occ!!si ot1n.J ~y p c.;.!'-~ists f 0 !' t~•~ -:; ::- th::-c ::::=-d.:::ys 
during thQ passage of a migratory anticyclone eastward south 0£ the area. With 
approach of the ~xt cyclon0, the wind backs aro\lnd t o the north, pressure drops 
s teadily, and a strat i.form cloud i:iock in a~ int c rroodiate elevation, 



Dat E:. 

J a.nuary 

11 
12 
13 
lL 
15' 
16 
17 
18 
19 
20 
21 
22 
23 
2u 
25 
26 

27 
28 

29 
JO 
:n 

February 

1 

2 
3 
4 
~ 
6 
7 
8 

Table 1 

Meteorol o1J ical observations at H0tel San hafael and 
in Puerto i.isen during January and February 1959. 

o.o 

T 
o.o 
o.o 
L. B 
3.3 
3.0 
1.8 
4.2 
3,0 
4.8 

(M)2 
(2.B) 

1.1 
1.9 

o.4 
o.o 
o.o 

0.1 

2.4 
4.3 
3.4 
o.J 
4.01 
1.)9 
o.o 

Hot 6l San Rafael 

Temp (°C) 1 

6,o 
6.o 

6.6 
8,) 

5.o 
6.1 
4.5 
6.6 
,;.~ 
6.6 
s.o 

Weather 

Squalls, d iminishing in PM 
Fair 
Fe.ir in JJ•;; rain in PM 
Cl oudy i n 1M; clearing 
Fc?.ir 
Fair 
Squa.11s after FROP.1\ in AM 
Squalls all day 
1fain all day 
Li~ht rain; increasine in PM 
i"-lain 
i(ain 
rtnin; FROP.i, in PH 
Rain showers; hail 
Scatt~r~d show~rs 
Fair in I.M; f c llowed by 

showe:rs 
Graupel aul rain sh w1Jrs 
Sh0Vors; pr c l.Ja:ile FRO Pi~ 

at noun 
Clearing 
Fair 
Fair; morninG ~r ound f og 

Fair; stratus n glacier 
in PM 

Showery 
FROP.i~ in early PM 
Heavy sho,..ors 
Showery in AM 
Hain; )• · ssible FOOPi~ 
Showers 
F~ir 

Pptn (cm) 

-· 

o.o 
1.24 
o.46 
J .67 
0.24 
o.57 
o.60 
8,70 
0.61 

0.92 
1.93 

3.39 
1.36 
0.10 
0,03 

o.o 
o.o 
0.26 
2.18 
o.41 
o.o 
2.6 
6_22 

1 
Ti.loo of observation - usually be tweun 6: 30 ,-.M ;ind 8. 00 AM. 2 

3 

Note that 
that day. 
!ollowine 

"M'' Ubier precipitation colwnn ff'a:;ans that no reo.dine was made on As a l"eault the preci pitation for that day ie1 totaled in on the dav vh n ~ - •---~•--••-- ••--- - - -- -- - - J 1 - - •r -.J - :- ,.) -. ---~-. ~!ec • .,.,.,."' "•vU WUi1 &IICQ.)1,4'"1.:U \l.:a i:; t ua.'1, ,, ana ~0 o 

Data from Tc.logr~ph Station, Fuerza i.erca d,a Chile, Puerto Aisen. 
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l owering rapidly and l cadine t o st~ady r ein f or 6 t o 12 hours, Tho fr ntal 
passage is oft en accompanied by squalls with driving rain and sharp gusty winds. 
One cyclone commonly f ollows another about a de.y apart, with the showery post­
frontal precipitation of one giving way to stoaJ i cr pre-frontal pr ecipitation 
of tho next. Each succeeding membe r of such a f arrily of cyclone. s is apt t o be 
a bit m::>re intense than its pr0decessor until after several d2.y.'3, the spell of 
bad weather passes with incursinn of a strongo1· push of cold ah· from the south, 
and thG cycle commences anew. This rhythm appears t o r eflec t the effGct of 
l onger-wave, slo~er-rooving, upper-air pressure systems superposed on shal1owe.r, 
faster, miisr at ory cyclones and anticyclones. 

In winter, snowline drops about 1000 m, but the moder ating •f foct of the 
n~arby ocean prevents int ensive fr ost action near sen l evel. On the shor es of 
Laguna San Ro.f a8l, s now cover is sporadic and ponds are only intermittently 
frozen. Snowf all on the mountains, particularly on the Hindward slope i s f r e­
quent and heavy. This fact, combined with l ength of th accumulati on so~son, 
m0d0r atc summer temperatures and abundance of cloud ccv8r r;i,_1.kcs this p ·rti on 
of the f.LndE. an Cordillera the ideal environment f or i ntens ive devol opm •nt of 
act iv ' , t emperate gl aciers. 

For Cl more d8t ailed and r eg i onal concept of south Chi1E.an climate·, , th 
r cadE.. r is r eferred to the r ecent compilation of climatic data by Fuenzalida 
( 19S0) . 

GLACW GEOLOGY 

GENER/11 STATEHENT 

01.:lciation of the west slope; of the rndean Cordiller a has undoubtedly been 
l ong nnd complex through the Plcistoc en , but i n tho Laguna San Rafnel area, 
late gl aciation has effaced detailed evidenc t. l preceding stag··s . The fact of 
previous glaciation is dem::>nstrated by gross physi ographic f atur es , but its 
history must be studied in detail elsewhere . 

Glacial f eatun:s .'.lnd deposits borderin8 Laguna San Rafael, .xcept on the 
e~st shor e , d~te fr om a l ate opisode of t he l ~st major Pleistocene glaci.ati ~n, 
during which interval San Ra.fa~l existed as c mass iv expand d-foot glacier. 
Moraines r epresenting this epi sode enclo s the basin of Laguna San Rafael and 
ure trans -ctcd by high bluff exposures ntar th e head cf Rio Tempanos. 

Low m:.;r G. in - ridces and an xt (.; nsive outwash plain, particularly well de­
vel oped on tho northeast shore of Lar;u.na San Ro.facl, r epresent minor osc illa­
t i ons of San Rafo.el Glacier during the much diminished 2xpo.nded-foot phas0 f 
r Gcent centuries. 

PRE-TEMPI.NOS GLi,Cll,T ION 

Evidence of glaciation olde r than that in the i~ciate vicinity c,f .Lagure 
San Rafael is inescapable in gross physi0graphic r el at i onships in the highly 

irrsgular coastline of this portion of southern Chilo. 

Laguna San Rafael cccupios part of one of the major physiographic features 
on the west side of the iU1dean Cordillera - the inundated trough which extends 
from Golfo Corcovado near Puerto funtt southward f or som 500 km. The southern 

- ....., 



pcrtion of this trough i nclu c s fr8m nor th tt~ s . uth the f ollowing bodies of 
water: Estuario Elofantes, G( l.fo El cfantes, Had2. (Bah i n) San Rafael, Laguna 
San Rafael, Golfo d San Esteban , Canal Cheap, and Golfo de Penas (Fig. 2). 
Continuity of this seaway is interrupted only by I stmo dt· Of qui t o the scuth 
of Laguna San Rafael and the "false isthmus" t o the north of the Laguna. 

vJhat cver may have been the initiating structural controls, th8r c can bo 
nc doubt that gl acial scour i s r esponsible f or the present f orm of t he trough 
(Brliggen. 19r:;"02. : 233 - 235) . The trough walls are steep and r egular wh h abr upt­ly faccttod spurs. Tributary valleys ar e hanging and ar c characterized by 
c<'.:! t cnar y pr ofiles. Trough bottoms arc enclosed and dec::pGst in or nocr t r unk 
vall0ys entering the trough from the east. 

Zst u.:lric Fran .. isco ( Cupquelan) occupies one such t ributary trunk vano~,r 
c,r fior d , j oining Estuario Elcfantcs from thE: northe.:ist . For much cf t he l en~th 
of Estuario Fr:mcisco th,; depth is 225 to 250 m, wher eas the rr.or e op n south­
westwcrd ccntinuat i on cf the t r ough in Gelfo El cfant cs and La6una Snn R2.facl 
nc-whr r l: oxcc0ds 150 min dept h. This cont r ast apparently results in part from 
th~ gr 0atur cr osion0l cffectiv0nt ss of constricted glacial fl w. Bedr ock hills at ,". distanc G from ,:,hL: shor e west cf Lar~una Se,n Rafael and t he nei ghboring 
Golfo Elof ant s show evidence of ~l acial overridi ng . The abrupt oastward r ock 
sl ope , by contrnst , r cprosonts t h corlfinin wall of a f or mer trough gl acier. 

It may bo infcrr ,d f r om those oboerv n.tions t hat, at l east onco, and pr obc1. ­
bly a number of t irrx::s through a 1 ng hist or y cf Ple istoce:no glaciation, tho 
w0s t er n slopes of th ,·.ndu2.n 1} Jr dill r a ho.v , b ~0 n roodified by 2.n cxtcnsi ve 
t r ansection Glacier sys t ~m. 

ap and ir ph t o study l f t:1 ar a w st cf L guna San Rc..f a;.; l suggests 
th~t nrly gl aciation extended ot l eas t t ' tho P~c ific Ocean coas west of the 
h;ninsula d0 Taitao. I t must nL) t be inf e:- rr <=d, h ---weve: r, that ~lacier flow was 
from t he h ar -:, of th "' !.ndcs , 2 di stance of 12S km w..,st t o th(_; coo.st. Rather, 
ns r ~ ~i onal sn wline wo.s dcpr ssed, the more r ugc:-,d western portions of th 
Peni nsula de Taitao with el evations above 1300 m r ovidGd accumulation Rr cas 
f u0dinf; ice fi0lds and trough E, laci ers which spread in all directions . The 
f rms c.,f Le.r;unn El cn.1 and Lago Pr osidL: nte; Rios st:con ;ly indicate sc • ur i n part 
by gl acier flow eastward r athl! r than wcstword from t he central /,ndes. 

·1or B.in s m,<; rking positions of th ice intermcdiat-:. between the l imits of 
glaciation and the Lr..gunu San Rafael area may well b f ound as mappin of t h 
P· ninsula do Tnit .::c, pr o;:;r esses. This probability is indicated by t he charact er 
c:f the drainage divide b tw en Laco Pr osidento Rios and t he L2.gana. I c1 r t i cul a.r­
ly at the head c,f -:,he Rio Negr o, the southeastward proj ectinG 2,rms of th La~o 
appear t o t erminate i.n a moraine b0lt (KellGr 19u9: 16) . 

Within the i.mmudiatc. vicinity of Lagun2. San Rafael and Rio Tempanos, a s:in ­
gl e 0xposurE: was studied which appears t o r cprcs0nt glaciat i on oldGr than that 
marked by the tTKJ r o.inos enclosing the Lu(;una . This i s at the confluence of Rio 
Chivo and Rio Tempwos. The section is as f ollows: 
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P8at and cr eanic silt. 0 t o 12 . 5 cm 

OxiJ.i wd gr avel. .12 . 5 t o 75 . 0 cm 

f (; bble ~r avel, unoxid ized ; ccnt ains 
a f ,~:w boulders at baso which arc 
pushed i nt o and def or m underlying 
beds . 75.0 t o 320 cm 

Sc:' nd. 320. 0 t o 3hO cm 

Silt , unoxidized with fine but 
indistinct laminat i on in part 
dref ormod. Coarse sand occupies 
e, 120 cm thick channel filling 
about 90 cm bel ow top of unit. 
Ver y f ew pebbles. 340. 0 t o 800 cm 

( Ba se of ~bove unit is conc eal ed. 
i~bout So m downstream along Ri c 
Temp o.nos the f ol lowi ng unit i s 
~xposod at river l evel . ) 

Till, fine sand m::,.tr ix, onl y moder atel y 
pebbly. Pebbl e orientation su~~0 stivo 
of dcpe,, s i t i on from nor t h2ast. il.b ·ut 
1 m t hick with bo.se conccal ~d . 

5 

On the basis of l oc2.ti on outs i d\j the Tompanos m· ra il ...,s , thi s till r-..._p1·t. := -::::--; ~s 
pr G-T8mponos [; laciation, but i t need n0t be f lTT'JCh gr eater ant iquity than t he 
Tcmpnnos mc r a ines. The sur;ecsti cn f depositi on by ice rr. ving fr0m th:3 n rth­
e;:st ind icate s 2.t 1 -ast a pi \: Jmc nt and per haps a transe: ct i on phnse of 1;l aci2.­
ticn, f or thi s sit e i s cl oser t o the Tempo.nos m r o.ine s than t c t he correspond­
ing mcr ai nes cf Guala Glac iGr <. Fi 6 • 3). It is inf erred, however, that dep si­
tion a t thi s l ocality occurred at the ver y end vf what must have be n a compl x 
and multipl hist or y __, f pr E: - Tu,ipanos gl ac i ati ons . 

Topogr aphic Expre s s i cn 

I. rim of land with el evation no more t han 7S m and 8E:nerally l oss t han 
40 m, encloses Laguna Snn Rafael on the south., west and north (Fi[; . 3) . Or: 
the sout h it f orms the Istroo de Ofqui linkinr, tho Penin~ula do Taita with the 
mainland. Tl10 l ow divide near t he shor e of La~una San Raf aol deflects the melt­
waters of San Quintin Glacier i..'1 the Rio Lucac .west ward t o f orm Rio San Tadeo 
at its confl\lence with the Rio N0gr0. On the west, Rio Ne gro is dof,l ect.ed 
southeastward and an unnarncd tributary of Ri.o Tempanos is deflected northeast­
ward f or about~ km periphertl t o tho rim of the Sa n Rafael basin. On the 
ncrth the rim forms the "fnlse isthmus" which fails t o j oin the mainland with 
the Pe ninsula de Taitao only by the width of the broad canal-,like Rio Te?T1panos. 
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Closer inspection sh.Jws t lw r irn. cf l :irrl enclo:n.ng laguna San Rafael t o con­
s i st cf a very r egular outor slope risin~ 0 ontly t oward a hei ght of larrl which 
is everywhere within about one kilome t er f t .he Laguna. On t he ncrth, the 
outer slope c ol'lllOOnces bel ow sea l eve l wh er e i t is inundated in the broad shoals 
of Rada San Rafael. On the south, the outer slope is buried beneath the gravEls 
of the Rio Lucac and other aggr ading, meltwat ur streams fl owing from San Quintin 
Glacier. On the west, the outc::r slope t,ermina tes ag,a.inst higher land risine 
t oward the divide between Lago Presidente Ri os and the Laguna. In general, this 
gently slopine portion of the rim appears to be underlain by fine-textured ma­
t erial, ranging perhaps fr om silt and clay a.t the distal margin to fine t o 
medium sand at the higher proximal border. 

The hei ght of land consists cf two ridges, ,~;f which the inner is trunc ated 
by the shor ebluffs of Laguna San Rafael, whereas the cuter is essentially ccn­
ti,nuous. I. third ridge l ocated sevGral ki l ometers closer t o the glacier is 
trunc 2.t cd by t he shor e bluffs. 1,lthough a hec.vy r c1in f or est masks t opoGr aphic 
det.J.ils, t he :ridco s are see n t o consist of ir:r ?.g ule.r and el ongate knolls, Many 
swamps and small ponds occur between the two ridges, particularly west of the 
Lc1guna. Several of these we r e s nmph:d f or radiocarbon nnd pollen ana1yses; two 
wer e sel ected f or l imnological studies discussed elsewhe:r e . 

The structure a nd constitution of Use so ridges is we11 expcs ed in shore 
bluffs CJ f Lacuna San Rafael, in abandoned exc avc.tions for a canal across Istmo 
de O f qui, (ind in thu t r ansec i:, ing stream-bluffs of Rio Tempanos. The s e moraines 
ar e her caf t E:: r r Gf erred t o as t!K Tempanos m rain'3 s , and t he material which com­
prises t hem, as the Tempnnos drift. For San Rafael, t ho Tempanos glaciation 
was nn expanded f oct ph2.sc -.f developrront r epr e scnt0d by tho three marginal 
ridL~c s and asse,ci at d dcpc s i t s a s described h r eaft cr,, 

Exv surcs in th<:: Banks c:£' Ri Tcmpanno 

Rio T8mpanos fl ows north-northwest f or 8 lan f r om Lasuna San Rafael into 
Rada San R<1f ael, c.xposing in i ts easterly sh r d- bluff a cont i nuous trans0ct 
through tho Tcmpanos mor ain~s and outwash ( Br ~gcn 1950 a: 238). The south 
end cf the transect exposes ,;l r.c ial till; tho ncrth end conta ins only stra'L i­
fiecLsilt ,:nd pe at (Fig . 4). 

Noar th,3 s hor e of t he Lae; una the bluff r al1£;C S from 12 t o 20 m in hoi eht. 
It 3ive s the i.mpr ession of a doubl e ridge of which the inner unit is truncated 
·oy t he shor e of J..a~una San Rafael, while tho outer and hiBher ri:dge is about 
800 m rwrth. Th i s s t c.sp cliff expos es only till, without distinct evide nce 
of part~s nn:i with a minimum of stratified drift. I t appears t o be weakly 
and uneve nly indurat od by iron oxides. i~bout a kilomete r north of the l ako the 
till l c: nses intc s t ratified drift. For ~rnnps o.~ km the stratified drift con-­
s ists lar8ely of pebble gravel, with a gradual and f airly consistent ncrthward 
decrease in pebble size . Finer t extured strati fied m::it 0.:rial occurs at the base 
of the bluff, suggestirie that deposition began while the ice was advanci ng t o 
its terminal position. 

Within 1.5 km 0f Laguna San Rafael the bluff is l ess than 5 m high arrl is 
composed of stratified peat, silt, c.nd fin:l sand almost dovoid of pebbles. 
Weak].l__ indU!:atc_g blocks =G! t hi~~i]._ne-t oxt.1U"Qd matoriul o_ccurring _ on the °b§Jac_n 
give a s,uperfioially wisleading iirq,ression of a boulder beach. The excellont 
sorting evident in the stratified drift and the lack of cut and fill structure 
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r cross-bedding indic at0 c strone pr babili ~y trot the material was deposited in quiet wat er, r ather t han by [t;ntly fl wing stroD.JTlS. Ne invertebr at e f ossil evidence was f oun:i t o indicat e that marin - or br ackish wat r w~s invclved. Instead, as will be discussed later, it i s probabl e that d ·position t ook place into a fresh-water lake . 

Thickness of the surficinl pe~t increeses northward as its elevation de­creases, presumably r eflecting mor e rapid accunru1o.tion under conditions of shallower water table and impeded drainage . The peat thickens t o about 120 cm in a broad, open depression about 3 m above normal high tido, but thins t o 30-50 cm a.cross a l cw rise about 5 m above the river. Interstratification of peat and silt northward indicat es oscillating depositional conditions which ar e discussed later. The bluff 1scvoral hundred meters upstream and acros s fr m the confluenco of Rio Chivo with Rio Tempe.nos was sampled at 10-cm intervals through o. 18~-cm p1:::at 13cCtion f or palynol ogical study and r[:.diocarbon analysis ( F-59-7), which may serve to dat e the Terrp2nos glaciation and succeedine events ~ 

Exposures Near Ofqui 

Cuts, opened durinc canal excavations near Ofqui abcut 18 years ,'Ao, ex­posed a west-southwest transect through the Tempanos m.or·aines ( Keller 19u9: 19) which still affords more detailed data than do the bluffs of Rio Tempanos. However, lacking the sweep of tho river current to keep t.he expGsures fresh they stand l ess chance of prcservinB a suitatle type section than do the Tem­panos bluffs. Already, the norlh-facin0 cliff is overgrown and concealed, and the south-facing cut is concealed at tho base by accumulating slopewnsh. 
Proglacial drift is pocrly exposed in t oo s;rn.mpy western half of the port­age from Lac;unn San Rafael t o Rio Ne~r o, but thu canal cuts begin about 6oo m west-scuthwest of thE1 Laguna. Her o a l ow f ace E::Xposes about one rreter of silt e.nd fine sand over coarse , stratified, oxidizo sand and gr .::.vel (Fi g. 5). 
The westernmost, till cxposur is about Soo m from Laeuna San Rafael and till knolls 2.r e exposed in cliffs 10 t o 15 m hi gh f or about 200 m alonrr the trnnsect. The ridge of which thc.; se knolls J.re a part is hereafter referred to as the Tell1)o.nos I mrainc. Tl 0 till is fairly pebbly, compact and dense, even though the mntrix is dominantly mc::dium t u coarse sarrl. The till displays a semblance of stratification r anGing from barely perceptible platy structure to distinct included eravolly l cnse 3. Although the lat t er nr..ist be considered to be roodificd or water-washed drift, deposition of the f orroor was clearly sub­e;lacial. 1~ massive cranitic erratic 5-6 m in maximum d:i.monsion is lodged in the till in such manner as t o deform the stratification around the bou1dGr (Fig. 6). To the right (east-northeast or t oward the direction from which tho glacier rooved) the till is completely massive, with, ut semblance of strati­fication. Stratification is roore marked and converBe s down-ice from th1:; boulder. The top of the boulder is r ouchly horizontal with a graval drift or shadow of coarse cobbles in its lee. T'his structure is interprGt ed as rcsultin : from the emplacement of tho bow.der downward and forward beneath the ice sheet in~o lodgerent till plastered beneath the glacier sole in saturated condition. 

The till dro s steadil..y eastwA.1!~ ~l~! -t;h .... :!..a·;Gl vJ.. 1.,i'ie e xcavatiions. at about 300 m from the Laguna it is ~epU:aced by strati.!icd; drift. Di,rectly over­~yine too till is strati.tied, vell-e.orted sand containing scattered boulciera 30 to 50 cm in diruooter suggestive of icobe;rg raft ~. • Ea.stward, this aa.M gives 
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woy t o l aminated silt ruid f i ne. .san wit h scatt er ed pebbl s. This unit is sli17ht­ly .faulted and marke by Sr.: ·.,· . r" l minor unc c,,.fcrmitias. Overlying it and sepa­rated from it by a ,% lvage of coarse sand a nd fine pebbl es i s e;ssentially un­deforrood, flat-lyl ng , pebble-free, rhythmically bedded fine sand and silt. In i:: cnsidErable part this rhythmitn series has the regular alter.r1ation of layers suggestive of annual varves indicating deposition in fresh water r athe: r than brackish or salt waters. 

The stratified drift sequence describ~d above is int er pr et ed as r epr esent­ing deposition in a proglacial lako i~onded betwe0n ·'.:.he leis and the Tempnnos I moraine. Pebbles, cobbles and boulders sparsely scattered in the l ower pcrtion of the stratified cirift secti,J!'l were presumably iceberg-rafted. Withdrawal of th0 ice r esulted in decrea82 i n coarseness of t exture and bedding upward in the section. Eastward dip is inferred to be lar15ely primary, rGflecting irreeu­larity of the lake bottom. 

The stratigraphic sequence at the top of the east end of the tr2.nsect strongly suggests that the gradual ris e t oward the sh0rebluff of Laguna San Rafael r 8presents drift of a subsequent minor gl acial readvanc o . At the top of the laminated silt and fine sand ther e is a uracual coarsening of t exture and thickenin0 of rhythmite po. irs. Occasional pebbles occur in the wcll-sorte:d ma­t e rial, sucgoetine r ecurr r, nc e c f iceber g r afting . Fine sand is overlain by, and l enses enstward int :, coarse sand. Thr., upperno st unit exposed in the sec­tion f or about 200 mis o. gr avel laye-:- which thickens and becomes coarser-tex­tured t o within about 50 m of the sh"'/C cf Lo.L wm San Rafael where it is a ccb­ble crravel about 2 m thick. Behind th,• ruinsd s hell of a cabin on the Laguna shore, the n0rth wall of the ca.nal cut consists c,f till rri:;r c th2.n ~ m thick. This is her caftar r cf err Jd t o as tht Tompanos II rooraine . This till, like that exposed 400 met ers wost, p ss~sses a sandy matrix, is only mc,de rately pebbly, is compact arrl firm but unc cm~~tcd. It is char ncterizcd by a semblance cf stratifico.tion manifcstc:d in sartl and Gravel l ense s and in attenuated and de­formed silt stre2.ks. No uniquely wat er-laid cl ements ar c r ecognized in the section. The similarity of the twc, till exposures is strongly indicat ive of similar provenance c.nd enviromoont of deposition, but the stratigraphy of the excavations indicat es a significant tire lapse between tho two closely par f'.llel moraine ridges. 

The l eneth of the interval r epresented by depositicn of the rhythmit e units is of considerable interest as r epresenting the duration of time be tween T0m­panos I and II gl aciations. Unfortunately, counting of the pairs is frus t::-ated by the existence of minor erosional intervals, the appar0nt rising and trunca­tion of tho beds westward, and particularly by the fact that in placus t he · " rhythm seems to change from varves t r micropairs r epresenting perhaps only severe storms. In sore winter layers, continuous sedimentation is interrupted by a series of such micropairs; in othC:: r cnses the interruptions are so frequent as t o make it impossible t o distinguish winter from summer lnyers. Although this information is interesting as su,.,:;estinP. the mildness of winter ternpern.­tures during late stages of the Tempanos .. ~laciation, it makes impossible the precise ovnluation of the interval of deposition. The maximum present expo-sure of laminated str~t c., not n11 of which are rhytJ,_f!lit-e~; ie ~~:)t.t 4 ii,, 'bilt _Koll~r• s sketch (1949: 19) shows the unit as extending to the base of the bluff where it is now concealed. It -would seem conservative to say that the interval between Teq:>anqp I and Tompanos II rooraines involved 200 t c 400 years and per­haps 1ign1{:t~aa1tly longer. 

J 
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Expr sur s i Sh .... r - bl uff s f L.:i ,; ~. S n Rn.f a 1 

Shore- bluffs of Laguna San af a 1 c.ffor d l a ss c nclusive basis fr distin­
guishing Te rnpr:mc s I and II depoBit s t han de the Ri o Tcmpanos and Ofqui t r an­
s acts, be:caus tho Lagunn shor eline closely parcll-ls the mor a ines. Stpr, rt 
f or tho inte r pr e t at i on o f two os c illations of the expanded f oot phase c1 San 
Rafael Glncier is t o be f ound in sh or e bluffs near Ofqui. /~to ut 6oo r1 s cuth­
cas t of the east end of the canal, the shor c: -bluffs xpose the f ol l wi!1!3 R ··c ­
tion: 

Top cf section obscured 

Till, rathe r stony, with medium t o 
coar.:;e s 2.nd matrix. Fairly firm 
and compact. Include s l ense s of 
washed dr ift, apparGntly mor e 
abundant t oward base thM nt t op . 

Lacustr ine f inu sand a nd silt, 
laminntGd but net rhythmicall y!' 
Truncated ur pe r contact. Spar se­
ly pebbl ; gr e,c-ved . 

Till, simila r t (, th e uppe r t ill and 
includine spar sely pebbl y str2tif i cd 
dr i ft,, 

0 to J6o er: 

360 t o 96o cm 

960 to 10~0 cm 

1n5n -tn 1.1?n l"'m 

This e xposure affor s unique evi dence cf t he sli pping c f beds of unc onsoli­
dated matE:; rial ever one anot her dw·:ing comp"ction beneo. t h an actively moving 
ic e sheet. Wave er os i on hns exposed the uppe r part of the lacustrine fine s and 
a nd silt, r evealing several b0dJ i ng surf~ce s (Fig . 7) . Three of t he surf ace s 
show fin par allel e r oovine sirnil2.r t o slickensid ins . ThG gr o ,vi ng is n pr o­
duct of drae c,f pe ' bles c ontained in silt l ami.nae slippi ng one over ar.-J t hcr 
a l ong the bedd i n . planes. The pebbles may have pr o j ected into the bcdcine 
pl anes as a r esult of deposition. Equally possible, cn npr ession an<i cornp2.cticn 
of the bedding may have be crn responsibl e f or this r ~l at i onship. 1~ di st i nct 
gr oo·:E:, extends t o the rie:ht rs bout 12 cm from th0 ind •X f i nr;er t o tho pc bbl :.: r e­
sponsibl e f or its f ormatic n. About 3 cm f orward fr om t'1 is pebbl e i s the hcJ low 
from which another pebble h as been er oded. Orienta t i n of the groovir r; is ab"'ut 
10 degrees south of west, indicatine clearly that deposit i on was by S2. R~fael 
Glacier during the expand e f c;ut phase r upresentud by the Tempanos mor nines. 
It is consider ed that th slipping res?ons i bl c for this ~r ooving indic~ted a 
water-rich subglacial environment. Suc11 -: ~:nditions are most apt to occur, as 
at San Rafa1.;l, beneath a t e: mper.::i.te ~l acif:: r with imponded marginal drainage . 

Northe;:i.stward from th0 section pr eviously doscribad , lacustrine sediID(;nts 
are exposed spor ad ically nc~r t he base of the bluff. · I t is net a lways possibl e 
to det ermine whether they occur in pl ace of initial deposition or as inclus i ons 
within the till. In t. hE: t ypical situation they are deformed ani contorted by 
glacial overriding . ilb t~ut 300 m southeast c f the east end of t he canal exca­
tions, bluffs 15 m hieh expose lensine sandy and eravelly l ayers, with subor­
d :i.11ac-e till-like units Q.Ilci minor inclusions f l aminated silt. Such inclusions 
are consider ed suggestive evi de nce that the till relates to T-mpanos II rather 
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t, , -:.n _1... . anc s I sine '"' they invol v'-' th e inc orpor .'.ltion cf !J E, i ments E:pos • t d in 
pr cs l acial l ake such a s may have been irr;>onded by Tempanos I morain~. The 

s oction here is interpre t ed as consisting largely of utwash with su er inate 
till r epresentine Te mpnnos II. 

i. th ird mor aine ridge lies concentrically east of T mpanos I and II wher e 
it a1·chcs southw st fr om the north shor e of La3una San Rafael. It is r epr e ­
s ented by several small, l ow islets composed of firm, c emented till which are 
be ing r np i dly destroyed by wave e: r osion. i-. continuation of this trend as a 
submarine ridge is sugges ted by r econnaiss c:>.nce soundings ( Shoji Horie., ,_ personal 
communic.:it ion). Bece.use of the apparent ly clc se relationship of this subordi­
nat e ridge t o the e arlier T,~ mpanos moraines, it is here des i i;natcd Tempanns III 
and consider ed t o be a r ecessional moraine marking a minor fluctuation nGar the 
end cf tho exp2.nded f of·t phas1.; of San Raf ael Gl ?.ci er. 

CorrGlativc Ho r a ines of l,d j acE: nt Glaciers 

Sever al adjacent glaciers w!lich rise on the slop.a s of ~k,unt San Vale ntin 
(Fig . 2) in the North Pnta:sonian Ice Field appecr t o have had historiGs com­
parable t o that of S2n Rafael Glaci0r. 

Guala t r ough, 20 km north of San Hc.facl Glacier, was carved by a trunk 
l acier r esulting from ths conflm .. nce of Gual.:i and San Vale ntin 'Jlac i crs (Fi6 • 

J). Golfo El 1.; f antcs is cut off from Estuario Elefant c s and Estuario Franc isco 
t o the north by a pr ominent doubl G moraine analoeous V~ Tempanos I and I I. On 
the north the out , r ridi:;e f orms Isla Leo nor and the ' c.. storly shoal 1-1hich confine r 
P.:is o QlK: sahuen. The: inner ridge , correlative with TGmp nos II f orms Punta Celti 
and arc s southwestward as a chain of islands which pre t ect the ancho-:--age we st­
southwest c.., f Qm .. s ahuen. Th e two m._') r ainL.s app1.;ar t o b" very close t • 10t hcr on 
thE-. s uth, and they f or n the p • ninsula which pr ojects southwc:rd t o Punt a Leo­
pardo, thence s outhea stward in J. chain Gi~ i s l .:.111'.is and shoals whi_ch s ·par ates 
Golfo Elcf:111t c s fr om Rc1da ( Bahia) San Raf qel. .• r e: cc..ss i orwl mor e.inc:: comparable 
in ex:prcssi .... n and position t c Ternpan s I I I pr •-; j octs a s a submarine ridge s outh­
wn.rd fr om Punta Hui dobr t Punta Garcia across the mouth f Gual a Bay. 

The ol d 1110r ainc ridge which f or ms Punta Erit r r.da at the: mouth f Bahia 
Explor ad r os i s simil::r i n aspect t the till c.nd m r a i n2 rid1~e ne ar Punta 
Que s a.hue n and Punt a L opar do. 

Sout h of Snn Raf ;:'-' l Gl aci1..;r, San Tad Go , r Son Qu.intin Gl .'.\c i er is the ma, or 
::iutlet fr c., m the North Pat e..:; nian Ice Fi ·l d . Like San Raf 2.0 1 , i t spreads as an 
expanded f oct ~lacie r t oday, but it s outw;.ish _ l:.:'. i n separates i -::. from tidewater. 
Mor a ine believed t o be ccrr --: l 2t i vc with th • Tenmanos I a nd II m raines is maprJed !I ·r . 1, 
by Brueeen ( 19SOo.: 239) w0st ~f Ri o San Taclc·o 2.nd Paso Exp8dicion. The pr oba-
ble corr t:) l a tivo of Tcmpanos I II lie s 0nly 1 t o 3 km west of the present !TJ,'.lrg in 
of San Quintin Glacier. 

OSCILLATIO NS OF RECENT CENTURIES 

East of the northt2.rn portion of La1:sun<1 San Raf ae l is n plain hor e r c:: f erred 
,6.. - - - 4- \.. .-. It l - L - I r.'\"'I - L - " / 'r.\ • l'"I ' - • • • • -..1 • t") • 
v V c.. O vUv llv\.,1:,:J.. l'J..cH,::;·· ,.r1.e; . OJ • .1t, l.S mare t.n.'.111 ) km'- in area, lie s w:Lthin 
D few roote:rs nbove sea l evel., and is distin8uished f r m its surroundinr; s by the 
absence of mature rain forest. On the north, it borde rs the proximal slcp .. of 
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th0 T..,mp.:1I10 s mor ain s with an abrupt vc -10tational d i sc ontinuity. Sc u .,h an' west c f "c.:i scade Cr c k" i s an i sland-like inclus i on of r ain f or t.st sever al hundr meter s i.n maxi1num d i ~ns i on. 

EvJdenc e of fire a nd of cutting by man can be r cco nized in place s v n tho fl ats, but this t ells only part cf the story. Edaphic and hist oric C'",11e.:Ltiuns account primarily f or the lack of rainfor est vegetation . J~ f or est tr i f.lline (Lawrenc e 1951) on the troueh walls east of t ~c flats with its bor der r oughly par allel t o the 6l acicr marGin (Fig. 9), confirms t he interpret at i on that de­glacia tion her e has been t oo r ecent f or f or est r ecovery. Throughout the flats, i nc ipient soil devel opment has progr essed nc f arther than shallow penetration by iron oxides and , perhaps , nitr ogen enr ichment . The :,hor cline abruptly trun­cates tho mor a ine ridges but col.luvial modification of the t opogr aphy has not yet bec ome significant. 

Much of the s outher n third of the pl ni n, includ inc the are .:i. en which t he hot el i s built, cons i sts t.: f parall2l 100r o. ine r irl r;e s and outwa.sh channels nrch­ing eener o.lly east- west. Dircctl;:; £t6ainst Uw m.:i.r cin of Sci.n Raf ael Glacier is tile bar n :n floodplain of "S<-0.n. RafJ. e l River" with br aided channels spreading over o.n c.r ea mor e thc::m J OO rn wi d • Confined nbainst the trough wall eas t of the Ln6una J. n::l scuth of the fl ar i nc; f oo t c;f the clacier is a much smalle r bel t oJ parallel mor aine ridge s corruspcndine t c t he a r ea n(.;ar t ho hot E: l . 

Recent :Mor aines 

No l es s thar. 8 minc,r oscill o.tions of the northwns t. nFIT in cf San I~nf r..,;\ l n1nQi@r ar c r c;, i<L:..; ~nt.ed cy m,.:; r a i ne r emnants near the hot el. All a r e minor mo­r a ines and r f!fl cct only very br ie f intervals of stillst2.nd or short r '[.. 1v2..nce durine gener o.l r e; t r eat. Er osional modific at i on and s ·) il devel opment ac~ n gl:i.-,i, t> j_bl l; , indicating all the mor a ine s t o be , f very r ecent f or mat i on. i".n2.lysis of diff r enc e s in staee of vegetative recovery and f r est cr owth i s trG~tcd i n de­tail el s c.whc.: r e (Lawre nce and Lawre nce 19~9). 
The oute rmost and ol dest of the r ecent moraines uc•..: urs irt a compe,un.J rid e , the 11 Ceretery11 mor aine , which trenjs northwest and pass s north of the h t el. In the vicinity of the small ceroo t e ry, f or which the mor aine is naired ( Fig . 8) , t e nuous evidence sugGests three-fol d oscillat i on r esponsibl e f or the mor aine r epresented by closely appr essed ridces superimposed on t he l ar cer trc~d . About 250 m eas t cf the hot el, the complex ridge i s tr2.nscctcd by a br oad 0utwash channel. We st of the channe l a two-fol d n2.ture of the riagc is s u gested . Her e the inner 1·idge becomes mor e shar pl y defined an is r f erred t o as the "Genera­t or" moraine . ,~ s erie; s c, f small, shallow ponds c,ccurs in the belt between tho two mor a ine s n rth of the hot el. The "Gcner c:-tor 11 and "Coroot e ry" IOOraines arc so intimately r el ated as t o su..,. r0st very little r.'58 differ ence , and the complex which they comprise is int r 1 r et ed as oor ki ng limits of r ec nt 1.:;,lacial advance . 

"W1:.. aklegs" mor nint3 i s th E: most continuous and shn.rply defined of the r ecent moraines (Fi~. l '.) ). It ext ends from the wc s tc::-ly t .ip of tht! flats near the ho­t e l t o within a ccupl e of hundr ed rooters · f the trough wall on the east, with a single: interruption, part of which was produced duri~ construction of the hot e l. The rid::;e is generally 3-5 m hi ~h and typically is no rooro th~ ho tc 6o m broad. Dur:L~g t ·he :b.t,;ar-;al ·when the ice ma.-,;-gin was at the 11We;1,klegs" ?OCl­raine, peripheral drainage probably flowed between ''Weakle~ir" and nccrootery" moraines, and bre ached 11Ceiootery" 100raine 250 m oast of the hotel. 
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Les s ccn t inuous and 1 -sc cl •urly def i n~ than 11Weakh:gs 11 mur aine are the raj.ne r emnants which r.ia rk r .__ cus s i onal posit i ons during an oscillatory with­dr awal of tP - glacier. Each of t he ridges so i dentified on Figure 9 is sepa­r at ed from the next older by an outwash channel. Dov2l opm2-nt of each outwash channe l must have postdat ed f ormation of the mor aines to the north, but several of the channels mny have be en in use at any one time . Several of the channels cun.t a in sh J.llow, swampy, el c ncat c lakes. 

Modern Outwash Pla in 

Sa.n RD.fac l Glacier is cordered near it-~ t erminus on the; north by a s hort, t c rrcntial, peripheral stream. This stream Cf' ') :1.atcs frcm bene ath the: i ca ··bc)Ut 500 m east of "Ver onica Creek." For several hundred JTB t ors it flows with ex ­t ::'0rne t ur bule nce in n narrowly confined channel ., r ock-wc.lled on the ncrth 2r:d i ce -wal l ed on the south. Eve n during the brief inte~val of observati n, ccn­side r abl G f l uctuaticn in l evel was not ed. The he i f ht t o which vegct at i cn wa s t orn and dam2Ged ind ica t ed a minimum r anee of about 3. S m within the f ew months o: the s~r season. In part, this range may have r esulted from t emp0rary blocking of t he channe l by ca lved ber gs; or i t may have been ca used by an carli­,?- r mor e ad vanc ed position of t he ico margin which crowded streamflow ac;ainst ths r ock wall uf tho channel. 

Whur e the stream is n,. l onger confined be tween glacier and r ock, i t spre ads in nume r ous br ai ded cha nnel s acr oss a pl a i n of i t s own construction. :.e, tho head of t his pl ain a half d zun c•r so smJ.11 ber gs a.r e corrunonly str2.nded cm ';ravel bars or in shallowing channe l s . C mparison of panor 2.mic views of the outwash plain phot ogrc!phed at int rv2.J.s c., f a ~,eek t o t en da3rs shows bars a nd channels t o be in a stci.te of continuc1l chan-;e , al t hou ;h per s i s t e nce of the ,:encr 2.l pattern was noted f or the limited p ,riod 1)ot wocn first and l o.st obser vat i c,ns . 
The out wash pl ain is bui l ~inc up r api dl y e nough t o spr ead a blanket Gi s 2.nd ov E:: r a r e2.s of sta:,l o scrub v cct at i on. L rnual g r ['.SS GS we r e in tho proce s s of be ine: killed off by swampi 11G i n place s adjacent t o t he outwas h plain. 1.n aut­wa sh ch.::nncl not r er.c i ving fl ow fr or.i the outw2.sh pl ain at the time of observa­t i on contai ned at its mar ~in, pl.:mts with s ilt-coat ed l eaves, indicatinG spor a ­dic verflow int c t he ch2nn0l. Figure 11 is a panor amic view at the cdQc of the outwash plain about 7S m north of the confluence of "Ver onica Creek" and 11S2.n Ro.fa6l Cr oek. 11 Porne:ttya at the waters edge is not a p i ne er, but r at her a sur­vivor of the: pr e s e nt burial. The s and along t he ch~nncl ~nnk could be easily rn• dc t flow und r roc.chc!nical disturbance, r efl ectinr; l oc se packing r e sult ing: from dumpin13 . So.nd in the f or e0round has been doposit.0d durifle sporadic f l 0od stagG within r ece nt months. 

Comparison of phot o r aphs t aken 26 years apart shows the rate at which the utwash " l ain ha s j ov0l op0d and l.)Ui1t f orward into L::i.suna San Ro.fael. In 1933, as shown by the phot o taken by ilucusto Grosse ( Fie . 12), a shallow arm of La~una San Rafael extencl.ed fnr enou~h thnt a boat could be worked t o the eastern end of the 11 Islan.::l" rnorain0 r omn.:ints with little difficulty. Today the swift, shal­l ow channels make this uifficult and impr~ctical. In 1959 no trace r emains of a gravel ridge whJ.ch in 1933 prc j ected r adially f or al: ut Som. In 1933 a small channel carried a portion (' f the mGltwatcr nor -t;.h c, f the 11 !~1:.:.d" 11i0:r-a.i..f11;;. In 1959 this channe l is expanded, the next channel t o the north has come into use, and the flood plain continues to spread northward . 
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Str .,t ·· .;r aphic E i en u 

Exposure s c,f till conta i ni f\, large 10,~s f c.."'vihue (Noth fa.~us) an ov -.r­lying or gn.nic material ccur b th near the north and s outh flanks of San Rafael G~ Jcier. Since nc tree s cf the siz e f the se trunks c r ow within 150 m above the pr e sent 1:; l acier mnr ~in on the valley wall, it f ollows that they must be r emnants of o. f or est devel oped prior t o the advances of r ecent ccntur i i.c s . HC­cc rdine ly, they pin down the time at which post-Wisconsin glacier gr owth l ast br e, ught the t c.ff1ninus cf San Rafn2l Glacier beyond its pr e sent position, 

South of thG ice mare in, s e veral inter e sting and s ..i.gnificant exposur es of t hi s n&:.are occur in shor e bluffs. J .. l onc the beach for s everal hunclr ocl mete r s from the ice margin, till is exposed in shor e bluffs 2 t o 10 m hi.gh. The t i ll is very s a ndy with nume r ous boulders of granodiorite and angular blocks cf r 8d , purple , and er Gon andesite . Wood fragments occur in t ho t ill in sovor J l pl aces. ii.t a point about 200 m fr m the [.; lacier sever 2.l larcc t rw·1ks arc expo ed in t he till in such f ashion as t o l e21ve little doubt that the l o;:; s are essentially c,f l ocal ori5in, involving d:wel opment cS mature f or e st pr ior t o !'ecent Glacial a1.lvanc e . 

Fi -:ure 13 sh0ws a r o • t in gr owinf; pos iti on wedced int o bedr ock whe r e it was truncated by ovcrrid i r1 i; i c e: . This r el .:i. tionshi p confirms that t he large trunks wer e derived es se nt i ally fr om this l oc2.tion~ J.~ similarly occurring r oot collected nec:i.r Gr t he; pr esent ice bor der has been submitted f or radi ocarbon datinG ( F-59- 2) and m.o.y be OX1)E:; Ctod t c r, i vc 2. c~~::se imrredi a t ol y pr eceding the first cf the r o~ent oscilL: t i ons beyond the pr'-'s'-'nt terminal pc s ition of the glacier. 

Ne.::tr t he l oco.t ion of thu 11r ovi ous µh ct o,_:raph a 35-cm c:oihue l og was expos­ed al ong the trace of a partin:; mc'lJ'ked by a s li;;ht ccncontrati on of boulders and cc:i~l c s bctwoc n rr.o r e; mt:ssive , and 1 ·s s s tony, t ill l ayer s . No weathering pr ofile has dovel cped in the underlying strat.:1, hough surficia l staininc by iron cxi des charactcrizc; s the stony layers. The l oe must prodate an advance beyond this posit i on within r ece nt ce nturies. The l oe· wa s sectioned and a sam­? l e ha s boe: n submitted f or rac i ucarbo n datine (F-59-1). The tree at -icath was 105 years ol d (Done.l d Lawrence , perscnc1l comrnunicat i on) . illthough a c ntury-ol d ooihuG should nor mally be vieor c us, this trunk haf1 rlevol oped no.rrcw, ccmpact cn -annual rin1s durinf its final 25 yccirs or s o of l ife , st1,;gcstin13 per ha'_ s ";;he m0r e: riGor ous e: nvir ,runental conditi i..l ns associated with t) .ncitl c~dvn.nce . 

l.bcut JO m fr m t he ice bord er a pocket uf inter bod cd peat and s ·ind i s exposed . The L1yers arc ·J isturbod on ugh thn.t systemti.c sarnpli~ of ,,. ~:Jc­ticn did not seem warranted , but th<.: evi de nce was su36cstiv0: of a l one inter val of f or e s t :lcvel opmtmt. Podocarpu.s a s well as Uothofagus trunks wer e i dentified in the se exp0sur ·s . 

J.n exposure in the; bank of thG pcr iph ·ral strca."Tl north c.,f the: clacier ~·­~in, about 90 m w0st of the puint wher 8 t he. stream emanates f!' om bc nuath the glacier, was laid Qar e duri~ , r ecent hi . h water (FiG• 14). As soGn from up­stream, tho exposure r ,voo,l s : 

Coarse , bouldcry till; unwcather od . 0 t o 250 cm 
Poat P.11d inter berlded fine t o me .ti.um 

sanr~ with abundant or ganic m..":\.t erial. 250 t o 300 cm. 
Sn..r.d conta:i.ni w,~ angular r ock 

~·rn YlllCnts and oreanic matcria.l. 300 t o 400 cm 



The or c anic l ay r s ars.... s .: ,,..:wha t irr2c ul.:ir :11ld def r l'll0 , pr obably r eflect­
i ne b th conditions c f initi.1.1 -1.::position and subsoquont disturbanc durin.g 
elacia tic, n. Contain0 in tht:: or g z:nic unit arc l oas o,f Nothofe.gus as much as 
60 cm in di alThJter. Th(.; or c,anic unit was s ampl ed in mor e detail f or pell en and 
r -::i..di ccarbon o.nalyses at a p int downstream nGar tho l eft mDrgin Qf Fir; . lu 
wher e i t consists of: 

Peat , compact, con;iressod, layer ed; 
inc.ludes moss and twic material; 
alsc o. log flattened t o 25 x 65 cm. 

Sand and peat interstratificd. 

Peat, compact, silty, finely 
laminat ed in part. Contains excel­
l ent l eaf prints, including Notho­
fagus. Sample submit t ed f or r adi o­
carbon d~ti ng (F-95-5). 

Laminnt od or ganic silt, clny nnd fine 
sand . 

Pea t, s ilty, compact. 

Or Ganic sand . 

Gr 2.v0l. 

&J t o 

85 t o 

85 c m 

95 cm 

95 t o 110 cm 

110 t o 11) cm 

115 t o 117 .S cm 

117.5 t o 122.5 cm 

11.s i n exposur,.., s on the s outh s i de of the -~l aci er, this or e;anic site; c e,nt~ins 
dopos i t s of ela stic Q.I1d or c2,nic mntorial which accumulat ed in a for est pond 
bef or e the u2.rli1c; st :d va.nco -f r ec ent conturi s beyond the pr e sent t erminus. 
I t is hope 1 th2.t t he 62 -cm s ectic.,n may provide t hrough pollen study some r;;vi­
J e nco of the na ture c., f th o e nvironment which chc.rncterizod the interval of 
milder cliinat c s prior t c t he r E:cent adv2.nce . 

Hi storic Evide nce of Recent Fluctuati c, ns 

·· c ccnt fluc tuat i ons uf the t e.nninus f s,~n R2.facl Glacier indi cnte:d Ly 
?rt:vic., usly c\ iscusscc; topocr aphic and stratigr aphic E:v i donce may have occu r ed 
within the past 1:l,J-0 centuries. Reports of early expl or ers have been j_nt.::·r pr ot ed 
as indicating that nt the time of the first explor ations /. the termim.s cf Sen 
Rafael Glacier stcod e as t of the shor e of the La6una U_:.rliggen 1935, 19~l:a; 

• Keller 1949; St effen 1948). If this cc:nclusion is justified, S&.n Rar'acl Glacier 
aclvanc~d into tho L-'.lgu.ria nbout 1750 and r oached a. li1axirnum extent of 8 km in the 
Laguna about 1870. 

Bartol om8 Die z Gallardo1in 1674 6~v~ tho first acco\u1t of th ~ Laguna San 
Rafae l without mention of th:J San Raf ael Gl acier. 2 In 1675 I.ntonio de VGa 

1 

2 

The j ournals of GD.llnrdo and d V1.;a ha%: boon published in Anuario Hydro-
erafico ~ £ MarinQ. de Chile with nct os l:iy F. Vidal Gormaz in 1886. 
Tro..nslations of n number of historic c:.ccount s of early Spanish ex-plorntion 
by E. G. Lawrence nr \9 l)or e eratefully ackn wledged. 
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~ncnmpt: in t s vici .1i t y L 1· L :. ;un3 San ; . f,,,.._1 G.nd wr tu of a !~l acier "which ex­
t c::nds from the bench t o t h : "'.nd inshcr e. n N mt:ntion i s mad f i ceber gs , 
which nr c particularly not ewor thy t oday. It i s wuortunate t hat de Vea was not 
mor e speci fic in stct inr; whet .he r t he ,., l acie r extended beyond the s.hor • 2l sc­
wher c he mentioned thQt San Raf~el Gl acier was visibl e fr om a consider abl e dis­
t ance nc•r t h bef or e r eachine La[.;Una San Raf ael. To be visible fr om north of tho 
"false i st hmus" t he gl acier would have t o wxtend beyond the zoountain fr ont and , 
ther ef or e, r eached tidewater. Steffen (Bruggen 19~0 a: 240) SUGgest s that San 
Quintin r at he r than San Rafael Glacier may have been seen. De Vea menticns 
only the one ~l acier, wher eas, if San Rafael Glacier wer e visibl e fr om the 
north, its larger nE: i [;hbor t o the south should als o bE-! seen, as -J.s t he case 
today. 

11 
John Byron also l'T)2ntions no icebergs in the Laguna during a voy2.~ '3 i n 17 42 

( Bruggen 193.~. Byron was a seaman of 17 years of nee durine; the voya,-;-,, and he 
wrot e his account f or publication only many years l at er. He di d net in t his 
j ournal make extensive not e of physiogr o.phic observaions . Icebergs t oday are 
noteworthy phenom0na in the Lacuna, yet in poor visibility and under suitabl e 
conditions of wind nnd current, they might be much l ess conspicuous. Accor d­
il113ly t he t estimony of Byron affords sugeestive but inconclus i ve evidence , lik J 
thos e of de Veo. o.nd Gallardo, that prior t o 1750 San Raf ael Glac i er did not 
r oach t idewat er. 

If indeed S2 n Rafael Gl aci er di not r o~ch t i dewater prior t o 1750, i t be­
comes pertirn:, nt t o conside r wher e t he shc,r o cf Laguna San R..-1f ael would be under 
conditions of r educed t:;l o.ciat i on. Compl et e J i so.ppearance of San Rafael Glacier 
micht be expected t c l eave nn arm of the La.,:una penetratint., eastward into the 
roo untnins, in the manner of Gun.la Bay. 

For a. crude appr oximnt i c n of thu l ene;t h of such 3J1 ar m, we may assuroo uni­
f orm thic lmc::,s in t he l ast s,,vcr al ki1omct e:r s of San Rafael Gl acier. .i~bl ation 
~t the t cr rr~nus and t he flarinc f or m of t !1e ~l nci er f oot ma.ke the assumption of 
uniform th ickness ver y conservative. 1.t its sea-cliff San Rafael Gl acier is 
some 200 m thick, assuming an exposed i ce f ace of about 50 m with t he base of 
the glacier a~r ound in about 150 m of wat er. The underlying surface may well 
be bel ow sea l evel ,"':1stward up- e;l acicr, 2.t l east to the 200 m contou!' line 
across t he clacier surface. It may be deduced, t her ef ore , that the r et r eat of 
several kilometers fr om the pr esent t erminus would be necessary to pr event San 
Rafael Glacier from r eaching the sea . Therof or e , we must assUITl; that not only 
was t he precedin.8 warm interval of considerable durat i on as evidenced by the 
buried f or est r emnants, but also, the ice advanced a considerable di stance from 
a position significantly withdra-wn fr om the present t er minus. San Rafael Glacie1 
of postel acial. times must have dwindled to a fraction of the size it has achiev­
ed duriJlG the r ecent lTl.'.:lXinrum. 

Father Jose Garcia i1.lsue1in 1776 depicted 
the Laguna San Rafael and the Istmo de Ofqui. 
iceberes floatinc in the Las_;una and in tho Ri o 

the route of his travel across 
He specifically r ecords large 
Tell\)anos, identifying them as 
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1• rive: frc m S.::m Ii <2f c.:..: l G1nci r. He speaks vf the l ·1c i'-r a s t ouchin(, the ede;e 
c,f t he wat er, from which it may be inferred that the gl 2cier advancE was ~hen 
underway. 

In 1871 Co!Tlilk":nder Enrique Simp~on ( 1875'), in t he course of tho fj : ,st bathy­
mc tric investigations i n the Lc1.,; una , s ketche:d the t er rni:ms -f San Raf e l Gl acier, 
s howing it as a fl aring t ongue exter:ding mor e than halfway across the LaGuna, 
about 8 km fr om the cast shore . Sul scquent bathymetry i,n 1905' under the dire; c­
t i on o f Commander Guilormo Gcrcia HuiJobr o showed .toughly compara

1
ple extent with 

the Glacier· tE.: rminus slightly withdrawn. Subsequent r ecession was rapid. 
Re ichert in 1920 sketched a very S!Tk".11 scale map which showed the terminus 
about midwo.y betwfde n its pcsition of 190,~ and that of the present (Br{iggen 1950a: 
2L1). In the past 25 ye ars the recession has slowed. Oscillations have been 
minor and the position of the outermost portion of the sea-cliff has remained 
r elatively stabl e in t l:.G lir uct line cf s i r;ht al one the riett pillar at th~ 
entry t o the hotl: l (Au0usto Gr osse, p E) rsonal c ommunication). 

The obs e rvations r ef erred t o above sue r:;e;st strongly th .t Sa n Rafael Glacier 
c mme nced its moder n fl uctue.::, i r'' ns fronn a nn1 ch shrunken condit i on about 175'0. 
During the 120 years f ollowi : : , the e;lac i Gr t e rminus advanced at l east 8 km, 
avor ,:-:.g in,, mor e them 6~ m/year . Since 1870 r ecess i on of the icecliff has been 
r apid , with rr,c,st c,f t m moveme nt takinr, place within the first half of the 
pr ese nt century. Th , r 0ce ssir n has bee n et an .'.:.V.Jrage rn.te of 140 m/year and 
must have e xceeded 2~0 m/ycar d uring portions of this interval. 

S1 .. N HJ.F;.EL GIL CIEh IN 19~9 

1'- o othe r e l ac-.i er in th e: world r eaches tidewat er 2 s near to the equ2,t or as 
does San Rafae l. It is s evero.l deerees farther fr om t he pol e thnn .:1.r e t he most 
south(: rly 1:; l aciers in Norwo.y .J.nd Alnska. For this fact as much as fr ccl orful 
accounts of its beauty, San Rafael is widely conside r ed one cf the ,1:-,tur nl won­
ders of Chile. Whe n Simpson ( 1875) first visited the Laguna in 1371. , hr.; thought 
himself the first Eur peen t o s ee it, so obscure were r ecords of the f:'..rs t Span­
i sh explor urs. Today, most Chileans know of the glacier, but very f w have seen 
it. 

Source 

In one s onse , the ul t :iJr~te scurcu uf San Rafael Glacier is near the crest 
of Curro San Val entin (Fir . t:), s ome 40 km east-northeast of the Laguna . San 
Rafael Glacier served as the approach r out6 f ·r tho Argentine clj_mbing team 
which in 1952 made. the first a scent of this m untain, the highest peak in the 
Andes of southern Chile ( Club ltrn..linu de Burilcche 1954). Sever al laree glacier 
t ongues orie inate on San Vale ntin and diveq;e f r om it like spokes from a hub t o 
t.he west, north, and cast . Southward, ice-flow merges into the North Pata~onian 
Ice , Field, El Hielo Pc:tagonico , rte of Llibuutry (1956). 

The North Patagonian Ice Field is an ice plateau, interrupted by nunntaks 
and the central ridce of the Ande s (Reichert 1917). It extends soroo 40 km 
ea~t-west und BO km north-south and conceals ridf:es and troue;hs in a medial 

, d~-pre ~aic;ip. b':3-t~iae~=the ce!!t.:-:tl ridg.,; cf tuu ;.rid~s &.rid. -u -1e lower oountains westward toward tho fiorded constline (Bruggen 1950b). The ice plateau lies 
entirely above the firnline arrl, therefore, comprise s an expanded accumulation 



zcn • which f o ._'( s e nui, LL. r f l nr ;0 ' i str i buto.ry J l aciers. SM RD.fael is the northe rnmost amonG the Lutl ot glacie r s flowin ~ westward fr 0m this ice fiel d. f'.. s such, it rooasures appr oximately 20 km west ward from ice fiel d t o the sea­cliff, an :in t ensively crevassed ice t oneuo without importa nt t ributaries. 
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Because the r apid r ece s s i on of the bulbous f oot of San Raf ae l Glacier dur­ine ·e, hc past half-century has been docwnented , t he pr esent expedition was sur-­prised t o r ecc,gnize c3. sharp advance of the ice margin a t t he beginning of 19S9. 

Evi dunco of this sharp advance is particularly s triking along t he n rth mars in uf t he GL::cicr a l ong a distance of several kilometers up-valle:r from t he point wher e "San Rafael River 11 flows from be neat h the glacier ( Fi,~ ~ 15 ). Her e the ice-margin rise s as a steeply convex wall f rc nting abruptly on scrub :3r owth which includes ooihue (Nothofasus) trees: 1~ t o 20 years ol d . Cl early, t he i ce is now mor e extensive than at aey time in the pas t thre dc·c c1 rl e~ . Eas tw2rd tho contact is abrupt, but we stward t owar d "San Rafael Idvor '! the ice mar ~in is r immed by fre sh moraine rubbl e L~ a strip 2 t o 15 m wi uc (FiG• 16) . The young f or est c;r owth is scraped out or overthr own o.lonG the mc r ai no rim. Tr e es with leave s still Gr een ar e overturned a rrl occur side - by--sid w,;.th mas-s ive coi hue t runks , 6o em in di amet er, disinterred from deposits of r)r evious advance of ice . In Figure 16 one such disinterred loe is t o be seen in the upper l eft corner "' l ong with rri0r a i ne rubbl e anu upr ooted vegetati on. The stake bene2th t he ~l acier sol e i n the f or eer ound hns ·8 1 n shoved over on stones which suppor t ed i t a wo.ek ear l i er when i t wa s cmpl ~ced E:xactly at tho ice r.nr r:; in. The oscillo.t ory nature cf t he bal ance between m1..,ltin ..., and ice inc vement is il­lustrat ed by t he ~ -cm hie;h ridge on t he cob .il c .:..ivemcnt overridden in pr evious wock6. r1ov0Jr{jnt of t he ice at t hi s l a t cr 2.l pcs i ticn D3 ar t ho l ower end of t he t r ouGh is pr imarily r a 1. i n.l , r ather th:.rn l cng i tul~ inc?l down-vLll ~Y . 

At tho nor t hern -nd _, f its flarinG t er minus , San Rafa ' l Gl'1ci er fronts on the out wa sh f an of "Sa n ·1af nc l River. 11 H r e the mar ginal s l ope is 
0 entle , in contrast both t o t he s ea-cliff whor e iccccr c calving maintains a sheer wall and t c up-v~ley wher e the 0 l acior i s constrai nc by valley wo.ll s. Even a~ainst the outwnsh pl ain acth ,2 gl acial flow was evj_dvnt. Clearly the thin marg inal ice was bc inu i mpel l ed by ac t i ve ice behind. In a gl acier spur whi.:h pr o j ected several t e ns of meter s intc, tho cutwas h, a ser i e s of .r l a nes could be observed in section wher e ice shc<1red up and out, over the sl w\;; r-moving ice l·enenth. The bas al ice bl ock though n ll"lJ r c tha n 5 m thi ck was itself being moved under t he effect of the shenr. Its sol e moved out ward and upward, pr oducin?, a con­c ave , risinG e:;r o.vc l surface border ed by a l ow gravel rid[;e , 50 cm high. The i ce sol e pr oj ected over this l ow ride e , thinning into a l ens expo~ed t o rc..pid nbl nt i on. This exposed l e ns malted back 8-10 cm in place s within a f ew hours under the afternoon sun, the n mainta ined its position c vcrnight. Nearby · n dge cf t he l ens , sub j ected t o les s r n.pi c.1 ablation, s:1 wed that actuall y t ha s ol e of t his bl ock had ruvcd f orward at l east 16 t o 18 cm in the s aIT11,; 24-hour pericd . In gener o.l, nc rim c f nblation debris nt the r:1ar ~in of the ice on the outwash plain wns pr e sent, sue;eestinr; t hat her e as well as up-vaJ l 0y t he ice was at a position sli.r.shtly more extended th.o.n at any tire in r t:: cent years. 
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It is not certain whC:t hcr t he s ea-face of the glacier tls r eflected the 
shar p though minor acvance 2.t t he beginning of 1.959. Sever e l 0sses by calving 
make the position of t he sea cliff erratic. F' r several days at the beginning 
of Febr uar y, a limited portion of t he ice-front near the westorruoost proj ection 
of the gl acier extended an estimated 75 t o 100 m. Thi.s t emporary expansion was 
accompanied by thinnine of the pr oj ecting portion of tm ice t ongue. Within a 
f ew days adj ustroont by calving returned the sea cliff essentially t o its posi­
t i on of t he pr evious month. 

The sharp advance at the beeinning cf 1959 was undoubtedly of small con­
sequence in t he history of r ecent fluctuations. No adequate control oxists f or 
rooast.i.:retrent 0f t he t0tnl shift of the ice margin during late 19.58 and oarly 
1959. Nevert heless., data from ice caves on the north flank of the; 3l oc i 1.Jr 
show clearly that advance within the previous two months excGoded 20 m. 

Ice Cave Observations 

Two ice caves l ocat ed several hundr ed met ers east of the point 0f outf low 
cf "San Rafa Gl Rivcrri from beneath the clacicr wer e the object of p-7.rticular 
s tudy. The caves o.r e in a l ateral posi t i on where t hG ice t on;3ue prs sses acainst 
t he valley side so that ice fl ow and ·l aci er expansion can be expected t o be 
l ess than i n t he unconfined t erminal por t i on of t he ~lacier. Flow direction of 
the portion cf t he el acier near the ice caves i s northwestwar d t oward the valley 
wall. Bot h caves pr obabl y ewe their exist ence t o t h12 bridging effect in the 
l ee of l ow r oches mcut on<xs . The cr eat or hei ~ht of the up-stream cave r esults 
appar ently fr om enlar ..-• mont by m2lting at t hL.: base of a partly annealed cre­
vas se . 

Veget ati on similar t c t hnt beyond the i ce margin per si sted in both caves. 
h.mong t h G surviving pl o.nts wer e Nothof a~us ni tida, Gunhe.i ti chilensis, G. 
rnagclln.nica, Hebe J Fernet t y;-., nnd Blechnwn. The largest l) f t he Nothofagus 
t r ees was a· uut 10 cm in d i 2.:r.et e r at a h i ;:,ht of 35 cm above t he ground. It 
had been bE: nt over, but n t r cken, by t he ice advance . The large-leaved 
Gunner a chilensis showed l ess t ol er ance f or t he n-w onvirorunent of cold and 
decrcn.s d li:-;ht. Small, new l eaf-buds in t he pr ocess of opening were yellowed 
and limp; ol der l cnves wer e s darnaeed t hat it di d not appear the pl ants coulct 
l onG survive . The et he r plants nppeared t ol er ant en ugh t o the new conditions 
t o survivo at 1 ast throui:;h the present season, although budding .::i.rrl cr owth wer e 
sever ely inhibi t ~d. Hebe nnd Pcrnettya, both w~ll behind their nor mal season, 
had flower buds incempl et ely opened, so~ of which wor e br own, wizened, .:...n.: :.ITL­

mat ure . The pl 2.nts ment i oned n'.Jove existed on the si11llow soil i.n r ock cr.:i.cks 
t o the inner end nf the ice cave , about 25 rn from t he ice margin. B.:i.sed on 
oxa:r:-,inctiun of the veeetati on it seemed clear that tho ice advn.nce at this 
point had been a minimum of 25 m laterally within tho pr evious two m0nt hs . 

Tho sol e of th (:;l ncior., f orming the coiling of the ice caves, was sur­
prisinely clean (Fig. 17). Indeed, obs rvations of the ovcrridinc sol e at the 
ice mar[sin., gener ally, showed it t o be r elatively clean (Fig. 16) in contrast 
t o the rubbl e-choked bottoms of some E~l acicrs. Parts of the sol e were es­
sentially free of debris, wher eas other parts wer e flecked with Im.ld concen­
trated _j.n S QJOO cases alon1;. l ow points in the coilinil. . Neither cobbl0s nor 
pebbles wer e observed imbeddcd in tho s ol o. Tho l ack of basal dobris is in 
keeping with the thermodynamic character f Snn Rafael as a t emperate glacier. 
The lack or a r eservoir of cold in :::xcess of t hat necessary t o keep water frozen 
,• •--~ . 

11 
' I 
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is evident in the deJ_ic a t e t emper a ture balance nnd rr.akt) s basal me l t i r"l : ;· ossi bl o . 
This minimizes entrainment cf material into the sol e in mar ;; inal ar .,:•s cf t he 
glacier. 

Minor differ ences in tht3 charactc: r of t m ice at increas ing distance from 
the cavo entrance r eflect decreasing ~asa l abl ati on r at es at t he air-ice inter­
fac e . Outside the cave whor e the ice und :r d)e s s eve r e ablation l osses, it is 
3ranular nnd e2.sily chi pped . Expansion of voi ds by rrolting and devel opment of 
pits ar ow1d bits of debris (kryokonitlgcher) give the ice almost a sponcc -like 
appearance . On exp· sed vertical and overhangi ng f aces as at the cave entrance s, 
ice cups ar 6 well devel oped . At a d i s t w ce or' 5 to 10 m within t he cave , ice 
exposed f or 24 hours or s o is white from meltinf; along inter gr anular surfaces, 
whereas fre shly-exposed ice is clear and firm. Mor e than 10 m within the cavG 
slow ablation brings intercrystalline fac e s r: nd parallel s t riation due t o cry­
ctal structure into r elief. 

T~e ceilings of bot h ic o caves ar e finely flut ed with l one , parallol 
gr ooves and ridces (Fig. 17). The downward pr oj ectinc ridges are t ypic n.lly 
dark with flecks of mud , wh" r eas t he ,;r oov ,3s are clean. The transver se pr ofil e 
of the gr ooving f a ithfully r epr e sents the f orm of the underlying r ock surface , 
indicating flutinf? t o be a t ype cf extrusior, f eat ure . In the more west erly of 
tho two c .:.ives, continuity of tho fluting is only interrupt ed t oward t:ic ,:r,­
trance by abl at i on-pr oduc ed ice cups. 

In th seccnd cave , s oine of tho mor e pr onounced rid-es are segm 11 ted , 
br eaking o.way in dcMnward curvin3 Loneues. Locps of twine knotted tight l ~ 
ar ound several of tho t oncucs wer e observed 7 days late r (?ig. 17). Th~ s l ck 
in the l oops indicat e s the · ve ry modest thinnin[; of the t o~ues which ,~r. curr ed 
in a week. Durint5 the s aroo interval the t ongue had movc.:, d parallel t o he flut­
ing appr oximately 150 cm. It had simult2.ncously bent duwn with tichtu: curva­
ture , r, raclually pulline nway at the fixod c.md under the f orce c, f its vwn .,rn i Ght. 

1or a in Dcposi tion 

.i3y pr evc ntinG t C; rmi na l s t aEnat i on, c o. l v i n mini mizes conc ent r ation of deb­
ris by ablation nc 2.r the scn ,-faco of San Ra.f clel Gl ~ci e1·. For t his r eas on, the 
exte ns ive trianciul2.r 2.r e2. of super el acial ebris on the north side of the l ower 
portion of San rtafnel Glacier is particularly ccnspicuous. J~ir photographs 
taken about 10 years a i:,. s how a medial mor eine in this pos ition .J S a r elatively 
inc onspicuous though cc-ntinuous strea k of d irty ice derived appar e ntly from with­
in the North Patagonian Icefiel d at the heao of San Hafael Gl acier. TodaJ1 the 
triancular ar ea is black and shc..r ply d iffer ent i at ed fr om the inc onspicuous up­
glacier trace of the medial me r ine . No such contrast is appar ent on the air 
photorrraphs. Views of the gl ac i e r t erminus t aken in 1940 by Augusto Grosse 
simil":lrly show no particularly heav i ly coated er black pC"rtions of tre terminus. 
Clearly the debris euver is prese ntly heavier and mor e extensive than has been 
tYPical during the r ece nt history of the Gl acier. 

The trianGular f orm of t m super e lacinl debris concentrated by a ol ation at 
the downslacic r end of the re,lial moraine appears t o r esult from two pr oce snes. 
1.ne one is ciiver s inc; flow oi the glacier where it flar -s at the JOOuth of its 
trough; the other proc e ss r esults similarly in the lat0ra1 spread of m,.::i.t crial 
downslope on the surfacG of a thinnint:; rrlacier mnr~in. A steep slope on the 
e:lacier in the area of .'.lblation debris was observed. The slope was pockGd 
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"' n i t t ed un ,e r n san a nc! s ilt l ayer. • t hin cov r of mine r al mat eri.:i.l " C­

cc l cratcc: mel t ing ::iy abs r c iri,; ins ol at i on. .i.t the t op and bottom or t h s l ope:, 1 

debris was coarser an::i thicker; in many e..reas the ebris was thick nou 'fl t o 
pr ov i de a degr ee of insulation. J.s a result, the st i;:; '-'? face underwent bacl:­
w.astinc , t her eby maintaining its slope . Material at t he top thus spc r ~clicully 
dropped free t o the bas e of the slope . i . SITlllll pr opor t i on c f this r.;-::, • emEmt rrk'.l.y 

hav e been r and om, but under control of the mnrGinal s l ope of the gl ac i 0r, it 
b came a d i stinct migr ation t oward the ic8 marg in. 

Tho in~ffect iv0ness of bull-dozing t o t hrow up push mor ai nes mor e than a· 
f ew met ~rs hi 6h has been r e c gnized elsewher e . Presumably a ther modynamically 
t emper ~t8 gl acier such ~s San Rafael is l ess compet ent than a pol ar glacier in 
t his r espect. The i ce mar gin may be effect ive in shovin13 over sm.:ill trees. 
However , t he ens e with which t he s ol e ride s up cvc; r 1 w obstruct i ons, and the 
d c; r ee t o which flut inr: conf orms t o det a il of t he underlying surface indicate s 
the ice: edG(:J i s mor .:. npt to nd opt t o , than t o oppose , any significant force r e­
s i stine it . Who1 e th..": surface of San Raf .::t<-:l GJ.aci e r was fr-cc of debris, no 
not o.bl o marcinal mo r ai ne s we r e be ing pr oduc2cL 

Mt,vcme nt of mater i a l t owar:.i the s urfnct_; i...r1 t he wastin[ t e r minal zone of a 
s;l o.c i er has bf; cn att:r .i' it. ad t ~, tra nsf 1.:.r :1l onr, shear planes. This was not ob­
served t o be .::m impor t nt rr.c c,1Gnism in th<-) case of San Rafael Glacier. J.-.J t houch 
dirty shear pl3.11C: S e:xis t, t h.:... r c is no oviclence of movement of very coarse rub­
bl e a l on . th0m. The: r el.:J.tivol y c l e2.n charact er cf t he sol e , wher e observed 
overridin~ mar ginal dcpcsits and in ice caves , su:~ccs ts t hat perhaps t his pro­
ce ss t oo i s l os s effccr,ive in t hormodynamiccl.ly t emper at e than in col d c;lacicrs. 

In vi w of t ho ineffectivene s s of bulldozing, 2.nd t he lack of debris in 
the 1.., l aciGr sol e a t tho w2..stin1:; ma.r e in, it i s inforrc:d t hat s o~ ot hs r pr oce ss 
mus t be orninant in mor a ine devel opimnt. Below the d ris - covcr ed p rtions of 
t he ice mar gin, the sp8radic rattle and clatter of stones indicat ed the m2nnor 
in which foposition was t akinr; place . In s m.e.11 areas, the l a t eral mor aine r e ­
sembl ed t ho spoil pile of a gr anite quarryinG oper ati on, f or only t he l ar ger 
bc ulde r s we-r e f allinr; clear to the bottom of the slope., Mor a ine depositi on 
mar~incll. t o San Ra_f ael Glacior i s l ~.r;1ely by mass was t ing under tho co nt r ol 
of c r avit y and n. l ation, an ext ension c,f the pr ocess cited above as r e sponsibl e 
f or br oadanin.g 0f the med i al m:.i r a ine . 



CONCLUSIONS 

1. Sarly glaciation in southern Chile ext ended westward beyond t he Laguna 
San Rafael, probably entirely covering the Peninsula de Ta i tao . 

2. Three moraines, here called the Tempanos mor aines, mark t he limits of 
glacier fluct-..iations similar in aspect to late Wisconsin moraini:,s of 
Alaskan rooun.tain glaciers. 

J. Subsequent to Tempanos glaciation the ice border withdrew east of the 
present ice cliff. 

4. In r ecent ce nturies, San Rafael Glacier expanded to a maximum extending 
7 km west of t he l--:esent terminus, 

~. During the past ) 0 years, San Rafael Glacier has been in a stat e of 
fluctuating recession marked by minor moraine ridges and outwash channe~s 
on the lowlands north and ~outh of the glacier terminus. 

6. The oscillatory condition of the glacier terminus was marked by PL Sl71c.'1ll 
but sharp advance of at least 2~ m early in 19~' . 

7. Preliminary impressions, subject to confirmation ;. ,y radiocarbon and pollen 
analysee in progress, are that app<1..rent similarities exist between the 
chronology of San Rafael Glacier and t he chronologies of glaciers in 
southeaster n Al:iska. 

Zl 
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developed on beid1ng of pebbly lacustrioe silt. 
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Fig. 12. Term1nu~ Q San Raf el G 
Flats fro~ the east show1n~ o Lwash fan in 9 
A. GC'osse 
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Fig. 14. Recent boulde ·~ till overlying peat near 
point of outflow of "San Rafael Rlver" from beneath the north 
f l ank of San Rafael Glacier. 
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