
7. On Quaternary deposits and changes oi level in 

Patagonia and Tierra del Fuego. 

By 

Thore G. Halle. 

During the Sw edish Expedition to Patagonia and Tierra del Fuego 
in 1907-1909 under the direction of Dr. C. SKOTTSBEl{G, I had oppqr

tunity to pay attention also to sorne facts bearing on the history of this 
region in Quaternary time. But as I was mostly engaged in studying 
the stratigraphy and pal;:eontology of the older formations, I am only 
able to give sorne few and scattered notes on the questions to be dealt 
with in this paper. They may, however, be of sorne assistance to future 
explorers . - Mr. P. D. QuENSEL made before my atTival in Patagonia 
an interesting trip to the eastern border-zone of the Cordillera between 
Ultima Esperanza and Lago Argentino. During three months spent in 
this region, he studied also the past as well as the reGcnt glaciation . 

After we had joined in Punta Arenas, in February 1908, to continue the 
geological \\"Ork in co-operation, Q UENSEL followed up his investigations 
of the glacial features in other parts of Patagonia and Tierra del Fuego. 
The main results of his studies appear in a paper publishcd in the prcsent 
volume of this Bulletin.1 F or the prcsent I will confine myself to two 
different and yct closely connected subjects: a de5 c ripti on of sorne glacial 
sedimentary deposits and a discussion of the Quaternary changes of leve!. 

Quaternary deposits and submergence of Tierra del Fuego, 

Ever since the occurrence of a wide- spread glaciation in the southern 
part of South America was first stated , it has been generally regarded 
as contemporaneous with that of the northern hemisphere. Without atta
ching too much importan ce to opinions of a different nature, it is evident, 
however, that the simultaneousness should not be taken for granted a 

1 P. D. Qu>:KSEL. 
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priori. In any case, there appears to be sorne interest attached to fossili
ferous deposits, occurring in connection with glacial beds. Unfortunately 
the knowledge of such deposits is, however, very scanty and more of a 
nature to stimulate to further investigation. 

Of very great interest is a bed of gray clay discovered by Professor 
O .  NORDENSKJOLD 1 north of Rio Cullen on the Atlantic coast of Tierra 
del Fuego. It rests on plant-bearing Tertiary layers and is covered by 
boulder-clay. A specimen of the clay was examined by Prof . P. T. CLEVE 
and found to contain needles of Spongia and Diatomacece, mostly marine. 
The fossils are of a decidedly Quaternary character. Unfortunately, there 
is no record of the height of this deposit above the present sea leve! . 

During the Swedish South Polar Expedition in 1901-1903, Prof. J. 
G. ANDERSSON discovered an interesting Quaternary deposit on Gable 
Island, in the eastern part of the Beagle Channel. In a paper in this 
Bulletin 2 he has described the structure of the island, but unfortunately 
his collections were lost with the » Antarctic». In March 1909 I found 
opportunity to pay a short visit to this interesting locality. 

Almost the whole of Gable Island is built up by Quaternary deposits, 
the underlying solid rock only projecting, according to J. G. ANDERSSON, 
in a small outcrop on the NE. Side . The lower part of these deposits 
consists - at least along the W. side - of a series of alternating beds 
of sand and grave! , varying in thickness and with an undulating upper 
surface. These lower series, considered by ANDERSSON as being of ftuvio
glacial origin, is covered by a typical boulder clay, containing comparatively 
few and small boulders in a rather coarse matrix .  The thickness of the 
whole deposit varies considerably.  On the west side the lower stratified 
series generally varies between IO--JO m. in thickness . The highest point 
of the island reaches - according to the Argentine chart - a height 
of 92 m. 

Near the SvV. point of the island ANDERSSON made the interesting 
discovery of organic remains in the boulder-clay. The fossils consisted of 
worn . and fragmentary shells of mussels and barnacles. As mentioned 
above, the collection was afterwards lost, and ANDERSSON was not able 
to decide whether the shells were of Tertiary or older Quaternary age. In 
any case it is evident, that the fragments have been carried away by the 
ice from sorne unknown marine deposit. 

When visiting the island I soon found in the boulder.clay sorne frag
ments of shells, apparently corresponding to those collected by ANDERSSON. 
But in another place, probably south of his locality, I discovered also in 
the stratified beds underlaying the boulder-clay sorne better preserved 

1 O. NoRDENSKJOLD. Über die posttertiaren Ablagerungen der Magellanslander. Wissen

schaftliche Ergebnisse der Schwed ischen Expedition nach den Magellan slandern 1895-1897· 

(I:1.) Stockholm 1899. P. 36. 
2 J. G. ANDERSSON. Geological fragments from Tierra del Fuego. Bull. Geol. Inst. Upsala 

(VIII) 1906. P. 169- 183. 



marine shells. Most common were barnacles, mostly entire, and mussels, 
the latter very broken and fragmentary. Resides there were represented 
sorne few species of small gastropoda, to a great part perfectly entire. 
The fossils were found in the uppermost part of the stratified series, which 
attains in this place only a thickness of about IO m. above sea leve!. They 
Were confined to certain well defined strata of a coarse sand, in which 
they occurred in great abundance. According to the current-bedding of 
the deposit, the fossiliferous strata cannot be followed for a greater distance, 
but thin out and disappear between barren layers . 

The fossil s  were presented to the State Museum of Natural History 
in Stockholm. Through the courtesy of Prof. G. HOLM they were 
handed over for examination to Mr. R. HA.GG, who has kindly placed at 
my disposal the fol lowing report on the fauna,  which I quote in extmso. 

» The collection from Gable Island, handed over to me for determina· 
tion, contains the following species: 

1. Savatieria dubia STREBEL. - 4 specimens . Present distribution : West 
Patagonia, Tierra del Fuego and the Falkland Islands, in a depth of 
7-275 m. 

2. .ézttlzria rosea HoMB. et ]ACQ. - 2 specimens. West Patagonia, 
Tierra del Fuego and the Falkland Islands, 5,5-275 m. 

3· Eutlzria cerealis ROCHEBR. et MAB. - 1 specimen. West Patagonia, 
Tierra del Fuego and the Falkland Islands, from the low·tide shore 
to 22 m. 

4 ·  Eutlzria meridionalis E. A .  SMITH . - 2 specimens.  West Patagonia, 
Tierra del Fuego, 11-45 m. 

5· Eutltria Martensi STREBEL. - 1 specimen. West Patagonia, Tierra 
del Fuego, 9-37 m. 

6. Antistreptus magellanicus DALL. - 2 specimens. Found living outside 
the coast of Northern Argentina, in la t. S. 37° so', in a depth of 100 
m. (Swedish South Polar Expedition 1901 -1903), near the eastern 
entrance to the Magellan Straits and in the Magellan Straits. 

7· Trophon laciniatus MARTYN - 2 specimens. Chile ,  West Patagonia, 
Tierra del Fuego, the Falkland Islands and South Georgia, 1 1�160 m. 

8. Trophon dispar MABILLE et RocHEBR. - 1 specimen. Tierra del 
Fuego, 25 m. 

9 ·  Ceritlzizmz pullum PHIL . - 2 specimens. W est  Patagonia, Tierra del 
Fuego and the Falkland Islands, from the low-tide region to 27 5 m.  

10. Pecten patagonicus KING. - 12 fragments . Tierra del Fuego, Southern 
Patagonia, and the Falkland Islands, 16-22 m. 

1 1. Venus Dombeyi LAM. - 1 fragment. Peru, Chile and the Straits of 
Magellan (found there only once and very rare). 

12. Undeterminable mussel -- 7 fragments. 
1 3· Balmzus sp. - 7 complete specimens. 
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The fauna is to be considered as a homogeneous shallow-water fauna 
and consists mostly of species l iving now in the immediate vicinity of the 
locality. Most of the species are very common now. The occurrence of 
Antistreptus and Vmus possibly indicates a warmer climate than at pre
sent. That the climate has in any case not been much colder than now, 
is  seen from the fact that none of the species occurs in the proper Ant
arctic region. Only Trophon laciniatus reaches colder regions than Tierra 
del Fuego and the Falkland Islands. Of this species a young specimen 
has been found once at South Georgia ,  but this island should evidently 
be considered as lying outside the proper range of distribution of the 
species, which is Tierra del Fuego and the Falkland Islands. 

That the fauna could have existed in the vicinity of a glacier must 
be regarded as excluded on account  of the temperate character of the 
species and the predominance of the gastropoda as compared with the 
mussels. Also the vicinity of the mouth of a river is  improbable. The 
fauna appears to have been living under favourable conditions .  It is, of 
course,  completely excluded that it could be of a Tertiary or Prceglacial 
age. It looks like being of a very recent character, but it may also be 
interglacial .  The specimens are in  general well preserved. It is especial ly 
remarkable that all the Balanida: are perfectly complete , a condition of 
preservation not common even in the undisturbed late Q uaternary deposits 
of western Sweden. Nothing thus indicates that the shells have been 
transported or occur now in secondary position.  A detailed account of 
the fauna will be published before long.» 

Si:1ce it  h as been possible to determine specifically a considerable 
number of the shells , this deposit is interesting from severa! points of 
v1ew. The first question to be considered is, whether the fossils occur 
now in primary posltwn. Though the collection includes only the better 
preserved specimens found after sorne searching in the locality, i t  is evident 
from the great number of determinable species that the somewhat frag
mentary nature of the shells is not in itself sufficient reason for assuming 
a secondary position. The only fact which is open to sorne suspicion in 
this respect is the nature of the deposits. As has been remarked by 
ANDEH.SSON, the series suggests , mainly in regard of the current-bedding 
displayed in  many parts, a strikingly fiuvio-glacial origin. It is ,  of course,  
not impossible that the glacial streams may have carried the shells from 
sorne older deposit, over which the ice advanced, but it must be regarded, 
I think ,  as highly improbable that such large accumulations of shells could 
have been formed in this way. The perfect state of preservation of the 
barnacles and sorne of the gastropoda seems also to speak against such 
an adventurous mode of transport. 

If the fossils occur, then, as seems for the present more probable, 
m pnmary position, the stratified series would have been deposited, at 
least partly, in the sea. It would be natural to assume, for reasons related 
above, that the layers were formed outside the ice-border from material 
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swept into the sea by the glacial streams. But the fauna, as known Jrom 
HAGG's careful examination, can hardly have been living in the immediate 
vicinity of the ice .  The current-bedding and the repeated alternating of 
layers of sand and gravel most decidedly suggest a deposition by running 
water. Also, the possibility that the series may have been formed as the 
delta of a river seems however - according to HAGG - not to be in 
agreement with the nature of the fauna. Current-bedding of a deposit 
formed in shallow water may, in cases , result from the strong tidal currents 
of this region, but especially in regard to the thickness of the beds, this 
does not afford a sufficient explanation. I am forced, then, to leave for 
the present the question of the formation of the series open. 

Whichever may have been the mode of formation of the series, it 
is of great interest that all the fossils have been found to belong to l iving 
species, and, with two exceptions occurring to-day in the immediate vicinity 
of the locality. HAGG concludes accordingly, from the corresponding 
conditions in Northern Europe, that the fauna cannot be of prceglacial age. 
As the exact age of the South American glaciation is not settled beyond 
dispute, it is however possible, though by no means probable, that a 
similar nature of the fauna may not necessarily involve a corresponding 
relation to the epoch of glaciation. Attention should be called in this 
connection to Prof. NüRDENSKJOLD'S important discovery of a fossiliferous 
clay, underlying boulder clay, at Rio Cullen on the Atlantic coast (see 
above, p. 94) . Though this locality is not far from the probable outer 
l imit of the maximum glaciation, all the 25 species of Diatomace;:e deter
mined by Prof. CLEVE are still living, with exception of two forms which 
were not known befare. 

As I nowhere found the basement of the stratified series, it is uncer
tain whether it rests on a lower bed of boulder-clay or not. The strati
graphic conditions, therefore,  give no direct evidence as to the question 
of the pr;:e- or interglacial age of the series .  But from other reasons there 
is little doubt that this cannot well be prior to the great glaciation, which 
extended in this region eastwards to the Staten Island. The thick Quater
nary deposits of the Gable Island now almost bar the Beagle Channel, and 
it seems difficult to conceive how the ice could have failed to destroy 
such a proj ecting and yet feeble obstacle ,  when advancing in the direction 
of the narrow valley. We may then consider the series as being of late 
glacial or  perhaps interglacial age . There is not yet any evidence as to 
how far the ice receded during the formation of the fossiliferous layers. 
As mentioned above, the fauna has a decidedly temperate character and 
HAGG considers it as excluded that it could have lived close to the 
iceborder. The occurrence of Antistreptus and Venus indicates - according 
to HAGG - that the climate has been warmer than now. At any rate, 
it is remarkable that not a single Antarctic species has been met with, 
and that the fauna decidedly indicates a climate not colder than the pre
sent. These facts seem to favour the idea that the fossiliferous deposit 
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repr�sents an il;lterglaciál epoch.. But, considering how l i ttle is known about 
the climate during the recession of the ice ,  it is not advisable to form any 
definite opinion as to the amount of the oscillation. The subsequent ad
vance of the ice was, however, not great . The str�tified deposits were 
only s!ightly eroded and covered by a bed of boulder-clay. 

That the stratified series remains now in situ is evident. As tbe 
fossils occur probably in primary position, they consequently give sorne 
information as to the height of the sea-leve! at the t ime of their deposition . 
The fossils were found at a height of 8-10 m. above the present high
water mark, .and as al! species l ive in shallow water, the mínimum of sub
mergence would be somewhat greater than is indicated by this figure. 
The stratification of the deposits appears, however, quite conformable- apart 
from the subordinate current-bedding --:-- and it would be natural to assume 
a uniform mode of formation for the whole series. The thicknes'i of the 
stratified beds is in places at least 30 m. ,  and that figure would accor
dingly represent the mínimum .of submergence. At present this is only 
a conjecture which may be confirmed by the discovery of fossils also in 
the higher parts of the series. 

DARWIN 1 was the first ·to prove definitely, the exi stence of a Quater
nary submergence in the so.uthern part of South America. His opinions , 
as relating to Patagonia and Tierra del Fuego, cannot, however, be  
maintained, because he regarded the boulder-clay formátion as. a subma
rine deposit - in accordance with LYELL's Drift-theory. The marine  
shells .re.corded by him from places of great height above the sea have, 
in most cases, certainly been brought there in recent times. This ob
jection applies also to similar. observations of AGASSIZ. Indisputabl e  
evidence bf a Quaternary submergence has been afforded Iater b y  O. 
NO:RDENSKJOLD {1. c .  p .  56) .  At Páramo o n  the Atlantic Coast of 
Tierra del Fuego he collected, IO m. above sea leve!, · a  specimen of clay 
wliich . was found by CLEVE to contain needles of Spongia and the ma
rine Diatomacece Paralia su/cata (EHB.) CLEVE and Actinoptychus undu
latus EHB. This is the only reliable account, from Tierra del Fuego, of 
marine Quaternary fossils .  Marine deposits reach, according to NORDE:-;"
SKJOLD, to a height of 20-30 m . ,  but he makes no report of fossils from 
any other place . Traces of a still greater submergence he believed to 
exist in the shape of terraces and raised beaches. Of interest is a terrace 
on O'Brien Island in the western part of the Beagle Channel ,  cut out in 
solid rock at a height of 25-40 m. above seaJevel. Other terraces are 
recorded from Porvenir {J'O m.) and the Patagonian Channels (30'-40 m.) 
The be.st developed terrace was found on the south side of Bahia Inútil ,  

1 CHARLES DARW!N. O n  the Distribution o f  Erratic Boulders and o n  the Tontempo· 

raneous Unstratified Deposits of South America. Trans. Geol. Soc. Londo·n. Second series. 

Vol. 6. 1842. p. 415. See also: Geological Observations on South America. London 1846. 
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at 50- 6o m., and this is considered by NüRDENSKjOLD to be  the miui
mum o/ postglacial submergence. On higher levels no unquestionable traces 
of marine acüon were met with , but on the slopes of the Martial Moun
tains, near Ushuaia, boulders of foreign origin were found to a height of 
IOO m. These boulders may, however, originate from the moraines. At 
Disappointi:nertt Bay a somewhat doubtful terrace with erratic boulders is 
recorded IOO m. above sea-leve! .  

J. G. ANDERSSON 1 has called attention t o  a series o f  marked beach
terraces on a much lower leve! at the Beagle Cbannel .  Near Harberton 
their height is_ only _),5 m. They seem to rise towards 'vV. ,  but no exact 
observations were obtained here. Near Ushuaia NüRDENSKJOLD has recorded 
a marked terrace on ID m. _ From these facts ANDERSSON draws the con
clusion that the upheaval of land has probably been unequal as in Scan
d inavia .  He considers this terrace-line as the postglacial marine l imit. 

Before entering on my own observations in this point I will call 
attention to a fact which I think it will be good to bear in mind in a 
d iscussion of old shoremarks in Tierra del Fuego and the Patagonian 
Channels. It is  clear from a glance at the map that the geographical 
features in these parts would favour, _during the time of glaciation, the 
formation of ice-dammed lakes. Such lakes inay have originated in dif
ferent ways,- as· marginal lakes, or dammed tJP by glaciers coming clown 
from another valley étc . In most. cases it_ is impossible to trace by other 
facts the existence of such ice-dammed lakes, and their shore-lines wil l  
then be -easily mistaken for pro'ofs of submergence .  - Many of the tenaces 
tecorded- from the Magellan Territory are probably of this origin. This 
same remarl-c _applies also to the terraces to be described here . As it is ,  
however, in many cases, at present impossible to distinguish between the two 
kinds of terraces, they will be here all grouped together, but only when it 
is particularly remarked, should they be regarded as being of marine origin. 

\iVhen visiting the Beagle Channel in March 1909, J observed in 
seyeral places raised beach-terraces on a low leve!, apparently of marine 
ongm. On the - north si de of Gable Island there is a very distinct terrace 
6 m .  <:tbove sea-leve! . Farther west, at the mouth of Rio Grande near 
Ushuaia, I measured an _ accumulative terrace, also at a height of 6 m. 
Other terraces of about the same height were seen in the vic.inity, but 
there was no oppot'tunity to obtain an exact figure. 

It is tempting to connect these shore-marks with those d iscovered 
by ANDERSSON near Harberton on 3,5 m. and supposed by him to rise 
towards the west. The distan ce from Cable Island to 'Harberton is, however, 
only I3 km. from the same place to Rio Grande 48 km. Considering also 
that these terraces cannot - from what I have found in other parts of Tierra 
del Fuego - well represent the highest postglacial marine l imit, their 
connection is at least very questionable . At any rate ,  these low terraces 
do not a:fford any unquestionable evidence of an unequal upheaval. 

1 ]. G. ArmERssoN, l. c. p. 182. 
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On a little higher leve! there are in the same places sorne ten·aces 
which are probably also of marine origin. They are not, however, as 
distinct as those on the lower leve!. At Río Grande I found the height 
to be 20 m. and on Gable Island QUENSEL obtained the same figure. 
lt is worthy of note, if only as an occasional coincidence, that both the 
lower and the higher terraces have the same height in both places.  

There is a special interest attached to the rare occurrence of  raised 
beach-lines in the Patagonian Channels. In these regions the glaciers come 
to-day down to the sea, and during the great glaciation the ice-shed 
most probably was situated in this part. (This question has been more 
fully discussed by QUENSEL in his paper in the present volume). The 
absence of raised beaches here would indicate a comparatively recent 
recession of the ice to its present extension, after the emergence of  the 
land had been already completed . In fact  old beach-l ines are remarkably 
rare in all the western channels. As mentioned above, NORDENSKJOLD 
has observed on O'Brien Island a terrace, cut out in solid rock at 25-40 
m. above sea leve! . He considers this terrace to be a true shore-line. On 
the north side of  the channel, opposite O'Brien Island, I observed from 
the  steamer a marked shore-line, the  height of  which QUENSEL and I 
estimated to 12 -I 5 m. These are the only beach-marks known from the 
western part of  the channel , and none of  them appear to be satisfactory as 
a proof of submergence. The rare occurrence of  old shore-marks may be, 
however, accounted for by the geographical features of  this region. The 
shores are mostly formed by precipitous cliffs, and the channels are of great 
depth close to the sides. In such parts even the present sea-leve! would 
not leave any traces, if the land were raised . In other places the slopes 
are covered by a luxuriant vegetation, and the thick peaty accumulations 
of decaying vegetable matters would certainly conceal any raised beach-lines. 

The terraces occurring at the Beagle Channel on a higher leve! than 
those now mentioned are generally not very distinct .  There is, however, 
one remarkable exception. In the steep slope of the Martial mountains 
I found above Ushuaia on IOO-IIO m. the most distinct terrace that I 
have seen i n  these parts. It is perfectly leve! , some 30-40 m. broad 
in places, and I followed it for more than I km. Owing to the absence 
of sections, it is not quite. clear, whether it is of the accumulative or the 
erosive type .  The surface is, however, covered by shingle-accumulations. 
Somewhat below the terrace I observed i n  a section layers of stratified 
grave! and shingle .  Notwithstanding the splendid development of the 
terrace it is not certain that it should be regarded as a raised sea-shore. 
From whole Tierra del Fuego no sure terraces have been reported of 
anything like this height. The h ighest terrace of a trustworthy nature is 
the one recorded by NORDENSKJÜLD at Bahía Inútil on 50-60 m., but 
even thi s  terrace has not been proved to have been formed by the sea. 
As the fine terrace at Ushuaia may quite well be of glacial origin, it affords 
at present no proof that the postglacial submergence reached this high leve! . 
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On the Atlantic coast of Tierra del Fuego traces of land-rising 
occur in severa! places. At the Mission-station north of the mouth of 
Rio Grande two very di stinct tenaces are seen (fig. I ). The settlement lies on 
a low shingle-terrace severa! hundred metres broad, 3 m. above high-water 
mark Further inland rises a steep barranca which forms the rand o f  a 
leve! plateau, 18 m. above sea-leve! .  This platean has a great extension 
and forms the greater part of the low land between the Mission-station 
and the lower part of Rio Grande. In the barranca the structure of this 
plateau is well displayed.  The uppermost layers consist of shingle and 
this is underlain by a fine-grained sand. In the sand occur abundantly 
shel l s  of the common recent mollusca, mostly JWyti!us chi!msis HlJPÉ and 
j\/accl!a magc!!mzica GMELIN. The plateau evidently represents a delta 
of Rio Grande, formed at a time when the sea reached at least 18 m.  
higher than at  present. Its great extension ancl leve! surface indicate that 
the sea stood at this height for sorne considerable time . 

This is the highest leve] on which 1 have found fossiliferous marine 
deposits, but sorne questionable traces of  a greater submergence of the 

O . . . 

Fig. 1. Coast section nt the :VIission-station near Rio Grande. 
a shingle, b sand with marine shells. 

E. 

Atlantic coast were also noted. In the steep slopes of Cabo Domingo I 
noticed in severa! places beds of shingle. It is , however, not impossible, 
that these are only fluvio-glacial deposits of somewhat unusual appear
ance .  Further south, there is on the top Cabo Inez at a height o f  
-1-2 m., a shingle-bed, which strikingly suggests a raised beach. North of 
Cabo Inez I observed in severa! places terraces at a height o f  about 15 
m.  above sea-leve!. 

On Dawson Island sorne not very distinct terraces are to be seen 
near the Mission-station. The one best developed has a height of 29 m. 
Another one, not so well marked, occurs at about 50 m. Opposite this 
locality, on the main island of Tierra del Fuego, I saw from the steamer 
a very distinct  raised shore-line of great extension ,  but no observations of 
the height were obtained. On the east side of Brunswick Península ter
races ha ve been observed in severa! places, .  but they are general ! y not 
quite indubitable. On a comparatively low leve! there occur, however, 
in severa! places very distinct terraces.  At Rio Amarillo the height o f  a 
well developed accumulative terrace was found to be 7-8 m. This terrace 
is certainly of marine origin. Between Punta Carrera and Port Famine I 
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noticed some manne sh�lls at a heigh.t of I 5 m.,  and ptobably in primary 
position imbedded in san d. 

The late development of Otway and Skyring Waters. 

(See the mep, PI. s). 

Round the ceiasts of thesc large bays old shore-lines occur in many 
places. 1 Owing partly to the geographical features, the late development 

has been here sorriewhat complicated and will require détailed e'xplorations 

in the field for a better understandig. At present even the orography is 
not sufficiently wel l  known. 

Both Otway and Skyring occupy the bottom of great preglacial 
depressions ,  in every respect corresponding to those of the Patagonian 
lakes further north , only now submerged below the leve! of the sea . 
Like these lákes the ir  western parts l ie within the reach of the Cordillera, 
and deep and narrow fiords stretch far inland between high forest-clad 
ridges .  Two of these fiords cut through the whole Cordillera, separating 
the inland · waters from the Straits of Magellan.  These are the Canal 7eró
nymo, the entrance of Otway Water, and the Canal Gajardo which connects 
Skyring 'vVater with the western part of the Straits. In both Otway and 
Skyring there is a marked decrease of depth towards the east, partly due 
to the filling up of the depressions by glacial and fluvioglacial deposits . 
The eastern parts of the depressions are connected by another preglacial 
valley separating the Tertiary plateaus of the Beagle Mountains from 
Cordillera Riesco. This valley is now, for the most part, land, only the 
narrow Fitz Roy Channel connects the two great bays. Also the isth
mus separating the east end of Otway from the Straits of Magellan consists 
of  loase Quaternary d eposits and certainly · represents another preglacial 
depressión between the Tertiary hills in �- and S. 

During the time of  maximum glaciation the land-ice extended over 
the whole of Otwáy ánd Skyring and for sorne distance further east. In the 
vicinity of the Fitz Roy Channel the glacial deposits attain a great thick
ness, and well developed marginal moraines indicate that the ice-border 
was stationary here for sorne time. · Sorne 50 km . SW. from here i. e. 
in the direction towards the probable ice-shed, we discovered on the 
N'v\". si de of Otway Water a series of stratified deposits covered by a 

thick bed of boulder-clay. The small r iver • called Rio Grande, which 
comes from the hills of  Cerro Yunque of the Chilean chart, has cut, sorne 
4 km. from its mouth, a fine section through the glacial deposits on the 
left hand, side. Th.e structure of  the barranC3. will be seen from the sche
matic section fig. 2. 

1 The occurrence of raised shore lines at SkyrÍng Water, was briefly reported by 
CoPPI:<GER in 188o, but no figures were given (Visit to Skyring Water etc. Pr'oc. Geogr. Soc. 
New Ser., !!. r88o p. 552-556. 
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Fig· 2. Ideal section of glacial deposits in the Jeft bank of Rio Grande, Isla Riesco. 

The bottom�layer (a), displayed in the very bed of the river, is a 
tough, dark gray clay with a visible thickness o f  0,5 m. It contains 
numerous plant-remains , mostly twigs, grasses and mosses. The next 
!ayer ts a fine sand, containing rhizomes and other indeterminable plant-
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remains. Then follow alternating beds of barren clay and coarse grave!, 
to a thickness of 2I m. and above this a typical glacial boulder-clay, 
J5,s m. in thickness. The boulder clay contains in the higher parts 
interstratified layers of grave! and is covered by a bed of sand and grave! 
of similar appearence .  The sedimentary deposits unclerlying the boulder 
clay are of a remarkable solidity; at the first glance I mis too k them for 
Tertiary beds. No doubt their consolidation is due greatly to the pressure 
of the superincumbent boulder-clay. 

The fossils of the bottom·clay were not of a kind to be determined 
without microscopical investigation. I brought borne severa! specimens 
of the clay, but there has not yet been any possibility to have them 
examined as to the content of microorganisms . I am therefore not able 
.to decide definitely, whether the clay is  a marine or a freshwater-deposit. 
From the abundance of all sorts o f  vegetable matters, such as mosses, 
grasses, twigs and rhizomes , etc. it  seems most probable that the clay is 
of fluvial or lacustrine origin, but at present this can not be regarded as 
proved. In any case the occurrence of this deposit at I9 m. above the 
present sea-level is noteworthy. Everything indicates a position of the 
whole series in situ, and a definite decision of its nature will be of sorne 
importance for the discussion of the relation of the changes of leve! to 
the glaciation. 

The age of the deposit is not quite clear. The basement was not 
displayed, and it is not altogether excluded, that the stratified beds may 
be of preglacial age. The deposit has a very sheltered position in the 
valley, which runs straight across the direction of general ice-movement, 
and it is possible that it could have escaped destruction even when exposed 
for the whole glaciation. It is worthy of note, that the layers háve not 
been disturbed in the least, notwithstanding the great pressure which has 
caused the consolidation of the material. Probably the deposit only marks 
an oscillation of the ice-border. The dar k el ay (a) and the sand (b) with 
their abundant contents of vegetable matters have in any case been de
posited at sorne distance from the ice-border. 

In this connection it may be noted, that in the barrancas of the 
Fit:::-Roy Cltannel, a little south of Caleta Los Amigos, beds of boulder
clay rest upon a series of coarse grave! and shingle . This is probably a 
fluvioglacial deposit, and it is very similar in consistency to the corrc
sponding layers at Rio Grande. 

During the early stages of the recession of the land-ice, the hydro
graphic conditions of Otway and Skyring must have differed greatly from 
the present state. With the scanty data available at present it would be 
futile to attempt to sketch out, even in rough outlines, the different stages 
of development. So much is, however, sure, that after the ice had left the 
valley, between the Beagle Mountains and Cordillera Riesco, this valley 
was the only possible outlet of the depression now occupied by Skyring 
Water. (At an earlier stage of recession, there was perhaps an outlet 
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between the Beagle Mountains and the platean south of Laguna B lanca . )  
At this time the ice  certainly covered the central parts of the Cordillera 
and blocked both the low pass (about 20 m.) from Estero Exce lsior to 
Obstruction Sozmd and the Gajardo Channel, the present connection with 
the Straits. - Even now the narrow Gajardo Chamzel is sometimes almost 
blocked by numerous icebergs from the neighbouring glaciers. - The 
preglacial valley between the Beagle Mountains and Cordillera Riesco was 
filled up during the early stages of recession of the ice by glacial deposits 
of considerable thickness. As these have been later eroded and even 
cut through till below the present sea-leve!, the height of  the original 
threshold between Otway and Skyring is not known. It is impossible 
therefore - even were the leve! of the sea at that time known - to 
decide whether Skyring formed then a bay or a lake, emptying by a 
ri ver through this valley. But,  as the rising of the land proceded, Skyring· 
was (if not from the beginning) cut off from the sea, and its outlet com
menced to erode the valley of the Fitz Roy Channel .  At this time -
speaking sti l l  about the early stages of recession of the ice - the present 
entrance of Otway \Vater, the Canal Jerónymo ,  would also have been 
blocked by the ice ,  but on the other h and there was probably a connec
tion with the Straits over the low land west of Cabeza del mar. Even 
here the topography is not sufficiently well known to enable us to deter
mine the height of the threshold, but it certainly does not exceed 30 m .  
and probably not 20 m. In  any case Otway would still have been con
nected with the sea at the time when Skyring was cut off by the upheaval 
of the land - al! this provided, that the raised shore lines of Patagonia 
a11d Tierra del Fuego date from early postglacial time and that the land 
was from that time in rising. 

From this follows, that the raised shore-lines round Skyring 'vVater 
do not, as a rule ,  mark the leve! of the sea. Most of these shore-li11es 
probably rcpresent different stages of  the eroding of the Fitz Roy Channel , 
which was, however,  itself depende11t of the gradual loweri11g of the base
leve! by the upheaval of thc land . 

The highest shore-line, which I observed at the Fitz Roy Chan11el ,  
lies 011 50 m .  above sea- l eve! .  It is situated somewhat S. of Caleta los 
Amigos, immediately at the bank of the channel .  At the south end o f  
the cha11nel , near estancia Kurtze, there is  another terrace on JO m. South 
of Caleta los Amigos, ncar the shore- l ine on 50 m. , occur on both sides 
of the channel severa! terraces of different heights. On the west side 
I obtained the following figures : 40 m . ,  30 m . ,  27 m. (two terraces) , 24 m. 

Of these terraces, the one on 24 m. is best developed. Also 011 the 
other side of the cha11nel the most distinct terrace occurs on 24 m. l 
followed it for severa! hundred rnetres and found it to be everywhere 
equally well developed. In places it is 40 -50 m .  broad. These two 
terraces on both sides of the channel evidently mark a comparatively 
co11sta11t leve!. 
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Round the eastern shores . of Skyring \N a ter therc are numerous 
marks of the old water-leve! .  The low land bordering the sea between 
Caleta los Amigos and Rio la Descarga consists of sedimentary layers, 
sand and grave! ,  no doubt deposited in the ice-dammed lake of  Skyring. 
These deposits form two very distinct and perfectly leve! plateaus, the 
lower o n  I.) -I4 m, ,  the higher on 22,5 m. above s.ea-level . The 
accumulative terrace on 22,5 may well correspond to the erosive terrace 
on 24 m. at the Fitz-Roy Channcl. The difference in height is not too 
great to be accounted for by the difference of  origin and error of obser
vation . It is also possible that the upheaval has been unequal - increasing 
towards the ice-divide. The distance between the two localities does not, 
however, exceed 2 - 3  kilometres. In the present coastal cliff there are fine sec
tions showing the structure of  the lower terrace ( ón IJ-I 4 m.) .  F or the most 
part the terrace is built up of sand and grave! .  Sorne few hundred 
meters north of Caleta los Amigos we discovered at the base of the cliff 
a fine banded clay of the type well known in the glaciated parts of Northern 
Europe. Each stratum shows a .  gradual transition from yellowish brown 
to grey colour and then a distinct l imit to the following higher stratum. 
At 'the limit of two strata there is generally a thin !ayer of  sand which 
makes the specimens fall to pieces whe11 drying. Later 011 Me 
QeENSEL obtained a section of the clay and counted 58 strata 011 a 
thickness of the clay of 2 , 7  m. without reaching the bottom. This banded 
el ay forms the lower part of  the sedimentary seri es building up the lower 
tetTace. On the surface of this terrace, resting on beds of  fine sand, big 
boulders of soutn-westerly origi11 occur. Locally, these bou�ders were 
so numerous as to form ridges projecting considerably over the surface 
of  the terrace. The size . and the great number of the blocks make it 
most probable that they have bee11 brought here by icebergs from the 
land-ice ,  then ending somewhere further west in the lake of  Skyring. Thc 
abundant occurrence of boulders in the layers of sand and grave! and in 
accumulations on the surface of  the lower terrace, seems to indicate, that 
glacial conditions prevailed in Skyring \Vater during a considerable time, 
at least until the leve! of the lake had bee11 lowered to little more than 
I J. m. above sea leve!. 

Round thc shores of Skyring I observed marks of a higher leve! of 
the water in severa! places. Here follows a l ist of  sorne more distinct 
shore- lines at Skyring Water and at the Fitz Roy Channel ,  inclusive those 
described above. 1 

Frit.c: Roy Channe!, Estancia Kurtze 30 m . ,  erosive terrace ; aneroid obs. 
» 6 m . , accumulative terrace ; levelled. 

S. of Caleta los ANzig·os, east side 

. west » 

50 m. ,  erostve 

24 m. , 
40 m , 

» 

1 The best developed shore-lines marked by fat figures.  

» aner. obs. 
)) 

» )) 
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�o _) n1. ,  erosive terrace ; aner. obs. 
27 m. , )) )) 
24 m. ,  )) )) 

5 n1 . ,  accumulative terrace; approx. 
.'>kJiring Water, eastern shore , near 

Río Verde . 22,5 m. ,  accumulative terrace ; aneroid obs . 

13-14  m. , » » 

Jl!fi1la .�.1!fagda!cna; east of mines 6 m. , erosive » levclled. 

J1Jina JI!/ arta , east of mines . I 5 m. , ( ?) » ,, 

1 0 m . , 
west of mines 9 ill . , levelled 

8 m. ,  
Puerto A!tamirauo, east side 4,s m . , accumulative terrace ; 

west side II m. ,  
8 m . ,  
6 m . , )) )) 
i m. , 

levelled. 
approx. 

)) 
)) 

vVest of Puerto Altamiran o I did not observe any shore- lines . This 
may be  due to the different nature of the western parts of Skyring \Yater, 
which is not favoural;>le for the preservation or the observation of raised 
beaches. (In dealing with thc land-rising of the Beagle Channel district 
1 h ave called attention to this matter.) But I am not quite convinced that 
these facts are sufficient for explaining the remarkably rare occurrence of 
raised beaches, not only in the western parts of Skyring, but within the Cor
dillera in general . It is also worthy of note that at Puerto Altamirano and 
the coal·mines - at present the most westerly localities for raised shore-lines 
- all tcrraces hitherto recorded occur on a comparatively low le\·el. 
Though my own observations on thesc matters are very scanty and no 
other data avai lable at present, I cannot help suggesting the possibility 
that the upheaval of the land may have been comparatively rapid as 
compared with the recession of  the ice. The abundant occurrence of  erratic 
boulders on the surface of the accumulative terrace only I 3- I 4 m. abo ve 
sea-leve! at the east end of Skyring is noteworthy in this connection. These 
questions will form an interesting subj ect for detailed future exploration .  

Befare leaving the question of  the  changes of  leve! in these parts, I 
will draw attention to sorne rather obscu re facts concerning the formation 
of the Fitz Roy Channel . Already at the first glance at the map this 
channel presents itself as a drowned river-valley. As already mentioned 
above, the pr;:eglac ial depression, which connects the basins of Otway and 
Skyring, has been to a considerable depth filled up by glacial and ftm-io
glacial deposits . The Fitz Roy Channel is without doubt an erosive valley 
cut clown in these deposits. It is very narrow, less than 500 m. in the 
narrower part, and on both sides the eroded banks rise to at least 50 m. 
The fig. 5 is a section of the bank south of Caleta los Amigos. 
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It is evident that the valley in its present condition must be of post
glac ial origin,  but it is difficult to account for its great depth and present 
submergence below the leve! of the sea. As will be seen from the map 
fig. 3, a copy from the Chilean Admiralty chart and from the diagram
matical section in fig. 4, drawn on the base of  the same chart, the depth 
of the channel is very varying. If each figure given on the chart repre
sents really the deepest part of the section at that point, the ridges 
between the depressions would be due to a later accumulation of sediments. 
In any case a line connecting the deepest points will represent approxima
tely the old bottom of the river. As appears from the fig. 4, this line 
dips gradually towards Otway Water. The greatest depth of the channel 
is .JO m. near the south entrance. 

I fail to see how this river-valley could h ave been converted into a 
sound if the postglacial emergence of land was not followed by a second 
submergence .  Al\ facts seem to demand that the upheaval of the land 
continued till the present sea-leve! was not only reached, but considerably 
exceeded. At the time of maximum upheaval the land has been ele vated 

of' chanruL-. 

Fig. 4· Diagram showing the depth o f  the Fitz Roy Chan nel. - Horizontal scale 

1:  25oooo ¡ Vertical scale 1: 4000. 

sufficiently to allow the valley to be eroded to a depth of 30 m. below 
the present sea-leve!. Whether at that time the Canal Gaj ardo, the present 
entrance of Skyring Water, was still blocked by the ice or  not, is not 
evident. The channel reaches, in  its shallowest part, only a few metres 
in depth and would under the above supposition have been interrupted 
by land. 

From this part of South America I know of no other data which 
indicate that the land has been, at any t ime after the recession of the ice, 
higher than at present. Under such circumstances it would be rash to 
attach too much importance to a single fact, but matters seem to be very 
clear i n  this case. 

There are at the Fitz Roy Channel some other deposits which render 
the late development of the channel  still more complicated. As mentioned 
above (p . I OJ ,  l ist of shore-lines) there occur, at least in two places at the 
channel accumulative terraces on a comparatively low level . South of 
Caleta los Amigos I found the surface of one terrace to be 5 m. above 
the high water mark. It leans against the steep cliff cut in the fluvio
glacial deposits (fig. 5 ) . It consists of shingle of a recent aspect, con
taining numerous shells of common marine mollusca such as M;,tzlus, 
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.iVacclla cte. Near Estancia Kurtze there is another similar terrace, also 
containing marine mollusca, at 6 m. Now these deposits must be of 
a later date than the formation of the valley, which requires a higher 
position of the land than at present. After the maximum of upheaval , 
the land would then have been submerged to a height of at least 6 m.  
above sea-leve!, before reaching definitely its present position. As a cir
cumstance of minor importance, it may be noted that these fossil iferous 
shingle -accumulations have a strikingly recent · aspect as compared \\· ith 
other shore- l ines on only a little higher leve! . This difference corresponds 
well to the supposed lziatus. 

The complicated changes of leve! which would result from the fore
going explanation are of a somewhat startling nature and, as already 
remarked, they need to be confirmed by further  observations. It is, hmvever, 
of some importance that these matters should be di scussed already 

w E 
C> 

r--"-"-
5-"-o m---"-. --"-'� t> l>t> P. 

. .  
C .  

Fig.  5 ·  Section o f  the e a s t  bank of F i t z  R o y  Channel,  S. of Caleta l o s  A m igos. 

now in order to attract the attention of future explorers. I have . supposed 
here , that · the postglacial submergence reached its maximum at an early 
epoch, i. e; that the land was submerged till above the present sea-leve! 
during the early · stages of i ce: recessión .  This may seem probable from 
what we know of the relation of submergence and glaciation in other 
parts of the world but it is by no means proved as regards Patagonia ancl 
Tierra del Fuego. The only fact which seems to afford any evidence in 
this direction is the occurrence of marine fossils underneath the moraine 
on Gable Island. But on the other hand there -is nothing that indicates 
that the land had, during the recession of the ice, a higher position than 
now. Should this ,  however, have been the case, the eroding of the Fitz 
Roy Channel could have been accomplished before the submergence, and 
it would not be necessary to assume the second submergence, -represented 
by the fossiliferous márine deposits on 5-6 m: at the same channel . This 
seems, however, highly improbable. 
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Quaternary deposits of Chiloé and adjacent regions. 

(See map, Pl. 6. ) 

The great longitudinal valley of central Chile dips gradually to the 

south, and at Puerto Montt on lat. 4I0 30' S. it reaches the leve! of th e 
sea, From here southwards it continues as a submarine depression, f01:h1-
ing the inland sea

· 
between the island Chiloé and the continent . In its 

supramarine
' 

part� the valley is filled up to a considerable depth by 
loose sedimentary deposits. Soúth of Puerto Montt, deposits of a similar 
kind occur round the coasts of the ihland sea, and as isolated remains 
forming the archipelago east of Chiloé. 

In the following, reference will be made only to the region south of  
Lago Llanquihue, which I know from ·my ú\vn observatíons during a short 
visit. Further no;th the general features of the valley are mÓst probably 
of a similar nature, but trustworthy observat!ons ai'e still very scarce .  

The Cordillera d; la costa, which forms the \Ve·stern · border of the 
longitudinal valley, consists also in this part mostly of  nietamorphic schists. 
Leaning against this range narrow stripes of frequently' interrupted Tertiary 
sediments occur. In these beds both marine �hells and plant-remains have 
been found ,  leaving no doubt as to their geological age . - The Tertiary 
formation will be déalt \vith in a following paper. 

The loose deposits of  ·the ' central valley · ate generally barren of 
fossils which ret1ders i t  very difficú.lt to · settle their age .  The thickness 
of this . series is very varying but it seem.s 'not to exceed 200 m. abo ve 
the present sea leve! . The bedding is always hqrizontal; a fáct worthy of  
note in these regions of late disturbatiohs. · In lithological character there 
i s  a great variation displayed wíthin short range; both ver�iCally and hori
zontally. Clay, sánd and tonglomerat�s, o(ten containing huge boulders, 
occur in alternating layers, often exhibiting a beautifuJ · current-peclding. 
The consistency of the matet:ial ; . varying as it  i;; ,  may be said to be in 
general intermediate betwe·en · that ofthe Tertiary sediments in the west, 
and the recent deposits of  a similar kind. Notwithsta:nding the great local 
variation in l ithological character, the f�rrrration remains on the whole very 
uniform within the region here dealt with, :and has probably been formed 
under the same conditions. 

The first reference made to this formation dates a long time back, 
and in fact very l i ttle has been ad.ded to our knowledge in recent times . 
To DARWIN 1 we owe the first account of this formation as well as of so 
many other important points in the geology of  southern Sotith America. 
He gives an instructive description cíf tliese· deposits and nOtes the occur
rence of boulders · lying on the surface of the Ian·d, but also included in 

1 O n the distribution o f  erra tic boulders etc.  l. c.  p. 4 2 3 .  See al so : G eological ob se r· 

vations on South A m e rica,  p. 2 7 .  
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the grave! beds. He compares the formation with the boulder- clay of the 
Magellan-Territory and considers it  l ike this to be of marine origin. By 
severa! authors of  a later time,  such as FoNCK, DoMEYKO, VIDAL GoRMAZ,  
]ULIET etc. 1 numerous observations ha ve been made on the terraces and 
plateaus characteristic of this formation, but very few facts are communicated 
bearing on its age and origin. The most important data in this respect 
we owe to F. FONCK , 2 who was for sorne time a physician of the Gerrn an 
colony in the province of  Llanquihue. He gives a very accurate description 
of the lithological characters of  the formation, and also mentions the 
occurrence of poor seams of lignite containing half-carbonized wood. He 
confuses, however, these softer deposits with the Tertiary formation in the 
west, and thereby sorne of his statements become less reliable. The coa! - . 
seam of Isla Lcmuy occurs, for instance,  in the older Tertiary beds . On 
the other hand, there is no doubt, that sorne fossil plants recorded from 
the vicinity of  Puerto Montt really belong to the younger series. It is 
o f  great interest to note that he regards them as identical with or  very 
similar to l iving forms. He bel ieves he has recognized a fern, a beach 
and a cypress, but no attempt is made at a specific determination. FoNCK 
also mentions the occurrence of  boulders and attributes thei r wide distri
bution to the action of glacier-ice. As they were found also embcdded 
in the underlying deposits the whole formation was referred to the » Drift 
period» or  the youngest Pliocene. Though neither DARWIN nor FONCK 
distinguished the real boulder-clay and the stratified boulder-bearing beds 
- both being regarded as marine deposits - and the existence of an 
Ice-age was not proved at that time, they have given in essential points 
the best explanation of facts. The results obtained by them seem, however, 
not to have attracted the attention which they have deserved. In later 
publications the age of this formation is left undecided or considered with 
hesitation as Tertiary. 3 M y own observations in these parts are very 
scanty and will serve mainly to confirm those of DARWlN and FONCK, 
which 1 did not know at the time of  my visit. It is also of  importance 
that the opinions of these authors should be revived and brought into 
accordance with present investigations. 

I have noticed in  severa! places the occurrence of  plant-remains 
in this formation, but they are generally not in a good enough state of  
preservation to be determined specifically. On Isla Peluque there is, on the 

1 Nume rous papers publ ished m ostly in the Anales de la Un iversidad de Chile. For 
reference see SuEss : Antlitz der E1·de, Vol. 2. p.  6 7 5 -676 ( Bibliograpby). 

' F. FoNcK : Sobre la Jeoloj i a  de las inmediaciones de la colonia alemana de Puerto 

Mont t .  - Extracto de una ca rta del Dr.  D. Francisco Fonck a D . Ignacio Do meyko . Anales 

d e  la Universidad de Chile. 1 859. p. 3 1 8 . 

- Natu rwissenschaftlicbe Notizen über das Südliche Chile. Peterm a n n s  Mittei lungen . 

1 866. p. 462.  

8 Conf. H. STEFFEN. Beitrage zur  Topographie nnd G e ologie der andinen Region von 

Llanquihue. Richthofen-Festscbrift.  Berlin 1 893. p.  3 1 9. 
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east side, a thin bed of lignite , covered by clay, sand and shingle .  In 
this bed are found pieces of  wood, not yet carbonized, but in about the 
same state of preservation as the trunks in our Swedish peat-bogs. I have 
not yet been able to obtain a determination of the wood, nor of  the micro
organ isms which may occur in these l ayers. 

Near Quemchz� on the east coast of Chiloé, the coastal cliff is formed 
111 one place by a somewhat indurated clay a few metres in thickness. 
In the c lay I found sorne indistinct impressions of dicotyledone leaves. 
In one of the fragments I thought I recognized a Nothofagus, but this 
determination is not to be relied on. The clay was covered (perhaps not 
immediately, as the contact was not displayed) by a coarse conglomerate 
containing big boulders, only little rounded. 

Sorne better preserved pl ant-impressions were obtainecl at Queilm, 

further south on the east coast of  the island. On the west side of the 
península I found, j ust north of the little town, in a section not reaching 
IO m .  in height, the following layers , from abo ve : 

1 .  Sand and grave!, of soft consistency, current-bedded, 
2. day, somewhat indurated, 
3 · conglomera/e, fairly well consolidated, with rounded pebbles. 

In my note-book I find the remark that the loose consistency of the 
material suggests a Quaternary age of the deposits. In the clay, which 
is nearly white in colour, occur numerous plant- impressions, without any 
trace left of the vegetable tissue. Of dicotyledone leaves at least three 
different species are represented. Besides, I found a fern, some mosses 
and also an impression of a feather. Of these remains I have as yet only 
been able to determine two species : Berberis micropltylla FoRST. and 
Blechnum pinna marina (POIR. )  P. Dus.  These are the most comrnon 
of the fossils ,  and the preservation is sufficiently good to render the deter
mination tolerably certain. Both species exist to-day in this region, but 
are by no means characteristic of the present type of vegetation, which 
is a luxuri ant forest of evergreen trees. They have a wide range of  
d istribution and play a more prominent part in the  vegetation of  southern 
Patagonia and Tierra del Fuego, where Berberis microphylla is one of the 
few bushes that reach the regio alpina. 

The fact that the only fossils hitherto recorded from the whole series 
belong to l iv ing species, renders a Quaternary age of the form ation 
very probable. My collections will, when worked out, possibly give 
some more information in this respect, and it is also to be hoped that 
new and more extensive material

. 
will be procured , as vegetable re

mains are evidently not of  very rare occurrence. At present the evidence 
of the fossíls is at least more in favour of a Quaternary than of a 
Tert iary age. 

The lithological character of the series has been described in some 
detai l by DARWIN and FONCK (l . c . ) .  The great boulders, mentioned 
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already by DARWIN, I had occasion to observe in many localities . They 
occur mostly lying on the surface of the land, but also, as mentioned 
above, embedded in the sedimentary deposits. They seem to be more 
numerous in the northern parts and especially in the vicinity of the east 
entrance of the Canal Chacao, and on the coast E. and S. from here . 
As noti ced already by DARWIN, the boulders consist af andine eruptive 
rocks, and evidently have been brought to their  present localities from 
the opposite coast of the mainland. 

There is hardly any doubt , from what we know to day of the gla
ciation in Patagonia, that the boulder-bearing stratified series in the pro
vinces of Chiloé and Llanquihue has been formed during the Ice-age as 
an extra-marginal facies to the maximum glaciation. Unfortunately, there 
are as yet not many observations concerning the maximum extension of 
glaciation in tbese parts . DARWIN has described, from two places in the 
southern part of Chiloé, (no localities menti oned) , and from one local ity 
on the inner side of one of the Guaitecas Islands, some deposits which 
he compares with the till of the Magellan Territory, and which appear 
really from his descriptions to be true moraines. The origin of the jiords 
of  the coast opposite Chiloé has been connected by severa! authors with 
the action of land-ice. In a recently published paper, Dr. P. KRÜGER 2 
mentions that glaciated rocks have been found on the east coast of one 
of the Guaitecas Islands. Further south, in the Patagonian Channels, 
there are numerous proofs that the glaciation reached the present coast. 

During a short visit to the coast opposite Chiloé, Mr QUENSEL found 
at Punta Chumilden, S .  of Estero Reñihue on lat. 42° 30' 

S.  distinct ly 
glaciated rocks a little above sea-leve! .  Still further north, on the southern 
shore of  Lago Llanquihue, he observed splendid moraines resting on a 
striated floor, in severa! places between Puerto V arras and the east end of 
the lake. These traces of g laciation occur at a considerable distance from 
the Cordillera and at less than 50 m. above sea-leve! . 

Considering the fact that the coast of the continent opposite Chiloé 
was once glaciated, we may be j ustified in concluding that the stratified 
formation was deposited in front of  the ice-border and that the boulders 
were transported to the archipelago and to Chiloé by floating ice-bergs . 
The distribution of the boulders coincides with the region in which the 
ice reached the bottom of the longitudinal valley. Chiloé has certainly 
for the greater part not been covered by ice.  No morains have been 
found, with exception of  the till described by DARWIN from the 
southern part of the island, and the thick red-coloured sheet of waste , 
which covers the weathered rock is in itself conclusive in this respect. 
The interior limit of the boulder-bearing stratified deposits would be roughly 
determined by the position of the stationary ice-border, as at least the 

1 On  the distribution of erratic boulders etc .  l .  c .  p .  4 25-426. 
2 P. KRüGER. Die Patagonis chen A nden zwiscben dem 4 2  und 44 ·  Grad e südl icher 

Breite. Petermanns Mitteilungen. E rganzungsheft Nr. 164 .  19op, p. 24. 
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greater part of the series appears to have been formed before the ice 
receded much from its most advanced position. This accounts for the 
somewhat abrupt disappearance of  the formation towards east and south. 
The same has not been recorded, except in the northernmost part, from 
the foot of the Cordillera, nor from the Canal Moraleda and the other 
channels fu rther south. - It is in good agreement with the view adopted 
here that the only fossils hitherto found in the series belong to l iv ing 
species of a hardy character. 

The question  how the series was deposited to a height of at least 
I8o m. above the present sea-leve! is not easi ly answered. The big 
boulders of andine rocks, often found embedded in finer sedi ment, must 
have been brought to their present position in the Archipelago and on 
the coast of Chiloé by floating i cebergs. This fact, and the wide and 
uniform distribution of the formation, show that this cannot represent 
merely a series of river-deposits. DARWIN considered this formation, as 
well as the boulder-clay of the Magellan Territory, as deposited in the sea. 
Traces of a corresponding great submergence of the land he believed he 
had found in raised beaches and in the occurrence of marine shells on high 
levels. However, as has been pointed out by FONCK and others, the shells 
have certainly been carried up from the shore by the natives. Though 
FoNCK considers other facts related by DARWIN as sufficient proofs of 
submergence, he expresses sorne doubt as to the marine origin of this 
formati on. Throu gh the explorations of DOMEVKO, Prssrs,  and others the 
difference between coast- and inland-terraces in Chile was well established. 
SU ESS 1 draws attention to these facts and to the striking absence of 
marine fossils in the sedimentary deposits of the longitudinal valley. As 
he remarks, this applies also to the southern submerged part of the valley. 
I have also nowhere found any traces of marine fossils. On the other 
hand , plant- impressions, l ignite seams and other vegetable remains occur 
abundantly. As far as the fossils are concerned the formation has, accor
dingly, more the nature of  a freshwater deposit. It should also be men
t ioned that there are, on the outer coast, no definite proofs in the shape 
of true marine terraces or  shell-accumulations of a submergence of the 
land in Quaternary time, sufficient to account for the great height, to 
which the boulder-bearing series has been accumulated. 

It would then be necessary to assume that the boulder-bearing for
mation was deposited in a great lake . But this other alternative does 
not agree very well with the geographic features. The Cordillera de la 
Costa, which vvould have formed, together with the adjaccnt high land 
of the Tertiary formation, the western shore of this hypothetic lake, i s  
i n terrupted in severa! places by transverse valleys. One of these is the  
Canal Chacao, and north of that valley the land is comparatively low as 
far as to Rio Maullin. The height of the threshold is, however, not known. 

1 Antlitz der Erde. Vol. 2 .  p. 665-669. 
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The depression occupied by the lakes Huill inco and Cucao forms another 
interruption. Chiloé is separated from the Islas Guaitecas by the deep 
and broad entrance of the Golfo de Corcovado, and farther south the coast 
range is split up into an archipelago of small islands separating the Canal 
Moraleda from the sea. Especially the existence of the present entrance 
of the Golfo de Corcovado at the time of the formation of the boulder
bearing beds seems to be irreconcilable with the idea that these beds were 
formed in a lake. - On the other hand, if the land was submerged suffi
ciently to explain how the sediments were deposited to a height of at 
least I8o m . ,  this transverse depression presents some difficulty, as  certainly 
salt w:;tter would have entered sufficiently to permit the existence of a 
marine fauna in the inl and sea. - And there is no doubt that this deep 
and broad depression was prior to the deposition of the boulder-bearing 
series. As to the origin of the narrow Canal Chacao and its relation to 
the boulder-bearing series, there are not yet sufficient data to permit of 
any opinion. Concerni11g the Golfo de Corcovado, it is tempting to suggest 
the possibility that it may ha ve been during the deposi tion of the boulder
bearing series blocked by the ice. We know that the ice reached at 
least the present coast as far north as at Estero Reñihue. Further south 
it had a greater extension, and, as appears from the observations quoted 
above, it certainly reached the Guaitecas Islands. If DARV,'IN's comparison 
of the above-mentio11ed deposits on southern Chiloé with the true till is 
correct, this would afford a definite proof that the ice reached actually so 
far to the west as to block the entrance. 

As to the formation of the terraces which occur now on the coast of 
the inland sea on different levels, I ha ve not obtained any 11ew data of impor
tance. This question, as well as that of  the outlet of the ice-dammed lake or 
inland sea, whichever it may have bee11, must be postponed t i l l  more facts 
be obtained. So much is, however,  evident that there has been at some 
time during the prevalence of glacial co11ditions a11 outlet through the 
Canal Chacao. Here erratic boulders in large 11umbers occur as far west 
as 011 the Península Lacuy, i. e .  011 the Pacific coast 

The abo ve discussio11 of the mode of depositio11 of the boulder-bearing 
formatio11 is based 011 very few data a11d has bee11 e11tered upo11 merely in 
arder to call atte11tion to these questions. So much seems, however, to 
be evident that the greater part of the series is not of Tertiary, but of 
Quaternary age and was formed outside the ice-border duri11g the maxi
mum of glaciatio11. It is possible, that the depositio11 of the sedime11ts 
commenced at a somewhat earlier date, a11d it should be remembered 
that reference has bee11 made here o11ly to the southernmost part of  
the longitudinal valley. Further north , the accumulatio11 o f  sedime11ts may 
ha ve been going on during a greater space of time, as in the case of the 
Pampas-formation on the east side of the Andes. 

Finally, I will add a few observations on terraces 011 both sides of 
Chiloé. Near Castro severa! well developed tenaces, noted already by 
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DARWI.:<, occur. . The little town stands on a fine terrace,  .25 m. above 
sea-leve! according to Q UENSEL .  The new road between Castro and 
Ancud passes farther north over sorne very distinct plateaus, covered by 
shingle .  The highest one is about IBo m. according to barometrical ob
servation. On the Pacific coast of Chiloé I have measured shore-l ines 
only at Bahia Cocotué, where two well-developed accumulative terraces 
occur at approximately I 5 m. and )4 m. abo ve sea- leve! . 

Ad d e n d u m .  

After the fo rego in g was printed , Mr. H AGG h as examined the shells  from 
the l ocal ity between Port Famine and Punta Carrera an d fou n d  th e fol l ow i ng 
species represented : TrojJ!ton geversianus PALLAS,  11/f:ytilus chilmsis H uPE: var. 
lt)'}canus MAB. et RoCHEBR . ,  Venus antiqua KmG,  V. Ga)'l· H uPÉ. 

Concern ing these specie s Mr. H AGG m akes the followi n g  statement .  
» A s  a general rem ark o n  the faun a  it  m ay be said, that i t  is  dec idedly 

a shallow- water fauna o f  species occurring,  w i th one excepti on , still i n  th e vici
nity of the lo cality . None o f  the sp e cies has its main distribut ion in colder 
seas .  Venus antiqua, on the other h a n d ,  occurs o n ly i n  wanner regi o n s .  Its 
proper range o f  distribution embraces Peru and Northern and Central Chile.  
Besides i t  h as been found at Ch i loé and the Gnlf o f  Peñas i n  West Patagonia 
an d at Port Madryn in t h e  northern part  of East  Patagonia. Th e occurrence 
of the species at the latter lo cality , which is perfectly isolated , can only be 
explained if assuming that a wanner climate has prevail ed i n p ostglacial 
t i m e  i n  the interwening region (Southern East Patagon ia , Magellan S traits an d 
Southern West Patagon ia ) .  The occurren ce of t h e  species in fo ss i l state at 
the Straits o f  Magell an affords a defi nite support of this view . This  is the first 
indication o f  the occnrrence i n  p ost glaci al time of a warmer climate than the 
present in southern South America, the evi dence in this direction bei n g of both 
zoo-geographical and geol ogical nature. » 
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