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CHAPTER I.
THE GLACIAL AND SURFACE GEOLOGY OF THE PACIFIC COAST.

SectioN L.— Tulroduction.

Tnis chapter and the following one form the basis on which the present
volume rests. They were originally intended to be included in a work en-
titled ¢ The Auriferous Gravels of the Sierra Nevada of California,” a part of
which has been alrecady published, while the appearance of the remaining
portion will not be much longer delayed* The reason why it has been
decided to make a separate work of the glacial geology is, that the quantity
of matter was found to be unexpectedly large, so that a volume which should
contain the whole results of the investigation would be inconveniently bulky.
The gravel deposits of the Sierra Nevada do, indeed, form a special subject
of inquiry, and a single volume may most properly be devoted to their ex-
clusive consideration. Morecover, by separating the discussion of the glacial
phenomena from the description of the auriferous gravels, a wider range
could be given to the former, which course seemed, after the writing out
of the work for publication had been taken seriously in hand, to be most
desirable.

The study of the mode of occurrence of the formations described in the
gravel volume led the writer to form certain conclusions with regard to the
physical conditions prevailing'; during the epoch of their deposition.t It
scemed to him to be most clearly made out that a precipitation, greatly in
excess of that which is now taking place in the same region, was the most
important agent in bringing about the accumulation of those great masses

* That work will be cited in the present one as the “ Auriferous Gravels,” or sitaply as the ¢ gravel volume.”

It forms the sixth volume of the Memoirs of the Museum of Comparative Zoblogy.
+ See Chapter 1V, sections 5 and 6 of the Auriferous Gravels.
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of detrital materials whose geological peculiarities as well as whose richness
in gold has made them so interesting to scientific and practical men.
That the climate, during this period of greater rain-fall, was warmer than it
now is, appears also to have been proved by the character of the vegetation
prevailing during deposition of the gravel.

But in the course of the investigations of the California Survey it long
ago became evident that the present epoch is one of desiccation ; or,in other
words, that there has been, during the most recent geological times, a con-
stant diminution in the quantity of the water standing and flowing upon the
surface, throughout the region of the Sierra. The same condition of things
has been proved to exist in the central and eastern portion of the Cordilleras
by the Forticth Parallel and other Surveys which have more recently been
extended over that region. ‘

Again, we have to go but a short distance back in geological time when
we find that a portion of the area embraced within the field of our observa-
tions was covered by snow and ice ; so that we have offered to us, as occurring
between epochs of great precipitation and of rapidly increasing desiccation,
a period of ice extension, limited, it is true, to the higher portions of the most
clevated ranges of the Cordilleras, but still general enough to imply the
existence of some peculiar conditions at the time of its occurrence.

Thus, then, we find oursclves led, by the observation of phenomena
connected with the geology and physical geography of the region west of
the Rocky Mountains, to recognize at least three well-marked stages of
climatic change; and the question which naturally presents itself in this
connection is, whether a similar succession of eveuts can be shown to have
occurred in other regions, or generally throughout the world. If, as appears
highly probable, this is the case, then we are led to inquire whether this
sequence of changes is merely a series of disconnected events, in no way
interdependent and not capable of being referred to any common cause ; or
whether, on the other hand, they are all linked together, as manifestations
of one common cause, which has been acting through all geological time, and
which will continue to act in the future. The inquiry thus hinted at forms
the main object of the theoretical discussion which follows the presentation
of facts occupying the first two chapters of the present volume; and the
writer hopes that he has been able to throw some light on the character of
the climatic changes which have taken place during the later geological
times.
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The scope of this discussion makes it necessary to introduce a considerable
body of facts relating to the glacial and surface geology of regions not in-
cluded within the Cordilleras. These topics must, of course, be treated in a
very general way, for space would by no means permit of entering into
minute details in regard to all the countries necessarily embraced within the
field of so comprehensive an inquiry. To a very considerable extent the
writer's own observations will be relied on as forming the basis of facts on
which the discussion rests; but the endeavor will be made to give due credit
for all the information obtained from other sources, and the reader will be
directed where to find such additional material as may be accessible in the
works of trustworthy authors, who have contributed matter of importance in
the line of this inquiry.

In order to the better understanding of that which follows, it will be
necessary to begin with some remarks on glaciers and ice-work in general.
The scope of these remarks will be understood by those who read this
chapter, and they will also see why what may, at first view, seem to be
elementary considerations have been introduced into the present volume.
The course here to be followed is particularly necessary in connection with
Californian geology, because nowhere have such wild and absurd statements
in regard to the work done by ice been published as in discussing the
geological features of the Sierra Nevada. But it is true, also, that among
geologists generally there has been, of late years, a decided tendency to
exaggerate the importance of the work done by ice, and to leave out of
consideration the preponderating influence of water in connection with so-
called glacial phenomena. In the early stages of geological discussion the
action of the ocean was the all-important factor: then ice had its day; and
it is only quite recently that rain and rivers have begun to be recognized as
being also extremely important agents in the formation, transportation, and
deposition of detrital materials. The study of the gravels of the Sierra Nevada
can hardly fail to convince the candid investigator that the work of rivers
in that region has been of great geological importance. And it is confidently
believed by the writer that the following chapter will fully illustrate and
bear out the statement that, in the Sierra Nevada at least, ice has played
but an extremely subordinate part as a geological agent, although there is
no doubt that the great Californian range was once covered with grand
glaciers, but little, if at all, inferior to those which now lend such a charm,
both from a picturesque and geological point of view, to the Swiss Alps.
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In endeavoring to give as clear an idea as possible of the character of the
geological work which ice is now doing in various parts of the world, the use
of some technical terms will be necessary. Most of those commonly em-
ployed in the text-books are, no doubt, faumiliar to the reader; but for a
more precise understanding of the discussion which follows, it will be desir-
able to define and limit the use of certain terms of frequent occurrence, so
that these may be employed without any du.nger of their use leading to
erroncous ideas. The language is, it is true, deficient in words required
to express what is often nceded to be said in such a way as to include no
theoretical views. Even with the aid of Latin words, the difficulty has not
been entirely gotten over.

The simple word “ gravel ” has been employed in the gravel volume for
the mixture of rounded pebbles and boulders with finer water-worn mate-
rials, with which the surface and hydraulic miner has to operate. As used
throughout that work, it is of the nature of a miner’s technical term, any
unconsolidated detrital material washed for gold being called “ gravel,” while
the more or less consolidated is usually distinguished as “cement.”  In the
present volume the term ¢ gravel ” will be.used with its ordinary significa-
tion, as meaning a mass of unconsolidated detrital material, made up chiefly
of moderate-sized rounded and water-worn fragments of rock, which may be
more or less mixed with sand, and according to its condition may be called
coarse or fine gravel, sandy gravel, etc.

The term “diluvium,” formerly much used for the superficial detrital
deposits, has pretty much gone out of use, and been replaced by «drift.”
When, however, it is intended in the course of this chapter to refer to
¢« drift,” without any limiting of the meaning, or implication that it has been
transported from any distance, the word “detritus” will be used, with the
corresponding adjective “detrital.” By detritus is understood any uncon-
solidated deposit of fragmental material, be the same coarse or fine, homo-
geneous or non-homogencous, water-worn or angular, brought from a distance
or derived from rocks close at hand. By the term “drift” will be designated
such detrital deposits as have been moved to some distance from their
original place of occurrence; and by ¢ northern drift ” is meant the detrital
deposits of Northeastern America, which have been carried in a more or less
southerly direction over a large area of country. The term “ moraine ” will
be applied to such deposits as are known by their character und position to
have been left in their present position by glaciers.  Most if not all of the
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detrital material of Northeastern North America is destitute of any true
morainic character. Under the idea that, notwithstanding this fact, it has
had a glacial origin, and hence must once have had a structure analogous to
that of true moraines, much of it has been designated as “ modified drift”;
by which term it is meant to be understood that its real origin has been to
a certain extent masked by the action of water.

Detrital material arranged in long linear accumulations, somewhat resem-
bling moraines, but partly stratified and differently situated with regard
to the topography of the country from real moraines, are called sometimes
by the Swedish term “as” (plural asar). The Scotch word “kame” is very
closely analogous to §s in its meaning, and it has been used on this side of
the Atlantic, as well as on the other. As defined by J. Geikie, it includes
sands and gravels having a tendency to shape themselves into mounds and
winding ridges, which give a huinmocky and rapidly undulating outline to
the ground.* The peculiarities of the asar will be noticed somewhat in
detail, when describing the glacial phenomena of Scandinavia.

The finer kinds of detrital material resulting from the wearing down of
the rocky masses are variously designated, and usually by terms not liable
to misconstruction. The quartzose portion of the rocks, especially the quartz
itself, yields slowly to degradation, and is not so easily reduced to the finest
condition ; argillaceous rocks, on the other hand, readily allow themselves
to be ground into the finest powder: hence we have sands, which are usually
chiefly quartzose, and clays, or finely triturated argillaceous material. Of
course sand and clay may become mechanically mixed with each other,
and such mixtures are easily designated. The term  alluvium,” with the
corresponding adjective “alluvial,” was originally used in opposition to dilu-
vium and diluvial as implying a less turbulent origin, and as indicating the
work of the present rivers, rather than of former larger and more general
floods. When it is desired to define the different varieties of alluvial deposit
and limit them by names, it is not found to be an easy matter, and certain
terms have become quite generally adopted, but which are not capable of
precise definition. It is not easy, for instance, to draw the line between
“goil” and “loam,” nor between “loam” and “loess,” the latter being a
term which has of late years come into quite general use, and inciuding, as
characteristic features of the material thus designated, fineness and uniform-
ity of texture, and absence of any well-marked lines of stratification. Loess,

* J. Geikie, The Great Ice Age, p. 228.
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then, is very nearly the equivalent of the English word loam ; perhaps the best
way to define it would be to say that loam when developed enough to become
a formation of geological importance, and not a mere surface deposit, is loess.

The chief difficulty in investigating the work of glaciers lies in the fact
that ice and water act together in almost all that is done in the way
of bringing about geological changes in and near the glacier. In regard
to a portion of this work it is impossible to say ice has done this, or wafer has
done that; the two have acted together in bringing about the visible result.
Another consideration to be kept-in mind is this,— that the glacier is not a
body of a certain fixed length. At the present time, and in former days,
glaciers increase and diminish in length and thickness, sometimes rapidly, at
other times slowly, and with repeated alternations of growth and diminution.
In these changes part of the previous work of the glacier is obliterated, a
part obscured, and, on the whole, the difficulty of distinguishing what is
due exclusively to ice action is much increased.

The simplest function of the glacier is that of carrying detritus. The
fragments detached from the walls of the valley through which the icy mass
passes fall upon the surface of the glacier, and resting upon it move down-
wards until they reach its terminus. The characteristic features of the
detrital material thus carried, and to which the name of “ moraine ” is applied,
are its angularity, and the absence of any regularity in the way in which it
lies, either while on the glacier itself or after having been delivered at the
terminus. The material of the lateral moraine, or the detritus accumulated at
the edges of the glacier, when dumped at the end of the route becomes the
terminal moraine. A small portion of the detritus which falls on the glacier
falls through crevices or gets otherwise entangled in the ice, and is lost to the
moraine proper; but by far the larger portion reaches the end of its course
very nearly in the same angular condition, and with the same heterogeneous
character, which it had at the beginning of its journey. The form and size
of the fragments of which the moraine is made up depend, of course, on the
character of the rock formations over which the glacier moves. The pieces
of rock rolled down from above will be transported with equal facility
whether — as is sometimes the case — of enormous size, or only in the form
of mere pebbles or sand. This is the criterion by which unaltered morainic
detritus may be recognized, and by which it may be distinguished from any
detrital deposits in the formation of which water has played a part.

The character and position of the terminal moraine will vary largely with
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the size of the glacier itself, and will also be greatly dependent on the cir-
cumstances of the advance and retreat of the glacial mass. If the glacier be
very wide, and the lateral moraines small in proportion to the glacier itself,
the terminal moraine will be almost exclusively limited to the two sides
of the valley at the extremity of the glacier; if the latter be narrow and
carrying a large quantity of detrital material, the lateral moraines will
coalesce and form a single terminal one, barring the valley, except where
the stream of water which must issue from the extremity of every glacier
finds its way out. If the meteorological conditions are such that the glacier
during a long period neither diminishes nor lengthens, the terminal moraine
will become very large, and will gradually accumulate so as to cover a
considerable portion of the ice itself, as is the case with some of the large
glaciers of the Himalayan ranges. 1If, on the other hand, the glacier is, on
the whole, decidedly shrinking, the terminal moraine will be less distinctly
marked, because the detrital material is always being dumped a little farther
up the valley. '

When the glacier is advancing the phenomena become somewhat com-
plicated. The ice, as it moves forward, shoves a portion of the detritus
of previous morainic accumulations before it, and rises over another portion,
which is then in a condition to be rapidly acted on by the glacier stream,
and is soon converted into rounded boulders, with the synchronous formation
of much gravel and sand of greater or less fineness.

The phenomena of the lateral and terminal moraines are quite simple as
compared with those of the so-called ¢ ground moraine,” — that is, the detrital
material which lies under the glacier, and over which it moves. In regard
to the importance of this material there is a great diversity of opinion.
Before discussing the nature of the ground moraine, however, it will be
necessary to say something about the glacier as an originator of detrital
material, a subject in regard to which opinions differ most widely, some
geologists looking upon glaciers as mighty erosive agents, and ascribing to
them nearly all that has been done to give the earth’s surface its present
form, while others take quite an opposite view.

In regard to ordinary morainic material, there can be no doubt that the
glacier is simply the carrier, and not the originator. As to what goes on
above the surface of the ice there is no difficulty in getting at the facts; that
which is done under its concealing cover is much less satisfactorily mnade out.
And it must, in the first place, be called to mind that what takes place under
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the glacier is the joint result of ice and water action, and much of that which
is done under the ice by water could be done, and is so, on an immense
scale, equally well without the ice. There are, it is true, some geologists so
prejudiced in favor of glacial erosion, if the expression may be allowed, as to
claim that all fine detrital material is the result of ice-action. Some even
go so far as to say that without glaciers we could have had no soil, an idea
which leads to the inference that the entire earth must at some former time
have been covered with ice, since there is no zone or region where deep
deposits of finely comminuted material are not found. Indeed, the mass
of facts which oppose any such theory as -this is so great, that it is not
necessary to occupy time in discussing the matter.

Ice, per se, has no erosive power. If the glacier were frozen to its bottom,
and could then be made to move, it would, no doubt, tear away the project-
ing edges of the rock masses on which it was resting; but it is a perfectly
well established fact that glaciers are not frozen to their beds. The glacier
‘is snow which has been converted into ice by water, and without the latter
the former cannot come into existence. The ice being permeated with
water acts as a flexible body, taken as a whole, although in its parts it is
not. By virtue of this condition it adapts itself to the channel through
which it has to pass, bends around angular projections, rises over elevations,
turns sharp corners, narrows and widens again and again, and comports itself,
in short, just as we should expect a soft flexible body to do in passing over a
hard inflexible one. The proof of this statement is to be found in the ex-
amination of any extensive mountain chain which has been formerly partly
occupied by glaciers and from which they have since disappeared. No chain
offers a better chance for an investigation of this kind than does the Sierra
Nevada, as will be seen further on in this chapter. The recent shrinking of
the Alpine glaciers has laid bare large surfaces which but a few years ago
were covered with ice, and where the condition of the surfice under the
former glacier may be studied with the greatest facility. Nowhere, in any
such region denuded of its former icy covering, will it be found that the
glacier has had any power to cut through an obstacle so as to form a channel
with vertical, or nearly vertical sides, as water often does.  The whole form
of the Alpine valleys is proof of this, for all will admit that if the ice which
once filled many of these up to a higher level than it now does had such an
erosive energy as is attributed to it by some geologists the section of those
valleys must have been quite different from what it is at present. Had ice
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a peculiar erosive power, the bottom and the sides of the valleys through
which former glaciers have passed would exhibit some peculiaritics of form
indicating that the work done below the level of the surface of the ice was
of a different character from that done above that level. But, in point of
fact, on examining any valley once partly filled with ice, it will be found
that there is no such essential difference. No change of form can be ob-
served at the former line of the ice. Aside from the mnorainic accumulations,
there is nothing to prove the former existence of the glacier except the
smoothed, polished, or rounded surfaces of the rocks, which have no more to
do with the general outline of the cross-section of the valley than the marks
of the cabinet-maker’s sand-paper have to do with the shape and size of the
article of furniture whose surface he has gone over with that material.

Admirable instances of the difference between the erosive action of water
and that of ice may be seen in several of the valleys of the Bernina group,
in the Upper Engadine. Near Pontresina, for instance, there is a rise in the
bottom of the valley of between one and two hundred feet over which the
Morteratsch glacier once passed without eroding it away. Since the glacier
disappeared, the stream issuing from the ice, the end of which is now almost
three miles above Pontresina, has cut a gorge through the elevation in
question, which gives the stream a channel with nearly continuous grade,
and hemmed in by almost vertical walls. The same thing may be seen in
the Val de Fex, which leads down from the glacier of that name to the
village of Sils, a few miles southwest of Pontresina. It is manifest, in both
these cases, that the ice for a long time rose over an obstacle which was in
its path, without the power of removing it; but that the water has quickly
sawn itself a passage through the same, aided by the peculiar lithological
character of the rock.

The most characteristic if not the most important work done by ice is that
which it effects on its rocky bottom by means of the detrital material which
has been carried down by water from the surface of the glacier. The icy
mass moving over its bed smooths the edges of its inequalities by continually
forcing fragments and particles of rock over them. Such smoothed surfaces
are often found to be covered with fine lines or grooves, running, on the
whole, parallel with the course of the glacier. These striated surfaces, which
are so well known that they need not be described, are a peculiar result of
the movement of the glacier, and their existence is in most instances accepted
as positive proof of the former presence of ice.
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It is a mistake, however, to suppose that striated surfaces cannot be pro-
duced by dry rubbing, or friction of surfaces against each other without the
aid of ice or water. Every mining geologist knows from his daily experience
that beautifully striated and polished surfaces have been produced in abun-
dance by the sliding of portions of the vein material against its walls, and that
this has often taken place where the amount of motion must have been very
small, the immense pressure being sufficient to bring about the result, even
when the distance over which the surfaices have moved cannot have ex-
ceeded a few inches.  Excellent imitations of glacial striation are produced
by the passage of heavy vehicles with locked wheels over rock surfaces.
Pebbles also may be smoothed and striated by dry motion, provided they
are fixed in their places while the motion takes place. Where heavy rock
slides or avalanches have occurred, the bottomm may occasionally be observed
to be not only striated, but even deeply grooved. It is decidedly unjustifi-
able in the geologist to presume on the former existence of ice at any epoch
or in any region from the occurrence of isolated smoothed and striated
boulders or pebbles in the rock masses.  Only by careful comparizon of all
the phenomena taken in their ensemble, over a considerable area of surface,
can the former presence of ice be clearly established in a region where the
present conditions are not such as themselves to throw light on the matter.
For instance, the finding of an occasional striated boulder in a conglomerate
of Devonian, Carboniferous, or Permian age would certainly not justify the
geologist in inferring that glaciers must have been in existence at the time
such rock was deposited.

As a consequence of long-continued crowding over the surface of the icy
mass, which carries more or less detrital material imbedded in it, the project-
ing edges of the rocky strata gradually lose their sharpness, and become
worn into those rounded forms to which the term roches moutonuces is com-
monly applied.  This peculiar kind of surface is eaxily recognized by an
experienced observer.  But there are certain rocks which assume forms very
closcly hmitating those produced by ice.  Much granite, for instance, has a
concentric structure, causing it to break under the influence of ordinary
meteorological conditions into spherical forms, and to weather in masses with
rounded surfaces, very much resembling the rockes moutonnées.  Want of
knowledge of these facts has led to many mistakes of this kind, especially in
the Sierra Nevada.

The conclusion to which the writer has arrived, after much examination
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of regions of present and former glaciation, is, that glacier ice has but little
erosive power, and that the so-called “ground moraine” is an appendage
of the glacier which is neither characteristic nor important. The present
shrinking of the Alpine glaciers shows that there has been usually but little
detrital material under them; and this has resulted not so much from the
ice as from the water, which everywhere acts jointly with the ice in doing
its work ; indeed, the latter effects nothing absolutely characteristic, except
the production of large areas of polished rock surfaces ctched with fine
parallel striations, a result which water alone is unable to bring about.

The action of icebergs in regard to striation of rock surfaces, and more
especially the transportation of detrital material, is a subject of interest in
this connection. From the very beginning of the discussions on these sub-
Jjects there has been a marked amount of discrepancy of opinion in regard to
the relative importance of glaciers and icebergs as geological agents, and
as to the exact nature of the work done by each. Icebergs are born of
glaciers,* so that the connection between the two is necessarily an intimate
one, and the former may be said in their new condition to be simply floating
glaciers. That the iceberg when detached from the glacier is often heavily
loaded with detritus is a fact well known from abundant observations, and
one which might be inferred without observation from the very nature of
the case. That these floating detritus-carriers are able to transport their
burdens to great distances, as they are moved by the winds and ocean currents
into which they are borne, is also clearly understood. That such detritus, as
accumulated along the route of the icebergs, will have a morainic character,
—that is, will be angular and irregularly mixed,—is easily recognized. But
no true moraine will be formed by icebergs, because they are not held to one
exact course, as is the glacier enclosed between its rocky walls; while there
must also be great irregularity in the distribution of the material left by
icebergs, because they float with irregular course, according to the varying
nature of the winds and currents, and because they are more or less rapidly
melted, according to their size and their exposure to meteorological con-
ditions which in their very nature are unstable.

The so-called “ice-foot”” also acts, to a considerable extent, the part of the
glacier, for it receives, when suitably situated, a considerable amount of
falling detritus, and when loosened by the summer’s heat floats off and bears

this material away, iceberg fashion.

* The formation of an iceberg is familiarly known in Greenland as the ““calving™ of the glacier.
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All floating masses of ice having fragments of rock frozen into them are
able, to striate and smooth the projecting surfaces of the rocks with which
they may be brought in contact. The work which they thus do is closely
analogous with that of the true glacier; but a comparison of all the con-
ditions of any locality where such striations occur can hardly fail—in most
cases at least — to settle the question of the nature of the agent involved.

The occurrence of work done by icebergs of course necessitates the former
presence of the ocean, since the glacier must descend to the sea-level before
it can give birth to an iceberg. That large bodies of fresh water might,
however, to a certain extent play the part of the ocean as floaters of ice
masses, can hardly be denied.

The abundance of lakes in certain regions which have been formerly
covered with glaciers is looked upon by some geologists as a proof of the
powerful erosive action of ice; and there are those who consider that all or
nearly all lakes owe their origin to this cause. This seems to the writer an
entire misconception of the nature of the work done by glacial agencies, and
in support of this opinion the following considerations are offered. In the
first place, however, it may be mentioned that there is one class of lakes in
regard to whose glacial origin there can be no mistake. These are the so-
called “moraine lakes,” or collections of water formed behind a terminal
moraine, left on the retreat of the glacier, and barring the valley more or
~less perfectly. The tendency of the streams issuing from such lakes is to
wear away the opposing detrital mass, and thus to allow the superfluous
water to escape; hence moraine lakes usually disappear in time, after the
glacier has retreated sufficiently far, or disappeared altogether.

The existence of lakes depends, in most cases, on a somewhat complex set
of causes. The principal conditions influencing their formation are such as
are connected with the orography and the climatology of the region where
they occur; but the nature of the rocks also plays an important part in their
formation. If the orographic conditions are favorable, and the rainfall is not
overbalanced by the evaporation, lakes will occur in greater or less abun-
dance, and of greater and smaller size, in strict accordance with the character
of the topography of the locality. Central Africa is an excellent illustration
of the rationale of the formation of large lakes in a region of excessive rain-
fall, favored by suitable orographic conditions. The number of those great
bodies of water is not yct known, nor have those which are known been
much explored; but it is clear that within an area occupying a length of
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over fifteen degrees north and south, and a nearly equal breadth east and
west, within the tropics, there are many lakes of great size, at an elevation
of 3,000 feet and over above the sca-level. The region is one of great pre-
cipitation, and the orographic structure of the continental mass is eminently
favorable to the formation of lakes, it being an elevated and comparatively
level plateau surrounded by a rim of mountains. But there is still another
reason for the existence of these great bodies of water. The rock is largely
granitic, or crystalline in texture, not taking up a large percentage of the
rainfall, but being almost impermeable. Most of these lakes are, in all prob-
ability, shallow ; and their area is known to be quite variable, their dimen-
sions changing with the season and with the succession of scasons.

Turning to equatorial South America, we find a complete contrast to the
conditions just noticed as occurring in Central Africa with regard to the
existence of lakes. Equatorial South America is drained by a large river,—
the largest one in the world,— and so thoroughly drained that there are no
important lakes at all in the whole of its basin, and but few small ones, ex-
cept such as have a “bayou” character, and are evidently formed by the con-
stant shifting of the channel naturally connected with the flow of a mighty
river, with immense tributaries, subject to periodical inundations, through an
almost level region. Of such lakes there are doubtless an abundance, but
they are too small to be exhibited on our ordinary geographical maps, and
their origin cannot be for a moment misunderstood. The orographic cause
of this condition of things, offering such a contrast with the lake features of
Central Africa, becomes evident on an examination of the structure of the
region. While in Africa there is a rim all around the table-land, or elevated
basin forming the interior of that continent, there is in South America no
eastern raised border; but, on the other hand, a gradual inclination of the
surface from the crest of the Andes to the Atlantic. Besides, the rocks over
by far the larger part of the basin of the Amazons are of a kind easily retain-
ing large quantities of water; and not granitic or crystalline.

There is probably hardly a single geologist among those most inclined to
magnify the work of ice who would ascribe a glacial origin to the lakes of
Central Africa, lying as they do within the tropics; but there are other
lacustrine districts in the temperate zones in regard to which there would be
less unanimity of opinion.

There are two especially interesting and important lake regions, besides
that of Central Africa, to which allusion has already been made: one of
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these is in North America, the other in Europe. The former is a region
of both great and small lakes; the latter of small ones exclusively. The
North American lake system is the most extensive one in the world at the
present time, although it may possibly have been surpassed, at a not very
remote geological epoch, by that of Central Asia.

The geographical position of the region of country occupied by the great
system of North American lakes is pretty well known, especially in its south-
ern portion, although there is no map on which anything like the entire
number of these bodies of water is shown ; while for most, even of the largest,
at best but a rough approximation to their outlines can be given. Itmay be
well, therefore, to call the attention of the reader to the fact that, all along
a line stretching in a northwesterly direction from Lake Superior to the
Arctic Ocean, there are not only numerous, but almost innumerable, bodies
of water, several of which are but little, if at all, inferior in size to even the
largest of our so-called ¢ Great Lakes.” The number of lakes in this region
is quite unknown ; but a belt of country 2,000 miles long and fully 500 wide
is a labyrinth of them, and they are of all dimensions, from mere ponds to
bodics of water hundreds of miles in circumference. So too in the opposite
direction, or along the range of the Laurentian Mountains, northeasterly
from Lake Huron towards Labrador, there are unnumbered expanses of fresh
water, mostly of moderate size compared with the Great Lakes, but many of
them having a considerable area. These Canadian lakes have not yet been
accurately mapped; but more than a thousand of them had, some fifteen
years ago, been more or less explored by the Geological Survey. In fact,
the whole region northwest of the St. Lawrence, as far as Hudson’s Bay,
is covered with lakes and lake-like expansions of the rivers, so that there is
free access by canoe to every part of the country, with occasional portages,
or “carries,” around the rapids in the rivers.

In this lake region may be included a large part of Maine and the north-
ern portion of New Hampshire, as well as of Vermont and Northeastern New
York.

In striking contrast with what has been stated above, we find the region
immediately south of the Great Lakes to be one almost entirely destitute of
lakes. Everywhere, from the water-shed separating the waters flowing into
the Susquehanna and Ohio from those running northwards, as far south as
the Gulf of Mexico, there is an almost entire absence of lakes; indeed, it

would be hardly possible to imagine a greater contrast, in this respect, be-
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tween two adjacent regions of country, and it will be desirable to inquire into
the causes which have brought about this curious condition of things.

The causes which have produced this extraordinary complex of lakes in
the northeastern region of North America are by no means simple. They
are partly orographic and geological, partly climatological. Ice has also
played a part in this work, although, as it appears to the writer, quite a sub-
ordinate one. .

The orographic element in the work will be easily recognized from an
inspection of a good map of North America. If two parallel lines be drawn,
about 500 miles apart, one touching Georgian Bay of Lake Huron, the other
the southwest corner of Lake Michigan, and prolonged in a northwesterly
direction to the Arctic Ocean, the great series of lakes belonging to the sys-
tem will be found lying within the belt of country thus limited. These lines,
however, are parallel with the general trend of the adjacent portion of the
Cordilleras, showing at once the orographic character of the belt of depres-
sions. Furthermore, the direction of the axes of the larger lakes within this
area is usually at right angles to the line of trend mentioned, which fact
is another important guide to the character of the forces by which these
depressions have been produced. Again, the connection of the orographic
character of the lake belt in question with its geological position is most
marked. This great chain of lakes, as will be apparent whenever a good
geological map of the region shall have been published, lies on and in the
neighborhood of the belt separating the modern geological formations which
belong to the Rocky Mountain uplift, from the Azoic or older crystalline
schists and granites, forming the mass of the Laurentian Range. This belt is
made up of Palseozoic rocks, and it is in these that the large lakes are chiefly
developed. The moment that we pass from the older rocks on to the more
recent, in going westward, we at once leave the lacustrine region behind.
A portion of this belt is depressed beneath the sea-level even, Lake Superior,
the surface of which is 609 feet above that line, being in places over 1,000
feet in depth. This lake occupies a synclinal depression of the Palxozoic
rocks, just along the edge of the Azoic Series.*

Lake Huron is similarly situated, its northern edge abutting against the
older crystalline rocks. In fact, all the Great Lakes, including those of
British America, from Ontario around the great sweep of 3,000 miles to the
Arctic Ocean, are in a similar geological position, occupying a depressed

* As long siuce shown by Foster and Whitney.  See Report on the Geology of Lake Superior, Part I1. p. 117,
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area along the base of the Azoic nucleus of Northeastern America, an area
which has not partaken of the uplift by which the Appalachian chain has
been formed, or of that much more recent one which has given rise to the
system of the Cordilleras. These lakes are all either entirely included
within the Palxozoic, or else partly in that formation and partly in the
Azoic, and in no case do they extend into the more recent groups of strata
which are found, on going south or west from the older rocks, to overlap
these latter formations. The orographic character of these large bodies of
water is therefore the most marked feature of their occurrence, and there
is nothing about them which renders it necessary, or even possible, to refer
their origin to glacial erosion ; there is nothing in their position or the di-
rection of their axes which in any way lends countenance to the idea of
their basins having been scooped out by the action of ice.

Climatological causes act together with orographic ones in the formation
and maintenance of the lakes in question. The depressions of the surface
are kept filled by the annual precipitation, which more than overcomes the
evaporation ; for the region is one of considerable rainfall, and of pretty
high northern latitude. The surplus water is chiefly carried off by two
mighty rivers, the St. Lawrence and the Mackenzie, of which rivers all the
Great Lakes — with the exception of Winnipeg and Winnepegosis— are
expansions. v

Very different from this is the condition of things in the so-called “ Great
Basin.” Here was once a region of large lakes, many in nummber, and some
of them little, if at all, inferior in size to the Great Lakes themselves. But
the climate has changed ; the lakes have shrunk up and nearly or quite dis-
appeared, and in most cases there is nothing left but old lake bottoms, cov-
ered with alkaline or saline deposits in the dry season, and with mud or
shallow water in the wet. No one could by any possibility assign any other
than an orographic origin to these lake-basins; that they are not now filled
with water is due to climatological causes, to the nature of which reference
will be made further on.

That lakes of large area are essentially nothing more than portions of the
earth’s surface depressed by crust movements below the general level of
drainage, and kept full and running over by the excess of precipitation over
evaporation, scems to be perfectly clear; to admit that they are the result
of erosive action would require us also to believe that large, nearly closed

seas, like Hudson’s Bay and the Mediterranean, are areas of erosion ; and it
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would be only a logical sequence of ideas to declare the ocean itself to have
been washed out from the land, and the continental masses built up from the
material thus eroded.

The origin of the smaller lakes with which certain areas of the earth’s sur-
face are profusely dotted is a problem much more difficult than the one just
discussed. As already mentioned, there are two regions in which small
lakes occur in the greatest abundance. One is the country north of the St.
Lawrence, a district of both large and small bodies of water; the other, Fin-
land. Such small lakes are almost invariably quite shallow ; it can only be
a very peculiar and highly exceptional condition of things which can produce
a very deep lake of small area. The essential facts influencing the forma-
tion of small lakes are, a nearly level surface of the region in which they
occur, and an underlying rock formation impervious to water.

Both Finland and the Canada lake region are underlain by crystalline
rocks, which are almost impermeable. If we follow on the map the outlines
of the district in Northeastern America where lakes abound, we find that
these are left behind as soon as we pass out of the domain of the crystalline
or metamorphic rocks into that of stratified and permeable formations. For
instance, the contrast between the frequency of lakes in Northern Wisconsin,
a region of Azoic rocks, and the central and southern portions of the same
State, where stratified sandstones are the predominating formation, is most
striking. The peninsula of Southern Michigan, and that triangular portion
of Canada lying between Lakes Erie and Huron, offer similar contrasts when
compared with adjacent regions of impermeable rocks. Minnesota and the
adjacent Territory of Dakota also afford an excellent illustration of the limi-
tation of lakes to regions of rocks whose texture is impervious to water.

That level regions of country should be more favorable to the development
of small lake basins than the flanks of mountains, is easily understood. A rapid
descent gives the streams great erosive power, and they are enabled to wear
away their beds so as to drain depressions which would otherwise be partly
or wholly filled with water. Given a level region underlain by impervious
rocks, the precipitation being moderately in excess of the evaporation, and
it is manifest that the water must stand upon the surface over areas of
greater or less magnitude, unless there can be some reason assigned why
that surface should be absolutely level. Deposits laid down under the ocean
are more-likely to be evenly distributed than those which result from fluvial
action, because the former arc the result of agencies working on a grand
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scale, while the latter are more local in character. Hence, when such sub-
marine deposits are raised above the surface,and in that elevation have been
not at all or only very slightly disturbed, the drainage of the uplifted region
will be effected simply by rivers, there being few depressions to be filled
with the excess of precipitation and thus to become lakes. Highly meta-
morphic rocks, on the other hand, are not only by their nature impervious
to water, but they must have been left, after passing through the various
stages of chemical change and orographic displacement, with an uneven sur-
face, suited to give rise to collections of standing water. This result, under
suitable climatological conditions, cannot fail to take place, unless the irregu-
lar surface is afterwards subjected to some erosive agency which smooths
it over and reduces it to one uniform level. Erosion of this kind can,
however, but rarely take place, for the ordinary denuding agents are quite
as likely to decpen the previously existing depressions as to obliterate them.
A level surfice may indeed be produced in such cases by the entire surface
becoming uniformly covered with detrital material; but this can only be
effected by a submergence of the region beneath the sea, during a long
period and under favorable conditions.

Keeping the above considerations in view, it will be evident why regions
like Canada and Finland are covered with a network of small lakes. The -
countries in question are underlain by impermeable rocks, which have dur-
ing an immense period been subjected to subaerial erosion. The overlying
detritus is usually quite thin, and only here and there accumulated in heavy
masses. It consists largely of gravel, but has enough clayey material con-
nected with it to favor the formation of lakes and ponds. Water has a
tendency to accumulate in the depressions of the solid rock, and this ten-
dency is further aided by the peculiar manner in which the eroded materials
have been scattered over the surface. The impervious character of the
underlying rock, the thinness and irregular distribution of the overlying
detritus, and the general uniformity of level of the region, — these are the
agencies which have given rise to the multiplicity of lakes in the countries
in question.

Thus we sce why, as soon as we leave the region of crystalline rocks,
cither in Northwestern Russia or Northeastern America, we leave the lakes
behind us, as already indicated. That glacial erosion is not the cause of the
sudden change in this respect, is shown clearly enough by the fact that we
pass at once, in the midst of an area formerly covered with ice, as would be



INTRODUCTORY : ORIGIN OF FIORDS. 19

admitted by all glacialists, from a region of lakes into one totally destitute
of them, the underlying rocks having changed their character, while the
proofs of the former presence of ice remain the same.

Illustrations of the occurrence of lakes of various origin on the Pacific
Coast will be given in describing the glacial features and surface geology of
that region. Intimately related to the topic just discussed is the subject
of the formation of fiords, to which in this connection a few pages may be
devoted.

It will appear evident, from what has been said in the gravel volume in
regard to the depth and number of the cafions on the west slope of the Sierra,
that if the land were submerged or the sea-level raised a few hundred feet,
not only would the Sacramento and San Joaquin Valley be covered with
water, but the coast-line on the eastern side of this large inland sea would
have an extremely irregular outline, being deeply indented in many places,
these indentations having very precipitous sides, and offering in every
respect a striking analogy with the so-called fiords of the Scandinavian
Peninsula. Looking along the present coast of the Pacific side of North
America, we find a line remarkably free from indentations until we reach
the vicinity of Vancouver Island, when we come suddenly upon a region of
deep inlets and numerous outlying islands of large and small size, very in-
completely represented, however, on our ordinary maps. Good harbors are
as abundant in this region as they are few and far between to the south.
Turning our attention to other parts of the world, we find the same remark-
able difference between the coast-lines of different regions. South America
strikes us at once as being extremely deficient in indentations affording
good harbors, from its northern extremity almost to its southern. Africa
wants them almost entirely in every portion of its outline. This peculiar
frequency of fiords or deep indentations of the coast has been the subject
of considerable discussion; yet, as there are difficulties in regard to their
origin and mode of occurrence which have not been removed, it will per-
haps be worth while to endeavor to throw some additional light on the
subject.

The mere recapitulation of the regions of fiords and deeply indented coasts
will show at once that they are almost exclusively confined to high latitudes,
both northern and southern. That they are much more extensively devel-
oped north of the equator than south, is very naturally accounted for by the
fact that there is so little land in high latitudes in the southern hemisphere.
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Only the southern end of South America and the west side of the southern
extremity of New Zealand on that side of the equator can be included in the
list of typical fiord regions. The Atlantic coast-line of the Scandinavian
Peninsula, the west coast of Greenland, and perhaps also its east coast, — of
which little is known, owing to its inaccessibility, — the northwest coast of
North America, above Vancouver Island,—these are typical fiord regions.
In lower latitudes, the east side of the Adriatic Sea, especially its northern
portion, as well as the Grecian Peninsula, also belongs decidedly to fiord
regions, but does not exhibit these indentations on as grand a scale as the
first mentioned.

The first thing which may be noticed in regard to indented coasts is, that
they are usually coasts rising precipitously from the water, or such as are
bordered by mountains or the descending edges of high plateau regions. In
fact, a mountainous background is an essential part of a true fiord coast. A
glance at the maps will show this to be a fact. DBut it is not by any means
every mountainous coast which abounds in fiords. For instance, the stretch
of shore line from San Francisco south for several hundred miles is bordered
by a high mountain chain, but possesses hardly a single indentation, a want
most seriously felt in its relations to commerce. The whole coast of South
America is another excellent illustration of this; it is, however, not to be
denied that the Andes do not rise immediately from the coast, although they
may seem to do so to those looking at the ordinary small-scale maps.

The evident reason for the association of mountainous coasts with fiords is,
that these peculiar indentations represent an amount of erosive action which
can only be had in a high mountain range. Two things are required for the
erosion of these deep gorges which under suitable conditions become fiords.
These are: first, a large precipitation, or a great deal of material with which
to do the work; and, second, a rapid fall of the surface, which gives the
‘power by which this material acts. All great mountain chains have their

sides deeply furrowed with steep valleys, gorges, or cafions. Let the Alps, or

(=}

the Himalayas, or any other great range, be sunk to a suitable depth beneath
the water, and the result will be that the central dominant range will project
ahove the surface of the water with an irregular and deeply indented coast-
line, while there will be occasional, and in some cases numerous, groups of
islands in the vicinity of such a coast. Let any one study the Norwegian
coast, for instance, and he will sce at once that what are now fiords would

become mountain valleys if the region were elevated so as to bring the bot-
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tom of these fiords above the surfuce of the water, while certain points higher
than the adjacent surface, but now deep beneath the water, would appear as
islands. Hence almost all fiord coasts are accomnpanied by outlying frag-
ments of land of greater or less size, as is well illustrated on the Norwegian
coast ; and also, in a higher degree, by the shores of British Columbia, from
Vancouver Island north.

In considering the nature and origin of fiords, we are led irresistibly to the
conclusion long since enunciated by Professor Dana, namely, that fiords are
evidences of subsidence; the regions where they occur are those where a
high mountain range has become partially submerged, so that the bottoms
of the deep valleys of erosion are now occupied by the sea.

It has been claimed by some writers on this subject that the occurrence of
fiords in high latitudes is proof that the excavation and erosion which they
indicate to have taken place has been the work of ice. All that we have
observed, however, with regard to the amount of erosion which ice is capable
of effecting, leads us to infer that glaciers have had little to do with the mat-
ter; unless it be that, to a certain extent, the filling by ice of valleys already
formed has prevented their being afterwards occupied by the detrital ma-
terials which would necessarily accumulate in a mountain valley where the
slope was insufficient to give to running water the power to remove such
detritus, or where, from climatological changes, the amount of precipitation
has diminished, and thus the erosive action decreased, so that the gorges
could no longer be swept clean of the detritus carried down into them from
their borders of more or less precipitous rocks.

The fact that the fiords are chiefly on the western side of the continents
has been insisted on as connecting their origin with the occurrence of areas
of great precipitation, the sides of mountain ranges in the extra-tropical lati-
tudes which are exposed to the return trade-winds being likely to receive a
much greater rain and snow fall than the opposite or eastern flanks of the
same chains. The abundant precipitation in the form of rain giving rise to
the deep gorges on the mountain sides which are afterwards to be converted
into fiords by the sinking of the region, the continuance of the same increased
precipitation in the form of snow, under those changed climatic conditions
which will be explained further on, causes these precipitous valleys to be-
come filled with ice, which carries the detrital material away on its surface,
and deposits it sometimes at a great distance from its source, as the icebergs
formed from glaciers coming down to the sea on the west coast of Greenland
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are now doing on a grand scale. All the conditions required for the forma-
tion of fiords are illustrated by the phenomena displayed on the colst of the
Scandinavian Peninsula, as will be noticed further on.

The facts, then, connected with the occurrence of deeply indented coasts
and fiords are briefly as follows: A coast-line may be very irregular and
deeply indented where the adjacent land is low and level, as, for instance,
the east side of Denmark. This is simply the result of the wearing away
of the easily yielding land by the occan. Such coasts are very different in
character from those of typical fiord regions. These must be connected
with high mountain ranges, and the fiords are the result of erosion of their
sides by water. Hence they occur chiefly in regions of large precipitation.
But the gorges thus eroded do not become fiords until subsidence of the
range has brought them down into such a position that the water of the ocean
can enter and partly fill the precipitous valleys which have thus been cre-
ated. Should the range remain stationary in elevation after the decline of
the period of greatest precipitation, the eroded valleys would gradually be-
come filled with detrital material, unless protected from this by becoming
partly filled with ice at a later period, in consequence of a change of climate,
the nature and cause of which will be explained further on.

A depression of the crust appears, for some reason not yet explained, to
have been going on during the most recent geological ages in high northern
latitudes. Hence we find that peculiar sequence of conditions necessary for
originating truly typical fiord-coasts to have occurred only in a few regions,
although approximations to these peculiar indentations are found in all lati-
tudes and in various countries.

It must be admitted, however, that erosion has not done all the work of
forming the precipitous valleys which have bccome converted into fiords.
The ranges in which these grand gorges and transverse cuts occur have been
elevated by internal forces; it is highly improbable that the great masses of
rock were brought into their final position with smooth, unbroken surfaces.
On the contrary, the uplifted crust must, in many places at least, have been
broken, shattered, and left with the most irregular outlines. The features
of the country have thus been rough-hewn, and the work of water has been
carried on in strict subordination to that previously effected by mightier and
deeper-seated causes. Such is the opinion of the present writer, although he
is well aware that, as already suggested, there are other geologists who think
very differently, and who, in point of fact, consider that nearly all the sculp-



GLACIATION OF THE SIERRA NEVADA. 23

turing of the earth’s surfuce has been done by the agency of ice. The sub-
Jject will, it is thought, receive some light from what has been stated in the
gravel volume with regard to facts observed in the Sierra Nevada and

" elsewhere.

SEcTION II. — Former Gluciution of the Sierra Nevada, of the Pacific Coast, and
of the Cordilleras in general.

Some account may now be given of the facts which have been collected
during the progress of the Geological Survey of California in reference to
the former extension of glaciers over portions of the Sierra Range, and to
these will be added such information as is in our possession, obtained from
various sources, about the development of the ice-period in regions adjacent
to the Pacific Coast, and in the Cordilleras generally. Brief statements of
the facts observed in the Sierra Nevada have already been published in the
Geology of California, Vol. I.; and the object at present is to put these
and more recent observations into a connected form, so as to open the way
for a discussion as to their importance, both in reference to the distribution
of surfuce detritus in the Sierra, and to the theories of former ice extension
generally.

The first fact to be noticed is the great ease with which the evidences
of former glaciation in the Sierra Nevada are obtained. There is nothing
doubtful about the matter; once one enters upon a formerly glaciated region
there is no possibility of mistaking the origin of the phenomena presented
to view. Polished and scratched surfaces, smoothed and rounded ledges
(roches moutonnées), transported boulders, and, above all, moraines of various
kinds, are all recognized with the greatest ease by the observer, making a
combination of occurrences which no one familiar with glacier regions could
for a moment hesitate to refer to their true cause. The difficulty has been,
‘however, that a good deal has been published by various persons who
were quite unacquainted with glacial work, and who indced in some cases
had not had the advantage of a previous training as observers in any depart-
ment of geology ; and these writers have brought confusion into the subject
by referring many phenomena to the effects of ice where there was by no
means any sufficient authority for such reference. Some have even gone so
far as to sprinkle living glaciers all over the Sierra, and others have ascribed

to ice the principal share, or even the exclusive agency, in forming and fash-
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ioning the grand peaks and domes of the Sierra. There are few parts of
the world where the dynamical agencies of ice in past times can be more
conveniently and profitably studied than in the region in question; but it is
very desirable that such study should not be entered upon with precon-
ceived theories, and that it should have been either preceded or at least
afterwards supplemented by analogous studies in other regions of present
extensive glaciation, like Switzerland or Norway. Such study on the part
of some of those who have given their opinions with the greatest fluency
in reference to supposed glacier work on the Pacific coast would perhaps
have made these writers a little more cautious in advancing their crude and
often utterly absurd theories.

The reason of the very plain and obvious nature of the former glacier
work in the Sierra is due in large part to the very recent date of its occur-
rence ; and this fact links itself unmistakably with another important one,
namely, that the glaciation of the range is absolutely and entirely in har-
mony with its present topography. The whole body of facts collected by
the Geological Survey shows most clearly that there has been no essential
change in altitude of the formerly glaciated regions since the ice disap-
peared ; and, still further, that all the features of the surface — valley, gorge,
cafion, cliff, dome, ridge — remain just as they were when the climatic con-
ditions changed so as to bring about the shrinkage and final obliteration of
the once extensive ice-masses. It is even clear that the volcanic fires of the
Sierra were entirely spent before the glaciation of the range took place. In
short, the ice-period in California was the most recent of all the geological
phenomena there exhibited ; and, as will be clearly shown, it cannot be con-
sidered to have been removed by any but a very moderate amount of time
from the actual present.

In commencing a rapid review of the former distribution of glaciers on the
Sierra, we may begin by referring to the well-known fact, that the range
sinks in general elevation as we proceed northward from the culminating
region in lat. 36° 30"; southward from this the range also breaks off quite
abruptly. Glacial phenomena are therefore cut off altogether, to the south
of 36° by the rapid decrease of the range in altitude, combined with constant
diminution in latitude. To the north the falling off in altitude is partly
compensated by the more northerly position, so that we have a belt along
the Sierra of from three to four degrees in width, where the phenomena of
ancient glaciation are chiefly displayed.
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The most striking feature in this glaciated region is, that the extent of the
former glaciers was strictly in harmony with that of the elevated region
which was the field of supply for the ice-stream. A large area, at a suffi-
ciently high elevation, where the snow could collect and become consolidated
into ice, gave birth to a proportionately large glacier, just as now in the
Alps the Aletsch and the Gorner glaciers, and the Mer de Glace, have at their
heads the largest amphitheatres, or cirques, and are consequently the longest
and best developed glaciers of the Swiss mountains,

Before proceeding to a description of the phenomena of extinct glaciation
in the Sierra Nevada, it is desirable to say something in regard to the present
distribution of snow and ice in that range, and in the Cordilleras generally.
And in the first place it may be stated that there are no glaciers at all in
the Sierra Nevada proper, and none in the Great Basin or Rocky Mountain
ranges, at least south of the parallel of 42°. With the exception of some
recent discoveries said to have been made in 1878, in the Wind River Range
(about lat. 43°), by the U. S. geological surveying parties, of which no
definite account seems as yet to have been published,* it may be stated that
there are no proper glaciers anywhere within the limits of the United States
(Alaska not included), except around the great isolated volcanic cones of the
Pacific Coast. There are certainly none in the highest portions of the Sierra
Nevada or the Rocky Mountains, these most elevated regions having been
sufficiently explored to ascertain that fact. The Wind River Range and
the region adjacent to it is considerably inferior in height to the peaks and
valleys around the South Park and the upper part of the Arkansas River;
but the difference of four degrees in latitude more than counterbalances the
difference of elevation, as respects the conditions necessary for the formation
of glaciers.

The precipitation on the flanks of the Sierra Nevada is much larger on the
western slope than on the eastern, and it undoubtedly is considerably greater
near the summit than lower down on the slope. Unfortunately, statistics are
almost entirely wanting. It is well known, however, that the precipitation
is nearly all in the form of snow along the crest of the Sierra, and that it
falls in the winter months almost exclusively. Near the summit of the range
there is, in the summer, an occasional heavy thunder-storm, attended with a

* Nothiug seems yet to have been published in regard to these glaciers, beyond the statement, in the Preliminary
Report of the Field Work of the U. S. Geological and Geographical Survey for the Season of 1878, that * three

genuine glaciers were discovered on the cast base of Wind River and Fremont Peaks.”  Dr. Hayden informed the

writer that the largest of these glaciers might be perhaps a mile in length.
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fall of rain, the quantity of which may in some rare instances be quite large.
Such events are not common enough to be allowed any weight as elements
in the climate. In the central portion of California snow only rarely falls in
localities lower than 2,000 or 2,500 feet above the sea-level. There are some-
times several years in succession when the portions of the Coast Ranges in
sight from the city of San Francisco, and from 3,000 to 4,000 feet in altitude,
are never whitened with snow; and when this does occur, it is rarely for
more than a few days at a time. Yet there have been years when quite
heavy falls of snow have taken place, even in the valleys, in the immediate
vicinity of that city.

In the Sierra Nevada, although the different ycars are quite variable with
respect to the snow-fall, it does not often happen that it is not large in the
higher portions of the range. In some seasons it becomes enormous, amount-
ing, as is stated on good authority, to more than sixty feet. Of course, even
in ordinary years, the accumulations of snow in the deep cafions, and in other
sheltered places into which it is driven by the wind, are sometimes of great
thickness. As a general thing this snow disappears very quietly, in large
part by evaporation, and the rivers are not so much swollen by its melting
as would be expected. It is only when a heavy general snow-fall is suc-
ceeded by a warm rain, occurring over a wide arca and extending to con-
siderable altitude, that such heavy freshets take place as that of the winter
of 1861-62, when a considerable portion of the Sacramento Valley was
deeply flooded with water. During ordinary years the snow appears, as the
range is seen from a distance, to have pretty much disappeared by May or
June. But the crest of the Sierra is never entirely denuded of its snowy
covering, although at the end of a long and hot summer, following an un-
usually dry winter, it may seemn to be so. In the sheltered nooks and deep
crevices, especially on the north side of the higher peaks, patches of consider-
able size will always be found. This is especially true for the higher portion
of the range, as far north as the north end of Lake Tahoe. Beyond this, to
Lassen’s Peak, where the highest passes are not much over 7,000 feet, and
the peaks between 8,000 and 9,000 in height, there is ordinarily but very little
snow left at the end of the summer. In Plumas County there were in 1866
only one or two of the highest points on which snow remained through the
entire summer, all having disappeared except a few small patches on the .
northern slopes of the most clevated peaks. On Lassen’s Peuak, however,
quite large bodies remain permanently; or at least have always been there
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when this mountain, which is about 10,600 feet high, has been seen by the
Survey. These snow spots, the lowest of which lies about 2,000 feet below
the summit, have appeared of about the same size and form when seen in
different years during the summer months.

From Lassen’s Peak as far as Mount Shasta there is no permanent accumula-
tion of snow ; but on the last-named grand volcanic cone, which is over 14,000
feet high, there seem to be always large bodies lasting throughout the sum-
mer, and extending down to points 6,000 or 7,000 feet below the summit.
In September, 1862, when the quantity for that year was at a minimum, the
cone of Shasta looked dazzlingly white at a distance, as seen from the south.
On approaching the mountain to within a few miles, the ridges and crests
between the ravines furrowing its sides were found to be bare; and on
actually climbing to its summit it seemed difficult to understand how, when .
so much of the upper part of the cone was uncovered, it could appear, fifty
miles off, to be one unbroken mass of snow. This was the year following
a winter of extreme precipitation; and, judging from photographs taken by
Mr. Watkins in 1870, and from information received at various times,* there
have been scasons when there was much less snow on this mountain than
there was when we climbed it. _

At the time Mount Shasta was ascended by the writer, in company with a
party of the State Geological Survey (September, 1862), nothing was seen or
known of the existence of any glaciers on or near this peak. The only ap-
proach to ice observed was near the summit, where a large, nearly level area
was found to be covered with snow, described in the account of the trip after-
wards published as being “almost icy in texture,” and intersected by crev-
ices from two to three feet deep.t This might perhaps pass as névé, but
could not by any possibility have been called a glacier. This ascent was
made on the southwestern side of the mountain. Later in the season Messrs,
Brewer and King, of the Geological Survey, continued the reconnaissance of
Shasta by a journey along its northern base; but still no glaciers were no-
ticed. Some years later, in 1870,.Mr. King, in making a detailed examina-
tion of the mountain, discovered several large glaciers, of which only a
preliminary account has been published. §

* Especially from Mr. J. H. Sisson, mentioned in Geology of California, Vol. I. p. 332, as residing near
the base of Shasta, and as having frequently acted as a guide to its summit.

t See Geology of California, Vol. L. p. 340.

3 A full report of these explorations of the Pacific Coast voleanoes by Messrs. King, Hague, Emmons, and Wil-

son has never been published.  Mr. King gave a short account of his investigations around Shasta in an article in
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It appears that circumstances were very unfavorable for the finding of
these glaciers at the time when the party under the direction of the writer
ascended Mount Shasta. They were probably deeply covered with snow;
but, even if they had not been, they might not have been observed, for soon
after reaching the summit, and while attending to the barometrical observa-
tions, clouds gathered so as entirely to obstruct the view down the slopes of
the mountain. There being no glaciers on the south side of the cone, it was
not supposed likely that there would be any on the other. According to
Mr. King’s observations, however, an east and west line divides the mountain
into glacier-bearing and non-glacier-bearing halves. At the time of his visit
the snow masses were less than had ever been known before; from the
earliest settlement of Strawberry and Shasta Valleys there had never been
such a complete denudation of the mountain. The photographs taken by
Mr. Watkins at that time show the southern side of the cone to be almost
entirely bare; and it was from the southwest that our party, towards the
close of the season of 1862, ascended over a snow-slope at least seven miles
in length.

Mr. King describes three principal glaciers, the largest about four and a
half miles in length and two or three miles wide. He remarks as follows:
“ We explored one after another all the cafions, which, approximately follow-
ing the radius of the cone, are carved to a greater or less depth with the
lava-flows. From the secondary cone around to the eastern side of the main
mass are only occasional fields of snow and ice,— bodies of a thousand or
two feet long, usually quite narrow, and lying on the more shaded sides of
the ravines. In nature and texture they are quite similar to the true glacier
ice, possessing in all cases planes of stratification which indicate the pressﬁre
of the formerly overlying masses.” The principﬁl glacier is on the north
slope of the mountain. Of it Mr. King remarks as follows: ¢ Receiving
the snows of the entire north slope of the cone, it fulls in a great field,
covering the slope of the mountain for a breadth of about three or
four miles, reaching down the cafions between four and five miles, its
lower edge dividing into a number of lesser ice-streams, which occupy the
beds of the cafions. This mass is sufficiently large to partake of the con-
vexity of the cone, and judging from the depths of the cafions upon the south
the American Journal of Science, for March, 1871 (Third Series, Vol. I. p. 157), and Mr. Emmons read a
paper entitled *“ The Volcanoes of the United States Pacific Coast,” before the American Geographical Society at

its mecting of March 13, 1877. This last-named paper is chiefly devoted to an account of the asceut of Mount
Rainier by himself and Mr. A. D. Wilson.
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and southeast slopes of the mountain, the thickness cannot be less than from
1,800 to 2,500 feet. It is crevassed in a scries of immense chasms, some of
them 2,000 feetlong by thirty and even fifty feet wide. In one or two
places the whole surface is broken with concentric systems of fissures, and
these are invaded with a set of radial breaks which shatter the ice into a
confusion of immense blocks. The region of the terminal moraines is quite
unlike that of the Alps, a large portion of the glacier itself being covered by
loads of angular débris. The whole north face of the mountain is one great
body of ice, interrupted by a few sharp lava ridges which project above its
general level. The veins of blue ice, the planes of stratification, were
distinctly observed, but neither moulins nor regular dirt-bands are present.
Numerous streams, however, flow over the surface of the ice, but they hap-
pen to pour into crevasses which are at present quite wide.”

No statement is made of the height above the sea-level to which the ice
descends at its lowest point. Judging from the appearance of the cone as
seen from the north, and from the photographs, it may be about 10,000 feet.
The different views, taken by Mr. Watkins, give the impression that a con-
siderably less area of the surface of the cone is occupied by ice than is
described by Mr. King as being so covered. The fact that the débris extend
over so much of the glacial surface is evidently to be explained by the almost
stationary character of these glaciers. Hardly any snow or rain falls upon
them during the summer, and by far the larger portion of that which de-
scends in winter is evaporated without actual melting, owing to the intense
dryness of the climate. That the climatological conditions all through
California are peculiar, is well known, and these peculiarities extend even to
the summit of Shasta, as is well illustrated by the fact that our party found
on the summit pieces of paper on which the names of visitors had been
recorded, in some instances several years before, and which remained per-
fectly unchanged by decay or discoloration. That the masses of ice should
be limited to the northern side of the mountain is something which might be
expected ; for as the prevailing winds in summer came from the south and
southwest, the moisture which they carried away would be most likely to be
condensed in part, at least, in the eddy which would take place just at the
passage from the warm over to the cold side of the descending slope, which
remains during the warmer part of the day in shadow.

A careful examination of all the details of structure of these ice-masses,
by some one who has had experience in similar work in the classic glacier
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regions of Europe, is much to be desired. It is quite likely that the Shasta
glaciers are literally the remains of former more extensive glaciation ; and
that if it were possible for them to be entirely removed, they would not
under the present clinatological conditions be able to form again. Judging
from what we know of the conditions necessary for the formation of glacier
ice, and from the past history of the glaciation of the Sierra, it is not unlikely
that at the bottoms of the deepest and most persistent snow accumulations
on the flanks of that range aévé or even ice may be found at times when,
as in 1870, the occurrence of several especially dry seasons in succession
has caused the snow to shrink to a minimum. In spite of the dryness of
the atmosphere, some of the melting snow must sink down into the mass,
and there are also occasional showers to moisten it, so that in the long
run the formation of névé or even of ice itself may take place. In 18066,
which was a year when there was less than the usual amount of snow in the
Sierra, Messrs. King and Gardner, in the course of their explorations for the
Geological Survey, discovered a bed of ice on the east slope of Mount Ritter,
which was thus described in their notes: “In a deep cul-de-sac, which opens
southeast on the east slope [of Mount Ritter], lies a bed of ice two hundred
yards wide, and about half a mile long. It has moved down from the upper
end of the gorge from thirty to fifty feet this year, leaving a deep gulf be-
tween the vertical stone wall and the ice.” No such masses of ice were
found by the writer or by any of his corps at any time, in the higher por-
tions of the Sierra farther south; although such have been reported by
others, but not by persons having had any previous experience in the in-
vestigation of glacial phenomena. It is doubtful whether these residual
masses of ice can with propriety be called glaciers; they have no geological
significance as such at the present time, however interesting they may be
as possible relics of a once general glaciation of the highest part of the
range.

The explorations of Messrs. A. Hague and Emmons on Mount Hood and
Mount Rainier revealed the presence of large glaciers on those volcanic cones,
as would be naturally expected from their great height and high northern
latitude as compared with Mount Shasta. Mount Rainier is 3.000 feet higher
than Hood, and almost two degrees farther north, besides being much
larger in mass ; its glacier system is therefore very much more extensive than
that of the last-named cone. The largest described by Mr. Emmons is that
which forms the head of White River, running north into Puget Sound. Of
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this glacier the greatest width on the steep slope of the mountain is said to
be four or five miles, and its length scarcely less than ten. _

Mount Baker, which is near the boundary line between the United States
and British Columbia (latitude 49°), and which is 10,791 feet in height
according to the measurements of the U. S. Coast Survey, is said to have large
glaciers upon its flanks, as would be expected from its northerly position and -
proximity to the sea.* It has never been ascended by any one possessed of
sufficient scientific knowledge to describe with accuracy the character and
conditions of the ice-fields.

Farther north in British Columbia the absence of maps making any ap-
proach to accuracy, and of detailed geological explorations, make it impossible
to give anything more than the most general statements in regard to the
present glaciation of the Cordilleras in their extension north of latitude 49°.
No active glaciers have been noticed on the eastern ranges, or the continua-
tion of the Rocky Mountains proper, until some distance north of the boun-
dary has been reached. ,

According to Dr. Hector, the geologist attached to the Palliser Expedition
(1857-60), the mean altitude of the Rocky Mountains between latitudes 49°
and 53” is about 12,000 fect above the sea ; but there is a singular absence
of marked peaks. The chain, according to the same authority, culminates
in latitude 52°, where the mountains are very massive, and traversed by pro-
found valleys, the highest offsets from which are occupied by glaciers. Con-
sidering the great elevation and high northern latitude of this portion of the
range, it seems remarkable that so few glaciers should exist there. Mr.
Selwyn, chief of the Canada Geological Survey, in his exploration of 1875,
at the head of Peace River, still farther north, in latitude 56°, observed only
patches of snow, sometimes of several acres in extent, but no glaciers or
permanent snow peaks. The altitude of the point ascended by Mr. Selwyn,
and from which, as he remarks, a perfect sea of Alpine peaks and ridges was
visiblé, was only about 6,200 feet, a fulling off in elevation of the chain in
this direction which more than compensates-for the increased latitude.

In the Coast Ranges of British Columbia, on the other hand, as might be
expected from their position with reference to the direction of the prevailing

* Professor Davidson, in giving the elevation of Mount Baker as determined by the Coast Survey, adds that
the height of the snow-line on the west side of the mountain was found to be 5,301 feet, which he says ““is 2,150
feet higher than the elevation reported by Alexander Agassiz, which has generally been distrusted.” From what
has been previously stated in this chapter in regard to the varying amount of snow on Mount Shasta, it will readily

be inferred that any such thing as a fixed snow-line on these volcanic cones does not exist in nature.
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winds and their proximity to the ocean, glaciers exist in abundance above
the 49th parallel, and increase in size as we follow the chain towards
the northwest. Below the 51st parallel they only occur high up in the
range ; but, north of that, begin more and more to extend down the valleys,
and finally, in still higher latitudes (about 60°), come nearly or quite to the
seq. ,

Returning to our own territory, the conditions as to the present distribu-
tion of snow on the Great Basin ranges, and in the higher portions of the
Rocky Mountains, between the parallels of 37° and 43°, may be noticed. In
all this region, as before remarked, there are, so far as known, no active
glaciers, with the exception of the very small ones recently discovered near
the summits of one or two of the highest points of the Wind River Range.
The condition of this region, as respects snow accumulations, resembles
much that already described as prevailing in the Sierra Nevada, but, on the
whole, with less fluctuation from year to year.

The mountains nearest the Sierra on the east, the Inyo and White Moun- -
tain ranges, have their precipitation cut off alinost entirely by the more ele-
vated range on the west. The contrast between the amount of rain and snow
fall on the Inyo Range and the Sierra Nevada is most striking.  The former
runs parallel with the latter, is not very much inferior to it in elevation, and
the crests of the two ranges are hardly more than twenty miles apart, a valley
some 10,000 feet deep intervening. Yet hardly any snow or rain falls on
the Inyo Range, which is quite destitute of any strcams on either flank,-and
indeed furnishes hardly water enough to keep the explorer from perishing
with thirst. At a time of the year (May, 1872) when the Sierra was deeply
covered with snow for from 2,000 to 3,000 feet helow the summit of the
range, the Inyo Mountains opposite hardly showed the smallest trace of it.

Snow remains in patches on the highest points of the most elevated ranges
of the Great Basin, especially the East Humboldt, through the whole year;
but the amount still left at the close of the drier seasons must sometimmes be
exceedingly small.  There are no statistics of the precipitation on these
ranges, but there can be no question that it is small, as compared with that
on the Sierra Nevada. As we approach the eastern edge of the Cordilleras,
the regimen of the climate changes somewhat, the rain and snow fall being
no longer limited essentially to the winter scason, but extending over the
whole year. Still, in spite of its more equal distribution, the quantity does
not appear to be as large as it is on the Sierra. The writer, with a small
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party, spent the summer of 1869 on the highest portion of the Rocky Moun-
tains, near South Park, and on the western side of the head-waters of the
Arkansas River. During the months of July and August of that year there
were never as many as three consecutive days without rain, and only rarely
as many as two. The rain-fall was quite tropical in character, beginning
about noon, and usually lasting until evening, with occasional violent showers.
In some instances snow fell on the summits of the highest peaks; but as
a general rule the precipitation did not seemn to extend up as high as
that. Thunder and lightning, sometimes very severe, almost invariably
accompanied these rain-falls. In spite of the great number of rainy days,
however, the ground was never more than superficially wet, evaporation tak-
ing place with the greatest rapidity, and the whole aspect of the Arkansas
Valley was that of a dry country.

Nowhere on the higher portions of the ranges adjacent to South Park was
anything seen approaching a glacier in character. There were patches of
snow, sometimes of many acres in extent, in sheltered nooks, and in depres-
sions on the northern slopes of the higher peaks. The amount of snow
remaining through the season did not appear to differ much from the average
quantity left on portions of the Sierra Nevada of corresponding elevation,
and in the same latitude.

Having thus given 4 géneral view of the present condition of the Cordil-
leras with regard to the occurrence of snow and ice, we shall now be pre-
pared to discuss the phenomena of former glaciation in the same region.
From what has been said in the preceding pages, it will be evident that, at
the present time, there are no glaciers within the limits of the United States
possessing any considerable significance as geological agents. 1t is only at
some distance north of our territory and along the Pacific Coast that what
may be properly called a system of glaciers occurs, and which, although up
to this time only very imperfectly explored, is undoubtedly attended by the
usual interesting accompaniments of the formation of moraines and other
glacial phenomena on a large scale. But, as already suggested, there has
been in former times a very extensive development of glaciers, not only in
the Sierra Nevada, but in the Rocky Mountains also, while indicaticns of their
former presence are not entirely wanting in the ranges of the Great Basin
itself. For convenience of description we may begin with the most southern
portion of the Sierra Nevada at which traces of former glaciation have been
observed, and, following the range northward, give such particulars as have
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been obtained in this connection during the various explorations and recon-
naissances of the Geological Survey in that region.

At the time of the beginning of the California Survey nothing was known
in regard to glacial phenomena in the Far West. It was generally assumed
that the ice-capping of the northern hemisphere was something which ex-
tended all around the pole, and it was presixmed that what was true for New
England in respect to ice-action would be found to hold also in similar lati-
tudes in the western regions on to the Pacific.

It was with no small interest, therefore, that we began to study, in 1860,
the distribution of the surface detritus on the Pacific coast with reference to
the question of ice-action. Our first year’s work was entirely or chiefly in the
Coast Ranges, and it was clearly established by our examinations, which
during that year extended from necar the southern border of California to a
hundred miles north of the Bay of San Francisco, that here was no question
of either glacial or northern drift. All the loose materials on the surface
showed themselves to have been distributed by causes similar to those now
in action. Detrital materials were always found to have been carried by
water down the slopes of the mountain ranges. The source of the dcbris at
the mouth of any cafion was always to be found up the cafion, and not at any
point to the north or in any other general direction. There was no striation,
or other marking of the rock surfaces, such as could only be attributed to
the sliding over them of icy masses. The next year, however, took us into
the Sierra Nevada, and here we did not fail to discover abundant proof of
the former existence of glaciers on a large scale. The exploration of
1862, 1863, and 1864 showed us that large glaciers had once covered a con-
siderable portion of the Sierra, but only the higher portion; that in certain
favorable positions, where there was a large gathering-ground for the ice, —
a cirque of vast dimensions, as at the head of the Tuolumne River, — these
glaciers had formerly descended to a level of between 3,000 and 4,000 feet
above the sca. In the Southern High Sierra, between the parallels of 36°
and 37° 30/, the same condition of things was observed in 1864; abundant
proof was obtained of the former existence of glaciers, which had, under
favorable circumstances, descended to a pretty low level, and had left, as
proof of their former presence, magnificent moraines, — medial, lateral, and
terminal. The rapid rise of the Sicrra as we proceed southwards from the
head of the Tuolumne, fully compensates for the decreased latitude, so that
the glaciers were as fully developed between the parallels of 36° 30" and
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~ 37° 30, that is about the head of the San Joaquin and King’s rivers, as in

the upper valleys of the Tuolumne. South of 36° the chain falls off at once,
and beyond that point to the south no trace of former glacial action has
been discovered by any member of the California Survey.

Going north, on the other hand, from the Tuolumne, the Sierra Nevada
diminishes rapidly in elevation, the passes sinking from 10,000 to 7,000 feet,
and the crest height being but little greater than the pass height. This
decreased elevation more than counterbalances the gain in latitude, so that
there are no more such proofs of long glaciers as that of the Tuolumne,
which was between forty and fifty miles in length, to be seen. The gla-
ciers about the head of the forks of the American River were large, it is
true, but not to be compared with those on the Tuolumne and the San
Joaquin. North of the head of the American, it would appear, from all our
observations, that the ancient glaciers were but small, and we saw but faint
traces of their former existence around Lassen’s Peak, or in the region be-
yond that cone of nearly 11,000 feet in height, along the volcanic plateau
towards the foot of Mount Shasta.

The region around Mount Shasta was only very hastily examined by the
Geological Survey, and no striking indications of former glaciation were
observed around thut great cone by any member of the corps at that time.
Later, Mr. King, as already mentioned, made a detailed exploration of the
mountain, and discovered abundant evidence of a previously greater ex-
tension of the glaciers now existing on its northern slope.

The country north of Mount Shasta was examined at different times, both
by the writer and Mr. Gabb, as far north as Vancouver Island and New
Westminster on the Fraser River. What was observed in the course of those
explorations will be mentioned further on in this chapter.

Returning now to the Sicrra Nevada, for the purpose of giving the neces-
sary details in regard to the occurrence of the ancient glaciers of that range,
it will be desirable to fix as nearly as possible the most southerly point at
which unmistakable signs of former glaciation have been observed.

Nothing has been seen, so far as known, of any glacial markings in the
high peaks and ranges of the southern part of the State of California.
Neither in the San Jacinto, San Bernardino, or San Gabriel ranges have
any such indications been observed.  These ranges are from 8,000 to 11,000
fect in altitude, and cover an exteusive area; but the latitude is too south-
erly. It is true that there are curiously deceptive appearances which are of
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frequent occurrence, and which may be mistaken for glacial phenomena by
inexperienced observers. The peculiar weathering of the granite outcrops
in the Sierra has been repeatedly mentioned in the Geology of California,
and need here only be recalled to mind as the cause of many misconcep-
tions. Some ridges, as, for instance, one on the north side of the Temescal
Range,* are covered with rounded masses of rock, which at a little distance,
and without close examination, seem to be unquestionably drift boulders.
They are, in point of fact, the remains of the disaggregation by weathering
of the concentrically laminated granite, as is easily recognized, when it is
observed that the rock may be found in all stages of passage from the alinost
solid ledge, faintly marked with concentric bands of color and fine lines
or cracks, up to the entirely detached and boulder-like masses which rest
on the surface, as if brought from a distance and deposited there by ice or
water. Sometimes, however, the granite, instead of assuming regularly
rounded forms, takes on the most fantastic shapes. A locality of this kind
may be seen near Lone Pine, in the valley of Owen’s Lake, along the west
side of the so-called Virginia Hills.

Another source of error, especially apt to be met with in the ranges of
mountains of the southern part of California, is found in the way in which
detrital materials have often been carried down the caions, entirely beyond
the edge of the mountuins, and spread out on the adjacent plains. This
kind of occurrence has already been described in the gravel volume in
speaking of the great ¢ washes” at the base of the high ranges. It need
only here be noticed that such washes always spread out fan-shaped from the
mouth of the cafion from which they issue, while true moraines as inva-
riably lie in parallel lines. The former also always present in a cross section
parallel with the range a nearly uniformly rounded swrface, the highest
portion of which is directly opposite the mouth of the ravine; moraines, on
the contrary, exhibit evidence of having been piled up on each side of an
advancing mass of ice, in that they form two very distinet lines of accumu-
lated material, with a deep depression between them and opposite the centre
of the cafion.

As already mentioned, the Sierra falls off very rapidly in clevation, from a
point about opposite the lower end of Owen’s Lake. The range here con-
sists of three principal parallel branches, having the continuation of Owen’s
Valley, south of the lake of that name, on the cast, and Tulare Valley on the

® Sce Geology of California, Vol. I. p. 179.
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west. The two interior valleys formed by the three ranges are very deep
cafions with precipitous sides, and are drained by the branches of Kern
River, of which the more westerly one, not far from seventy miles in length,
heads to the north of Owen’s Lake, on the south flanks of the Mount Brewer
Group. The regular line of travel for wheeled vehicles across the Sierra,
connccting the Tulare Valley with Owen’s Valley, crosses the range about
fifty miles south of the southern end of Owen’s Lake. This pass is a little
over 5,300 feet in elevation, and the adjacent mountains are about a thou-
sand feet higher than this. There is no wagon-road across the Sierra be-
tween the Walker’s Pass and the Sonora Pass roads, a distance of somewhat
over 200 miles measured in a direct line along the crest of the range. There
are three foot-trails between the two wagon-roads mentioned, one leading
up the Tuolumne Valley to Lake Mono, and two others crossing near Owen's
Lake. The most northerly of these two leads from Visalia in a northeasterly
direction, crossing the Sierra by Mount Brewer and Kearsarge Mountain,
and descending into Owen’s Valley opposite the town of Independence ; the
other crosses the summit of the eastern ridge of the Sierra at a point nearly
opposite the centre of Owen’s Lake, descending to Lone Pine. The two
trails are about thirty miles apart; the northern one, the highest point of
which is not far from 12,000 feet above the sea-level, is called the Kearsarge ;
the other, which is known as the Hockett (or Hackett) trail, is about 11,000
feet in elevation. '

The descent of the Main or western branch of the Kern is exceedingly
rapid, it being not less than 10,000 feet between its head and Kernville,
the point at which the Walker’s Pass road meets that river, here 2,490 feet
above the sca-level. Of course it would not be expected that the glacier
which once occupied the head of the Kern would have descended as low as
this; and, in point of fact, no traces whatever of any former glaciation were
observed, either by the writer or by any of his corps, at any point on the
Walker’s Pass route.  All of that portion of the Sierra which lies between
the last-named road and the Hockett trail was mapped by Mr. R. D'Heureuse,
of the State Geological Survey, Ilis notes make no mention of any glacial
markings in this region, although it is not probable that his attention was
particularly called to this matter. Mr. Goodyear, however, in 1872, made a
special visit to the Mount Whitney region, crossing the mountains on the
Hockett trail. 1In his report of this journey,* he says: ¢ Another point of

* Sce Proceedings of the California Academy of Sciences, Vol. V. p. 182.
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some interest is, that though I hunted for them, I found no glacial scratches,
nor any other evidence of the former existence of glaciers anywhere in this
portion of the mountains; not even on the peak which has been mistaken
for Mount Whitney, and which is over 14,000 feet high; nor on the top
and sides of another peak which I climbed in the wesfern smnmit, four or five
miles northwest of Soda Springs, and which cannot be much less than 12,000
feet high; nor in the caiion of Kern River which I followed, for four or five
miles,—nor anywhere I went did I find any traces of glaciers. This is cer-
tainly somewhat remarkable, when we consider the fact that the mountains
only twenty miles to the north are, according to all accounts, full of glacial
markings. It is true that much of the granite in the region where I trav-
elled is comparatively soft; but this is by no means the case with all of it,
and much of it is as hard, and as well adapted to preserve such markings, as
any in the Sierra.”

It appears, therefore, while the very upper portion of the main branch of
Kern River was undoubtedly occupied in former times by ice, the glacier

. extended only a short distance to the south; and that, although originating

in the very highest part of the range, it was far inferior in importance to
some of the masses of ice occupying depressions in the range farther north.
The reason of this small development of the Kern River glacier is undoubtedly
chiefly to be found in the fact, that the most westerly of the three parallel
ridges into which the Sierra is here divided almost entirely cuts.off the pre-
cipitation from the other two. On the west side of the main Kern is the
range of the Kaweah Peaks, which is but little inferior in altitude to the
main water-shed, or the portion of the range which divides the waters flowing
into Owen’s Valley from those finding their way to the Kern River. These
two nearly parallel elevated ridges are about fifteen miles apart. We have
here, therefore, another excellent illustration of what has already been stated
to exist, in reference to the relations of the crest of the Sierra Nevada in
this region to the Inyo Mountain Range on the cast; from which latter the
precipitation is almost entirely cut off by the superior elevation of the closely
adjacent line of summits on the west. Still another reason exists why no
long glacier found its way down the main branch of the Kern. The topo-
graphical features of the Sierra in the region lying between Owen’s Lake and
the Kaweah River are not favorable to the development of a large glacial
system. The Kern runs in a narrow and extremely precipitous valley, which
does not open out at its head, so as to form a large gathering-ground for the
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snow and ice. The direction, during all the upper part of its course, is
parallel with the trend of the Sierra, and an inspection of the map will show
at once how limited its area of dfainage in the higher part of the range is,
as compared with the other principal rivers farther north.

Three rivers of the Sicrra Nevada presented in their upper basins all the
conditions nccessary for the formation of large mers de gluce, and they were
thus occupied at no very distant period: these were the King’s, the San
Joaquin, and the Tuolumne. Of these grand glacial masses probably that
of King's River was the largest, because the area of drainage of this river
is greater than that of either of the other rivers named, while the average
height of the chain in this portion of its extension is greatest. The most
elevated region drained by the King's is that included between Mount
Brewer, Mount Tyndall, and Kearsarge Mountain, there being here a trian-
gular area, the lowest part of which has an altitude of over 10,000 feet above
the sea-level. The-North Fork of the King's does not head in the main
range of the Sierra, but to the west of the Mount Goddard Group, being
lapped around by the South Fork of the San Joaquin. The length, in a
direction parallel to the axis of the Sierra, of the area drained by branches
of King’s River, is about fifty miles; but they only head up as high as the
main divide for a distance of about thirty miles. The North Fork joins the
main stream about six miles below the junction of the Middle and South
Forks, and this is about thirty miles in a straight line from the crest of the
Sierra. The valley in the neighborhood of the junction of the three branches
is from 6,000 to 7,000 feet in altitude, and was formerly occupied by the
united ice-streams coming in from above. Allowing that one third of the
surface of the basin above this point was covered by the King’s River system
of glaciers, the connected ice-mass must have had an area of somewhat over
300 square miles. All through this region, the lower portions of the valleys
are smoothed, scratched, and polished, and lateral and medial moraines occur
on the grandest scale; but nowhere were any markings observed at a lower
altitude than 4,000 feet above the sea-level. Professor Brewer, in his notes
of*his examination of this region in 1864, says: “The entire absence of
ohserved glacial traces at lower levels makes it alinost certain to me that the
glaciers did not descend to below 3,000 feet, and indeed no traces have been
seen below 4,000 feet.”

The moraines in the upper portion of the King’s River basin are among
the largest and most perfect which have been observed anywhere in the
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Sierra. The main glacier came down from the vicinity of Kearsarge Moun-
tain along the route of the present trail. About six miles from the sumnmit,
here over 12,000 feet high, it was joined by a side-glacier coming in from
Mount Brewer on the south. Between these two ice-masses a moraine was
formed, of which the present appearance is that of a vast embankment of
loose boulders and angular fragments of rock, piled up with the steepest
slope on which such materials will lie without sliding, the upper edge of the
western side being elevated from 1,400 to 1,500 feet above the bottom of
the valley. On the castern side, or that nearest to Mount Brewer, is a de-
pression having a depth of from 400 to 500 feet. On the opposite or west-
ern side of the valley is the corresponding lateral moraine, at a distance of
about a mile and a half, having nearly the same altitude as the other one,
but being considerably smaller.  The tops of these moraines, especially
of the eastern one, are quite smooth, and are covered with boulders, and
they have a gentle inclination up the valley, looking in the distance as
regular as railroad embankments.*  To ascend or descend the sides of these
moraines with animals was a very difficult task; to travel along on their
crest, comparatively easy. The former thickness of the glacier at this point,
as estimated by Professor Brewer, must have been at least 1,300 or 1,400
feet; a mile farther up the valley he estimated it at not less than 1,800 feet.
The valley between the two moraines is pretty free from detritus, and beauti-
fully scored and polished.

On the eastern slope of the main range of the Sierra, opposite the head
of Kern and King's rivers, glaciers undoubtedly once existed ; but they did
not descend into Owen's Valley, or even approach it within considerable dis-
tance. The flanks of the range between Owen’s Lake and the Fish Springs
voleanic group are covered up to a perpendicular height of over 2,000 feet
with the ¢ wash” previously described, and commonly called the sage-brush
slope. There are no data in the writer’s possession from which it can be
clearly made out how much the glaciers, at the time of their greatest exten-
sion, lacked of reaching this belt of detritus.  Explorations made in 1872
along the flanks of the range rendered it evident that the ice could not here
have descended as low as a line 7,000 feet above the sca-level; but there
was too much snow on the mountains at that time, the month being May, to
ohtain any satisfactory evidence on this point.

The valleys occupied by the various branches of the Upper San Joaquin

* See Geology of California, Vol. L p. 379, for a section across these moraines.
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present also the usual phenomena of former glacial action on a magnificent
scale. The main tributary of this river in the High Sierra is the so-called
South Fork, which heads in two streams, one coming down from the north
side of Mount Goddard, and the other from the north end of the Palisades.
The principal stream, receiving many tributaries, runs about fifty miles in a
direction parallel with the axis of the chain, or northwest, and then unites
with the North Fork, a much smaller branch coming down from the portion
of the ridge between Red Slate Peak and Mount Lyell. The total length of
the portion of the Sierra drained on its western slope by the San Joaquin is
between fifty-five and sixty miles. This area has been but very imperfectly
explored by the Geological Survey; but abundant evidences were obtained
of the former existence of glacial masses in this region, on a scale perhaps
even grander than in the King’s River area. In the valley of the San
Joaquin, on the South Fork, Professor Brewer inferred, from the position of
the old moraines, that the former glacier must have been at least 1,500 feet
deep, and eight or nine miles wide in its widest places. The length of
the whole South Fork glacier, measuring to the termination of the ice in the
Main Valley, must have been over fifty miles. Neither in the case of the
King’s nor the San Joaquin River glacier has the precise point of the valley
reached by the glacial mass at the time of its greatest extension ever been
ascertained.

The formerly glaciated portion of the Sierra Nevada, which has been most
carefully explored by the Geological Survey, is that at the head of the Tuolumne
River. This region, from its importance as being in the most accessible part
of the range, ncar the Yosemite Valley, and consequently much more visited
by pleasure-travellers than the Southern Iligh Sierra, was mapped on a
larger scale than the rest of the range,* and sufficiently studied to make it
possible to lay down the position and extent of the ancient glacial mass with
considerable approach to accuracy.

The length of that pavt of the Sierra which is drained by the Tuolumne,
measured parallel with the axis, is a little less than forty miles. The prin-
cipal gathering-ground of the glacier was in the elevated plateau-like region
embraced between Cathedral Peak, Mount Conness, Mount Dana, and Mount
Lyell, forming an irregularly shaped arca of some sixteen miles in length
and from six to ten in breadth. The lowest part of this area is a little less

* This map, comprising about 2,500 square miles, anld on a scale of two miles to an inch, accompanies the {to
and 8vo editions of the Yosemite Guide-Book. A redaced photolithographic copy, on a scale of three miles to an

inch, is also given in the 16mo edition of the samne work.
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than 9,000 feet in elevation, and the ice in this portion of the valley must
bave formerly been over a thousand feet in thickness. Into this basin came
down branches of the ice-flow from the Mount Conness Range on the north,
from the pass just north of Mount Dana, formerly known as McLane’s Pass,
and from Mono Pass on the cast, and from the mass of Mounts Maclure and
Lyell on the south, this latter being the most extensive of all. The lateral
and medial moraines of all these different tlows are as plainly visible on the
surface as if the ice had but just melted away and left them. They are
particularly well marked where the glacier coming down from Mono Pass
united with that descending from McLanc’s Pass.

At Soda Springs the valley of the Tuolumne begins to narrow gradually,
and two miles below commences the remarkable gorge which continues for
twenty miles as a grand cafion, with extremely precipitous walls from a
thousand to fifteen hundred fect high, between which there is hardly any-
where much more than room enough for the river to run over its rocky bot-
tom. The walls of this callon, however, although very steevp, are nowhere
perpendicular as in the Yosemite; neither are there any of those sudden
perpendicular drops of its floor, such as we have where the Merced falls over
the squarely-cut granite edges in plunges of 600 and 400 feet at the Nevada
and Vernal Falls. The whole of this cafion of the Tuolumne has been occu-
pied by a glacier, as both the bottom and the sides show abundant evi-
dences of glacial striation and polish.  Detrital accumulations, however, are
extremely rare in it. The facts observed prove very clearly that the form
of the cafion has been in no respect due to ice-action. Projecting edges have
been rounded and smoothed. But the ice-mass followed the channel pre-
viously prepared for it : it did not do the work of excavation itself. A brief
study of the position of the glacial markings is sufficient to establish the fact
that the cafion could never have been excavated by the glacial mass which
once filled it.

If it be asked Zow this is shown, the answer can be very ecasily given.
If the caflion had been excavated by the movement of the ice with which it
is admitted that it was once entirely filled, it would of necessity show that
this was the case by presenting exclusively, everywhere in its course, the
characteristic features due to ice-work.  To use a homely illustration : if one
were to work out a trough in a plank with sand-paper alone, the resulting
cavity could not have angular recesses and projecting edges in it, for sand-

paper is a tool or material which cannot originate forms of that kind.  So, in
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the Tuolumne Cafion, the larger portion of the surface is rough and angular,
showing deep recesses, and squarely-cut buttresses, which sometimes pro-
ject out directly in the path of the ice, as if on purpose to brave its erosive
power. Only in places is even the bottom entirely smoothed over; while
the walls have only those projecting edges and surfaces rounded and pol-
ished which faced the direction from which the ice was moving, or projected
out into the valley so as to be easily reached by it. Hence it seems rea-
sonable to infer that ice has done but a very small part of the work of
excavation, which was in reality performed by other vastly more potent
agencies.

The Tuolumne River in the cafion has a rapid fall, averaging about 200 feet
to the mile, the strean itself varying greatly in size with the varying conditions
of the years and the seasons. A considerable part of its descent is made by
a series of beautiful cascades over shelving rocks, the scenery being ex-
tremely grand and attractive, although by no means to be compared with
that of the Yosemite Valley*

North of the Tuolumne Cafion, and west of the Mount Conness Range, is
an elevated plateau-like area of almost bare granite, which rises gradually
towards the northeast, and culminates in the range dividing the head-waters of
the Tuolumne from those of Walker's River, and of which the grand and jagged
mass of Tower Peak is the dominating point.  This plateau is intersected by
several parallel streams which run in a southwest direction from the Tower
Peak Range, and enter the Tuolumne Caiion over its edge in a scries of falls
and cascades, which are described, by those who have seen them at a time
when greatly swollen by the melting of the winter’s snow, as being very
grand. All this granite slope is beautifully polished and striated, and the
mass of ice which once covered it must have chicfly found its way into the
Tuolumne Catlon, and added to the volume of that great mass of ice. It
nceds but a glance at the map to sce how exceptionally favorable the condi-
tions were in this part of the Sicrra for the formation of a large glacier ; and
it is thus easy to account for the great length of this one, as compared with
those farther to the north in the range, where there is no recurrence of simi-
lar topographical features on anything like the scale exhibited at the head
of the Tuolumne. ,

Below the gorge just noticed, the cafion opens out and presents a remark-
able counterpart of the Yosemite, known by the name of the Iletch-Hetchy

# For some details in regard to ‘the scenery of the Tuolumne Cadon, the Yosemite Guide-Book, edition of
1874, may be consulted. -
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Valley. This has been sufficiently described in the Yosemite Guide-Book ;
but a few words must here be added in regard to the: interesting glacial
features of this curious locality. The Hetch-Hetchy is about fifteen miles
northwest of the Yosemite, and is similarly situated with reference to the
crest of the Sierra, from which its upper end is about twenty miles dis-
tant. Both these valleys have been lakes in former times, and the Hetch-
Hetchy still becomes one not unfrequently, the gorge below it being too
narrow to carry off all the water at the time of the melting of the snow in
the spring. The bottom of the valley is about 3,650 feet above the sea, or
about 300 feet lower than the Yosemite. Uulike the latter, it is separated
into two pretty distinct divisions by a precipitous spur of granite, which pro-
jects out from the southern side, and the sides of this mass, as well as the
walls of the valley, are beautifully scored and polished up to a height of at
least 800 feet above the level of the river. The walls of the Hetch-Hetchy
are nearly 2,000 feet in height, and very precipitous, with but a small
amount of talus at the bottomn, as is the case in the Yosemite. No doubt
the exact thickness of the glacier by which it was formerly filled could be
accurately determined by careful examination. Irom the observations of
Mr. Hoffmann, by whom this interesting locality was first made known to the
public, it appears that below the Iectch-IIetchy the trail runs for some dis-
tance along the top of a moraine, at an elevation of 1,200 feet above the
level of the river. The valley has not been explored below the Hetch-
Hefchy for the purpose of ascertaining the exact point to which the Tuo-
lumne glacier descended at the time of the greatest extension of the ice;
but it must have reached nearly or quite down to the junction of the South’
Fork. In that case the total length of the mass of ice would have been
about fifty miles; it was certainly over forty. The width must have been
more than four miles at some points in its course, and it may in places have
exceeded six. )
Between the San Joaquin and the Tuolumne rivers is the Merced, the
glaciation of whose valley is next to be discussed. This stream is more in-
teresting than any other in the High Sicrra, because it is the only one much
seen in the upper part of its course by travellers and tourists, since it runs
through the Yosemite Valley, the one feature of Californian scenery which
attracts universal attention. It is the more desirable that the glaciation of
the Merced Valley, including the Yosemite, should be somewhat minutely
described, because there seems to be a strong feeling, in California at least,
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that the remarkable scenic features of that locality are, in some way, the
result of glacial action. It seems surprising that a theory so utterly averse
to the facts should have ever gained currency, and it is almost humiliating
to be obliged to enter into an argument to prove that the Yosemite Valley
was not dug out of the solid granite hy ice.

The head of the Merced hardly reaches the summit of the Sierra. It is
lapped around by branches of the San Joaquin on the south, and of the Tuo-
lumne on the north. All three of these streams head in the great central
mass of which Mount Maclure and Mount Lyecll are the dominating peaks.
From this nodal point, however, great spurs extend to the southwest and
northwest, enclosing triangular areas between themselves and the main
divide, and which are drained by the tributaries of the San Joaquin and
Tuolumne, thus limiting the extent of the real summit range included in
the basin of the Merced to a distance of hardly more than a couple of miles
on the west side of the Mount Lyell Group.

The real sources of the Merced are the various streams coming down from
the southwest side of the spur of the Sierra which leads from Mount Mac-
lure to Cathedral Peak, and from the northeast flanks of the Mount Clark
Range. The latter is a lofty mass of granitic rocks, which runs parallel with
the main crest of the Sierra, at about eight miles’ distance, and is connected
with it by a transverse ridge. The plateau-like space thus enclosed is about
eight miles by ten in dimensions, with sides rapidly descending towards the
centre, where in a deep cafion runs the Merced. The lower portion of this
quadrangular area was formerly occupied by a glacier whose arms extended
up the depressions between the different spurs coming down from the main
ridges enclosing it on three sides.

The glacier which was thus formed at the head of the Merced was probably
not by any means as thick, and it certainly was not so extensive, as that
which occupied the Upper Tuolumne Valley on the other side of the Cathe-
dral Peak Range. The reasons of these inferior dimensions are easily found
in the smaller size and diminished altitude of the gathering-ground at the
head of the Merced. This latter is nearly two thousand feet lower, on the
average, than the broad valley to the north, which formed the main reservoir
into which descended the numerous tributaries which combined to form the
main glacier of the Tuolumne. The area at the head of the Merced, besides
having the disadvantage of inferior altitude, is so situated that it could
receive only one important tributary, namely, that coming down on the east
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side of Cloud’s Rest, and which was, in fact, simply an overflow from the
vastly greater mass of the Tuolumne glacier.

The Little Yosemite is a flat valley or mountain meadow, about four miles
long, and from half a mile to a mile wide. It is, essentially, a continuation
of the Great Yosemite on a somewhat diminished scale, and is separated from
it by only a couple of miles of distance, in the course of which the Merced
River descends 2,000 feet, half of which is in two perpendicular falls, the Ne-
vada and the Merced. The walls of the Little Yosemite are irregular in form,
and consist of almost hare granitic masses, showing everywhere a most per-
fectly developed concentric structure.  Down this valley the Merced glacier
passed, and just above the Nevada Fall it was joined by the branch from
the Tuolumne glacier, as already mentioned.  The moraines left by this last-
named branch, along the back or eastern side of Cloud’s Rest, are very con-
spicuous ohjects to the traveller following the trail from the Yosemite over
to Soda Springs in the Tuolumne Valley, and they are indeed much larger
than any of the moraines noticed as belonging to the Merced glacier proper.
Just to the southeast of Cloud’s Rest the moraine summit was found to be
765 feet above the Merced River; but it does not come within 1,500 feet
perpendicular of the crest of the ridge of which the ITalf Dome and Cloud’s
Rest are the two culminating points. The last traces which could be found
of the Merced glacier were at a point a little above the Nevada Fall.  The
most careful scarch failed to reveal any signs of glaciation in the cafion
below the fall. Nor were there any scratches or polished surfaces found on
the high points immediately south of the Little Yoscmite, especially in the
vicinity of Mount Starr King, a curious, ixolated, inaccessible cone of granite,
rising among a group of similar elevations.

Anothier arm, or overflow, of the Tuolumme glacier came down the cafion
of the Tenaya Fork of the Merced, on the west side of Cloud’s Rest; and it
was in all probability joined by an independent ice-flow of considerable di-
mensions coming in from the east side of the Mount Hoffmann Range. The
highest point of this group of summits, which lies about midway between the
Yosemite and the grandest part of the Tuolumne Cafnon, is nearly 11,000 feet
in elevation ; the pass leading from Tenaya Lake, at the head of the Tenaya
Valley, over to the Tuolumne Valley, is about 9,000 feet above the seca-level.
All through this region the rocks are heautifully polished and striated, and
these evidences of former glacial action are especially conspicuous about
Tenaya Lake, at the head of which is an isolated conical knob. which rises
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to a height of about 800 feet above the level of the lake; its sides, nearly or
quite to the summit, offer abundant traces of glaciation. The contrast be-
tween the sharp pinnacles of which the highest points of the Cathedral
Peak Range are made up and the rounded and polished surfaces in the
valley below is most striking.

The descent of the Tenaya Fork to the Yosemite is very rapid; the dis-
tance from the lake to the valley being about ten miles, and the difference
of elevation fully 4,000 feet. Thick as were the ice-masses at the head of
the Tenaya Cafion, the most carcful search failed to reveal any proof that
they had ever descended so fur as to reach the Yosemite itself. The lower
part of the cafion is pretty much choked up by huge blocks of granite which
have tumbled from the adjacent precipitous walls; but neither the rock in
place nor the loose masses exhibited any signs of striation.

It would appear, therefore, that neither the Merced glacier nor the over-
flow of the Tuolumne ever descended so far as the Yosemite; consequently
the ice never entered this valley, as it could only have been supplied to it
from those sources.* The walls of the Yosemite on cach side were carefully
examined by the writer without his having been able to find on them any
signs of smoothed, striated, or polished surfaces which could be unhesitatingly
set down as the work of ice. There are, it is true, many places where the
surface of the granite is very even and smooth; but a close inspection will
always be sufficient to establish the fact that this is a structural peculiarity
of the rock itsclf, and not of glacial origin. All throughout the Sierra, as
has been alrcady mentioned, but especially in the vicinity of the Yosemite,
the granitic masses have a most marked tendency to separate in concentric
shells. This structure, which seems to pervade the rock to a great depth, im-
presses itself most strongly on the scenery, the surface sceming to he covered
with a succession of domes and conical knobs, some of which, as in the case
of Mount Starr King, rise up so steeply as to be quite inaccessible.  As these
shells or plates separate from each other under the influence of varied me- -

#* The statements made by the writer in the Geology of California, Vol. 1., to the effect that a glacier had once
filled the Yosemite Valley, is an error, which has long since been corrected in the various editions of the Yosemite
Guide-Book. The mistake was cansed by too much dependence being placed on the reports of assistants entirely
inexperienced in the study of glacial phenomena.  Sinece the Geology of California, Vol. I., was published, the
Yosemite and the adjacent region have more than once been carefully examined by the writer himsclf.

Mr. J. F. Campbell, author of *‘Frost and Fire,” a practised observer, says, in his work entitled My Cir-

cular Notes, ‘“A local geologist found marks which indicate the presence of a large glacier in the Yosemite
Valley ; I sought carcfully, and found no marks of glaciation there.”
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teorological conditions, they expose great rounded surfaces, of which the
smoothness is well calculated to deceive careless or inexperienced observers.
Similar surfaces may, however, alinost invariably be found in the immediate
vicinity of such exposures, where the conditions are such that it is scen at
once that ice cannot have been the agent in bringing about the peculiar
smoothmness and curved form of the rock. There are plenty of deeply
recessed portions of the Yosemite Valley, where at the bottom of a cavity
entirely inaccessible to ice the same smoothness may be observed. Around
these are the overlapping edges of the successive plates, by the removal of
parts of which the cavity has been formed. These will all have sharp edges,
an occurrence entirely impossible if the removal of the wanting portion had
been effected by glacial erosion.

The only thing in the Valley which might with some plausibility be re-
ferred to the agency of ice is the small moraine-like elevation at the head
of the Bridal Veil Meadow, referred to in the Geology of California, Vol. L.
This, as well as the whole Valley, the writer has re-examined since that vol-
ume was written, and has become thoroughly convineed that it is not neces-
sarily of glacial origin. A moraine in the Yosemite Valley would without
doubt be composed of similar materials to those which constitute the present
talus at the bottom of the walls of the Valley. These are all made up chiefly
of coarse angular blocks of granite with a little finer granitic detritus mixed
with them, such material, in short, as would be formed by the cracking off
and falling down of portions of the walls of the Valley. The supposed mo-
raine, however, is made up of fine material almost entirely, and it appears
very probable that it was formed at the time when the Valley was a lake,
by the crowding of the ice against the shore, at the time of the winter’s
freezing. This mode of building up of walls and moraine-like accumulations
around the shores of lakes is a phenomenon of frequent occurrence.  In the
case of the Yosemite the formation of such a pile of débris at its lower end
would be materially aided by the violence with which the wind frequently
blows up or down the Valley. This, even now, is occasionally alinost sub-
merged at the time of the most rapid melting of the snows on the adjacent
Licights, after winters of uncommonly large precipitation. The Iletch-Hetchy,
on the other hand, according to Mr. Hoffimann, is transformed into a regular
lake at such ties.

It being, as the writer after a careful examination believes, a well-estab-
lished fact that the Yosemite was not occupied by ice during the time of the
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former extension of the glaciers over the higher portions of the Sierra, a few
words may be added to what has heen said, for the purpose of showing that,
even had the Valley been so occupied, there is no reason to believe that its
form would have been essentially modified by any erosive agency of the ice
which passed through it. Bearing in mind what has already been said in
regard to the glaciation of the Tuolumne Cafion and the Hetch-Hetchy
Valley, it may be added that the form of the Yosemite is still more unlike
anything that could have been effected by any kind of erosive action,
whether of ice or water. Following down the Merced from the Little Yo-
semite, we have in the first place two vertical steps of descent, of 600 and
400 feet. Even now, after the river has poured its volume of water over these
precipices for ages, their edges remain wonderfully sharp. These vertical
steps downwards along the line of descent of the supposed glacial mass are
something of an entirely diffcrent nature from any results which either ice
or water is accomplishing at the present day. But the whole Yosemite shows
in all its details a succession of forms which never could have been produced
by any kind of erosion. Such rectangular, squarely cut recesses as that at
the head of the Valley, over which the Vernal and Illilouette falls descend,
could never have been produced by flowing material of any kind. And
all through the Yosemite there are vertical, or nearly vertical, walls of rock
from one to two thousand feet in height, which are turned entirely in the
opposite direction, and, so to speak, hidden away from any possible approach
of an erosive agent. An examination of the large map of the Valley accom-
panying the 8vo and 4to editions of the Guide-Book would suffice to con-
vince any candid inquirer that such faces of rock as those on the west side
of El Capitan differ radically from anything exhibited by ordinary valleys of
crosion. A moving mass of ice could only have acted in the direction of its
own line of motion. Angular forms could never by any possibility be cut
out at right angles to that direction. Most surprising, and contrary to all
the facts, is the attempt which has been made to explain such remarkably
exceptional formations as that of the Half Dome by glacial erosion. The sum-
mit of this stupendous mass rises to a height of more than 2,000 feet above
any point which ice could ever have reached. It has not a glacial sceratch
upon its surface at any point.  Its smoothly rounded back and dome-shaped
summit are found on examination to be strictly conditioned by the internal
structure of the mass itself, which along the edges of its broken front every-
where shows the overlapping concentric shells of which it is made up. As
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if to remove every possibility of a glacial theory of its origin, it presents in
precisely the dircction from which any moving body of ice must have ap-
proached, — namely, towards the head of the Tenaya Cafion,— a series of
immense projecting plates, the edges of which are sharply cut and do not
exhibit the least indication of rounding by glacial or any other erosive force.

Below the Bridal Veil Meadow, at the lower end of the Yosemite proper,
the whole character of the valley changes; the sides assume the ordinary
V-shape due to erosion by water, and the piles of débris at their base become
conspicuous. All the characteristic Yosemite features,— the vertical walls,
the rectangular projecting cliffs, the ulmost entire absence of talus,— these
all disappear as soon as we enter the cafion below.

All along the Sierra Nevada in the vicinity of the head of the Tuolumne
River, there is abundant evidence that the glacial masses covering so exten-
sive a portion of the western flanks of the range also extended far down on
the eastern side. Above the group of voleanoes near Fish Springs in Owen’s
Valley, the eastern slope of the Sierra has been but very slightly examined
by the Geological Survey. The decp cations down which Big Pine, Bishop’s,
and Indian creeks descend are, in all probability, glaciated in their upper
portions; but there seem to be no morainic accumulations of great size reach-
ing to a considerable distance below the summit, as is the case farther north.
All along this side, however, from Round Valley north, as far as Big Mcad-
ows, twenty miles beyond Mono Lake, the moraines left by the glaciers
formerly descending the ecastern slope are extremely conspicuous.® A very
extensive glacier formed on the east side of the high group of summits to
which Mount Ritter and Mount Maclure belong. This body of ice pushed its
moraines at least six miles to the north, towards Mono Lake. At the
southern end of this lake is an extensive group of volcanic cones and craters,
which rise to the height of from 9,200 to 9,300 feet above the sea, the
highest being about 2,750 feet above the level of Mono Lake. These cones,
which are chiefly made up of ashes and pumice, have retained their original
shape in almost entire perfection, showing that the amount of precipita-
tion in the form of rain in this region must be very small, as otherwise they
could not fail to have been more or less washed away.  Professor Brewer,
who ascended the hichest of these old voleanoes, noticed several blocks of
granite near the summit and within its crater mixed with the ashes. This

# The position of the most important of these moraines will be found laid down on the southeast-quarter sheet

of the Central California Map of the State Geological Survey.
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might seem, at first sight, as if indicative of the fact that the glacier
came down the northeast slope of Mount Ritter. This would be hardly
possible, however, for the position of the moraines to the south does not
indicate that the glacier ever rose as high as this; and, indeed, so great a
thickness of the ice, at so low a level as 7,000 feet, on the eastern slope,
would not be in harmony with what has been elsewhere observed in this
region. Besides, it seems impossible that glaciers should have passed over
those concs of easily movable ashes without spoiling their symmetry, which
has certainly not been accomplished. The advocates of the excessive erosive
power of moving ice certainly could not admit that these cones have ever
stood in the path of a glacier. Tt is not impossible that the granite should
have been thrown up from below by volcanic forces. Certainly everywhere
in the Sierra lava and ashes have been projected in astonishing quantity
through this rock, and it would not appear that any positive reason can be
given why some portions of the underlying granite should not have come to
the surface with the purely volecanic materials.

As a general rule these morainic accumulations on the eastern slope of the
Sierra are massive and extremely well marked. They extend out a few miles
from the edge of the mountains, and then come at once to a stop, the posi-
tion of their terminal point being as easy as possible to fix.

In the gorge leading down from the Mono Pass, which is 10,765 feet in
elevation, there are abundant evidences of former glaciers, from near the
summit to the very foot of the cafion. The rocks are rounded, polished, and
grooved, and from the bottom of the mountain large piles of detrital ma-
terials extend out into the plain for several miles. According to Mr. King,
the lower portions of these moraines exhibit distinct traces of terraces, indi-
cating that at the time of the accumulation of these piles of detrital materials
Mono Lake stood at a much higher level than it now does. This condition
of things has received abundant confirmation from other facts observed all
through the region east of the crest of the Sierra Nevada. Unfortunately,
barometric observations were not taken along the base of these moraines, so
that the precise altitude of their termini above the sea, or above Mono Lake,
is not known ; the position of the terraces immediately upon the shores of
that lake, however, show it to have been, at one time, at least 600 feet
higher than it now is.

All through the region at the head of the Tuolumne River the perfection
with which the moraines are preserved was, for the party exploring that por-
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tion of the Sierra, a constant theme of remark. Not less striking was the
polish of the rock surfaces, which often, when struck by the sunlight at the
right angle, glittered in the distance like mirrors. In crossing from Tenaya
Lake to Soda Springs the rocks for long stretches were bare, and so smooth
that the mules could with difficulty keep their footing. The fact was re-
peatedly noticed, all through this region, that where a great thickness of ice
had formerly rested on the granite, which is almost the only formation of
this glaciated region, the surface of the rock seems to have undergone a
molecular change, a sort of crust having been formed, as if by the crushing
and compacting together of the crystalline minerals of which the granite is
made up. This crust appears to he more durable than the body of the rock;
and, in the process of weathering, the exterior sometimes scales off in plates
or flakes, half an inch thick or more, of which one side is as nicely polished
as if the work had been done only yesterday. Other portions of the granite
which have not been subjected to this pressure seem to be eroded with com-
parative rapidity, and their surfaces are often quite nrregularly worn out in
cavities. Professor Brewer thought that he observed this peculiar change
of the crust of the granite to be strikingly developed in certain portions of
the Mono Pass, where the glacier had been forced to make its way through
narrow gorges, and where, in consequence, the pressure exercised on the
enclosing rocky walls must have been enorinous.

The locality farthest north in the Sierra where any extensive proofs of
former glaciation have been discovered,—so far as known to the writer, —
on the eastern slope of the range, is at a point about ten miles northwest of
Mono Lake. Here, at the head of Walker River, and between Castle Peak
and the Tower Peak Range, is a depression in the Sierra over which crosses
the so-called Virginia Trail, once considerably used as connecting the Upper
Tuolumne and Merced rivers with Aurora and the mining districts of
Nevada. :

This trail crosses to the southeast of Castle Peak; but Green River, which
heads at the summit of the pass, finds its way down the eastern slope on the
northwest side of this mountain, which is nearly 12,000 feet high. In the
caiion of this stream a very large glacier once descended almost to the level
of the Big Meadows. The moraines left by it are very large and distinct,
forming two parallel ridges, some 350 feet in height, made up of the usual
angular débris of the range above. Tt was noticed by the writer, how much
these moraines resembled, both in form and size, the detrital accumulations
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of similar origin in the Upper Arkansas Valley. It was also remarked that
here, as in most cases in the Rocky Mountains, the lateral moraines high up
in the range seem to have been almost entirely obliterated, while those low
down, on the nearly level valley, at the base of the mountains, are not only
of immense size, but perfectly preserved in form,

Passing to the north of the Tuolumne River, we find a very considerable
change in the topography of the Sierra, accompanied by a rapid decline in
its altitude. These altered conditions make themselves manifest at once
in the character of the traces of former glaciation which are discoverable.
There are no more such immense ancient glacial systems as those of the
King’s and Tuolumne rivers, which rival with or even surpass the largest
ice-flows at present existing in the Alps. This is as we should expect, for the
traces of former glaciers are everywhere in the Sierra Nevada found to be
in strict harmony with its present climatic and topographic features. From
the head of the Tuolumne north there is no longer one almost unbroken
western slope to the range, with an extremely rapid descent on the east into
a deep valley, separating the Sierra Nevada most distinctly from the Great
Basin ranges; the mass becomes more and more split up into subordinate
parts by spurs making off to the north and inosculating with still more
easterly ranges, so that any line of division between them must be largely
artificial.  Finally, when we reach Plumas County we have several nearly
parallel ranges of about equal elevation, enclosing extensive valleys, where,
however, the elevation is not great enough to have given rise to large gla-
ciers, and where the diminished precipitation also makes their former exist-
ence less probable.

Another circumstance renders the conditions of the northern portion of
the Sierra less favorable than they are farther south for the observation
of the traces of former glaciation. The farther we go north the more the
higher portions of the range become covered with volcanic materials, which
are almost entirely wanting about the upper basins of the large rivers of the
High Sierra. These voleanic rocks are not favorable either for receiving or
retaining glacial striation or polish.

The next stream of importance, north of the Tuolumne, is the Stanislaus,
and the range of the Sierra at its head is still quite high, the Sonora Pass,
which leads from the head-waters of the Stanislaus to those of the West-
Walker River, being about 10.000 feet above the sea-level. But glacial

L}

markings were not scen on the eastern slope of the pass at a distance from
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the summit of over two miles. Above that they were abundant, and they
were also seen high up on the elevated ridges south, which rise to an alti-
tude of necarly 12,000 feet above the sca-level. The spurs between the
branches of the Stanislaus, for a considerable distance below the summit,
exhibit indications of the former existence of masses of ice of great thickness.
Professor Brewer’s notes give the following particulars in regard to these
occurrences, obtained in his examinations along the Sonora Pass road, in
1863 : «“ We camped at the lower crossing of the Stanislaus, about eighteen
miles west of the summit, and examined the hills south. The sides of the
caiion rise abruptly to the height of 2,500 or 3,000 feet. Granite extends
to within perhaps 700 feet of the highest point reached, which was of
voleanic, rudely colummar. Iligher mountains are on every side, mostly
of granite, capped with lava. On the ridges lying between the forks of
the Stanislaus, north of us, these were exceedingly grand, rising perhaps
3,500 feet above the river. Their tops were worn into fantastic forms; one
was not unlike an immense castle crowning the bold mountain. The rock
of the spur or ridge reached was of porphyritic lava, rather soft. Perched
near the top were ten or twelve large granite boulders, which must have
been deposited by ice, since they could not possibly have been carried
there by water. They were of coarse texture, the feldspar erystals very
large, some angular, others rounded and weathered. One of these, perched
on a very sharp ridge, measured seventcen feet long, fourteen wide, and
twelve high; the others were smaller.  Another lava spur, a fourth of a mile
east, had its top strewn with similar boulders.  These must have come from
the east, where at the distance of three or four miles there is granite at
a greater elevation than that of these boulders, and they must have been
brought by glaciers that flowed from the higher mountains down the cafion
of the Stanisluus River. No glacial polishings were observed, but the rock
is not well calculated to preserve them.” Nothing indicating the passage
of glaciers was observed farther down the Stanislaus Valley. The road
descended at a considerable height above the river. the bed of which was
examined by the writer, at a point near the Sugar Pine mining district, and
no signs of glaciation found. This, however, was at a level probably consid-
erably below the point to which the former glacier reached at the time of
its greatest extension.

At a still lower level, namely, of about 2,200 feet, between Sonora and

Columbia, several square miles of the surfuce of the limestone rock have
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been cleared of the overlying detritus by those engaged in washing for gold.
Nowhere can a trace of the former existence of glaciers in this region be
discovered. Indeed, there is not a locality in the Sierra where any proof
whatever has been obtained that the ice descended, even in the most favor-
able positions, to a point as low as 2,000 feet above the sea-level. And a
large extent of rock-surface has been exposed, all through the auriferous belt,
by the various and extensive mining operations there carried on.

The Mokelumne River heads in a group of high peaks six miles south of
Silver Mountain ; the eastern slope is drained in this part of the range by the
head-waters of the Carson. Numerous branches of the South Fork of the
Amecrican River take their rise in the northwestern slopes of the spurs whose
opposite sides drain into the Mokelumne. The Cosumnes River, which runs
into the Sacramento between the Mokelummne and the American, does not
head so far up as the summit range of the Sierra. This stream need not,
therefore, be taken into consideration in deseribing the former glaciation of
the region. The Mokelumne, also, is of little imnportance in this connection ;
for, although its sources drain an clevated district, there are no important
aflluents coming into it at high altitudes, so that there was no chance for
the formation of a large glacier at its head. The lowest point in this region
at which evidences of the former presence of ice were detected was Silver
Valley, 7,300 feet above the sea-level. This locality is in the Stanislaus
Valley, about twenty-two miles from the Calaveras Big Trees, on the road
to Silver Mountain. At Ilermit Valley, on the Mokelumne, at an altitude
of 7,259 feet, distinct marks of glacial action were met with, and from this
point they continued to be observed in abundance almost up to the very
summit of the pass, the height of which is nearly 9,000 feet above the sea-
level. No extensive moraines were seen; but it can hardly be doubted that
a sufficient amount of detailed exploration in this region would make it
possible to lay down the ancient limits of the ice with considerable approach
to accuracy. The thickness of the mass must have been great in this region,
just in the vicinity of the summit, for large blocks of granite may be scen
on the crest of a ridge, about 300 feet high, a little south of the pass, resting
on the lava in a position such as they could not have taken without the help
of ice. As already suggested, in regions like this, where friable and easily
disintegrated voleanic rocks abound, the amount of erosion which has taken
place since the melting away of the ice is quite considerable, rendering it
difficult to connect the isolated occurrences of transported material without
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a carcful survey and an accurate map. Traces of former glaciation were
observed in abundance on the eastern slope, nearly down to Silver Mountain
City, 6,516 feet above the sca-level.  Just below that mining setdement
voleanic rocks cover the surface, and no more striation was noticed. It is
probable, however, that the glacier descended considerably lower on this
side, for numerous blocks of granite were scen perched high up on the sides
of the lava-covered ridges, where they must have been left by ice.

The western slope of the Sierra, from Carson Pass nearly to Donner Pass,
or the crossing of the Central Pacific Railroad, a distance of about fifty miles,
is drained by the numerous branches of the American River. For a consid-
erable portion of this distance the summit of the Sierra is divided into two
nearly parallel ranges of about equal height, and between them lies by far
the largest and most important mountain lake of California, Lake Tahoe,
which is about twenty-one miles long, and from nine to twelve in breadth.
The elevation of the range on the west side of this lake, in its highest point,
a little exceeds 9,000 feet.  Pyramid Peak, ten miles southwest of the south
end of Lake Tahoe, and just north of the Placerville road to Carson Valley,
which ascends the South Fork of the American, is the highest point north
of Silver Mountain until we reach Lassen’s Peak, having an elevation of
about 10,100 feet, which is nearly 500 feet less than the last-named summit.
The other prominent points along the range at the head of the American
River are nearly a thousand feet lower than Pyramid Peak.*  Mount Stanford,
just north of Donner Pass, is 9,102 feet in elevation.  Of the passes along
the range between this point and Pyramid Peak the highest is that of Squaw
Valley, crossed by a trail only, and 8,774 feet in clevation ; the pass trav-
ersed by the Central Pacific Railroad is only 7,017 feet above the sea-level.

The point furthest south in the American River basin where traces of
former glaciation have heen noticed by the Geological Survey is at Silver
Lake, near Carson Pass, at the head of Alpine Creck, one of the branches of
the South Fork of the American.  In fact, the region all about the Carson
Pass, which has nearly the same elevation as the Silver Mountain Pass,
exhibits abundant proofs of the former presence of glaciers.  Near Tragedy
Springs houlders of granite were seen resting on the lava tables, as if left
there by ice, although the striation was wanting.

Farther north, all abont Hope Valley, and around a small lake in Luther’s

Pass, which conneets with the Johnson Pass, are abundant glacial traces.

* See Table of Barometrie Atitudes, in Appendix to the gravel volume,
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Around Pyramid Peak extensive ice-flows have existed in former times.
The rock of this lofty peak is all granite, which about the summit covers the
surface in large angular blocks. On the east side is a valley with much bare
rock, which is polished by glaciers, and contains several small lakes. The
large ice-flow which formed on this slope descended to the south, and passed
over a high precipice into the cafion of the American River, a short distance
above Slippery Ford. The name of the latter locality is suggestive of the
glacier-polished surface of the rock at the crossing of the stream.

From Pyramid Peak the range extends in a nearly northerly direction for
about twelve miles, and in the gorges between the spurs leading down
from it to Lake Tahoe glaciers formerly descended, probably nearly or
quite to the level of that fine sheet of water, which is about 6,250 feet in
altitude. There is also a high and somewhat isolated point, called Crystal
Peak, five miles north-northeast of Pyramid Peak and at the head of Fallen
Leaf Lake, which also sent down its glaciers to the east and north. In this
part of the range, which runs straight north from Pyramid Peak, a large
branch of the Middle Fork of the American River heads, running northwest
and joining the main strcam at Big Meadows. This branch is called the
Rubicon, and its valley is polished and striated throughout its whole length.
The Little Rubicon, a much smaller stream, running nearly parallel with the
last-mentioned, exhibits similar features. According to Mr. Bowman, who
made a detailed survey of this region for the California Water Company, the
lowest point at which he observed glacial gravel in the course of his work
around the region drained by the Middle Fork of the American was a little
below Forney’s, or Pilot Creek, at an altitude of about 5,000 feet above the
sea-level.

From Burton Pass the main divide of the Sierra trends a little more to
the west of north, and is quite distinctly marked as far north as Mount
Stanford, although declining gradually in elevation. The Twin Peaks and
Granite Chief are two prominent points in this division of the range; the
former has an elevation of 8,724, the latter of 9,144 feet above the sea. Some
of the higher portions of the ridge are capped with tables of lava, irregularly
eroded away, as Is so common an occurrence everywhere in the range from
the Sonora Pass northward. Glaciers, no doubt, made their way down both
sides of this portion of the range. Quite an extensive one must have
descended in the valley of the North Fork; but the upper portion of this
stream has been very little examined by the Survey.
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Bear River, on the other hand, being near the line of the Central Pacific
railroad, which runs on the divide between that stream and the North Fork
of the American, has been pretty thoroughly explored, and the evidences of
former glacial action traced down to a little below Emigrant Gap, 5,521 feet
above the sca. On the mountain immediately north of Summit Station, at
a point 7,722 feet above the sea, a glacially scratched and polished surface
was observed, indicating that the ice-mass was here not less than 700 feet
in thickness. From the summit down the valley old moraines may be seen
high above its bottom, along the top of which, or near it, the railroad occa-
sionally passes for some distance. At Sereno Lake, where ice is cut for the
supply of the railroad company, the moraine, there very distinctly marked,
was about 400 feet above Summit Valley. Near Emigrant Gap the road
is built on the southerly and southeasterly flink of an old moraine of great
size. The top of this is from one to three hundred feet above the line of
the track, the slope descending some 300 feet or more, and in places as
much as 500 feet, to the bottom of the ncarest depression, called Wilson’s
Ravine. The upper portion of the ridge is thickly dotted with granite
and lava boulders as far down as Sailor Ravine, about three miles by the
track below Emigrant Gap. Professor Pettee remarks in his notes of this
region as follows: “It was at the head of this ravine, a quarter of a mile
from the track, that I saw the last granite boulder on this trip. Later in the
scason I started from Blue Cafion Station, and found a single piece of gran-
ite about half a mile farther down than Sailor Ravine, at a point nearly due
east from the Blue Caion Station, at an altitude of 5,081 feet. That is the
lowest point at which I saw evidences of the remnants of glacial action.
On the opposite side of Bear River, two miles to the northwest of the rail-
road line, there is a considerable moraine extending down to a probably
somewhat lower level than that just described. But there is no information
as to the precise point to which it descended.”

A large extent of country, somewhat lower down on the slope of the
Sierra than that which has already been noticed, was explored by Mr.
Goodyear, as detailed in the preceding pages*  Ilis field of work lay
chictly between the South Fork of the North Fork and the Middle Fork of
the Middle Fork of the American River; at least, it was only in the part of
the Sicrra between these two streams that he in the course of his explorations

# For details of the route passed over by Mr. Goodyear in the course of his explorations, see page 82, and

accompanying diagram, Plate B. in the gravel volume,
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reached an altitude great enough to warrant the expectation that traces
of former glaciation might be met with. The most elevated region exam-
ined by Mr. Goodyear was about the head of the North Fork of the Middle
Fork of the American, where he made several barometric observations at
stations between 5,000 and 7,000 fect above the sea-level. The highest point
reached was Bald Mountain, with an altitude of 7,091 feet.* This region lies
south of the Central Pacific railroad, and nearly west of the upper part of
Lake Tahoe. In spite of its great altitude, however, Mr. Goodyear's notes
do not mention any glacial scratches or polished surfaces as existing in the
region explored by him. A large portion of this district, it is true, is covered
with volcanic débris; but the valleys are mostly cut down deep into the
granite or slate; and the rock would in many places have been of a texture
and hardness favorable to the preservation of glacial markings. This is
especially the case in the vicinity of the Canada Hill and Bald Mountain
Range, where a kind of quartz-rock predominates, which may be presumed
to have had all the qualities necessary for retaining either striations or
polished surfaces. The reason why the glacier descended to so much lower
altitudes on the line of the railroad, as mentioned above, must have been
that there was a more extensive gathering-ground for the glacial mass,
at a high altitude, in the upper basin of the North Fork than there was at
the head of those branches of the Middle Fork which chicfly drain the region
explored by Mr. Goodyear.

From Bear River north no indications have ever been observed, by any
member of the Geological Corps, of extensive glaciation. During the con-
tinuance of the Survey, Sierra County was but very hastily and imperfectly
explored, and the higher part of it was not visited at all. Plumas County,
however, was examined with some care by the writer, during the summer
of 1866, from Quincy to Lassen’s Peak, which forms the extreme northwest
corner of the county. Nowhere in the course of this exploration were any
clearly defined traces of former glaciation observed, in spite of the very con-
siderable elevation of the valleys and the surrounding ranges. Even the
higher latitude scems not to have heen efficient in aiding to bring about in
this part of the Sierra those climatological conditions necessary to the forma-
tion of glaciers of importance. ‘

During the summer and autumn of 1879 the higher portions of Sierra and
Plumas counties were explored by Professor Pettee, as already mentioned,

® See Table of Barometric Altitudes, appended to gravel volume.
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and traces of former glaciation of the region were carefully sought for by
him. He reports as follows in reference to this point : —

¢« On the divide between the South and Middle Yubas I saw distinct mark-
ings and polishings of the granite rocks near the Bowman reservoir, at an
altitude of about 5,500 feet. No time, however, was taken for any detailed
examination of this region. The markings seen were all near the reservoir
in the cahon; no note was made of their dircction. On the divide between
the Middle and North Yubas, I saw glacial markings on granite near the
head-waters of the North Yuba, at a point about six miles above Sierra City,
and at an altitude of about 5,800 feet. The locality is near the Blue Gravel
location, on Milton Creck, one of the head-waters of the North Yuba. The
amount of bed-rock uncovered was not large, but the parallel strie were
exceedingly distinct. Their course was northwest and southeast, bearing
directly for the highest visible point of the Sierra Buttes, about six or eight
miles distant. To the north of the North Yuba I frequently reached alti-
tudes sufficiently great for glacial markings; but I saw no exposed bed-rock
which showed signs of being scored and polished.  Erratic boulders, difficult
to account for except on the theory of glacial transportation, were seen near
La Porte and Howland Flat. And similarly, near Forest City, south of
Downieville, on the other divide, there were peculiar boulders quite differ-
ent from those which made up the mass of the surface débris. The altitude
at which these last were found was a little less than 5.000 feet; of the for-
mer, about 5,200. At Jamison City, the altitude of which is about 5,000
feet, to the northeast of Eurcka Peak and the Plumas Kurcka quartz-mine,
~there is a remarkable deposit of heavy gravel and boulders, none of which
are very much rounded, while some are quite angular. The deposit is a
portion of an extenxive range of similar materials, which is said to be trace-
able for several miles along the upper course of the Feather River, towards
Mohawk and Sierra Valleys.  Upon the surface of the gravel there are nu-
merous erratic boulders, as much as ten or fifteen feet in diameter, different
in character from the main mass of the gravel. When exposed to view, a
section of the gravel frequently showed a morainic structure. I was inclined
to the view that the glaciers had considerable to do with the formation of
this deposit, but I could find no further corroborative evidence. The day
after I left Jamison City a heavy snow-storm set in, which prevented my
pushing inquiries any further in that direction. The region to the north
and northwest of the Sierra Buttes —forming the divide between the
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Feather and the Yuba drainage — is onc which, in all probability, has been
materially modified by glacial agencies; but it needs to be visited earlier
in the season. The snow shut me out from it during the first week of
October.” ‘

In spite of the very considerable elevation of Lassen’s Peak (10,577 feet),
no evidences of former glaciation were obtained in its vicinity either by
Professor Brewer and party in 1863, or by' the writer some years later. It is
quite likely, however, that more careful observations might show the exist-
ence near this peak of traces of detrital material which could be accepted as
evidences of former glaciation. The character of the rock formations for some
distance around this volcanic mass is not at all suited to the preservation
of striated surfaces.

Somewhat similar remarks might be made about the region adjacent to
the south slope of Mount Shasta. Neither there nor in the valley of the
Upper Sacramento, nor in the elevated plain in the neighborhood of Yreka, on
the northwest of this great volcanic mass, were any evidences of former gla-
ciation observed by the writer. Mr. King, however, in exploring the north
side of the cone, not only discovered active glaciers, but proof that they had
formerly been much larger than they now are. In his account of these dis-
coveries, to which reference has already been made, Mr. King remarks as
follows: “ One of the most interesting of all the features of the country was,
however, the clearly defined moraines of the ancient and more widely ex-
tended glacier system. Nearly the whole topography of the lower part of
the cone is modified by the deposition of glacial material. At an elevation
of about 8,000 feet on the southern or snowless side of the mountain is a
great plateau-like terrace, about 2,500 or 3,000 feet wide, extending around
one half of the cone, and composed wholly of moraine material. Besides
these, long, straight, or slightly curved medial moraines jut out from the
mountain in all directions, not unfrequently descending into the valley for
several miles.”

This ends what there is to be said in regard to the traces of the former gla-
ciation of the Sierra Nevada, as nothing more of this kind has been observed -
until we pass to the north of the California line. Not even in the high ranges
of Trinity and Klamath counties was anything seen which would justify the
belief that these mountains, so near the coast, had ever been covered with
ice. Before discussing what has been stated in reference to the glaciation
of regions still farther north, it will be desirable to briefly state what is
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known in regard to the former glaciers of the ranges east of the Sierra
Nevada, in the same latitude, and also in the Rocky Mountains. '

At the time of the beginning of the California Geological Survey (1860),
nothing whatever was known, at least nothing had been published, in regard
to the former presence of glaciers anywhere in the Rocky Mountains. Our
investigations having made it evident that ice had once covered a consider-
able portion of the Sierra Nevada, and having clearly established the most
important facts connected with this former glaciation along the Pacific coast
as far north as the United States boundary line, it became desirable that
something should be ascertained in regard to the occurrence of similar phe-
nomena in portions of the Cordilleras lying farther east, namely, the Great
Basin Ranges and the Rocky Mountains. Up to the year 1869 nothing had
been definitely made out as to the former glaciation of any part of the Cordil-
leras outside of the limits of California.* It was, therefore, partly for the pur-
pose of obtaining some light on this interesting question that the writer spent
a part of the summer in the highest region of the Rocky Mountains, as already
mentioned. Previous to this, however, he had personally examined several
of the important ranges of the Great Basin, namely, the West Humboldt, the
Toyabe, and portions of the Wahsatch Range. Since 1869, the voluminous
publications of the Fortieth Parallel and the other United States Surveys
have given abundant details in regard to the now well-understood phenom-
ena of extinct glaciers in the region in question, and it is now possible to
make out pretty clearly what portions of the ranges were formerly covered
by ice, and how far down their flanks the detrital materials have been carried
by glacial agencies. The deficiencies in our knowledge are most marked in
the northern portion of the Rocky Mountain ranges within the limits of the
United States.  Much the larger portion of the detailed work done by au-
thority of the United States has been carried on in the central and southern
parts of the region in question, or to the south of the parallel of 42°. The
belt of country thus examined, however, includes the higher ranges of the
Cordilleras, whose broadest and highest portion lies between the parallels of
36° 30" and 42°.

% From Dr. Hayden’s “ Report of the Exploration of the Yellowstone and Missouri Rivers” (1859-60), pub-
lished in 1869, it would appear that the fact of the detrital material in the Wind River Mountains having every-
where been derived from rocks near at hand had strongly impressed itself on the author’s mind.  And when it is
said (page 84) that, “on the left bank of Wind River, it would seem as though the icebergs had lodged against
it and quictly deposited the burden of rocks which they had acquired in the more elevated mountains,” it is
apparent that the intention of the author is to indicate the existence of woraines, and to describe those phenomena

which could only have been due to former glaciation.
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The general result of all these explorations is the same as that so clearly
established in California, — namely, that comparatively only a very small por-
tion of the highest ranges of mountains which stretch across that vast region
has ever been covered with glaciers; and, furthermore, as a necessary conse-
quence of this, that there has never been, in this region, anything like a
Northern Drift period, or a transportation of material in any general direc-
tion, independent of the present topographical features of the country.

No traces of former glaciers have been observed in any of the ranges of
Western Nevada, so far as known to the writer. The West Humboldt
Range, the culminating point of which, Star Peak, is 9,925 feet above the
sea-level, shows no signs of former glaciation. In the East Humboldt Range,
on the other hand, the ice-ficlds were once of considerable size, as reported
by Messrs. Emmons and Hague* The commanding point of this range is
Mount Bonpland, which has a height of 11,321 feet, several other points
reaching over 10,000 feet. According to the authority quoted, the summits of
the East IIumboldt Range, from White Cloud Peak to the northern end, all
show abundant evidences of glaciation. In the caiion of the south branch
of the South Fork of the Humboldt River the glacier was eight miles
long. Fifty miles of the range present a pretty continuous area of glaciated
surfaces.

The Wahsatch Mountains also furnish abundant evidences of former
glaciers, but only in their higher portions. According to Messrs. Emmons
and Hague, such traces are most conspicuous in the Cottonwood region, or
that part of the Wahsatch Range whicl is included between Utah Lake and
Emigration Callon, where the mountain mass is about fifteen miles in width
and over 10,000 feet in average height, the highest point, Clayton’s Peak,
reaching an elevation of 11,889 feet. From this dominating peak the main
system of glaciers radiated out, as shown by the topography, as well as by
moraines and the shapes of the cafions. Most of these glaciers, however, did
not descend to a very low level; but that of Little Cottonwood is thought to
have extended down to the shore of the ancient lake which once filled the
Utah Basin.

There appear also to be some evidences of former glaciers on the Uinta
Range ; but, as far as can be judged from the published descriptions of that
region, the area covered by them was not extensive. Messrs. Emmons and
Hague speakt of shallow mountain lakes, occupying glacier-worn basins in

* Fortieth Parallel Survey, Vol. TI1. Descriptive Geology, pp. 533, 537.
+ 1 e, p. 312
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an gmphitheatre lying between Bald Mountain and Mount Agassiz. The
average height of the basin is 10,000 feet, and the altitude of the two peaks
named respectively 11,977 and 13,000 feet.

Farther cast, in the Rocky Mountains proper, the character and extent of
the former glaciation of the ranges is now pretty well understood, chiefly
owing to the labors of the Geological Survey, under Dr. Hayden’s direction.
The entire aspect of the conditions closely resembles that furnished by Cali-
fornia; everywhere in the highest ranges, under favorable topographical
conditions, glaciers have formerly existed, and have extended down the
slopes of the mountains in the cafions to very considerable distances. Al-
though they have now entirely disappeared, with the single exception already
noted in the Wind River Range, they have left behind them abundant proofs
of their past existence in the usual form of moraines, polished and striated
surfaces, and rockhes moutvnnées, similar to those already described as occurring
so extensively in the Sierra Nevada. As in that range, so in the Rocky
Mountains, these remains of the work of former glaciers exist, not only on a
grand scale, but in the greatest perfection ; so that, to the eye of the experi-
enced observer, there can be no mistake about the nature of the phenomena.
There need be no difliculty in separating the results of aqueous from those
of glacial erosion, and no reason why, in time, the precise limits of the area
formerly covered by ice should not be laid down on the map, just as is now
doing for the Swiss Alps.

At present the northern portion of the Cordilleras is that in regard to
which definite information is most to be desired. The ranges, as a whole,
decidedly diminish in altitude in that direction; but this falling-off is, to some
extent, compensated by the increased latitude.

In the region of South Park, and especially in the Upper Arkansas Valley,
the glacial features are perhaps more striking than anywhere else in the
Rocky Mountains. From all the cafions of the Sawatch Range, on the west
side of the head of the Arkansas, large glaciers came down, and have left
great morainic accumulations, which extend across the valley in long parallel
lines several hundred feet high. The most conspicuous of these moraines are
those bordering Pine, Clear, and Lake Crecks. The Twin Lakes, nearly at
the head of the valley, are enclosed between detrital piles of which the
glacial origin cannot be mistaken.  The highest adjacent summits on the
west are a little over 14,000 fect in height, the Sawatch being the most

clevated range of the Rocky Mountains; hence the great development of
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the glaciers. These, however, did not descend anywhere in this region to
nearly as low a point as was reached by several of the Californian glaciers.
The upper part of the Arkansas Valley is about 9,000 feet above the sea-
level, and there is no proof that it was ever occupied by ice. Indeed, the
whole series of glacial phenomena in this part of the Rocky Mountains is con-
sistent with itself throughout; only the highest summits and the most ele-
vated valleys were occupied by the ice. For instance, at the head of South
Park, at an elevation of nearly 10,000 feet, just above Fairplay, the valley of
the Middle Fork of the South Platte is barred across by an immense terminal
moraine, 150 feet high, above which was once a large lake, but which has
since been drained off by the cutting through of the detrital mass, the ma-
terial of which has been carried down and spread over the valley below by
the rush of water. Nowhere below this point could any traces of glaciation
be discovered over the whole area of the Park ; while above the moraine, in
all the adjacent higher side-valleys and cafions, such indications were ex-
tremely conspicuous. The topographical features of the range above Fairplay
were highly favorable to the formation of an immense glacier; hence the
united stream of ice coming down this branch of the Platte was nearly or
quite equal to the largest of those formed on the eastern declivity of the
Sawatch Range, the breadth and height of which furnished all the necessary
conditions for the accumulation of glaciers of the largest dimensions. Whether
the western slope of the Sawatch Mountains was as favorably situated as the
eastern, in this respect, the writer is unable to state from personal observa-
tion. On the geological map of Colorado, published under the direction of
Professor Hayden, a large moraine is indicated as having its origin in the
cafion between Mounts Harvard and Yale, and descending to the west, ter-
minating at an altitude of about 9,500 feet. No other moraines are shown
on the map in any of the ranges directly west of the Sawatch. To the
southwest of this, however, there are several. A small area is indicated as
covered by morainic débris at a locality on the head-waters of Vallecito
Creek, northwest of Mount Oso (13,640 feet). Another is shown at the head
of the Lake Fork of the Gunnison, in latitude 37° 56°, at about 9,000 feet in
elevation. Besides these minor glaciated areas, there are two others of more
importance: one of these is near the sources of the Rio Piedra, south of
Weeminucke Pass, on the southwest side of the San Juan Mountains, in
lIatitude 37° 30"; the other at the head of Rio Chama, in latitude 37°. These

two last mentioned, which are of interest, since they appear to be the most
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southern indications of former glaciation seen in the Rocky Mountains, have
been described somewhat in detail by Mr. F. M. Endlich*

The Weeminucke glacier is indicated, on a sketch-map accompanying the
article cited, as having had a length of five or six miles, and there was a
smaller one parallel with it on the northeast, which came down the Huerto
branch of the Rio Piedra. These appear to have descended to about the
same level, — 8,000 fcet above the sea. Mr. Endlich describes the glacier
of the Rio Chama as having been of much greater extent than those just
mentioned. It occupied a position on the summit of the volcanic plateau,
at the head-waters of Rio Conejos and Rio Chama. TIn the ascent of the
latter river the first indications of former glacial activity were met with at
an altitude of 8,450 feet. On the voleanic plateau above, at an elevation of
about 11,800 feet, and higher up for four miles farther north, the rocks arve
beautifully striated and polished. The length of the ancient glacier is indi-
cated on the general map of Colorado as about eight miles. Mr. Endlich
says that move than twenty-five square miles must have been covered on the
platecau by this extensive mass of ice, which appears to have been chiefly
developed at an clevation of about 12,000 feet, and to have descended to
about 8,000 feet above the sea-level. The above-mentioned cccurrences,
and some “small indications of local glacial action” observed in some of the
cafions of the Sangre de Cristo Range, of which Mr. Endlich remarks ¢ that
there is no certainty as to their true glacial character,” are said by him to
include all the undoubted glacial regions of Southern Colorado that he had
occasion to visit during 1874 and 1875, which were the years when the work
was being carried on in that region. At all events, they are the only ones
indicated on the final map published by the Survey.

Although the geological maps of Colorado, published under Dr. Hayden’s
direction, do not indicate the existence of any moraines along the eastern
slope of the so-called Front Range, or that portion of the chain which faces
the Plains, yet there are occasional references in the published Reports to
evidences of former glacial action in this part of the Rocky Mountains. A
detachment of the party taken to Colorado by the writer, in 1869, explored
the vicinity of Gray’s Peak, which is in latitude 39° 38’ and 14,341 feet
above the sca-level. They also followed down Clear Creek to the level of
the Plains at the base of the range. Professor Brewer conducted this sub-

* In Report of U. 8. Geological and Geographical Survey for 1875, p. 206, under the head of *‘ Ancient

Glaciers in Southern Colorado.”
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party, and his notes make frequent reference to glacial phenomena observed
along the route. At the base of Gray’s Peak distinctly preserved moraines
were observed, but no striations or polished surfaces. Farther down the in-
dication of the former passage of a glacier through the cafion were abundant.
Between Brown’s Mills and Georgetown the rocks in the bottom of the valley
are finely polished, and the projecting ledges rounded and smoothed ; there
were also occasional evidences of moraines, although not especially marked
in character. The following passage is quoted from Professor Brewer’s notes:
“ Some few glacial traces were observed for the first few miles below George-
town [elevation, 8,412 feet], but we saw none whatever below Idaho [7,535
feet]. For most of the distance [from Idaho to the Plains] it was impossible
that any considerable glacier should ever have passed down that portion of
the valley since it had its present features. Frequent jagged outliers at
short turns in the valley showed that no glaciers could ever have passed
them and left them in their present shape; in fact, but meagre traces were
found below Georgetown, and these only for the first five or six miles.”

Farther north, about latitude 40° 15; in the Middle Park region, Mr. A. R.
Marvine has indicated the existence of large moraines and other proofs of
former glaciers. The locality is near Grand Lake, in the valley of the North
Fork of Grand River, between the southern end of the Medicine Bow Range
on the west and the Long’s Peak Group on the east. The elevation of the
lake is 8,153 feet, and the moraines do not appear to have descended much,
if any, below this level. There are also proofs of the former existence of a
glacier of moderate size, which came down the valley of the East Fork of
the same river, which takes its rise between Mount Audubon (13,173 feet)
and Arapahoe Peak (13,520 feet).

The phenomena of glaciation in the ranges which enclose the North Park
and extehd beyond it to the north as far as the parallel of 42° have been
briefly indicated by Mr. A. Hague* The Medicine Bow Mountains extend
from latitude 40° 15" to 41° 40, having an approximate northwest trend.
The western side of this range shuts in the North Park on the east and
north, and still farther northward forms the boundary of the North Platte
Valley, which lies between it and the Park Range. As thus defined, the
. Medicine Bow Range is about a hundred miles in length. Its highest sum-
mits a little exceed 13,000 feet in elevation. All the more elevated regions

* Sce Report of Fortieth Parallel Survey, Vol. 11 p. 96, for the Medicine Bow Range, and p. 131 for the Park
Range.
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of this range exhibit well-marked evidences of glacial action. The summits
of the main peaks are everywhere worn in a manner which shows unmis-
takable signs of ice-crosion, and glacial boulders and detrital matter cover
the lesser depressions and slopes.  In the region of Medicine Peak (height
12,231 feet), glaciers occupied all the upper valleys. The lowest elevation
reached by these is not expressly stated by Mr. Hague. Near the parallel
of 41° the range has its maximum width of twenty-five miles, and there
two well-defined ridges are developed, the culminating points of which
are Clark’s Peak (13,167 feet) and Medicine Peak (12,231 feet). Between
these is a high platean, nearly 10,000 feet above the sea-level, which is said
to be gently undulating, and without any marked topographical features.
It may, therefore, be inferred that the glaciers did not extend down as
low as this.

In the Park Range, also, of which the highest summits reach an altitude
of a little over 12,000 feet (Mount Zirkel, 12,426 fect, Ethel Peak, 11,976
feet), the traces of former glacial action are abundant « through most of the
higher mountain regions.”  Mr. ITague notices a fact, which has also fre-
quently impressed itself on the attention of the writer, namely, the great
size of the terminal moraines as compared with the length of the glacier
itself.  In speaking of the Park Range, he remarks: ¢ These valleys are
never more than three or four miles in length, and at their mouth, consid-
ering the limited size of the ancient glaciers, are found immense terminal
moraines, which have undergone but little crosion in post-glacial times. Tt
is as if the entire former contents of the cafion had been carried down and
dumped at the entrance, and had never been disturbed.”

In following the Rocky Mountain ranges to the north of the parallel of
42°, in order to make out the character and extent of the former glaciated
areas, great difficulties are encountered, as already mentioned, from the want
of any satisfactory detailed investigations in that region. The work of the
four United States Surveys* has almost exclusively been confined to the
southern and southern central portion of the Cordilleras, considerable areas
of which have heen gone over by two or even three diflerent organizations.
An exception to this, however, is found in the case of the Yellowstone Park and
vicinity, whose picturesque scenery and most interesting geological features

#* The U. 8. Geographical and Geological Survey, under Dr. F. V. Hayden ; the Forticth Parallel Survey,
under Clarence King; the Wheeler Survey, under the special auspices of the U. S. Engineer Department ; and,

finally, the so-called Powell Survey, the publications of which have been chiefly ethnographic in character.
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have attracted numerous quasi-scientific government expeditions in that
direction. The earlier explorations of the Pacific Railroad Surveys were
extended through the northern part of the Rocky Mountains, but the pub-
lished reports give no information in regard to the phenomena of ancient
“glaciers in that region, which fact may be accounted for partly by the igno-
rance and inexperience of the observers, and partly on the ground that
details of this kind had not at that time attracted much attention in the Far
West, the routes of the explorers being almost exclusively limited to the
lower valleys; their object was chiefly to get across the country as rapidly
and with as little trouble as possible.

Some hints in regard to the existence of former glaciers in the more
northern portions of the Rocky Mountains, south of the United States
boundary, may be obtained from Dr. Hayden’s reports. For instance, the
volume giving the results of the explorations of the year 1871, when the
Yellowstone region was visited, by way of Fort Hall in Idaho and Fort Ellis
in Montana, contains the following quotation, which refers to the vicinity
of the range of the Snowy Mountains ¢ forming the great water-shed be-
tween two portions of the Yellowstone River,” a voleanic range rising to the
altitude of from 10,000 to 11,000 feet above the sea-level. Here Dr. Hayden
describes great detrital accumulations resting against the flanks of the range,
and apparently exactly resembling in character the so-called ¢ washes” of
the California ranges, of which mention has already been repeatedly made.
Of these piles of detritus he says: “ The little streams that flow down from
the mountain sides cut sections through this deposit, so that they are re-
vealed quite clearly. The upper portion is composed in part of the débris
from the mountains, but there is all over the valley a vast deposit of what
I can call by no better name than local drift or detritus. In this detritus are
quite frequently masses of rock, or boulders, that have evidently been trans-
ported a considerable distance hy a force not now in operation in this vicin-
ity. This fact points back to a time when we may suppose that there were
vast accumulations of snow and ice all over the valleys, but more especially
on the sides and summits of the mountains; and as the temperature becane
much warmer this snow and ice melted, producing rivers and torrents with
sufficient force, aided perhaps by the masses of ice, to move these immense
boulders from place to place. An important fact should be continually borne
in mind, that a critical examination of this detritus reveals no evidence of
the existence of rocks from any distant point outside of the river drainage
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in which they are found; in other words, these superficial deposits are en-
tirely made up of the materials disintegrated from the rocks in the vicinity.” *

We have, in the paragraph above quoted, only indirect evidence as to
the former existence of glaciers in a part of the elevated region high up
on the Yellowstone River near the parallel of 44°. The important point,
however, in regard to which the evidence is direct, is, that the detrital ma-
terial, with which the slopes of the ranges in that region are covered, is all
of local origin, as is the case in every other part of the Cordilleras of which
mention has been made in the preceding pages.

Although nothing is said in the Report from which the quotation given
above was taken about the existence of former glaciers in the region of
the Yellowstone Park, the following may be accepted as a strong indica-
tion that morainic accumulations of detrital material were intended to be
described. In his account of his explorations along the ridge, “in the more
immediate valley of the Yellowstone, near the entrance of the East Fork,”
and not far from the lower end of the Grand Cafion, Dr. Hayden remarks as
follows: ¢ What were the forces that wrenched from the parent hed masses
of granite, from one ton to five hundred tons weight, rounded off the angles,
and lodged them upon the plains 300 to 500 feet above the channels of the
principal streams? Along the East Fork, for twenty miles above its mouth,
on the west side, there is a sort of terrace [a moraine ?] about a mile in
width, literally covered with the granite boulders which have been swept
down the valley from a short distance above.” t

In 1872 the Yellowstone region was again visited by Dr. IHayden's
exploring parties, and the Teton Range examined and reported on by
Mr. F. H. Bradley.$ This range, in which there is a group of three lofty
and jagged summits known as the Tetons, lies between the parallels of 43’
30" and 44°, running ncarly north and south along the west side of the head
of Snake River. The height of its culminating summit, Mount ITayden, is
stated at 13,858 feet. The valley at its base is a little less than 7,000 feet
in elevation (mouth of Lewis Fork, 6,870 feet; Jackson’s Lake, 6,800 fect).
The principal cafions of this range appear, from Mr. Bradley’s descriptions,
to have been formerly occupied by extensive glaciers. Great moraines are

* Geological Survey of Montana and Adjacent Territories, 1871, p. 55.

t+ Le,p 77.

+ Report of the U. S. Geological Survey of Montana, Idaho, ete., 1872, pp. 190 -271. This appears to be the
first Report of Dr. Hayden’s in which the words *¢ glacier ” and * moraine " occur.
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described as coming down into the valley in the vicinity of Jackson’s Lake,
and this large body of water itself seems to have been formed, if not by
the actual damming back of the river by glacial agencies, at least by débris
washed down from a series of terminal moraines, now distinctly visible on
the western side of the valley, the summit of the higher and outermost
being at an altitude of 366 feet above the lake. Jenny's Lake, a little
farther south, which lies in the mouth of the Great Cafion of the Teton
Range, where is gathered the entire drainage of the western side of the
group of the Three Tetons, is also described as a moraine lake, and at other
cafions in the range similar bodies of water occur. It is remarked by
Mr. Bradley, that in spite of the great size and prominence of the terminal
moraines, few remains of lateral ones could be discovered. This fact
coincides with what was observed by the writer and party at the head of
the South Platte. Another interesting point is, as Mr. Bradley remarks,
that “ the water in these mountain streams is now so pure as to make it
certain that not the least glacial erosion is now going on at any point on
the range.”

In the preliminary report of the field-work of Dr. Ilayden’s parties for the
scason of 1878, the latest published document of that Survey which has come
under the writer’s notice, it is stated that morainal deposits and glaciated
rocks are shown in the Wind River Range, “on a scale such as we have
not known in any other portion of the West.” It is in these mountains
that, as already mentioned, small active glaciers were also discovered by the
same party. This range, which occupies, so to speak, the summit of the .
country, being drained by the head-waters of the Missouri and the Colorado,
lies a little farther south than that of the Tetons. It is a very lofty and
rugged chain of mountains, but the precise elevation of its dominating sum-
mits has not yet been made known; Fremont's Peak, one of the highest
of them, was roughly measured by the explorer whose name it bears, and
its height given as 13,570 fcet.

The Black Iills, lying between the parallels of 43° and 45°, have been
explored by a government expedition, to which Professor N. IL Winchell
was attached as geologist.  The highest point of this range appears to be
Harney's Peak ; its elevation is given at 9,700 feet.  Nothing is said in the
official report * of this Survey in regard to past glaciation or the occurrence

* Report of a Reconnaissance of the Black Hills of Dakota, ete., made in the Summer of 1874. By William

a~r

Ludlow, Captain of Eugineers. Washington. 1875,
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of drift in these mountains. The descriptions of the surface convey the idea
most clearly that all the detrital material is of local origin, and that no part
of the surface has ever been covered with ice.

In the preceding pages all that appears to be definitely known in regard
to the former glaciation of the surface within the borders of California, and
in the Cordilleras south of the United States boundary line, has been placed
before the reader; if not with full details, at least with suflicient minuteness
to afford a satisfactory basis for a discussion of the phenomena in their con-
nection with other evidences of climatic change.

It will be readily seen that the facts are all of a sinple character and
entirely in harmony not only with each other, but with the present topo-
graphical features of the region included within the ficld of observation,
Briefly resumed, these facts are as follows: In California, the Great Basin,
and the Rocky Mountains, up to the head of the Missouri River, the highest
portions of the most clevated ranges were formerly covered with glaciers,
some of which were very extensive, reaching a development of forty miles,
or even more, in length, and of five or six in breadth, — in short, equal-
ling or even surpassing the largest Alpine ice-fields of the present day.
These glaciers nowhere descended to within several thousand feet of the sea-
level. They show a tendency to descend lower as we proceed northward ;
but this tendency is, to a considerable degree, nullified by the diminished
altitude of the ranges, the highest portion of the Cordilleras lying, in Cali-
fornia, between the parallels of 36° and 39°, and widening as it crosses the
country, so that its northern limit in the Rocky Mountains is a little beyond
the parallel of 44°.  No proofs whatever of former glaciation have been de-
tected by competent observers to the south of latitude 36°  All through the
region indicated the detrital materials have been carried from the higher
toward the lower arcas, in strict harmony with the present configuration of
the country. A large part of this carrying has been done by water unaided
by ice, for the formerly glaciated area occupies but a very sinall portion of
the surface. Where glaciers have existed, there all the signs of their former
presence, such as moraines, striated and polished surfaces, and rounded ledges,
can be recognized without the slightest difficulty, so that, with accurate
maps and carcful observations by competent persons, the area formerly cov-
cered by ice could, and probably will at some future time, be laid down with
the closest approach to accuracy. " And, of course, from what has been said

above, it will be readily perceived that there is no such thing as ¢ Northern
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Drift ” anywhere in the region covered by the observations in the preceding
pages.

It was after some years of exploration in California and along the Pacific
Coast, by the State Geologist and other members of the California Geological
Survey, that the writer published, in 1866, the following statement in regard
to the absence of the Northern Drift formation from the western coast of
North America and from the interior of the continent, throughout the region
to the southwest: * —

“The explorations of the Geological Survey of California have demon-
strated, however, that there is no true Northern Drift within the limits of
this State.  Our detrital materials, which often form deposits of great extent
and thickness, are invariably found to have been dependent for their origin
and present position on causes similar to those now in action, and to have
been deposited on the flanks and at the bases of the ncarest mountain
ranges by currents of water rushing down their slopes. While we have
abundant evidence of the former existence of extensive glaciers in the Sierra
Nevada, there is no reason to suppose that this ice was to any extent an
effective agent in the transportation of the superficial detritus now resting
on the flanks of the mountains. The glaciers were confined to the most
elevated portions of the ranges, and although the moraines which they have
left as evidences of their former extension are often large and conspicuous,
they are insignificant in comparison with the detrital masses formed by
aqueous erosion. There is nothing anywhere in California which indicates
a general glacial epoch, during which ice covered the whole country and
moved bodies of detritus over the surface independently of its present con-
figuration, as is seen throughout the Northeastern States.

“The same condition of things prevails in Nevada and through Oregon, as
far as explored by the members of the Survey. The detritus seems always
to be accumulated at the base of the mountains,— gravel, boulders, and
sand lying below and not far distant from the beds of rock of which these
materials once formed a part, and from which they appear to have been
detached by weathering and aqueous erosion.

“I'rom the observations of Messrs. Ashburner and Dall, it would appear
that no evidences of Northern Drift have yet been detected on this coast,
even as far north as British Columbia or Russian America. Neither of these
gentlemen has observed any indication of a transportation of drift materials

* Proceedings of the California Academy of Sciences, Vol. I11. p. 271.
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from the north towards the south, or of any condition of things similar to that
which must have existed in the Eastern States during the diluvial epoch.

“ On examining the published records of explorers in the central portion
of the Continent, it will be noticed that there is strong reason to believe that
the absence of the Northern Drift formation is not peculiar to the States
along the Pacific Coast ; but that the whole region west of the Rocky Moun-
tains is also destitute of any indications of a detrital formation moved over
the surface in one direction by any great general cause. Judging from our
present stock of evidence, I am inclined to draw the line which limits the
Northern Drift formation on the south and west approximately from the
mouth of the Ohio to the hecad-waters of the Saskatchewan River.”

The above-quoted communication in regard to the character of the drift
deposits on the Pacific Coast has been the subject of repeated severe criti-
cisms in various scientific journals at home and in Europe. The subject
is an interesting one as bearing directly on a question of much interest,
namely, whether the so-called Glacial epoch was of a general, or only of a
local character. It is true, however, that this question has not now the
importance which it had when the above-quoted communication was made
to the California Academy. Since that time it has been clearly established,
by extended investigations made in Europe and Asia, that the idea that
the phenomena of the drift are due to a general North Polar ice-cap is
entirely unsupported by facts, as will be more fully explained further on.
Nevertheless, the conditions of the Glacial and Northern Drift epochs in
North America are so complicated, that everything which can throw light
on the various forms and stages of their development is worthy of a careful
setting forth.

As far as California and the mass of the Rocky Mountains south of the
immediate vicinity of the United States northern boundary line are con-
cerncd, the facts are so clear that there can be no dispute, and need be no
discussion, about them. Enough has already been said in the preceding
pages on this point, and there is no occasion to alter anything stated in the
first of the paragraphs quoted above.

In regard to the former glaciation of Nevada and Oregon, included in the
second paragraph, little needs to be added. The condition of things in
Nevada has already been set forth, in connection with the other portions of
the Great Basin.  Nor ix there occasion to dwell long on Oregon. That State
has been sufficiently examined, both by the writer and by Mr. Gabb, to justify
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the assertion that the same conditions hold in the Cascade Range as farther
south in the Sierra Nevada. There is no such thing as Northern Drift in
the State,a very large portion of which is covered by almost_bare, horizontal
overflows of basaltic lava. As there is no map of the mountains of Oregon
approximating even to correctness, it will be impossible to make any more
definite statement than this: That the higher points between Mount Pitt
and Mount Hood have formerly, in all probability, had each its system of
glaciers; but that these could not have been large, because the range is
low and the crest narrow, the elevated points being nearly or quite isolated
volcanic cones, around which the ice-masses chiefly formed. Dr. Newberry
explored the region around the base of the Three Sisters, in latitude 44°,
and says, in describing a volcanic cone a little to the south of that group, that
the rocks of which it is composed are everywhere cut by deep furrows, which
in all cases pointed towards the centre of the mountain mass. Iaving crossed
the main ridge north of the Three Sisters, “the same phenomena were
noticed, extending down to the altitude of 4,459 feet, where they terminated
in a deep calion, through which a stream flowed into the Willamette Val-
ley.”* The altitude of the loftiest of the group is given by Dr. Newberry
‘at from 10,000 to 11,000 feet; the height of the base from which it rises is
not stated, but it appears to be about 5,600 feet. The scratches and furrows
on the surface of the volcanic rocks are said to extend down to 2,500 feet
below the present snow-line, and everywhere to be directed toward the
highest point of the adjacent lofty group of peaks.

If further evidence be needed, it may be found in the latest published
work of the author of Frost and Fire, an enthusiastic glacialist, who vis-
ited Oregon a few years ago. e says, in speaking of the Cascade Range
and the vicinity of Mount Iood, ¢« As for glacial marks, there are none.”

" That the present glaciers of Mount Hood were once of considerably larger
size than they now are, is vouched for by Mr. A. Ilague in the following
words : ¥ “ One of the most remarkable geological and topographical features
of Mount Hood and the vicinity is its very extensive systemn of extinct
glaciers, which everywhere gouged out immense trough-shaped valleys,
cutting down deeply into the earlicr trachytic lava-flows of the old volcano.
The entire network of valleys were all connected with two main glaciers,—
that of Hood River on the north, and the Sandy on the south. The ancient

* Report of Pacific Railroad Surveys, Vol VI p. 41.
+ My Circular Notes, by J. F. Campbell, Vol. I. p. 95.
% Am. Journal of Science, Third Serics, Vol. I. p. 167.
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White River glacier was undoubtedly very large, but, as far as my observa-
tions have yet extended, had no tributaries.”

Passing across the Columbia River into Washington Territory, we find a
condition of things prevailing similar to that which exists farther south.
There is no drift other than that which is local in character, as the writer is
able to affirm from personal examination. No doubt the ice-masses of the
great voleanic cones of that Territory were once larger than they now are;
at least, reasoning from analogy, we have every reason to believe that would
have been the case. Mr. Emmons, however, in his preliminary report on
the exploration of Mount Ratnier, to which reference has already been made,
makes no mention of any proofs of a former more extensive glaciation in
that region.

As far, then, as the second paragraph of the communication made by the
writer to the California Academy, in 1806, is concerned, there is no reason
whatever for any change in what was said at that time. That there may be
evidences that a portion of the country adjacent to Puget Sound has been
submerged under the ocean at a not very distant epoch, and that, as a con-
sequence of that submergence, icebergs may have left scattered accumula-
tions of débris in such places, cannot be denied. It is not true, however,
that glaciers formerly extended over this region, or that the mass of the
detrital material on the surface came from the north.

Passing next to the region north of the boundary of the United States,
we have to depend largely on the observations of others, and an attempt
will be made to sift the evidence offered, in order to make out whether that
part of the Continent presents features of glacial geology essentially different
from those existing within our own borders. And for this purpose it will
be convenient to begin the proposed examination with the prolongation of
the Rocky Mountain ranges in the vicinity and north of the parallel of 49°.

The first authority that one would naturally be inclined to'consult is the
geologist attached to the Palliser Expedition, which carried on an extensive
exploration of the eastern division of the Cordilleras, or the Rocky Moun-
tains proper, during the years 1857 —1860. Their routes extended over that
portion of the mountain system which lies between the parallels of 47° and
63°, or the region drained to the east by the numerous branches of the
Saskatchewan and the Athabasca, and to the west chiefly by the Columbia,
but also in part by the head-waters of the Fraser.  Dr. Hector, the geologist
attached to this important expedition, was evidently quite inexperienced,
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as has been shown in another place* so that his statements must be
received with some caution. He nowhere, in his official report, speaks of
any phenomena of former more extensive glaciation, or of any accumu-
lations of the “superficial deposits,” as he calls the most recent formations,
as having the character of moraines. Ile considered that he had obtained
proofs that the continent was depressed, during the Northern Drift period,
to a depth of nearly 3,000 feet beneath a sea in direct connection with
the Arctic Ocean, and that since then, to use the author’s own words, “ during
its gradual emergence, the prairie region of North America has received its
present form of surface by denudation, first, as effected on sea-coast lines;
secondly, by the coast-lines of great inland lakes, which, it will be shown,
though still existing, were previously of much greater dimensions; and,
thirdly, by atmospheric agencies wearing away the soft strata, aided by

streams.” Dr. Hector speaks of the “glacial markings” on the rocks of

Vancouver Island, to which reference will be presently made. He saw soli-

’

tary boulders of great size resting on the “ shingle terraces ” — and by this
term he evidently means the local drift accumulations — “in the woods to
the south of Fraser River,” at a height not more than 100 or 200 feet above
the sea-level. In his final summing up of the drift phenomena of the Pacific
Coast, he remarks as follows: “ As I never observed drift or boulders within
the Cascade Range, even in places elevated only 600 or 700 feet above the
sea, but as all the superficial deposits in the great trough between that range
and the Rocky Mountains clearly are formed from the re-arranged materials
of the shingle terraces, along with tufas from the Cascade Range, I conclude
that the average lowest altitude of the Cascade Range, which is somewhere
‘about 4,000 feet above the sea at the present time, exceeded the depression
of the continent during the glacial epodh, and presented a barrier to the
causes which transported the erratics and scratched the rock-surfaces along
the Pacific Coast. If the Cascade Range at that time formed a prom-
ontory enclosing a gulf open only to the south, like the Gulf of California,
it would exactly fulfil these conditions.”

In regard to the former glaciation of the Rocky Mountains, where crossed
by the boundary line, in latitude 49, we have the statements of Mr. G. M.
Dawson, the Geologist of the British North American Boundary Commission,
who speaks of the effects of glaciers as being frequently apparent along his
route. The descriptions given, however, do not convey the idea that the

* See Auriferous Gravels of the Sierra Nevada of California, pp. 69, 70.
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phenomena are particularly well-marked, or on any large scale. At Chief
Mountain Lake, 4,213 feet above the sea, near its northern end, a ¢ collection
> ) )

4

of rounded and hummocky hills” is thought by him to prove the former
presence of large glaciers, although the hard limestone over which it must
have passed showed no signs of striation. The only place where glacial
striation was actually observed was in the Valley of the Kootanie Pass, where
the surface of the hard green slate had markings upon it coinciding in direc-
tion with the main trough of the valley. Moraines are described as existing
farther up the valley, neither the locality nor the elevation being given
with any degree of precision*

From the character of the evidence presented by Mr. Dawson, together
with that furnished by Dr. Hector, it may be pretty safely concluded that
the Rocky Mountains in their extension north of the parallel of 49° do not
exhibit any very remarkable indications of former glaciation. This inference
would be corroborated by the account furnished by Mr. Selwyn, Chief of the
Canada Geological Survey, of an expedition to the head of Peace River, at
a considerably higher latitude than the region visited by the Palliser Expe-
dition.  Mr. Selwyn, as previously mentioned, saw no glaciers or permanent
snow in that region, neither does he make any mention of traces of former
glaciation in that portion of the chain examined. At all events, there is no
evidence anywhere in the Rocky Mountains, either to the north or to the
south of the boundary line, of a transportation of detrital material in any
general direction independent of the present topography.

Between the Rocky Mountains and the Cascade Range in British Columbia
is an extensive area of country drained by the Fraser and Columbia rivers
and their numerous branches, both of which streams run, for a long distance
fromn their sources, in a northwesterly direction, then turn abruptly and pursue
a parallel course in the opposite direction.t The region thus included be-
tween the two principal divisions of the Cordilleras is far from having been
mapped with any approach to accuracy, but its most striking topographical
features are pretty well known in a general way. It is by no means a level
country ; on the contrary, it is everywhere rugged and even mountainous,
although the irregular ranges do not appear to attain anywhere an elevation
cqual to that of the dominating points of either the Cascade or the Rocky

* Report on the Geology and Resources of the Region in the Vicinity of the Forty-ninth Parallel.  Montreal,
1875, p. 245.
+ The Columbia River rises near the parallel of 50° and runs northwest to a little beyond 52°, where it joius

the Canoe River, coming from exactly the opposite direction and heading near 53°.
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Mountains. The interesting features of the region in question are the lake-
like expansions of the rivers, and the remarkable regularity and develop-
ment of the terraces with which lakes and rivers are almost everywhere bor-
dered. Some of the streams are almost unbroken lines of narrow lakes with
short connecting river portions between; as, for instance, the Columbia and
the Okanagan. The general direction of these lakes is cither parallel to that
of the enclosing ranges or at right angles to it. A glance at a map of DBrit-
ish Columbia will show better than words the position and the peculiar
orographic development of these wonderful expansions of the rivers.

The terraces of Fraser River and its affluents have been repeatedly noticed
by scientific explorers and other travellers, although not as yet described
with accuracy.* These terraces, or benches as they are usually called in
that region, seem to be found alnost everywhere on the Fraser and Columbia
and their branches. They are often very numerous, there being near Lil-
louett, for instance, as many as fifteen or sixteen. Some observers notice the
fact that for a long distance on the main Fraser there are three such
benches, of exactly similar height on cach side of the river, the highest of
which is about 500 feet above the present level of the water.t Although it
seems to be nowhere positively stated that these benches slope with the
bottom of the river valleys along which they occur, there can be no doubt
that such is the fact. Like all, or alinost all, such terrace formations, they
are the indications of a former higher stage of the water in the streams.
The country has been gradually relieved of a portion of its surplus water,
not by its elevation above the sea-level having been increased, as is often
supposed, nor by the bursting of successive barriers along the course of the
valleys, a theory even less tenable than the other; but simply because the
quantity of water now passing down these valleys is far less than it forinerly
was. This condition is in entire coincidence with all the facts developed by
geological investigation on the Pacific Coast, as has already been abundantly
sct forth in the volume devoted to the Auriferous Gravels,

The questions which at present concern us particularly are, whether there

* See Report of Progress of Geological Survey of Canada for 1871-72, p. 55; Milton and Cheadle, The
Northwest Passage by Land 5 G. M. Dawson, in Quarterly Journal of the Geological Society, Vol. XXXIV. p. 111;
Proceedings of the Royal Geographical Society, Vol. XV. p. 133,where a paper on these terraces, written by M. R.
Begbie, will be found, together with appended remarks by Dr. Cheadle and others,

t Mr. G. M. Dawson claims to have fonnd terraces at muel greater elevations. He says ““ the highest perfectly
distinct line was estimated to reach 1,500 feet,” that is, above the level of the viver. This detrital accumulation

he thinks may possibly have Leen an old moraine ** of a great glacier which las filled the valley.”
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are any proofs that the valleys of the region in question are filled with de-
trital materials of other’ than local origin, or whether there is anything in
the character of the surface geology radically different from what has been
observed in the ranges and valleys to the east and south. As far as can be
made out from published documents, there is no reason whatever to suppose
the previous existence of any other than small local glaciers (if any at all)
in the region at the head of the Fraser and Columbia ; neither is there any
evidence that the drift is not of local origin.  The form of the cross-sections
of the valleys, as revealed in photographs and drawings taken at various
times, shows clearly that there is almost invariably a steep slope of the
detrital material downward from the enclosing mountain ranges towards the
rivers, and this is abundant evidence that these materials came from the ad-
joining clevations, and that they in fact are exactly similar to the ordinary
slopes of detritus, or  washes,” with which we have already become familiar
as occurring on such a large scale in California and the Great Basin. It
is true that Mr. G. M. Dawson, in entire contradiction to all the facts, as the
writer thinks, believes it possible that glaciers may once have filled these
valleys.* The observations and theories of this observer will be referred to
and discussed further on.  He seems, however, not wholly to reject the view
maintained above in regard to the real character of these terraces, for he
says: “In some cases they [the terraces] may show merely stages in the
descent of the rivers to their present levels through the wide-spread de-
posits of the Glacial period.”

The statements made by the writer in the quotation given above from the
California Academy’s Proceedings, scem to be entirely borne out by an over-
whelming weight of evidence, for the whole area embraced within the Cor-
dilleras, with the exception of the portion which remains yet to be inquired
into, namely, the ranges bordering the coast in British Columbia from Van-
couver Island northward. To this region the attention of the reader may
now, therefore, be called. At the time the article in question was written,
or fourteen years ago, almost nothing was definitely known of the character
of the coast north of Orcgon. The investigations of the writer and Mr. Gabb
on Vancouver Island and up the Fraser River were necessarily of the nature
of hasty reconnaissances.t Mr. Ashburner, formerly of the Geological Survey

* Mr. Dawson admits, however, that the benehes in question *“ look like shore-lines, caused by the accumulation
anud horizontal arramgement below the water-line of débwis from the mountain slopes.”

+ The principal object of Mr. Gabl's visit to Vancouver Island was to fix the age of the coal of that region :

that of the writer was to learn something of the surfuce geology of the northwestern portion of our territory.
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of California, had also visited Queen Charlotte Islands to examine the coal
deposits, supposed at one time to be of great importance. Mr. Dall had
begun his valuable explorations of Alaska, which have been continued since
that time, and of which the results have been published in part.* From
verbal communications made to the writer by Messrs. Ashburner and Dall
previous to the publication of the article in question, the writer was led to
consider that the conditions previously ascertained by the Geological Survey
to exist in reference to the occurrence of the Northern Drift in California,
Nevada, and Oregon were very likely to prevail all along the coast and
within the limits of the Cordilleras generally, far towards the Arctic Ocean.
Much opposition has been made to this view ; but that which, in 1866, was
perhaps rather a hazardous conjecture can now be supported by an abun-
dance of evidence. Indeed, the statement as put forth by the writer was
unaccompanied by any positive assertion, except for the regions which he
himself had explored. A full discussion of the relations of the glacial phe-
nomena of th¢ Pacific Coast to those of the Northeastern States cannot, how-
ever, be satisfactorily entered upon until later in the present volume. What
remains to be done now is, to set forth what has been observed by various
explorers in regard to the glaciation of the Pacific Coast and the Coast
Ranges north of Vancouver Island.

For the extreme northern portion of the region in question we have, so
far as the writer knows, no other trustworthy authority than that of Mr.
Dall, whose work on Alaska, published in 1870, embodies the results of
several years of research in that part of the country. Mr. Dall in this
volume,t after quoting that portion of the article published by the present
writer in the Academy’s Proceedings which relates to the absence of the
Northern Drift from the Sierra Nevada and the local character of its detrital
accumulations, says, “ The same is eminently true, as far as we know, of
Alaska.” Further on he adds, “ Nor in my own observations in the vicinity
of Sitka and the peninsula of Alidiska have T met with any cases of this most
characteristic phenomenon of general glacial action. If the glacier field once
extended over the entire coast, previous to the formation of the archipelago,
we may conclude that the more northern portions of the territory, north of
the Alaskan Mountains, would not have been exempt from glacial action.

# See Alaska and its Resources, 8vo, Boston, 1870; and the Pacific Coast Pilot — Alaska : Appendix, Meteo-
rology and Bibliography, 4to, Washington, 1879; both works by W. H. Dall, of the U. S. Coast Survey.
t Alaska and its Resources, pp. 461, 462.
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Three years’ exploration, with a strong disposition to develop the facts of the
case, failed.to obtain on the shores of Norton Sound, or in the Valley of the
Yukon, any evidence whatever of such action. Only once were polished
rocks met with, and they proved on examination to be ‘slicken-sides’;
while no instances of transported materials, scratches, boulders, or moraines,
were anywhere met with. The rolling and moderately elevated character
of the country does not favor the development of local glaciers, such as
now exist on the more southern coasts of Alaska. Thomas Simpson espe-
cially remarks the absence of drift boulders on the Arctic Coast, west of
Return Reef of Franklin. These most characteristic evidences of glacial
action, which a child could not overlook, are quite absent in the Valley of
the Yukon.”

Here, then, we have trustworthy evidence of an explorer whose attention
had been especially directed to this subject, to the cffect that no Northern
Drift could have originated in higher latitudes and made its way to the
south. If therc is in any portion of the Coast Ranges of British Columbia
drift which has come from the north, it must have originated or started from
a point south of Alaska. In other words, somewhere within the ranges in
question the detrital materials must have assumed a character quite different
from what they have anywhere else in the Cordilleras, and have been swept
in a direction longitudinal to the crests of the mountains instead of from
them toward the valleys lying between them.

The principal evidence in favor of the occurrence of material carried
southward and of striated surfaces indicating a former general glaciation of
the surfuace independent of the present topography, is supposed to have been
obtained on Vancouver Island, the statements in regard to which vary con-
siderably. All observers, the writer among the number, have noticed the
glaciated rocks in the vicinity of Victoria.* There can be no doubt that the
southern end of the island has been passed over by ice; but it is not so
certain whether this was in the form of the glacier or the iceberg. The
writer, who by no means claims to have made an exhaustive exploration of
the island, saw glacial seratches on the surface near Victoria, and along the
shore for some distance above. These markings, however, scemed to him to
be of the character of those made by icebergs rather than by glaciers. They
were especially prominent along the projecting points of rock, and every-

#* Mr. Campbell says, ““1 found glaciated rocks on the shore, and I was bappy in Victoria.,” My Circular
Notes, Vol. I. p. 102.
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where parallel with the coast. If there was a fixed mass of ice there, it must
have been a glacier coming down the straits, and not one descending from
the higher parts of the island. On ascending to the higher land a few miles
north of Victoria, the glacial markings were found not to extend up to any
great height: none were seen at an elevation greater than a hundred feet.
At one point, at an elevation of 150 feet above the sea, an angular fragment
of granite eight feet long and high, and about six broad, was observed lying
upon a surface of metamorphic rock, which was not in the slightest degree
smoothed or polished. The impression made upon the writer by an examina-
tion, necessarily hasty, of the southern end of Vancouver Island was, that all
the phenomena presented in that vicinity could be best accounted for by the
supposition that large icebergs had passed down the Straits at a time when
the glaciers coming down the coast farther north were considerably larger
than they now are, and that these bergs had dropped occasional boulders on
the surface, and had here and there produced those striations which are
abundantly vouched for by Arctic explorers as being often made at the pres-
ent day by floating ice. This theory presupposes a slight elevation of the
land in that region since the time of the greatest extension of the glaciers,
and such a rise is quite in harmony with facts observed at many points on
the coast farther south. Mr. Gabb also noticed the glaciation near Victoria,
but his notes make no reference to any such phenomena in the vicinity of
Nanaimo. Mr. I. Bauerman* also speaks of the scratched and grooved
rocks in the vicinity of Esquimalt and Victoria, hut does not mention their
occurrence anywhere else on the ixland.  Mr. J. F. Campbell says: “ As soon
as I spied the rocks at Victoria, I recognized the familiar glaciated form.
The direction of movement was parallel to the axis of Puget Sound, at right
angles to the strait which opens into it from the Pacific Ocean. It follows
that all this water drift, with rare glacial boulders in it, rests upon glaciated
rocks. DBecause of shells found in the drift, the glacial period here was
marine.”  Mr. Selwyn also noticed the appearances at Victoria,t and says:
“Of the existence of ice-grooves on the shore of Vancouver Island there can
be no question. Inland neither Mr. Richardson nor 1 observed any.”

There is considerable evidence, on the other hand, that Vancouver Island
has been the theatre of a much more extensive glaciation than would be in-

* In an article entitled, “On the Geology of the Southeastern Part of Vancouver Island,” Quarterly Journal
of the Geological Society, Vol. XVI. p. 198.

+ Geological Survey of Canada.  Report of Progress for 1871-72, p. 53.
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ferred from the authorities cited above. Two observers have been especially
active in this direction, and have published their views on the subject at
considerable length; these are Mr. G. M. Dawson, to whom reference has
been previously made, and Dr. R. Brown, who devoted a part of the years
1864 and 1866 to an official scientific examination of the island.* The titles
of the papers published by the last-named explorer, in which the subject of
Northern Drift is discussed, are given below; but the last one published,
namely, the one in the American Journal of Science, will be chiefly used in
this connection, as containing the latest and fullest exposition of his views.
In this paper Dr. Brown remarks as follows: “So far from the Northern
Drift being absent from Vancouver Island and British Columbia, it is present
in as marked a manner as ever I saw it in countries celebrated for the
presence of such remains.””  This is much stronger language than had been
previously used by the same observer in a communication published some
years earlier, and nnmediately after the completion of his work on the island.
In that statement he speaks only once of glacial and drift phenomena,
and that in a chapter of his communication which is credited to other per-
sons, it being stated at its beginning that it was compiled from accounts
furnished by four of his employés, who appear not to have been scientific ob-
servers, one of them at least being an Indian guide and hunter.t The para-
graph in question reads as follows, in an English translation: ¢ These hills
appear to be made up of masses of Plutonic rock, covered with a thin layer
of humus, here and there strewn with erratic blocks, which form a part of
the Great Northern Drift formation, to be found all over Vancouver Island.
Indeed, some of the principal edifices of Victoria are built of a gray syenite
which is not to be found ir sifu nearer than Alaska.” It is hardly necessary
to call attention to the extraordinary character of this last statement, put
forth by one who had never made any detailed examination of the country to
the northy A similar disregard to scientific accuracy of statement will be

® See Mr. Dawson’s paper *“On the Superficial Geology of British Columbia,” Quarterly Journal of the Geo-
logical Society, Yol. XXXIV. p. 89.

Dr. Brown's principal papers are: Das Inuere der Vancouver Insel, in Petermann’s Mittheilungen for 1869,
p. 1; On the Geographical Distribution and Physical Characteristics of the Coal-Fields of the North Pacific
Coast, in Transactious of the Edinburgh Geological Society, Vol. I. p. 305 ; On the Supposed Absence of the
Northern Drift from the Pacific Slope of the Rocky Mountains, in the American Journal of Science, Sccond
Series, Vol. L. p. 318. ’

+ See Petermann’s Mittheilungen, 1869, p. 4.

% All that Dr. Brown had seen of the region to the north of Vauncouver Island seems to have been comprised in
a hasty visit to the Queen Charlotte Islands.
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found pervading the whole article in question. For instance, it is remarkable
that no clew is given to the heights at which the erratic blocks actually
observed were seen; neither is there any precise statement of locality in
Dr. Brown’s communications, excepting the three-times repeated information
in regard to the granite of which some buildings at Victoria have been con-
structed. There is nothing in either of the three papers whose titles have
been given which is inconsistent with the idea previously advanced by the
present writer, that icebergs have passed over portions of the island and
dropped occasional boulders on the surface, at a time when the level of the
land was not as high as at the present time by one or two hundred feet. This
indeed might secm to be the idea of Dr. Brown himself, who thus expresses
himself in speaking of the Victoria erratics: “I am not aware that any rock
of a similar description is found én siu anywhere in Vancouver Island [this
is rather different from the former positive assertion that no such rock could
be found in place south of Alaska]; it appears to have drifted in icebergs
from the north.” Dr. Brown quotes Mr. Bauerman as authority for the occur-
rence of “true glacial or boulder clay in various portions of Vancouver
Island”; but the truth is, that this geologist, as already mentioned, describes
nothing of the kind except at Victoria and its immediate vicinity. And, in
addition to this, it is from Mr. Bauerman himself that we have the impor-
tant statement of the finding.of marine shells in the so-called glacial drift, —
a sufficient indication, one would suppose, that here could be no question of
glaciers proper, but rather of iceberg agencies. Dr. Brown was evidently
at the time he visited Vancouver Island an entirely unpractised observer.
There is a vagueness about all his geological data, which makes it quite
impossible to use them in arriving at definite conclusions in regard to the
former glaciation of the northwest coast.

Mr. G. M. Dawson, in his already quoted paper, gives a much more definite
account of his observations on the glaciation of Vancouver Island than does
Dr. Brown of those made by himself and party. Mr. Dawson, however, like
almost all other geologists who have visited the island, confines his remarks
principally to the neighborhood of Victoria. Indeed, he gives no positive
statements of any kind in this connection except for localities in the im-
mediate vicinity of that city. The highest point at which he professes to
find glacial markings is on the summit of Mount Douglas, or Cedar Hill, a
rocky eminence 696 feet high, but even here he himself admits that there
is some uncertainty, for he remarks that ¢ the direction of the glaciation” is
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due south, as nearly as can be ascertained. There is no difficulty in ascertaining
the direction of strize which are well defined, as every geologist knows.

Mr. Dawson confirmed the investigations of Mr. Bauerman to a certain
extent, by finding marine shells in several Jocalities in the so-called glacial
drift. It is a little curious that the points where these discoveries were made
are not stated ; but from the context they would appear to be in the im-
mediate vicinity of Victoria. His theoretical results are given in the follow-
ing words: “There appears to be no escape from the conclusion that a
glacier swept over the whole southeastern peninsula of Vancouver Island at
some time during the Glacial period; and on consideration of the physical
features of the country it becomes apparent that the entire Strait of Georgia
between the island and the mainland must have been filled with a great
glacier, with a width in some places of over fifty miles, and a thickness near
Victoria of at least considerably over 600 feet.” This last statement of thick-
ness seems to depend entirely on the single observation on Mount Douglas,
previously referred to, confessedly of an unsatisfactory character, and in con-
flict with the observations of the present writer, as well as those of Messrs.
Selwyn and Richardson of the Canada Survey. Mr. Dawson himself appears
to be struck by some of the difficulties in the way of the adoption of his own
theory, for he adds immediately after the lines above quoted: “ With all
this, however, there has been very little general wearing-down of the rock-
surfuce of the country ; all its main features, and, in many cases, cven the most
muude [the italics are the present writer’s modification of the original] are
clearly of preglucial origin.  The valleys generally follow bands of limestone
and softer schistose and shaly beds, and run as often transverse to, as parallel
with, the direction of glaciation; and besides the general forms of the smaller
hills, little rocky knolls and projecting points of rock, while worn and
rounded to the north, preserve rough unpolished southern faces. This
feature is more marked than I have elsewhere observed, and would scem to
indicate, even allowing that glaciers do not very rapidly abrade solid rocks,
that the ice did not long rasp over this portion of the country, and possibly
that it never extended much beyond this point.”

It is surprising that Mr. Dawson did not see how much better the theory
of iceberg agencies would adapt itself to an explanation of the above de-
scribed phenomena, than the one which he adopts, namely, that of a great
glacier which has no apparent head, and which comes to a sudden stoppage
when 600 feet thick, and whose manifestations are almost or quite exclu-
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sively limited to its very termination. Here we ought, if we adopt the
glacier theory, to expect to find large moraines, of which no trace has ever
been observed by any one, for the term “ glacial drift” means nothing, unless
its real character is somewhere distinctly defined. Glacial drift may be
dropped a thousand miles away from any glacier, and scratched and polished
rocks can be, and are now, produced in abundance, not only by icebergs, but
by shore-ice, on the borders of the sea, as well as on those of great lakes, as
will be noticed further on.* The finding of marine fossils at various locali-
ties in the midst of the glaciated region is, as the writer conceives, fatal to
the glacier theory. Their presence is thus accounted for by Mr. Dawson:
“The general appearance of the deposits of this part of Vancouver Island,
resting, as they do, on planed and polished rocks perfect in every detail and
necessitating glacier action for their explanation, and yet consisting of water-
bedded and often current-driven materials mingled in places with sea-shells,
leads to the belief that they were formed along the retreating foot of a
glacier which had extended some distance beyond the margin of the land.
The withdrawal of the ice may have been caused or accompanied by sub-
sidence; and some species of shells must have followed its front pretty
closely in its retreat. The somewhat irregularly terraced forin of the de-
posit is probably due to action during emergence ; and the general tendency
of many facts is to show that a slight sinking of the coast is at present in
progress or has lately occurred.”

Before entering into any further discussion of the glacial phenomena mani-
fested on Vancouver Island, and the true relations to the Northern Drift
epoch, something must be said in reference to the character of the coast
farther north between that island and Alaska, an extremely interesting
region on account of the deep indentations of the shore-line and the grand
mountain ranges which press upon it. This region has not, as yet, been
much explored, and the little we know of it, beyond the mere position
of the coast-line, is due to the reconnaissances of the Canada Geological
Survey. It is quite clear, however, that the range of lofty mountains border-
ing the coast has been occupied, in its higher portions at least, by extensive
glaciers; and that these have found their way down the cafions to the very
sea-level in places is also highly probable. This is in entire harmony with
all that we have learned from the preceding pages in regard to the phe-
nomena of former glaciation in the high ranges adjacent to the Pacific. The

# Sce also page 11 of this volume.
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ranges north of Vancouver Island were so situated, with reference to the
prevailing winds, as to condense by far the larger portion of the moisture
swept inland from over the ocean surface,—a condition of things perfectly in
accordance with what is now taking place along the Pacific Coast farther
south, as an inspection of the Smithsonian rain-charts well illustrates. How
extensive the glaciers were in these comparatively high latitudes, on a lofty
range rising almost directly from the sea to a height of six or eight thousand
feet, can only be told by actual observation ; that they were of such gigantic
dimensions as to unite in one main stream of ice filling the Straits of Georgia,
moving southward and impinging against the base of the Olympian Range,
as maintained by Mr. Dawson, does not seem to have been proved, as has
been sct forth in the preceding pages.

The. investigations of Mr. James Richardson, of the Canada Geological
Survey, who had an opportunity of examining many of the inlets north of
Vancouver Island, seem to have been carefully and conscientiously made.
His observations all go to prove the former existence of large glaciers in the
range along the portions of the coast scen by him on a trip from Douglas
Channel to Wrangel in Alaska. His remarks on this subject are instruc-
tive, although brief, and may be here quoted in full* ¢ Throughout the
whole of the inlet and channels which were examined, wherever the surface
of the rock is exposed, the ice-grooving and scratching is very conspicuous,
from mere scratches to channels often several feet in width, and from a few
inches to as much as two and three feet deep. Often they can be distinctly
seen with the naked eye from the surface of the water to upwards of 3,000
feet above it on the sides of the mountains. They run in more or less
parallel lines, and are not always horizontal, but deviate slightly up or down.
Sometimes the rocky surface resembles that of a field covered with narrow
ridges. Where two valleys meet, the upward deviation is always well marked
on the side of the smaller valley. A good example of this occurs at the
Junction of the Kamino Valley with that of Gardner Channel, where on
the west side the hard gneissose rocks are scooped out in wide deep
grooves, occasionally undercut on the upper side, and rising from the level
of the water at angles of from eight to fifteen .degrees. It would be
useless to enter into any great detail as to the direction of the grooves.
Generally, it conforms with that of the valleys,t and the movement of the ice has

* Geological Survey of Canada. Report of Progress for 1874 - 75, p. 81.

+ Italicized by the present writer.
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been from north, northwest, northeast, and east to the opposite point, modi-
fied by the sinuosities of the valleys through which it passed.” *

Mr. Dawson continued his observations from Vancouver Island northward
through the Straits of Georgia for some distance along the coast; but he
states that his opportunities for examining the remarkable fiords by which the
coast of the main-land is indented were but limited. The only one ascended
to its head was Bute Inlet, the mouth of which is about opposite the centre of
Vancouver Island, in latitude 50> 30°. Of this he speaks as follows: ¢ This
chasm, forty miles in length, and running into the centre of the coast range,
is surrounded by mountains which, in some places, rise from its borders in
cliffs and rocky slopes to a height of from 6,000 to 8,000 feet. It must have
been one of the many tributaries of the great glacier of the Strait of Georgia,
and accordingly shows evidence of powerful ice-action. The islands about
its mouth are roches moutonneés, polished and ground wherever the original
surface has been preserved. In Sutil Passage, near its entrance, grooving
appears to run about S. 30° W. A precipitous mountain on Valdez Island,
opposite Stuart Island, and directly blocking the mouth of the inlet, though
3,013 feet high, has been smoothed to its summit on the north side [the
Inlet has an almost exact north and south course] while rough towards the
south. The mountain-side, above Arran Passage, shows smooth and glisten-
ing surfaces, at least 2,000 feet above its face ; and in general all the moun-
tains surrounding the fiord present the appearance of having been heavily
glaciated, with the exception of from 1,000 to 2,000 feet of the highest
peaks. The high summits are rugged and pointed, and may cither never
have been covered by glacier-ice, or owe their different appearance to more
prolonged weathering since its disappearance. In some places parallel flut-
ings high up on the mountain-sides evidence the action of the glacier; while
in others it is only attested by the general form of the slopes, or detected
under certain effects of light and shade. At the mouth of the Howathco
River, discharging into the head of Bute Inlet, striation shows a direction of
movement S. 22° E.; but in every case the motion appears to have been
directly down the valley, and to have conformed to its changes in course.”

The above citations scem to include all of importance that can at present
be stated in reference to the former glaciation of the Coast Mountains, oppo-

# This quotation from Mr. Richardson’s report has been given by Mr. Dawson in his article on the Superficial
Geology of British Columbia, previously referred to ; but all of it which relates to the conforming of the direction

of the ice-grooves with that of the valleys, and the detlection upward from the level of the water, which seems to

indicate iceberg or shore-ice action, has been omitted by him.
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site Vancouver Island, on the main-land, and farther north towards Alaska.
There can be but little difference of opinion in regard to the general char-
acter of the former glaciation of the high range in question. The position
and direction of movement of the ice-masses was evidently governed by the
topography of the country, which at the time of the former greater extension
of the glaciers was in harmony with what it now is.  There is a strong body
of evidence, as the writer thinks, to the effect that the ice-markings near
Victoria were the work of icebergs, and not of a gigantic glacier filling the
Straits of Georgia, as advocated by Mr. Dawson. So immense a development
of land-ice as Mr. Dawson’s glacier would require seems not to be in har-
mony with what has been observed in regions farther south, or in the same
latitude to the east. The very uniform character of the manifestations of
the former presence of ice, over a length of more than a thousand miles, in
the ranges extending along the coast from Oregon to Southern California,
leads us to infer that so enormous and sudden an expansion of glacier-covered
surface as that demanded by an ice-mass filling the Straits of Georgia is
something not to be accepted, unless thoroughly demonstrated by a series of
carcfully conducted obscrvations. Be this as it may, however, it must be
manifest to all that we have in this former extension of the glaciers, even
adopting Mr. Dawson’s views, nothing which can be properly classed with
the Northern Drift, as will be more fully explained further on in this
volume.

Neither can the phenomena described by Mr. Dawson as occurring in the
interior of British Columbia, east of the Coast Ranges, be regarded as indica-
tive of anything more than local glaciation on a large scale, even if his ob-
servations he accepted as entirely trustworthy. But as it appears that some
explorers and geologists see, with the greatest facility, glacial markings of all
kinds, and in perfection, wherve others of at least equal experience are unable
to discover them at all, it may be deemed advisable to wait until further evi-
dence is obtained before concluding that the Fraser River Valley was the
scene of such an exceptionally large development of ice during the Glacial
epoch. The relations of the admitted conditions of glaciation in the Far
Northwest to those of the northeastern part of North America will, however,
be best discussed at a later period in this work.  That Mr. Dawson himself
perecives the theoretical difliculties which present themselves in connection
with the facts which he professes to have observed, and that there is some
uncertainty in regard to these facts themselves, will, as the writer conceives,
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be apparent from the following quotation from the summary of his remarks
on the glacial geology of the region in question.* '

“In attempting to cover with any general theory the traces of the last
great period of cold, generally known as the glacial period, in a district the
physical features of which are so well marked and so varied as those of that
under discussion, much difficulty is felt, owing to the great number of pos-
sible combinations of circumstance. The earliest recognized traces of the
period of cold are doubtless the markings on the surface of the plateau, or
high lands, in connection with it, which indicate the southward passage of
massive ice. These, by the observations above detailed, have now been found
in different parts of the interior plateau, for a distance of over 300 miles, and
traced up, on Iron Mountain, to a height of 5,280 feet. Erratics and drift
material, with evidence of water action, occur to a like elevation. HWhen
compared with the ice-markings found in the lower valleys, and to those of the south-
eastern extremily of Vancouver Island, known to be due to gluciers, those of the
higher parts of the interior plateau are less definte.t  The rocks are frequently
well polished, with striee faintly marked, and varying several degrees in
direction.  Heavy grooving or fluting like that frequenlly obscrved where true gluciers
have been at work, is seldom or mever seen, the nearest approach to it being on
the summit of Tsa-whuz and Iron Mourtains.”

Dr. Dawson infers from all the facts observed by himself that it is ¢ not
improbable ” that a great confluent glacier did, at an early stage of glacial
time, cover the interior of the Province of British Columbia. This sheet, he
says, need not have been much more than 2,000 feet in thickness, and its
greatest efflux was doubtless by the valley and comparatively low country of
the Okonagan. If, however, this enormous glacier did discharge itself chiefly
through the valley of that river, the evidences of such outflow would, beyond
doubt, be of the most striking character. Enormous moraines would be
accumulated all through the region, and the surface far and wide would be
covered by erratics, and the piles of débris formed by the action of the water
resulting from the melting of the ice, on the detrital material previously
brought down from the region to the north. An examination of all that has
been published by trustworthy observers in regard to the surface geology of
that region indicates that nothing of this kind is to be found there. As ad-
mitted by Mr. Dawson, however, a considerable portion of this great ice sheet

* (Genlogical Survey of Canada. Report of Progress for 1877 - 78, p. 150.
+ The author has taken the liberty of italicizing one or two passages in the quotation cited above.

~
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must have found its way out by the Valley of the Fraser. Here, again, the
evidences of such passage of a great glacier 300 miles long are singularly
defective. The few isolated boulders observed resting on the surface of the
local detritus, by Dr. IHector and others, are but a poor representation of
the former passage of a mass of ‘ice larger than any now existing in the
world, unless in Greenland or at the South Pole. That these and other
similar difficultics did not fail to impress themstlves on the mind of Mr.
Dawson, and that he was inclined to look with suspicion on his own ¢ highly
probable ”” theory, is shown by the following extract from his report on the
region in question, which follows immediately after the suggestion of the
great confluent glacier, which he supposed to have covered so large a part of
the interior of British Columbia. Ife says: “It is well to remember, how-
ever, that the hypothesis of an Arctic current bearing heavy polar ice
through the Peace River gaps at the north, and thence southward down the
region of the plateaw, would serve almost equally well to accomd for its glaciation.”
And he adds: “Any theory of the cause of these traces of the earlier gla-
ciation shall at present be held tentatively, and subject to the result of further
exploration.”

In the preceding pages will be found, it is believed, all that it is necessary
to sct forth in regard to the former glaciation of the western side of the
North American continent.  With the facts which bhave been given, the
reader will be prepared to enter into the discussion of the probable relation
of the phenomena of past glaciation, as manifested on the Pacific Coast and
" in the Rocky Mountains, to similar occurrences in other parts of the world.
Before advancing another step in the present inquiry, however, it will be
desirable to add to what has already been said about glacial phenomena
proper something in regard to one or two points of surface geology more
or less directly connected with the former occurrence of ice in the regions
which have been passed over in review in the preceding pages. And it will
also be proper to inquire whether there are any points in regard to the dis-
tribution of the superficial detrital material, in the non-glaciated portion of
region in question, which require special clucidation, as preparatory to the
discussion which it is proposed to enter upon in the succeeding chapters.

One of the first questions snggesting itself to the student of dynamical
geology, in connection with the phenomena of past glaciation which have been
described in the preceding pages, is this: Are there any marked, character-
istic features in the topography of the glaciated regions which distinguish



THE NON-GLACIAL ORIGIN OF THE LAKES OF CALIFORNIA. 93

them from the non-glaciated? In the use of the phrase ¢ characteristic
features,” it is not intended to include such phenomena as have been fully
indicated above as being the legitimate work of the glacier, but to suggest
the possibility of other more obscure and uncertain results of ice-work which
may not reveal themselves at once to the observer, but which, on the other
hand, may be deciphered by a careful study of the topographical features of
the regions in which ice has been shown to have done geological work in
former times. Among such results might be the occurrence of lakes, to which
reference has already been made, or peculiar forms of the cross-sections of
the valleys, or the terraced arrangement of the detrital materials; and in
reference to each of these topics some remarks will here be made, which
may be taken as supplementary to anything which may have been said on
the same subjects in previous pages.

In regard to the formation of certain lakes partly or wholly through the
agency of ice a few words may here be introduced. And first with reference
to what has more especially come under the writer’s own observation, in
California and the Great Basin. All the important lakes of California are
strictly of orographic origin; that is to say, the water which fills them
occupies portions of depressions which have been produced, not by eroding
agencies of any kind, but by the same crust movements which have given
rise to the mountains and valleys. We find lakes of this kind somewhat
abundant in California, and in all stages of progress toward entire desicca-
tion, as will be set forth in the next chapter. Most of these lakes belong to
the Great Basin system; they are to the east of the main divide of the
Sierra Nevada, or entirely to the south of that chain. These will be noticed
more fully in connection with the phenomena of their gradual diminution, as
indicating one of the most general and immportant climatic changes of later
geological times.

The Coast Ranges of California enclose within their limits but very few
lakes, either large or small.  South of San Francisco Bay, indced, there is
hardly a single body of water worthy of being called a lake. This is naturally
to be expected, since the rocks are, almost everywhere, very permeable, the
precipitation moderate, or even small in the southern portion of the State,
and the evaporation large. Clear Lake offers a striking exception, and is the
only body of water of any importance within the Coast Range system. It
is clearly of orographic origin, aud it marks the termination of the volcanic
formations on the north.
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The Great Valley of California was once a lake of magnificent dimensions,
but it now retains its lacustrine character only at its extreme southern end.
The orographic depression between the Sierra Nevada and the Coast Ranges
must once have been very deep, as well as of great length, since it has
been the recipient of all the detrital material swept down from both sides,
although in vastly larger quantity from the eastern, during a long period of
time. How deep these accumulations are is unknown ; a bore of a thousand
feet in depth at Stockton, about midway in the valley longitudinally, did not
reach its bottom.* A large part of the southern end of the San Joaquin
Valley is liable to be converted into a lake after a succession of unusually
rainy seasons. It is a swampy region overgrown with tules, having one
large but very shallow permanent body of water near its centre, and about
midway between the extreme southern end of the valley and the point where
the San Joaquin River debouches from the Sierra.  This lake, called Tulare,
from the growth of tules (Scipus palustris) which surrounds it, has an area
at ordinary times of 600 or 700 square miles, and a depth of only forty feet ;
but its dimensions vary considerably from year to year. The reason why
water stands in the southern portion of the San Joaquin Valley is, that the
rivers coming down the slope of the Sierra farther north have filled up the
depression more rapidly than those to the south, and thus formed a kind of
dam or barrier to the escape of the water, or to a perfect drainage of the
southern part of the valley. This larger supply of detrital material from the
more northern streams is due in part to the increased precipitation as we go
north on the slope of the Sierra, in part to the greater development of the
belt of schistose and more easily disintegrated rocks, and also, to consider-
able extent, no doubt, to the vastly increased supply of volcanic material
north of the San Joaquin River, which in places forms deposits of great
thickness along the foot-hills, and much of which was of a nature to be most
easily and rapidly eroded away.

The western slope of the Sierra Nevada is almost entirely destitute of
any lakes, except those very minute ones high up in the range, to be pres-
ently described. Bodies of water of considerable size once existed there,
although not in abundance; but they have nearly all disappeared, having
become converted into sedge-grass meadows, or ¢ flats,” as they are usually
called. The slope of the range and its orographic simplicity are manifestly
unfavorable to the development of permanent lakes; the depressions which

* For some details as to the form of the ¢ross-section of the Great Valley, see Auriferous Gravels, p. 2.
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originally existed in it, as shown by the form and position of the Tertiary
gravel deposits,* have long since been filled up. Lake Tahoe, however, as
already mentioned,t is a fine, and for California an exceptional, example of
an orographic lake of pure water and large dimensions. Situated in a de-
pression between two elevated ranges, on the very summit of the Sierra, it
is chiefly supplied by melting snow, and is kept fresh by the abundance of
this supply while its overflow is carried to a lower level, within the Great
Basin, there to disappear by evaporation in Pyramid and Winnemucca lakes.
The great depth which the depression occupied in part by Lake Tahoe must
originally have had, becomes evident when it is considered that, in spite of
the detrital material to it from the adjacent lofty ranges, it has still a depth
of considerably over a thousand feet.

No one of the lakes mentioned above could for a moment be supposed
to be of glacial origin; but there are others, mostly of minute size} and
very numerous, in the formation of some of which ice has undoubtedly had
a share. The greater part of the more important of these are so-called
“ moraine-lakes,” the origin of which is exccedingly simple. A stream of
water is dammed back by an accumulation of glacial débris, and a lake, of
greater or smaller size, is the result. Such lakes are usually shallow and not
permanent. The barrier may be broken away at any time; and with the
universal shrinking of the glaciers which has taken place in later geological
times, the majority of the lakes thus formed have also disappeared.

There are other lakes which are usually even smaller than those of moraine
origin, and which occur high up in the mountains aut the very heads of the
streamlets, and whose basins have unquestionably been formerly occupied by
glaciers. The basins of such lakes are always shallow, usually very much
so, and of solid rock, with little or no débris about them. As these small
bodies of water are quite at the heads of the streams, and at very high alti-
tudes, they must occupy positions where, during the glacial epoch, snow or
névé existed. They are, in most instances, higher than the ice could have
reached, and therefore higher than the region where the glacier did most
of its work. Their extreme shallowness, however, renders the question how
they are kept filled with water one of more importance than that of their

* See Auriferous Gravels, passim.

+ See ante, p. 57.

+ These lakes are by far too small to be shown on ordinary maps : more than fifty of them are indicated on the
Geological Survey ““Map of a Portion of the Sicrra Nevada, adjacent to the Yosemite Valley,” which is on a scale
of two miles to an inch.
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original formation. If they were empty, their existence would hardly be
observed ; they might even escape notice altogether. The principal reason
why the water stands in these shallow basins is, that the rock, which is ex-
clusively granite, is impermeable: it holds up the water almost as well as
metal would do it. Again, the supply of water to keep them filled is readily
forthcoming from the melting of the snow, which usually lies almost or quite
through the year at the base of the clifts by which these little pools of water
are surrounded. That there should have been inequalities existing in the
surface of the granite at the time the Glacial epoch commenced, can certainly
not be a matter of surprise; that the glacier, with the aid of the water pro-
duced by its melting, kept these depressions free from débris, or even, in
places, deepened them somewhat, is also a condition of things easily under-
stood. The more diflicult point scems to be, to find an answer to the ques-
tion why these hollows have not become filled up with the débris from the
adjacent slopes since the disappearance of the glaciers. This leads us to the
discussion of another interesting point which presses itself upon the attention
of the observer of the phenomena of past glaciation in the Sierra Nevada.
The point is this: the more one studies the localities formerly covered
with ice in the region in question, the more one is impressed by the fact
that but a short period has clapsed since this ice disappeared. The Glacial
cpoch — for California, at least — is only just over. This is shown in many
ways, by none, however, more satisfactorily than by the astonishing perfec-
tion with which the glacial polish has been preserved over large areas for-
merly covered by ice. That the surface should retain the striations and polish
for a long time, and in great perfection, where the rock was, immediately
after their production, covered deeply with d¢bris and soil, is not so remark-
able. There are many localities in New England and in the vicinity of the
Great Lakes where the strize are almost as fresh looking as if just made; but
in all such cases the rock surfice has only been recently stripped of its
detrital covering by the hand of man or otherwise. All through the Sierra,
on the other hand, where the granite is entirely bare of overlying débris,
and appears to have remained so ever since the ice left it, the polish is appar-
ently as perfect as it was when first made.  The ouly theory by which these
facts can be explained is this, that but a short period of time has elapsed since
the work was done. It might perhaps be argued that the surface had
remained covered with d¢bris until a recent period, and that this has only
lately been removed. This, however, is not a tenable supposition in view of
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the fact that the moraines remain in such a perfect state of preservation. In
many places they look as fresh and unimpaired in the completeness of the
details of their forms as do those of the present Alpine glaciers. These
remarks apply especially to the glaciated regions of the Sierra Nevada; but
the freshness of the glacial markings in the Rocky Mountains is not much
less striking than on the western edge of the Cordilleras. The writer did
not see any surfaces of rock in the mountains about South Park or at the
head of the Arkansas River which retained their polish as perfectly as those
at the head of the Tuolumne and elsewhere in the Sierra; but the moraines
descending the eastern flanks of the Sawatch Range seem entirely unim-
paired, perhaps quite as much so as those previously described as occurring in
the vicinity of Mono Lake. The contrast is very striking between the fresh-
ness of the indications of the former presence of ice in the Cordilleras, and of
those which display themselves in Northeastern North America; to the char-
acter of these latter attention will be more specially directed further on in
the present volume. It may be added here, however, that there is strong
reason to believe, as the writer has become convinced by repeated examina-
tions of both regions, that the period of the former more extended glaciation
of the Alps dates back further than that of the similar geological events in
the Cordilleras.

This simplicity of the phenomena of former glaciation in the Cordilleras
leads us also to infer that the time occupied by the Glacial epoch in that
portion of the continent must have been much shorter than that during
which the complicated series of events occurred which are referred to the
period of the Northern Drift in the Northeastern States and the region of
the Great Lakes. There are important general conclusions connected with
this aspect of the glacial question; but their consideration may properly
be put off until a more advanced stage of the present discussion has been
reached. ’

Some words may be added in this connection in reference to a subject dis-
cussed at some length in the Auriferous Gravels, namely, the forms of the
valleys or cadions in the Cordilleras, the especial question here to be consid-
ered being whether the former presence of ice reveals itself in any easily
recognized manner in the figure of the cross-section of the valleys through
whicl it has passed. Observers frequently speak of the characteristic U-shape
of glacial valleys, as contrasted with the V-form of cafions resulting from
aqueous erosion. This is an error partly of misapprehension and partly of
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exaggeration.* The fact is that the forms of valleys depend on a much
more complicated series of events than would be indicated by the use of the
simple phrases “aqueous” or “ glacial.” There is the original form to be
considered, in the first place. Something determines the passage of ice or
water along a certain line, or in a certain direction. This something is of an
orographic nature. Whoever has studied the structure of the earth’s crust
as revealed in the many sections afforded by great mining operations, espe-
cially those made in the Carboniferous rocks on so grand a scale in Europe,
must have been impressed with the manner in which portions of the earth’s
crust have been thrust up or down along vertical or nearly vertical planes.
Here is nothing of theory: the facts are of too much importance, from an
economical point of view, to be ignored. To assume, as some geologists do,
that great chains of mountains, made up as many are in large part of thor-
oughly squeezed, folded, and overturned rocks, had originally perfectly uni-
form surfaces, which have since been eroded by water or carved by ice into
their present forms, is to occupy a position emphatically at variance with the
great body of facts developed by geological investigations. It is only under
peculiar and exceptional circumstances that water has done most of the
work, as for instance in the case of the cafions of the Colorado River and its
side valleys. As a general rule it is safe to assume that where U-shaped
valleys exist, the perpendicular walls have an orographic origin, and that
those of V—form have had that shape given to them by the débris piles which
have accumulated against their sides. The farther we descend the mountain
slope, the less the grade, and consequently the less the carrying power of the
stream : hence, the valley which is U-shaped in the upper part of its course
acquires more and more of a V—form as it approaches the plain at the base
of the range in which it heads.

But glaciers have been and are now limited in their occurrence chiefly to
the higher portions of the mountains, hence their association in the mind with
the U—form of the valley. And this leads superficial observers to conclude
that the U-form is the work of the ice itself; while the truth is, that the
material from which the glacier has been formed has simply been gathered
together in a pre-existing depression, all observations showing that great
mers de glace can only accumulate where the topographical conditions are

* Mr. J. F. Campbell expresses the same idea, but in a form much more limited and nearer the trath. He says:

““Every agent that wears vock leaves a different mark. A glaciated valley has a rounded section ~ ; a stream
cutsaVoravy."”
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favorable. That the glacier, having been formed, carries away the detrital
material which falls upon and delivers it at a distance from the place of its
origin, thus keeping the depression from becoming partly or entirely filled
with débris, is a phenomenon which is of too simple a character to require
comment. However great the eroding power of the glacier may be after the
snow has become fully transformed into ice, there can be no question that it
must be very small as long as the material of which it is formed remains snow
or névé. Hence the utter inadequacy of glaciers to carve out for themselves
the steeply walled cirques or amphitheatres in which they head, and which in
the Sierra Nevada often have almost exactly the form of a kettle, with the
rim broken away on one side.

The occurrence of terraces as indications of climatic change will come up
for discussion in the next chapter, such forms of detrital accumulations being
the especial result of diminution in the amount of water passing down the
streams, or standing in the lakes, along whose banks tliey are found. Ter-
races are not unfrequently regarded as being in some way connected with
former glaciation. It is true that where, owing to change of climate, glaciers
have disappeared, there is likely also to have been a diminution of water in
all the adjacent region; but moraines are the results of the work of the
advancing ice, while terraces are evidences of the retreating of the water.
These two forms of detrital accumulations have, however, a certain re-
semblance to each other, which has often led unpractised observers into
mistakes. .

Having thus in the preceding pages given a somewhat detailed description
of the character and extent of the manifestations of the former presence of
glaciers in the Cordilleras, the logical method of pursuing the subject would
seem to be to pass in review other portions of the earth’s surface, in geograph-
ical order, and to furnish a similar statement for all those regions which exhibit
similar phenomena. It is evident, however, that such an undertaking would
require far more space than could be allowed in a volume like the present.
Besides, the facts are so well known and so easily accessible in a variety
of works, both general and special, that it is not necessary to go over the
ground again. All that needs to be done is to refer to and enlarge upon
such details of past and present glaciation, in certain regions, as may have a
special bearing on important points, and this will chiefly be done as these
points come up for discussion. A few very important districts will be de-
scribed with some fulness of detail; while for most of the regions brought
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under review the author will be contented with giving references to the
sources from which full information may be obtained. Not, however, that it
is intended here to convey the impression that all has been ascertained that
is desirable in regard to the phenomena of the Glacial epoch. On the con-
trary, there is much yet to be learned, and there are many gaps in our knowl-
edge which can only be filled by detailed and careful observations. This can
be done better than is at present possible after some definitely established
theory of the whole series of geological facts, of which former glaciation is
one, has become generally accepted. At present, as is evident from an
examination of the great mass of published materials, observers see, in many
instances, more of what they are inclined, from previously conceived theo-
retical notions, to expect, and less of what really does exist. ‘

The facts which have come under the writer’s own observation in North
America, and especially on the western side of the Continent, during many
years of continued investigation, forming, as it were, the basis of the present
discussion, have properly been set forth with considerable detail. This has
been the more proper course, because it has not elsewhere been attempted
to be done; nor could it have been, except by some one who had with his
own eyes seen a large portion of the whole region; for the published state-
ments of some observers are so at variance with the truth, that only utter
confusion could result from an indiscriminate use of all that has found its
way into print on the subject of glaciers and ice-work as manifested in the
Far West. .

Leaving, then, the glaciated regions of Northeastern America and of Europe
to be touched upon with more or less detail in a future chapter of this work,
we may now proceed to the consideration of certain phenomena of the
greatest possible interest as indicative of recent climatic change, and which
are manifested not only far and wide over the whole earth, but on an espe-
cially large scale, and with the greatest distinctness, in the region to which
our attention has been particularly directed in the preceding pages. We
refer to the diminution in the quantity of water running and standing on the
surface of the country; to the drying-up which has been going on over a
large part of the earth during the later gcological times, a phenomenon so
wide-spread and important in its manifestations as to demand a much more
careful study than it has hitherto received.



CHAPTER II.

THE DESICCATION OF LATER GEOLOGICAL TIMES.

SectioN 1. — Lzlroducfof'y-:.. .

-
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CriMaTic changes manifest themselves upon the 'eﬁ.nllfs surface in a
variety of ways. The one essential cause underlying all that, complex of .
conditions to which the all-embracing term ¢ climate” is a[;p'liéd is,, of
course, the solar heat. But the manifestations of the effects of this fu‘f}djt'-;"-,

mental agency are powerfully influenced by many different causes, some of” -*. -

which are liable to be profoundly modified by variations of geological con-
ditions. This subject will come up for more careful consideration at a later
period in this volume; at present all that it is necessary to do is, to call
attention to the fact that a diminution of the water flowing or resting
motionless upon the surfuce of the .earth — of the volume of rivers and of
the area of lakes, in short —is a phenomenon which must be admitted by all
to be indicative of a climatic change, the importance of which corresponds in
a measure to the amount of such diminution. That such a change is now
going on, and that it has becen for a very considerable length of time, we
shall now proceed to set forth, leaving the causes and consequences of this
desiccation to be discussed in another chapter. It will become evident, on
examination, that while the evidences of climatic change presented by the
phenomena of extinct glaciation are extremely interesting, those of the dry-
ing-up are even more important, at least from a climatological point of view,
for they can be traced over a much larger area of the earth’s surface, and
have been continued during a longer period, than the glacial phenomena in
question. This desiccation is, moreover, especially interesting in that it is
an occurrence which is not only taking place at the present day, but one
which is making itself felt in many ways. as affecting the movements, the
prosperity, and even the life itself, of large masses of mankind.

It is indeed remarkable that so little attention has been paid to the facts
which will be brought forward in the following pages. Many of them have
been reported singly, but apparently without much weight being attached
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to them, and certainly without any very definite idea of their bearing as
forming a part of a connected series of events. The almost or quite universal
tendency has been, and still is, to consider climate as something on the whole
quite fixed, and in its very nature invariable, or else to invoke the agency
of causes of a periodical nature, involving cycles of events, but not any
permanent change. That both these theoretical aspects of climatic persist-
ency are quite contrary tq, the facts developed by geological investigation
will be made apparent,.qé flie writer believes, in the following pages. But
without further introductory remarks, the essentially important facts will
now be laid be,'for,é" the reader.

Seeqion IL — The Drying-up of the Lakes of the Weslern Side of the North
‘ American  Continent.

It is not difficult to understand how it is that the decrease in dimensions
of a body of water like a lake is a phenomenon more striking in character
and more easily recognized than the gradual diminution of the volume of
water flowing down a river-channel. We are accustomed to sce rivers vary-
ing their size in accordance with the progress of the seasons, and even shift-
ing their channels to a very considerable degree. The marks by which we
are able to recognize gradually occurring changes of volume are therefore
liable to be obliterated. And -as long as a lake is only an expansion of a
river, while, in fact, it is in communication with the sea, its contents mov-
ing downwards with the river itself, only more slowly in consequence of its
greatly increased cross-section, so long any diminution of its volume which
may take place, unless it is very marked, will be likely to escape notice. But
let the lake be cut off from its connection with the ocean, and become iso-
lated, by the increcase of evaporation over precipitation, and the progressive
stages of a gradually lessening area will become very marked phenomena,
for the very causes which conspire to bring about this condition of things
are such as tend to preserve the records of their occurrence, which take the
form of ancient shore-lines, beaches, and terraces. A secular increase of
volume, in the case of both lakes and rivers, is naturally more difficult to
make out than a diminution, because the rising waters conceal the work of
former ages. Forests, if submerged, gradually decay and leave few traces
behind. The works of man, on the other hand, are somctimes of a very
enduring character; but, of course, testimonials to change of water-level
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depending on human agencies can only be furnished under exceptionally
favorable circumstances, and for the very latest historical periods. The
great body of evidence going to show a diminution of the water on the
earth is therefore furnished by the great closed basin regions of the world,
— those of Western North America and of Central Asia. Not that other
countries do not offer abundant testimony corroborative of the facts specially
made evident in the regions mentioned. On the contrary, the body of facts
which might be brought together, did space permit, is abundantly com-
prehensive in character to enable us to include the whole land surface
of the globe in our generalizations.  We may first, however, speak of those
particular proofs of desiccation which are presented within the region of the
Cordilleras.

There is no body of water in the country which dixplays in a more marked
manner the characteristic indications of decrease of size than does Great
Salt Lake. Naturally, therefore, this was the first locality to attract the
attention of scientific explorers. So far as known to the writer, Captain
Stansbury was the first to call attention to the former much larger dimen-
sions of this body of water. Speaking of the low land near Promontory
Point, he says: ¢ This extensive flat appears to have formed, at one time,
the northern portion of the lake, for it is now but slightly above its
present level.  Upon the slope of a ridge connected with this plain,
thirteen distinct successive benches, or water-marks, were counted, which
had evidently, at one time, been washed by the lake, and must have been
the result of its action continued for some time at each level. The high-
est of these is now about two hundred feet above the valley, which has
itself been left by the lake, owing probubly to gradudl elevation occasioned by sub-
lerrancous causes. If this supposition be correct, and all appearances conspire
to support it, there must have been here at some former period a vast inland
sea, extending for hundreds of miles; and the isolated mountains which now
tower from the flats, forming its western and southwestern shores, were
doubtless huge ixlands, similar to those which now rise from the diminished
waters of the lake.” *

Here, as will be evident, the present greatly diminished area of Great Salt
Lake as compared with that of former times is distinetly recognized, while the
causes and conditions of this remarkable change would scem, from the state-
ment italicized by the present writer, to have been entirely misunderstood,

* An Expedition to the Great Salt Lake of Utah. By Howard Stansbury.  Philadelphia, 1852, p. 105.



104 THE DESICCATION OF LATER GEOLOGICAL TIMES.

it being Captain Stansbury’s idea, apparently, that the mountains surround-
ing the lake had been elevated, and not that the lake itself had diminished,
so that its water surface now stands at a lower level than formerly.

The geologists of the various Pacific railroad surveying expeditions paid
little attention to the proofs of a gradual drying-up of the region under ex-
amination, and when they did observe them, they seem to have failed to
apprehend their true character. Thus Licutenant Beckwith remarks, in
speaking of the terraces bordering Great Salt Lake: “They are elevated
from two or three hundred to six or eight hundred feet above the present
lake ; and if upon a thorongh examination they prove to be ancient shores,
they will perhaps afford (being easily traced on the numerous mountains of
the Basin) the means of determining the character of the sea by which they
were formed, whether an internal one, subsequently drained off by the break-
ing or wearing away of the rin of the Basin, — of the existence of which at
any time, in the form of continuous elevated mountain chains, there seems
at present but little ground for believing, —or an arm of the main sea,
which, with the continent, has been elevated to its present position, and
drained by the successive stages indicated by the shores.”*

Mr. W. P. Blake, who was attached to the party which explored the south-
ern portion of California, and whose geological investigations are contained
in the fifth volume of the Pacific Railroad Reports, published in 1856, noticed
the former existence of “an extensive fresh-water lake” in the northern part
of the Colorado Desert, by which term he designates the tract of country
lying between the Bernardino Range on the northeast and the San Jacinto
Mountains, and the connected ranges extending toward the southwest along
the Pacific Coast. The area thus embraced within these lofty mountains is
about 120 miles in length, narrow at its northern extremity, where it is
called the Coahuila Valley, but widening out rapidly towards the south, and
meeting the Colorado River near Fort Yuma. This region is almost destitute
of water, the streams which find their way down the mountain slopes losing
themselves before reaching the valley. A considerable portion of this area is
depressed below the sea-level, as shown by the recent surveys for the South-
ern Pacific railroad, and there are abundant evidences, in the form of terraces,
ancient shore-lines, and deposits of calcareous matter at various points, that
the water of the Gulf of California once extended up nearly to the head of
Coaluila Valley. The access of the sca having been cut off by the accumu-

¢ Report of Explorations and Surveys, ete. (Pacific Railroad Reports).  Washington, 1833, Vol. II. p. 97.
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lations of sand and mud brought down by the Colorado as Mr. Blake sup-
posed, the region above the former mouth of that river became a closed
basin of salt-water, which afterwards gradually became brackish, and then
almost fresh, as shown by the character of the shells found at various points
around its margin. Finally, the entire body of water disappeared by evapo-
ration, and the region is now an arid desert, surrounded by detrital accu-
mulations which slope down, in the form of « washes,” from the sides of the
enclosing mountains, and which for a distance of about forty miles, meas-
ured parallel with the trend of the valley, is depressed below the sea-level to
the amount of a hundred feet or more. This deepest portion, however, is
not that nearest the Colorado River, but is rather the upper end of the val-
ley, the line of the railroad survey sinking to the ocean level not. far from
Indian Well, then continuing below that level for about forty miles, and
finally rising above it again some sixty miles before reaching Fort Yuma.*
In view of the facts developed by the recent railroad survey in reference to
the position of the depressed area in this desert region, it would appear that
the access of the Gulf must have been cut off by an actual rise of the land,
and not by the accumulation of débris brought down by the Colorado.

All that part of California which lies west of the Colorado and north of
the San Bernardino Range, as far as the eastern base of the Sierra Nevada,
embracing an arca of over 30,000 square miles, is but little better than a
desert. It is traversed by broken ranges of mountains enclosing valleys,
in whose lowest portions are the visible remains of former lakes, now con-
verted into alkali-flats, which become mud-flats during exceptionally wet
winters. The only one of these valleys known to be depressed below the
sea-level is that forming the sink of the Armagosa River, and which is known
as Death Valley, where there is an area of probably forty miles or more in
length and ten or twelve in width which is from a hundred to two hundred
feet below the level of the sea. As far as known to the writer, this depres-
sion and the one previously mentioned, of the Coahuila Valley and its con-
tinuation, are the only areas in North America sunk below the sea-level, and
not filled with water, for the deepest of the depressions in the Great Basin
proper are several thousand feet in elevation at their lowest points.

# The plan so often broached in California of inundating this depressed area by letting in the waters of the
Gulf, and thus redeeniing from sterility this portion of the State of California, is one of which the absurdity would
become apparent to any one who would take the pains to make himself acquainted with the climatological pecu-
liarities of the region in question. It is quite on a par with the project of converting the Sahara into an inland

sea by diguing a canal so as to give access to the waters of the Mediterranean.
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During the progress of the Ca]ifomia\Geological Survey the evidences of
the diminution of the water in the lakes on the eastern slope of the Sierra
Nevada was a matter of frequent observation and comment. The terraces
around the shores of Mono Lake proving its foriner much greater depth and
larger area were described in the Geology of California, Vol. 1.* (1865). The
highest terrace is there mentioned as being at an elevation of 680 feet above
the present level of the lake. The possible connection of Mono with Walker’s
Lake, in past ages, is suggested, and the probable connection of these an-
cient greatly expanded lake-areas with the phenomena of extinct glaciation
insisted upon. The subject was brought up again in the Yosemite Guide-
Book t (1869) in the following words: ¢“That there was formerly a much
greater precipitation of moisture on the eastern side of the Sierra than there
now is, scems proved by the former greater extension of the lakes on the
eastern slope. Mono Lake, for instance, is surrounded by terraces or benches,
which show that its surface once stood 600 fect higher than it now does, and
the same is true of Walker, Pyramid, and the other lakes on that side of the
Sierra. No doubt at that time the now arid valleys of Nevada were beau-
tiful inland seas, which filled the spaces between the lofty parallel ridges by
which that State is traversed. Perhaps the slopes of those ridges were then
clothed with dense forests, offering a wonderful contrast to the present bar-
renness of the ranges, and the monotony and desolation of the alkaline
plains at their base.”

The somewhat elaborate and very costly surveys and explorations carried
on, since the stoppage of the California State Geological Survey, in the region
of the Cordilleras, under authority of the United States, have developed a
large body of facts additional to, and corroborative of, what had been pre-
viously stated by the present writer in respect to the great diminution in
the area of the lakes of the Great Basin and of the Cordilleras in general.
Mr. G. K. Gilbert seems to have been the first person to go into any detailed
description of the phenomena in question, and his remarks will be found in
the volume of Geology published by the Wheeler Survey.§

Mr. Gilbert adds his testimony to that previously accumulated in reference
to the absence of any proofs of a movement of the detrital materials on the

* Geology of California, Vol. I. p. 451.

+ The Yosemite Guide-Book : A Description of the Yosemite Valley and the Adjacent Region of the Sicrra
Nevada, and of the Big Trees of California.  An official publication of the Geological Survey.

¥ Sec Report upon Geographical and Geological Exploratious and Surveys West of the One Hundredth Meridian,

in charge of First Licut. Geo. M. Wheeler, Vol. I1I., Geology. Washington, 1875.
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surface in any one general direction. Ie remarks on this point as follows:
“The unruffled repose of all such unconsolidated beds in Nevada and ad-
.Jacent Utah is proof positive that no general glaciation has prevailed. . . . .
We may conclude, without reservation, that the great ice-ficld of Eastern
North America had no counterpart in the same latitude at the West.” After
describing some of the phenomena of former local glaciation about the crests
of the highest ranges in Nevada, his results and inferences agreeing in the
main with those of the present writer and of the geologists of the Fortieth
Parallel Survey, Mr. Gilbert goes on to speak of the diminution in area of
Great Salt Lake and of other bodies of water in the Great Basin. These
changes he describes in a chapter entitled The Glacial Epoch, remarking
that « for reasons which will appear in the sequel” he has « come to regard
as phenomena of the Glacial epoch a series of lakes, of which the beaches
and sediments are to be found at many points in the Great Basin.” He then
proceeds to indicate, in considerable detail, the former outline of Great Salt
Lake at the period of its greatest extension, and to the ancient lake thus
bounded he gave the name of Bonneville, in honor of the earliest explorer who
brought back any authentic account of the Great Basin region, and of Great
Salt Lake in particular. The work of the Fortieth Parallel Survey having
superseded that of the Wheeler Survey in this region, it will not be neces-
sary to give any detailed account of Mr. Gilbert’s observations, but only to
state the reasons why this geologist described the phenomena in question as
belonging to the Glacial epoch. On this point he remarks as follows: ¢ The
Bonneville epoch [meaning the time when Salt Lake was much larger than
it now is] and the Glacial epoch were alike climatal episodes, and they
occurred in the same general division of geological time, namely, the division
of which modern time is the immediate sequel* . . . . To account for the
origin of Bonneville Lake, we need to assume a climatal change that would
increase precipitation or diminish evaporation; and both of these effects
would follow, in accordance with familiar meteorological laws, if the hu-
midity of the air were increased, or if the temperature were lowered. There
can be no doubt, then, that the great climatal revolution, which covered
our Northeastern States with ice, was competent to flood the dry basin of
Utah; and that it actually did so is at least highly probable.”

* Mr. Gilbert omits to mention the fact that this connection of the increased area of the Great Basin lakes
with the phenomena of past glaciation had been pointed out ten years earlier by the present writer, in the Geology
of California, Vol. I.
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In point of fact, Mr. Gilbert, in the communication from which the above
extracts have been made, adds but little to what was previously known in
regard to the phenomena of desiccation in the Great Basin region. He con~
firms the previously observed fact of the former much greater size of Great
Salt Lake, and adopts the view maintained by the present writer, several
years before, in regard to the climatic character of the change, and its con-
nection with the Glacial epoch.

The Fortieth Parallel Survey, under the direction of Clarence King,
added much more to our knowledge of the facts connected with the
desiccation of Great Salt Lake, as well as of other portions of the re-
gions west of the Rocky Mountains®* Some of the theoretical views
advocated by the chief of that Survey, in his volume resuming the geo-
logical results of that great work, will be noticed further on: at present
we have only to do with those facts stated by him which bear on the subject
before us. But, in the first place, it will be proper to quote what is stated,
as the net result of the investigations which this Survey, in regard to the
former glaciation of the regions, embraced within their field of inquiry. The
conclusions arrived at, and which are wholly confirmatory of those of the Cali-
fornia Survey, are as follows: “Wherever in the Fortieth Parallel area a
considerable mountain mass reached a high altitude, especially when placed
where the Pacific moisture-laden wind could bathe its heights, there are
ample evidences of former glacial action, but the type is that of the true
mountain glacier, which can always be traced to its local source. . . . . On
the drier interior parts of the Cordilleras the ancient glaciers usually ex-
tended down to between 7,000 and 8,000 feet above the level of the sea. In
the case of the Cottonwood glacier of the Wahsatch, a decided exception, the
ice came down to an altitude of 5,000 feet.”’}

But what we have to do with at present is, the evidence of recent diminu-
tion in the dimensions of the lakes of that. part of the Great Basin and of the
Rocky Mountains embraced within the ¢ Fortieth Parallel area”} and ad-
jacent to it. In regard to this point the information given in Mr. King’s

® See Fortieth Parallel Survey Report, Vol 1., Systematic Geology, Section V., Quaternary, p. 459, et scq.

+ In the volume quoted above a diagram is given showing that portion of the surface adjacent to the forticth
parallel which was formerly covered with ice. It forms but a very small fraction of the whole area embraced within
the field of the Survey.

T The ** Forticth Parallel area,” or the belt of country embraced within the field of Mr. King's Survey, is
essentially all that portion of the Cordilleras which lies between the fortieth and forty-second parallels, and east
of the crest of the Sierra Nevada.
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volume is full and definite. He distinguishes as especially important two
great ¢ fresh-water lakes which occupied depressed portions of the interior
drainage, — lakes whose former limits are indicated by singularly well-pre-
served terrace-lines traced around the ancient shores.” For the eastern one
of these former lakes Mr. Gilbert’s name has been adopted by the Fortieth
Parallel Survey; the other is called by Mr. King Lake Lahontan.* The first
of these, Lake Bonneville, extended from about the parallel of 42° southward
to 37’ 30’, the meridian of 113° representing nearly the middle of the lake.
The extreme width was in latitude about 40° 21’, where the east and west
extent was 180 miles; from north to south it had a stretch of about 300
miles. The present level of Great Salt Lake is nearly 4,250 feet above the
sea; that of Lake Bonneville was about 940 feet higher, making the altitude
of its ancient water surface at the time of the greatest extension of the lake
not far from 5,200 feet. Below the upper shore-line is a series of successively
lower terraces indicating a gradual recession of the waters down to the pres-
ent level. The former outlet was to the north, into the valley of Snake
River, as first suggested by Mr. F. H. Bradley, and afterwards proved by g
Messrs. Peale and Gannett of the Hayden Survey. There were some north *
and south trending islands, the tops of the present mountain ranges of the
region, in the lake at the time of its greatest development; but the area of
water in Lake Bonneville was on the whole much less irregular than that of
Lake Lahontan.

This last-named body of water, as defined by the explorations of the For-
tieth Parallel Survey, extended from 41° 30" southward to about the same
latitude as the southern waters of Lake Bonneville (377 30°). The altitude
of the western lake was 4,388 feet, or about 800 feet lower than that of the
eastern one, and its area was also somewhat less. Lake Lahontan included
within its limits the present Walker’s, Carson, Humboldt, Winnemucca, and
Pyramid lakes. The united area of these is about equal to half the present
lake surfacé of the basin of Bonneville. The outline of Lake Lahontan was
extremely irregular. Indeed, but little is known of its southern continuation,
and its limits in that direction could only be roughly made out.t It appears

* A map showing the position and area of these two ancient lakes, and of sundry other smaller ones, lying be-
tween these, is given in Mr. King's volume. The data for this map were in part derived from the work of the
Wheeler Survey. '

t Chiefly from the barometric observations of Messrs. Gabb and Wilson, who were sent by the present writer to
explore the southwestern corner of Nevada in 1867.



110 THE DESICCATION OF LATER GEOLOGICAL TIMES.

to the writer that it is very probable that the old lake surface had a
somewhat greater expansion to the south than is indicated on Mr. King's
diagram.

A very considerable part of the area of Lake Laliontan was occupied by
long peninsulas and islands, all of which were narrow, and had the regular
north-northeast and south-southwest trend of the ranges of this part of the
Great Basin. These islands rose above the surface of the water to an eleva-
tion of several thousand feet. It would be difficult to find anywhere upon
the surface of the earth, at the present time, a body of water having such
marked and interesting orographic features as those of the ancient Lake
Lahontan.

The exact position of the former outlet of this old lake seems not to have
been clearly made out. The writer agrees with Mr. King in believing that
the probabilities are that it was to the south. Ulifortllnately the region at
the southwestern corner of Nevada is one exceedingly difficult of exploration,
owing to its distance from civilization and the almost entire absence of water
over an area of many thousand square miles. These difficulties must be
taken into consideration, when it is noticed how little is accurately known
of the character of the country in this direction.

It must not be supposed, from the great attention paid by the geologists
of the Fortieth Parallel and the Wheeler Surveys to the two great ancient
lake regions mentioned, that these were isolated or abnormal features of the
Great Basin. The whole area lying between these two great bodies of water
was formerly occupied by lakes without number. The entire surface of the
country is intersected by nearly parallel mountain ranges, as an inspection
of any good map of the Cordilleras will show.* Thesc often rise to the
height of several thousand feet above the adjacent valleys, which are usually
narrow in proportion to their length, and separated from each other by low
divides. These valleys are not always distinctly terraced ; but they have,
beyond doubt, been formerly occupied to a greater or less extent by bodies
of water. Some of these were isolated and of small dimensions; others were
in connection with similar lakes or lake-like expansions of the rivers, perhaps
in some cases forming bodies of water of very complicated outline. It will
be a long time before explorations have been made in this region in suffi-

* See map of California and Nevada, by the State Geological Survey of California ; and also the one entitled
¢ Cordilleras” in the Atlas accompanying the Fortieth Parallel Survey Report; this latter was drawn by Mr.
Freyhold, and it is by far the best general map of the western side of the United States yet issued.
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cient detail to fix precisely the boundaries of all these ancient lake systems.
There can be no question, however, in regard to the main point, namely,
that the Great Basin was once covered in large part by water, which formed
lakes of various dimensions but of complicated outline, some of which were
equal in area to the Great Lakes of the eastern side of the continent. The
present aspect of the region in question is one of extreme aridity. The
existing lakes do not occupy one tenth part of the area formerly covered by
water. They are not bodies of fresh water; but are saline and alkaline, as
must necessarily be the case in a region where evaporation is in excess of
precipitation, and where there is consequently no drainage of superfluous
water to the sca. No one can doubt that we have here evidences of an im-
portant climatic change occurring in later geological times, and in regard to
which several interesting questions suggest themselves, having reference to
the epoch of this change, its duration, and its relation to other manifestations
of a similar character, or at least leading to similar inferences in their appli-
cation to the topics up for discussion in the present volume. These ques-
tions, however, it will be best to defer until more facts have been brought
forward from other portions of the Cordilleras, outside of the limits of the
Great Basin.

Next to the Great Basin proper, British Columbia may perhaps be re-
garded as offering the most remarkable indications of a change in climatic
conditions during the later geological periods. As already mentioned, the
streams throughout that part of the country embraced between the Rocky
Mountains and the Coast Ranges, north of the United States boundary line,
are bordered with numerous terraces, which remain in perfect preservation,
‘and prove beyond the possibility of doubt that the amount of water carried
off to the sea was vastly larger than it now is. The streams at the present
time are often almnost a continuous succession of lake-like expansions; but
this peculiar phase of fluviatile conditions as now exhibiting itself in British
Columbia is but a faint shadow of what it formerly was. We have at present
but little idea of the depth of the lakes in this region : there cannot be much
doubt, however, that some of them will be found to occupy depressions sunk
to considerable depth below the level of the surfaces of the rivers them-
selves. The valleys are manifestly orograplic in character; and, that being
the case, portions of these are likely to be very deep, where so situated as
not to have become filled up with d¢bris. British Columbia exhibits, then,
at the present time, a transition stage between almost complete inundation,
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and entire desiccation such as is now presented in parts of the Great Basin.
Let the desiccation continue and the drainage to the sea be cut off, then only
the deeper portions of the lake-like expansions of the rivers would remain;
and, if the climatic conditions did not change, but still favored diminution of
the water, we should finally have the alkaline flats and salt lakes of the Great
Basin only remaining. The disappearance of the glaciers and the formation
of the terraces are the preliminary steps to such a condition.

The whole region of the Cordilleras has been from early times one highly
favorable, in its orographic conditions, to the development of lakes. A great
plateau-like area traversed by numerous ranges of mountains of course neces-
sitates a system of valleys of corresponding complexity. If we imagine the
corrugating forces to act always in one direction, and with uniform force,
these valleys would not be likely to possess the necessary conditions for the
formation of extensive lake systems; the depressions between the ranges
would be parallel to each other and would not vary much in depth in their
different portions. If the uplifting force died out equally in both directions
from the centre, the result would be a system of valleys draining both ways
from the highest point of the convex surface. If, on the other hand, the
whole uplifted mass sloped one way, the waters would necessarily flow toward
one side in preference. But if we suppose a force tending to produce a
corrugation of the surface, and acting transversely to that which has pre-
ceded it in point of time, it is evident that the result will be that the valleys
will be broken up into sections having different elevations above the sca-
level. We might suppose a secondary corrugation of this kind carried so far
as to almost obliterate the previous one, or at least to become the dominant
system ; but this scems to have been rarely if ever the case in nature, for a
certain persistence in the direction of the mountain-building forces seems to
have been maintained in all the great chains, even where these continued to
be developed during several successive geological periods. It has been stated
in the Auriferous Gravels* that there was proof that the Sierra Nevada has
undergone a certain amount of thrust, or been subjected to the pressure of
forces acting in a direction longitudinal to the trend of the range itself. The
form of the valleys throughout the Great Basin indicates a similar condition
of things to have existed there in former geological ages, and there can be
little doubt that the depressions afterwards occupied by lakes owe their
origin to this cause. Here, then, we have a good illustration of the differ-

* Sce Auriferous Gravels, p. 49.
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ence, as affecting drainage, between simply-acting orographic forces and
complex ones.*

Proofs of desiccation similar to those offered in the region of the Great
Basin are not wanting in any portion of the Cordilleras. But when we come
to examine in detail the surface geology of the country, we find that there
1s some difficulty in drawing the line between the phenomena indicating
a diminution of the water surface as something now in progress, and those
which connect themselves with similar events belonging to a former geologi-
cal period. In other words, assuming for convenience the existence of a
distinctly marked Glacial period, we have to deal with a Pre-glacial as well
as a Post-glacial desiccation. All the facts to which reference has been made
above as being exhibited around the shores of Great Salt Lake and other
bodies of water in the Great Basin, we have no hesitation in referring to
the latest geological period, the Post-glacial; and we even go further, and
unhesitatingly connect them with the present epoch, considering that the
drying-up is something now in progress. But, at the saine time, a desicca-
tion which has been going on during the latest geological period, and is even
continuing at the present day, may have been begun considerably earlier;
during the Pliocene epoch, or even before that. That this is the case
throughout the whole region of the Cordilleras, there is abundant evidence ;
and even a limited ixivestigntion of the geology of the North American
continent is sufficient to convince the observer that in seeking for proofs of
a diminution of water-area throughout the country, we have to do with a
phenomenon which belongs to the past as well as to the present. Some pre-
liminary observations will be necessary, however, before proceeding further
in this direction.

There are evidently two quite distinct phases in connection with the dimi-
nution of water area on the earth’s surface; one we may designate as oro-
graphie, the other as purely climatological. But it must be borne in mind
that every orographic change is liable to bring about climatic ones. This
point will come up for discussion further on; at present it is only necessary
to remember that every new aspect of the earth’s surface, whether area or
altitude of the land-masses be thereby affected, is attended by some new
features of wind or ocean currents, resulting in correspouding changes of
climate in the regions concerned. By the orographic phase of the desicca-
tion process we mean, then, to indicate a local change of condition, brought

* See ante, p. 13.
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about primarily by crust movements, in contradistinction to such as might
result from more general causes, of a nature to affect the whole earth’s sur-
face. For instance, we might conceive of such an elevation of a part or the
whole of the plateau of Central Africa as to cause the draining off of a large
portion of the many thousand square miles of area at present covered by water
in that region. Such a change of altitude of a considerable mass of land would
undoubtedly produce climatic changes to some extent; but the diminution
in the lake area would not have had primarily a climatological cause. If, on
the other hand, we conceive the surface of the land to remain at its present
height and to be otherwise unchanged, but that, for some reason, the rainfall
in the tropical regions is diminished, then evaporation would gain on precipi-
tation and the area covered by water would diminish permanently, instead of
varying temporarily, as it would otherwise do, in harmony with the ordinary
fluctuations of the scasons.

Thus, then, if we find that there has been a great diminution in the area
covered by water on the western side of this continent during the later geo-
logical ages, we have to inquire how far this may have been due to an up-
heaval of the land, and how far to a purely climatological cause. This is by
no means an easy task, and it is this very fact which makes the kind of evi-
dence in regard to desiccation furnished by a region like that of the Great
Basin, or of Central Asia, as will be stated further on, of so much value, as
indicative of a change of climate independent of any orographic cause.
Bearing these considerations in mind, we may now proceed one step further
in the present investigation.

The combined investigations of all the geological surveys carried on west
of the Mississippt during the past twenty years make it evident that there
have been great changes in the relief of the surface in that region during the
later geological periods. The present writer, however, is clearly of opinion,
after a careful review of the whole body of published facts and a personal
inspection of a considerable portion of the arca in question, that there has
been no essential alteration in the configuration or topography of the western
side of the continent since the Glacial epoch. — that is, since the time when
the crests of the highest ranges were, to some extent, covered with snow and
ice. Thercfore, no part of the desiccation proved to have taken place since
that time can be due to orographic changes; the phenomenon must have
been a climatological onc.

But during the Tertiary period vast arcas of the region between the
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Rocky Mountains and the Sierra Nevada were covered by fresh water, form-
ing interior lakes, the exact dimensions of which have not yct been made
out, but of which enough has become known to convey a vivid idea of the
existence of a lacustrine development surpassing in magnitude anything now
existing on the earth’s surface. For reasons which will be readily appre-
ciated, our studies of the relative areas covered by land and water at different
geological times must be limited to the occurrence of fresh water. We are
not quite advanced enough in this discussion to take up the question of the
changes of climate which have been continually going on during the geo-
logical times in consequence of the ever-increasing arca of the land masses
and the diminution of the ocean surfuce.  We know from the investigations
of the various surveys carried on in the Cordilleras, that the ocean has been
shut out from a large part of the region between the Rocky Mountains and
the Sierra Nevada for a long period, including certainly the whole of the
Tertiary epoch. Indeed, there are no Cretaceous rocks between the Wahsatch
Range and the crest of the Sierra, so that, in all probability, the sea has not
had access to any part of the belt between the 112th and 120th meridians
since the close of the Jurassic epoch. The extent of this belt over which no
marine Cretaceous or Tertiary is found, in a north-south direction, is not as
vet exactly known. It appears to extend, however, some distance to the
north of the boundary of California. We have, then, two enormous areas,
to one of which the sea has not had access since the close of the Jurassic
epoch, and to the other not since the end of the Cretaccous. The depres-
sions throughout these regions have, therefore, been so situated as to become
the recipients of detrital accumulations, either of subaerial origin or lacustrine
in character. The lithological character of such materials would of course
vary considerably in different portions of the regions, according to the nature
of the conditions presented by the areas of depression and the surrounding
elevated ranges. Of the accumulated masses of material much would natu-
rally remain concealed by more recent deposits; but in many places a large
amount of erosion has so exposed the strata as to furnish excellent chances
for examining them. The large lacustrine basins are filled with deposits of
detrital material which in places have a combined thickness of several thou-
sand feet. Since the geological age of these formations could only be made
out by the aid of fossils, it 1s fortunate that in the region west of the Rocky
Mountains they are frequently abundantly supplied with these essential

guides to the geological relations of the various members of the series.  Of
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course these fossils are the remains of land or fresh-water animals and plants;
and so great is their number and so various and extraordinary their char-
acter that their investigation, in the hands of Professor Marsh especially, has
furnished one of the most interesting and important contributions ever made
to the science of palxontology in any country. The study of the lithological
characters of the detrital materials can hardly fail to throw light on some of
the obscure points in the geological history of the region in question; but as
yet the data are so imperfect that much must be left undecided.

All the principal divisions of the Tertiary epoch are represented in the
lacustrine accumulations of the Cordilleras; but the older members occupy
much more space than the newer. The Eocene is represented chiefly in the
region lying between the Rocky Mountains and the Wahsatch Range. The
lowest member of this division of the Tertiary has, according to the investi-
gations of the Forticth Parallel Survey, a maximum thickness of about 5,000
feet, consisting chiefly of rather coarse sandstones, with intercalated clayey
layers, the formation containing coarser materials near the ancient shores.
The fossils are mollusks in abundance, with a few fishes, and a wonderful
variety of other vertebrates. For this oldest of the Tertiary lakes of this
region Mr. King has proposed the name of Ute Lake. This body of water
filled the entire Green River basin for a distance of 150 miles north of the
fortieth parallel, and with an unknown extension to the south, but probably
for 200 miles farther in that direction, making its total length 350 miles or
more ; its breadth must have reached 150 miles. During the period of the
existence of this body of water the Uinta Range formed an island in it, not
far removed at its western end from the main-land, and it was from this
quarter that the detrital material which was deposited in Ute Lake chiefly
came. After the accumulation of the beds (the Vermilion Creek series)
which forin the base of the Eocene, within the limits of the depression in-
dicated above, Mr. King considers that a period of orographic disturbance
ensued, as the result of which an extensive area of the adjacent land on the
west was depressed, so that the breadth of the lake was doubled. As thus
enlarged it extended west to the 116th meridian. The rocks deposited over
this newly formed area of depression consist chiefly of fine-grained shales and
marls, containing many remains of fishes and fresh-water mollusks, besides a
few beds of lignite. Over these shales is a heavy deposit of ferruginous sand-
stone. The enlarged Ute Lake, called by Mr. King Gosiute Lake, diminished
in size in consequence of orographic disturbances combined probably with



MIOCENE LAKES IN THE CORDILLERAS. 117

climatic changes, and a new sheet of water resulted ; this was situated wholly
within the boundaries of the former Ute Lake, and it was succeeded by still
another, each being characterized by its special Fauna. Of the precise limits
of these bodies of water little has as yet been made out; but the deposits
laid down beneath their surfaces contain an abundance of the most interest-
ing vertebrate remains, all considered by Professor Marsh to belong to the
Eocene. At the close of this period great orographic disturbances took
place over the Cordilleras, which resulted in the drainage or extinction of
the Eocene lakes, over whose surface no Miocene deposits are found, indicat-
ing an important paleeontological break at this period, and great changes in
the relative area of land and water throughout this portion of the country.

The orographic disturbances which marked the extinction of the Eocene
lakes, as indicated above, gave rise to new areas of water, into which detrital
materials were carried in abundance, forming deposits of great thickness and
extent, replete with interesting vertebrate remains. The Miocene lacustrine
areas seem to have been two in number. One of these was of vast extent,
and was situated to the east of the Rocky Mountains. Here, on the de-
pressed and eroded surface of the underlying Cretaceous strata, over the
region now known as “ the Plains,” an immense sheet of water existed during
the Miocene period, including the White River lake-basin of Hayden, which
extended along the eastern slope of the range, from the parallel of 40’ far to
the northeast, beyond the limits of the United States into British Columbia.
The other lake was situated to the west of the 117th meridian and east of
the Cascade Range, in Central Oregon.

The deposits of the Miocene period in the Eastern basin have a thickness
of a thousand feet or more. On White River, where they have been eroded
into the most curious and fantastic forms, they give rise to that peculiar
type of country known as the Bad Lands (Mauvaises Terres). Here, also,
the strata are crowded with interesting fossils, all of which are the re-
mains of animals or plants living on land, or in and near fresh water,
and which have been described and figured by Leidy and Marsh. The
sediments of the Oregon Lake were of great thickness, equalling at least
4,000 feet, and being made up in large part of volcanic materials either
ejected from under the surface of the water or washed into it from the
surrounding volcanic summits. The abundant fossils found in this region
also indicate the absence of the ocean, and the Miocene character of the
Fauna.
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As we ascend in the geological series to higher groups, the diﬂicnity of
separating the past from the present offers an obstacle to generalizing. It is
often impossible to say what is Pre-glacial and what Post-glacial. There has
been no sudden change in the Fauna which would afford a guide to the
classification of the more recent deposits. Some of the characteristic Pliocene
species seem to have lived on to quite a recent date; and, although now
certainly extincet, it is not safe to say that some of themn may not have be-
come so almost within the historical period. These points, however, are not
of vital consequence in connection with the present discussion. What is
particularly desired here is, proof of an area of water surface over the west-
ern portion of this continent diminishing with the progress of geological
time, which is not difficult to procure; and proof also that this diminution
has been the result of climatological as well as orographic causes, this latter
branch of the inquiry being by no means as simple as the other.’

It seems clear, however, that, so far as the region west of the Rocky
Mountains is concerned, if there was not much less water surface on the
whole during the later Tertiary times, there were, at least, no such great
lacustrine areas as existed during the Eocene and Miocene epochs,  Lakes
Bonneville and Lahontan were large, but not in comparison with Ute and
Gosiute lakes. So, too, the Pliocene lake-areas would not compare in size
with the bodies of water which preceded them in the same region. The
largest unbroken area of Pliocene lake surface west of the Rocky Mountains
seems to have been in the North Park region, occupying nearly the whole
of that valley, and extending along the North Platte up to latitude 41° 30" or
farther. Iere, resting on the Azoic rocks, is a thickness of a thousand feet or
more of sandstones of varying degrees of coarseness capped with marls, the
whole of which formation is referred by Mr. King to the Pliocene, although
fossils seem to he wanting. Much is of course concealed by the later Post-
pliocene or Quaternary deposits.

Beyond, a very considerable extent of surfice was no doubt occupied by
water during the Pliocene epoch; but the deposits of that age being so
largely covered with later ones, the exact limitation of the Pliocene lake-
areas cannot possibly be indicated. The present ITumboldt Valley seems to
have been one of these old basins, and this probably had ramifications extend-
ing north and south between the ranges, so as to form an extensive water
surface of complicated outline like that of the former Lake Lahontan.  Some

few fossil remains were found in this regioun, indicating the Pliocene age of
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the formation, and the close relations of its Fauna to that of the Niobrara
Group east of the Rocky Mountains. It may be taken for granted that in
all the valleys of the Great Basin, where there are proofs of the existence of
water during Quaternary or Post-glacial times, there must have been lakes
during the earlier Tertiary periods, although the conditions might not have
been favorable to the development of organic life in such localities, for it is
easily seen that large lake-areas in broad valleys would be much more favor-
ably situated for the growth of animals and plants than narrow and deep
valleys, into which coarse sediment was continually being carried by streams
descending the steep slopes of the adjacent ranges. As being in harmony
with these considerations, it cannot fail to be noticed how comparatively
poor in fossil remains are the deposits accumulated, largely by rapid river-
action, on the west slope of the Sierra Nevada, and how rich, on the other
hand, are those broad lake-basins of the earlier Tertiary period, farther east
in the Cordilleras.

The region east of the Rocky Mountains, included within the area of the
Plains, was undoubtedly extensively covered by water during the Pliocene
epoch. The precise limits of this immense lacustrine area cannot at present
be given. It is known, however, that it bordered close upon the base of the
Rocky Mountains on the west, and extended into Kansas in the opposite
direction. North and south it stretched from Texas to far beyond the United
States boundary-line. Of course over this vast area the thickness and char-
acter of the deposits are very variable. Near the elevated range on the
west the accumulated débris would necessarily be greater in amount and
coarser in character. Fossils have been found in many localities, the re-
mains of the mammalia being of the most interesting character. This Plio-
cene luke-arca was obliterated by the latest orographic disturbance which
gave their present form and altitude to the Rocky Mountain ranges. The
overlying Pliocene with all the underlying deposits have all been raised
bodily from the western edge, in a simple uplift without thrust or fold, so
that the nct result, as respects drainage, is quite unlike that which mani-
fested itself farther west. On the eastern side of the mountains there is an
extremely gradual and constantly diminishing slope down to the Mississippi
Valley, without any lakes whatever; while on the other side the original
corrugations in the older rocks have not been so entively obliterated, by
filling with detrital materials, that there is not ample opportunity for the
accumulation of large bodies of water, if only the climatic conditions were
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favorable. Did, however, such depressions exist on the eastern side of the
Rocky Mountains, in the region of the Plains, it is very doubtful whether
they could be kept filled with water, since the precipitation is quife small.

That most elevated belt of the Rocky Mountains comprised within the so-
called Parks, beginning at the San Luis Park, and extending to the Laramie
Plains, a region having an altitude of from 8,000 to 10,000 feet, has been
more or less occupied by water up to quite a recent period. North Park has
already been mentioned in this connection. San Luis Park, however, is
much the largest of the comparatively level areas designated by this term.
It is about a hundred miles in length, and from twenty to thirty in breadth.
Professor Stevenson * considers that this whole area ¢ was at one time occu-
pied by a great fresh-water lake covering an area of several thousand square
miles and fed by streamns coming from the mountain glaciers” . Mr. Endlich,t
in describing the same region, quotes Professor Stevenson’s remarks, and
adds: “ Essentially this statement agrees with my own observations.” The
evidences of terraces seem to be rather obscure; but the whole aspect of
the Park is that of an area covered in large part by water at no very distant
period. Mr. Endlich came to the conclusion that there were formerly two
large lakes here; one of 1,400, the other of 300 square miles of area. The
Rio Grande enters San Luis Park on the west side, and leaves it at the south
end, passing through a deep cafion of basaltic lava. Between the former
lakes, one of which occupied the northern and the other the southern end of
the Park, there is a mass of volcanic rock, through which the river has cut a
deep cafion, and Mr. Endlich considers that the water of the two lakes was
drained off by the formation of fissures in the lava, which gave the river an
unobstructed exit. He also thinks that if the outlet thus produced were now
to be closed a new lake would be formed. This supposition must be based
on the idea that the Rio Grande drains such an extensive high mountain
area that its volume would be more than sufficient to overcome the evapora-
tion. This, however, appears to the writer somewhat doubtful, since the
_streans at present coming into the northern end of the Park from down the
slopes of the lofty Sangre de Cristo and Sierra Blanca ranges do not succeed
in maintaining themselves against the evaporating tendencies, so as to reach
and join the Rio Grande.” The upper part of the Park is, in short, an arid,
sandy region, but little better than a desert in its aspect.

* Wheeler's Reports, Vol. 111, 1875, p. 462.
t Hayden’s Report for 1875, p. 149.
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SectioN L. — Desiccation of the Asiatic Continent, and of other Portions of
the World.

Having given an account, in the preceding section, of the phenomena of
desiccation in the region of the Cordilleras, it might seem but natural that
the eastern side of the North American Continent should next be taken up,
and considered from the same point of view. But when we come to exam-
ine the geological conditions exhibiting themselves in the region east of the
Mississippi, and in the vicinity of the Great Lakes, we find that we have to
deal with quite a different set of phenomena from those presented on the
western side of the continent, and that these introduce new complications
into the question of desiccation, rendering the understanding of the prob-
lems involved considerably more difficult than we have found to be the case
in the discussion of the decrease of the water-surface in the Cordilleras.
For this reason it seems best to defer the consideration of the geological
facts indicating desiccation in Eastern and Northeastern America until an-
other chapter, when they will be taken up in connection with a discussion
of some of the general principles involved in desiccation and glaciation.
For the present it will be more satisfactory to pursue our review of the phe-
nomena indicating decrease of precipitation in a region more closely allied
in character with that which forms the subject of the preceding section than
is the eastern side of our own continent.

The portion of the earth’s surface to which we now turn is the Asiatic
Continent ; and here we find ourselves in the presence of conditions ex-
tremely similar in character to those which have been described as mani-
festing themselves in the Cordilleras; but on a grander scale, and also
vastly more important in their relations to the past history, if not to the
future welfare, of mankind. It will become evident, from the facts presented
in this section, that Asia has been the scene of great physical changes during
the most recent geological times; that of these no inconsiderable portion
has taken place within the historic period ; and that — as there is good rea-
son to believe — the development and migrations qfgreat nations have been
most powerfully influenced by these changes.

In the entire continental mass of Europe-Asia (Eurasia, as it is sometimes
and very conveniently called, the separation between the two divisions being
a purely artificial one) we have, in round numbers, twenty-one million
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square miles of territory,* of which a little over seventeen millions belong to
Asia proper, this being considerably larger than the combined area of North
and South America. Here, too, we find the largest existing area of land
without drainage to the sea, forming a series of closed basins, of which the
entire area is probably not less than three million square miles. This closed-
basin area is, in most respects, closely analogous to our own Great Basin,
but is on a much larger scale. Like that, it is intersected by numerous
more or less independent chains of mountains, which enclose valleys, some-
times narrow and limited in length, and in other cases of vast dimensions.
Often each one of these valleys forms an independent basin; then again
several are connected together into one drainage system. An exactly simi-
lar condition prevails in our own Great Basin, in the driest portion of which
each separate valley is usually closed at both ends, as is the case with so
many of the depressions between the ranges in Southern Nevada, — while
in other cases an area of considerable magnitude may be drained towards a
central depression by means of one or more transverse breaks, crossing sev-
eral ranges, as is the case with the valley of the Humboldt River, and the
various side-valleys more or less perfectly connected with it.

The Asiatic closed-basin region is centrally situated with respect to the
continental mass to which it belongs; while that of North America occupies
an area of an irregularly triangular shape, the southwestern corner of which
comes close to the Pacific, forming, in fact, a part of the Pacific slope, since
it is entirely surrounded by streams all of which empty into that ocean, —
for the branches of the Colorado and the Columbia head entirely to the east
of the Great Basin. In Asia, on the other hand, the drainage from the cen-
tral, elevated, and closed-basin region is radial, towards the Northern Ocean,
the Indian Ocean, and the Pacific. And so vast is the continental mass that,
in spite of the immense size of the closed-basin area, the rivers descending
from its elevated borders, and flowing in each of the specified directions, are
of great size, so that a large number of them may be classed as rivers of the

# The estimates of the areas of the varions continental land masses, given in the text-books of geography, differ
from each other in the most surprising manner ; that of Asia being especially uncertain, the figures in regard to
that country varying from fourteen to eighteen million square miles. The latest and most trustworthy author-
ity (Behm und Wagner, in Erginzungsheft, No. 62, 1880, to Petermann’s Mittheilungen) gives the area of Asia at
44,572,250 square kilometers, equal, in round pumbers, to 17,200,000 English square miles. By the same au-
thority Europe is given at 9,710,340 square kilometers, equal, in round numbers, to 8,750,000 English square miles.
The combined area of Eurasia is, therefore, in round numbers, 20,950,000 square miles. The area of America

(North and South) is put down by Behm and Wagner at 38,389,210 square kilometers, or 6,183,040 square kilo-

mreters less than that of Asia (2,387,000 English square miles).
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first magnitude. Only in the southwestern portion of the continent is there
an almost entire absence of large streams; as is easily understood when the
peculiar position of this region with reference to the system of the trade-
winds, and the proximity of the continental mass of Africa, are taken into
consideration. And this region may properly be the first to be taken up for
investigation as to its possibly changed condition during historic times, and
during the period immediately preceding them.

From an examination of the facts it appears certain that the whole region
adjacent to the Mediterranean, both in Asia and Africa, — and, to a more
limited extent, in Europe, — has been, and still continues to be, the scene of
climatic changes, which have been more important than any taking place on
the earth’s surface, in their effect on the well-being of the human race.
Here History goes back farthest with her records; here remain authentic
monuments, of various kinds, testifying to facts which more or less directly
bear on the question before us, and justify us in believing that one of the
most prominent causes of social changes, and of the migration and decay
of races and peoples, in those countries, has been the constantly increasing
desiccation of the region in question — a region which embraces the area to
which the earliest real intellectual development of the human race was, so
far as history is concerned, almost exclusively confined.

It appears to be an established fact, that the region extending from the
western extremity of the Himalayas, through the valleys of the Euphrates
and Tigris, Arabia, Palestine, Greece, Egypt, and the whole extent of the
southern shore of the Mediterranean, and, in a more limited degree, the
countries on the northern shore of that sea, have been inhabited by a very
much denser population than that which at present occupies them ; and it
also follows, alinost as a matter of course, that, with this diminution of their
population, these countries have lost alinost all the importance which they
once had. It is quite unnecessary, and it would be here out of place, to
do anything more than recall the well-known fact that the various nations
included within the area bordering on the Mediterranean have, at various
times in the past, either consecutively, or with more or less overlapping of
rising with declining nations, ruled the portion of the world which had the
best claims to be called civilized — and this both by force of arms and by
force of superior intellect.

That no one of the nations inhabiting the region in question exercises, at
the present time, any dominating influence over the intellectual develop-
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ment of the world, is an admitted fact. But it is possible to go much far-
ther than this, and to say, that over extensive regions, where once the light
of civilization shone with its brightest effulgence, and both the arts and
the sciences had acquired a remarkable development, there now a scanty
nomad population, living from hand to mouth, without a single attribute
worthy of respect, just drags along a miserable existence, continually strug-
gling against the forces of nature, and palpably losing ground from century
to century. Let the reader, for instance, contrast the present condition of
Arabia with its former one, when it led the van of scientific inquiry, and
he will have a good illustration of the kind of change to which the writer
is here making reference.

That the cause of this immense going backward of the region to the
east of the Mediterranean is exclusively physical in character is not intended
to be asserted ; but that there is a physical cause which must have had a
most powerful effect in bringing about the condition of things here indicated
is beyond a doubt. It admits of demonstration that the countries in ques-
tion have becomne very materially drier than they were during the earlier
historic period; and that, consequently, life is no longer possible there, ex-
cept under conditions which are not compatible with density of population
or with intellectual vigor.

It will not be possible, at the present time, to do more than give a few of
the salient facts which support the above assertion. It may, however, be
unhesitatingly declared that the evidence is abundant, and that it all points
in one direction. Here, however, as in the preceding section, a full discus-
sion cannot be entered upon. Only a few of the prominent facts can be
presented, and it must be reserved for another chapter to endeavor to make
out how far the phenomena of desiccation are to be ascribed to a purely
climatological cause, and how far to preceding orographic changes.

Decidedly the most striking event presenting itself to us, in the region
in question, as an evidence of desiccation within the historic period, is the
greatly diminished area of water-surface in the Aralo-Caspian basin, a
problem which has much occupied the attention of physical geographers
at various times, and especially within the past half-century, the literature
relating to this subject being already quite voluminous. Even to name all
the authorities who have written in regard to the changes which have taken
place in the physical geography of the region in question in historic and
prehistoric times, with reference especially to the channels of the rivers
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Amu and Syr, and the varying form and area of the water-surface of which
Lake Aral and the Caspian Sea are the principal relics, would require more
space than can here be allowed. The main point in connection with the
subjeet at present before us is this: that the area covered by water in this
part of Asia was once vastly larger than it now is. It is also true that this
diminution bhas been effected — to a considerable extent at least — within
historic times, and there is little doubt that it is still going on.

Humboldt seems to have been the first physical geographer to fully
appreciate the interest attaching to the question of the former extension
of the two inland seas, the Aral and the Caspian, and their connection with
the Polar Ocean. By his citations of the ancient authors who have written
on this subject, he has made it easy for more modern investigators to follow
the various contradictory opinions put on record by various writers, from
the time of Herodotus down to the beginning of the sixteenth century.*
It was at Humboldt’s request that the necessary hypsometrical determina-
tions were made, under the direction of the St. Petersburg Academy, to
determine the precise difference of level between the Caspian and the Black
Seas. The same eminent authority was also the first to clearly perceive
that violent catastrophes or orographic causes need not be called upon to
account for the desiccation of this region, but that the phenomenon was
purely a climatic one. He says: ¢ The desiccation which is unquestionably
going on in the basin of the Aral Sea, and the changes which are to be
observed in that long file of lakes which mark the traces of a channel [sil-
lon] from the Aksakal Barbi to the pools [mares] of the Baraba steppe (the
remains of the Bitter Sea of the Chinese Annals), are in no way dependent
on any violent revolution in the order of nature. They are simply the
effects of the want of equilibrinm between evaporation and the volume
of water brought in by affluent streams and by atmospheric precipitation.
They are quite of another character from the cataclysms of Fo-hi and Yao,
which are supposed to have happened thirty-five and twenty-four centuries
before the Christian era.” t

A more recent investigator in the same field is Major Herbert Wood, of
the Royal Engineers, who devotes considerable space in his work entitled-
“The Shores of Lake Aral,”$ as also in an article communicated to the

® Sce Asie Centrale, Paris, 1843 ; Vol. 1. p. 156.

+ L e, Vol. IL p. 142,

% London, 1876. See especially Chapter X., *“ The Aralo-Caspian Sea,” and Chapter XI., *The Caspian of
History.”
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Journal of the Royal Geographical Society,* to the discussion of the physical
changes going on in the Aralo-Caspian Basin.

To sum up the results attained by these and other investigators, it may be
stated that there is no doubt of the former vastly greater extension of the
combined Aralo-Caspian Seas, and extremely little as to their former connec-
tion with the Polar Ocean. While there has been much discussion, without
absolute unanimity of opinion having been attained, in regard to the shifting
channels of the rivers entering these seas, and their variations of volume at
different times during the historic period, it seems to be beyond dispute that
a gradual desiccation, extending over a vast area, has been, and still is, in
progress. '

Dr. Neumayr, in a notice of Professor H. Schmidt's work on the Aralo-
Caspian depression,t gives the following statement as the result of his inves-
tigations of this subject. ¢ The solution of this enigma is offered by the
study of the Tertiary formations of Eastern Europe and Western Asia. As is
well known [bekanntlich], there existed, in later Miocene times, an immense
slightly brackish inland sea, which included the basins of Hungary and
Vienna, Transylvania, Wallachia, Croatia, Sclavonia, the Black Sea, the
Pontus, the larger portion of the Grecian Archipelago, and the Aralo-Caspian
Basin. At a still earlier epoch the region thus embraced was an immense
gulf of the Northern Arctic Ocean, from which the basin in question became
gradually separated. The freshening of the arm of the sea thus cut off from
communication with the salt water became possible, as may be affirmed with
almost certainty [ziemlicher Bestimmtheit], by means of an outlet in the
direction of the upper course of the Irtysch and Obi Rivers. This immense
brackish-water basin has been, ever since later Miocene times, in the condi-
tion of continuous decrease in size; and the intercalation of the glacial
epoch had no effect, so far as has been yet made out, in raising its level.
The separation between the Black and the Aralo-Caspian Seas must have
taken place before the former became connected with the Mediterranean,
as is shown by the small amount of saline matter in the Caspian; and the
union of the Black and the Mediterranean Seas must be of very recent
date, since the detrital deposits on the borders of the Black Sea contain

* See Journal of the Royal Geographical Society, Vol. XLV. (1873), p. 367, Art. XV., entitled ** Notes on the
Lower Amu-darya, Syr-darya, and Lake Aral, in 1874.” By Major Herbert Wood, R. E.

t Prof. Dr. H. Schmidt, ** Die Aralo-Kaspi Niederung und ihre Befunde.” Leipzig, 1874.

$ Verhandlungen der k. k. geol. Reichsanstalt, 1875. p. 81.
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a brackish-water and not a marine Fauna. We therefore perceive that
the separation of the region of the Pontus from that of the Aralo-Caspian
Sea could only have been eftected by evaporation of the water, or diminu-
tion in the volume of the affluents.” *

In regard to the positive diminution of the water-surface of Lake Aral
during the most recent historic times, the following quotation may be offered
from Humboldt’s work, to which reference has already been made. He
says: “At the present time [aujourd’hui] Lake Aral, especially at its
northeastern end, is diminishing in size in an extraordinary manner. The
Bay of Sari-tchaghanak, for instance, extended, hardly eight years ago, to
the hill of Sariboulak, now twelve leagues distant from its present bank.” }

In regard to the same point Major Wood remarks as follows: ¢ The
sand dunes and tracts of hard clay occurring on the low shores of Lake Aral
point to the conclusion that extensive areas of country, which are now dry
land, were formerly covered by the water-spread of the lake. It has been
remarked that the mouth of the Syr-darya has become, in recent years,
fordable ; and that the depth of water between the island of Tokmak-Atta
and the north shore of Lake Aral has been diminished. It is also an estab-
lished fact that a minaret, which graybeards of the Kirghiz state was for-
merly situated on the edge of the eastern shore, is now at some hours’ walk
distant from it; and finally, since 1848, when it was a marshy swamp, Gulf
Abougir, at the southwest corner of the lake, has been entirely dried up,
and its bed is now under cultivation. There is no doubt that the cause of
this continuous shrinking in the area of Lake Aral is, that the evaporation
from its surface is in excess of the supply received by it from the Amu and
the Syr.” }

In describing the phenomena of the desiccation of the Aralo-Caspian Basin,
Humboldt gives no reason why evaporation should so steadily have been
getting the upper hands of precipitation. The object of this chapter being
simply to furnish evidence of the fact of a general desiccation, the discussion
of the causes of this extraordinary event is reserved for a succeeding chapter,
and the reader is now invited to pass on to the consideration of similar con-
ditions in an adjacent region.

The importance, from the point of view of the priuscnt investigation, of the last paragraph induces the writer
to repeat it in the original : ¢ Wir sehen demnach, dass die Trennung des Pontischen vom Aralo-Kaspischen
Gebiete lediglich durch Verdunstung des Wassers oder Abnahme der Zufliisse veranlasst sein konnte.”

t1l.c, p 271
1 Journal of the Royal Geographical Society, Vol. XLV. p. 403.
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Closely adjacent to the Aralo-Caspian depression is the vast region known
to us by the name of Persia, —a country containing not less than 600,000
square miles of area, much the larger portion of which is a lofty table-land,
elevated from 3,000 to 4,000 feet above the sea-level. This table-land is
surrounded by a ring of mountain ranges, everywhere higher than the in-
terior, which forms a closed basin, or series of them, nearly the whole extent
of country thus enclosed being an absolute desert. As Mr. Blanford re-
marks: “Not only is there no constant stream flowing from the interior of
Persia, but no water-course communicates with the sea from the interior,
and every drop of rain which falls on the Persian plateau is evaporated
within its linits.” * Of this vast region it can be said, with truth, that it is
so dry that its population is barely able to find the means of subsistence;
that this population has, on account of the dryness, greatly diminished, and
is still diminishing in numbers; and that, from time to time, the most fright-
ful famines sweep away hundreds of thousands of victims.

These facts are so well known that it will not be necessary to do more
than to give one or two extracts, from thoroughly reliable sources, as illus-
trations of what could be furnished, in the way of evidence, in almost un-
limited amount. The following is quoted from the official report of the
Anglo-Persian Boundary Commission: ¢ At every halting-place [on the
road from Bushahr to Shiraz] crowds of famished, half-naked men and boys
(the women and children were nearly all dead) thronged around our camp,
too weak to beg, but hoping, yet hardly expecting, succour from the bounty
of the infidels. .. .. On my return I took the unfrequented eastern road to
Shiraz. Even here my servants buried thrce corpses on one day’s march of
thirty-five miles, during which we did not meet a living soul.”

The present population of Persia is unknown. It has been estimated at
from four to ten millions. Behm and Wagner put it at ¢ about 7,000,000.” t
The Boundary Commission estimate the loss of life by famine, — “ actual
deaths from disease and starvation,” —in 1870 — 71, “ not to have exceeded
half a million; though, from the disproportionate mortality of women and
children, the ultimate loss to the country will be far higher.”

According to Dr. Bellew,§ the loss of life by famine in the province of

* Eastern Persia. An Account of the Journeys of the Eastern Boundary Commission. London, 1876. Vol.
1I. p. 449.

+ 1 c, Vol. L pp. 95-97.

1 Die Bevolkerung der Erde, VI.  Erginzungsheft, Petermann’s Mittheil. No. 62, 1880.
§ Quoted in Behm and Wagner, VI. p. 30.
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Chorassan, during the years 1870-72, was not less than 120,000 persons,
which would be about one in seven of the entire population.

The reasons which have been assigned by various authors for the evident
desiccation of Persia will, like those having reference to the Aralo-Caspian
depression, come up for consideration farther on. At present, it will be
desirable to give only one more quotation, from a highly scientific authority,
that of W. T. Blanford, the geologist of the Anglo-Persian Boundary Com-
mission, and the present chief of the India Geological Survey: ¢ From the
accounts given by ancient writers it appears highly probable that the popu-
lation of Persia was much greater, and the cultivated land far more exten-
sive, 2,000 years ago, than at present; and this may have been due to the
country being more fertile in consequence of the rainfall being greater.
Some alteration may be due to the extirpation of trees and bushes ; but this
alone will scarcely account for the change which has taken place. I cannot
but think it probable that a gradual change in the climate of Central Asia
generally has taken place from the time when the great plain north of Per-
sia was under water, when the Black, Caspian, and Aral Seas were united,
and when, as Loftus has shown, the plains of Mesopotamia were a part of the
Persian Gulf, this gradual drying up of the country being thus connected
with the elevation of the steppe-region of Central Asia, and of the northern
coasts of Persia. To this gradual reduction in the rainfall of modern times
is probably to be attributed the circumstance of the Oxus no longer reach-
ing the Caspian, and the diminished volume of that river; for I cannot but
suspect that the diversion of the Oxus from the Caspian to the Aral Sea in
the sixth, and again in the sixteenth century, was but the last in a series of
changes in a stream which once, in all probability, carried the surplus waters
of the Aral Sea to the Caspian. To the same cause is probably due the
gradual diminution of the Caspian and the Sea of Aral; and hence the dis-
appearance of the lakes which once, I believe, covered no small part of the
interior of Persia. . . . . But for inland seas and lakes to have occupied the
interior of Persia, and for large deposits to have formed in them, it is evident
that the climate must have been much damper than at present. In recent
times the rainfall has been insufficient to supply water either to fill the
basins, or, as we have seen, to wash down the detritus which accumulates at
the foot of the hills.”*

* See, Quarterly Journal Geological Society, London, Vol. XXIX. (1873), p. 493, an article entitled ¢* On the
Nature and Probable Origin of the Superlicial Deposits in the Valleys and Deserts of Central Persia.”
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Evidence of similar character in regard to past and present desiccation
may be gathered in abundance for regions adjacent, on the east, to those to
which our attention has just been directed. The diminution of the lakes in
the closed-basin region of Northwestern India, Western Thibet, and Turkes-
tan, has been repeatedly noticed and described by scientific writers within
the past few years. For instance, Hermann von Schlagintweit, in an article
entitled “ Investigation of the Salt Lakes in Western Thibet and Turkestan,”
says: “In all portions of High Asia, both south and north of the main water-
shed, there are numerous places where the former existence of mountain
lakes may be recognized. . . . . In Thibet, throughout the entire longitudi-
nal depression between the chain of the Himalayas and the main water-shed
of the Karakorum, of the once numerous lakes but comparatively few are in
existence. . . . . So extreme is the dryness in Western Thibet, that in the
case of nearly all the lakes still remaining, the evaporation exceeds the pres-
ent supply of water, so that the prevailing condition is at the present time
one of gradual diminution in the area covered by water.”” *

The evidence furnished by the Geological Survey of India is to the same
effect as that previously obtained by the Schlagintweit brothers, A portion
of this evidence is thus summed up in the ofticial résumé of the work of
that Survey: ¢ All around these lakes and lake-plains [of the Central
Himalayas] there is clear evidence that the waters once stood at a much
higher level. This fact points to a continuance of the cause which once
gave rise to these lakes, — a progressive decrease of precipitation and in-
crease of evaporation, whereby the carrying power of the streams has
become more and more out of proportion to the rate of disintegration of
the rocks.” t

The ohservations of Mr. Drew, the author of an elaborate work on Jummoo
and Kashmir, § fully corroborate the previously entertained idea that the
latter valley was once occupied by a large lake. This writer says: “The
observations of nearly every traveller to Kashmir have tended to show that
the Vale was in late geological times completely occupied by a lake. The
traditions of the natives — traditions that can be historically traced as hav-
ing existed for ages — tend in the same direction. . . . . The existence of a

# Proc. Bavarian Acad. of Sciences, CL. II. Band XI. Abtheilung I.

+ A Manual of the Geology of India, chicfly compiled from observations of the Geological Survey. By H. B.

Medlicott and W. T. Blanford. Calcutta, 1879. p. 672.
t The Jummoo and Kashmir Territories. A Geographicul Account. By Frederic Drew, F. R. G. 8., F. G. 8.

London, 1875.
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lake over the whole valley of Kashmir occurred at no remote time, speaking
by a geological standard ; but it was long enough ago to have preceded any
of the monuments of man that have yet been discovered.” The area which
must have been covered by water “at no remote time’ was about 2,000
square miles.

In continuing our observations of the phenomena of desiccation in an
easterly and northeasterly direction from the region just passed over in
review, we find ourselves confronted by facts of a similar character to, and
on quite as grand a scale as, those described in the preceding pages. Want
of space makes it impossible to do more than offer a few citations from the
works of the most eminent modern explorers of the arid regions of Central
High Asia. _

The mountains of the Thian-Schan, a great complex of ranges stretching
off to the northeast, in parallel alignment, from the so-called Pamir Plateau,
and forming the crumpled border of High Asia on its northwestern side,
have been recently explored, in considerable detail, by Sewerzoff, who thus
expresses himself, when speaking of the distribution of forests on the ranges
in question: “ Be this as it may, the fact that many forests which have been
destroyed are never replaced shows that these forests were developed at a
time when the climate of the Thian-Schan was moister than it now is; and
that it was once moister is proved by traces of former glaciers and lakes which
have now disappeared, as well as by the fact that Issyk-Kul (Lake Issyk),
which has no outlet, has materially decreased in size, as is proved by the posi-
tion of the sedimentary deposits which surround it, and reach an elevation
from 300 to 500 feet greater than that of the present surface of the lake.”*

The author of “The Indian Alps”t (Mrs. Mazuchelli) makes similar
remarks with regard to the portions of the Himalayas traversed by her
party. According to her, the pines in the higher regions are all dying out,
and no young ones are growing up to supply the deficiency. No mention is
made of desiccation as a possible cause of this condition of things, in this
case, but it would seem that this must be the chief one. In many parts of
the High Sierra, in California, the writer has observed similar facts, indicat-
ing that the growth of trees, along the upper limits of arboreal vegetation,
is disappearing, never to be replaced.}

® Petermann : Erganzungsheft, No. 43. 1875. p. 67.

+ The Indian Alps and How we crossed them. By a Lady Pioneer. London, 1876.
$ See also, on this point, C. King’s ** Mountaineering in the Sierra Nevada.” RBRoston, 1872. p. 252.
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According to various trustworthy authorities, and especially Richthofen, —
whose great work, entitled “China,” is a treasure-house of information in
regard to that country and Central Asia in geuneral,—a vast area, lying
between the Kuen-Luen on the south and the Thian-Schan and Altai ranges
on the north, has been covered by water until within comparatively recent
times. To quote Richthofen’s words: It is a well-established fact, that the
ocean, at the end of the Cretaceous period, filled the Han-Hai; that stratified
deposits were formed in it, for which the material (sand and gravel) was furn-
ished by the rivers flowing down [from the adjacent mountains]; that this
inland sea had a communication with the great ocean, up to an indetermi-
nate later period, through the Djungarian basin or depression [die Dsun-
garische Mulde]. The Han-Hai is an elongated depression, extending in a
west-southwest and east-northeast direction, the western portion of which,
where least elevated, near Lake Lop (Lob-Nor) is probably not more than 600
meters above the sea-level, while the deepest depression of the eastern part
is 607 meters in elevation. This now dried-up inland sea, the Han-Hai of
the Chinese, had — placing its western limit in lon. 75° 30’, and its eastern
in lon. 114° 30" —a length of over 1,800 geographical miles, which nearly
equals that of the Mediterranean.

“ Communication having been cut off between the Han-Hai and the ocean,
there was left a great closed basin or inland sea [grosses Binnenmeer], which
by gradual evaporation became divided into several smaller basins, and these
again gradually diminished in size, some having become quite dry, while
others have not yet entirely disappeared, but form salt lakes. The retreat
[Riickzug] of this sea may possibly be connected with the period of volcanic
activity which has left its traces in the Thian-Schan and in Eastern Mongolia.
But nothing is definitely known in regard to the precise time of the forma-
tion of this inland sea or its development.” *

Richthofen does not, as will be observed, profess to go into any details as
to the character and origin of the orographic or climatic phenomena which
accompanied, and presumably brought about, this great change in the physi-
cal geography of so extensive an arca. Ile cannot, however, avoid noticing
that such a succession of events as he describes indicates the prevalence
of a dry climate during the later geological periods, for he says: “It may
be stated as a certainly ascertained fact, that in Central Asia a dry climate

® China, Vol I. p. 108.
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has prevailed for a long time — as far back as when the Han-Hai was in
communication with the great ocean.” *

Farther on reference will be again made to some of the points to the con-
sideration of which the desiccation of the Han-Hai naturally leads us. At
present we need only allude to the fact that Richthofen evidently considers
it as proved that a considerable portion of the diminution of the water-
surface of this great inland sea has been accomplished during the historical
period, for he says: ¢ The Chinese historical records prove that 4,000 years
ago Lob-Nor was an extensive inland sea [ausgedehnter See], and was prop-
erly called ¢ Si-Hai’ or Western Lake or Sea.” t

Colonel Prjewalsky, the eminent and indefatigable explorer of Central
Asia, shows } that Lob-Nor was, at no very remote period, much larger than
it now is, and he also states that it is said by the natives to have diminished
considerably within the past thirty years. He adds: ¢ Moreover, the fact
of a drying-up [Austrocknen] of the lakes is one which is observed all over
Central Asia.”

Sir T. D. Forsyth, in a portion of his work on East Turkestan § compiled
from Dr. Stoliczka's notes, and relating to the geological structure of the
mountain ranges between the Tschang-Tschemmo valley and Schahidula on
the borders of Kaschgar, thus speaks of the detrital deposits in the valleys
of that region: “The melting snow carries large quantities of gravel into the
valleys, everywhere forming high benches along the water-courses. During
a past epoch, perhaps the diluvial, this process must have taken place on a
much larger scale than at present. Not only were the lakes much more
extensive, but valleys like the Tschang-Tschemmo and the Tangste were
from time to time blocked up by land-slips or glaciers, so that gravel and
clay deposits were accumulated, sometimes to a thickness of several hundred
feet. Near Aktagh are similar deposits of stratified clay, about 160 feet
in thickness, which cover an area of more than a hundred square miles.
There can be little doubt that, at the time when these large areas of water
existed, the climate of that now cold and dry region was milder and moister
than it now is, and also more favorable to animal and vegetable life. Evi-

® China, Vol. L. p. 110. t+lec, p. 125

t Reise an den Lob-Nor, 1876-77. In Erginzungsheft to Petermann's Mittheilungen, No. 53, p. 21.

§ In Erginzungsheft to Petermann’s Mittheilungen, No. 52, entitled Ost-Turkestan und das Pamir-Plateau,
bearbeitet nach dem offiziellen *‘ Report of a Mission to Yarkund in 1873, under command of Sir T. D. Forsyth,

K. C. 8. I, C. B., Bengal Civil Service.” Mr. Forsyth’s mission was accompanied by Dr. Stoliczka, as geologist,
and it is from his notes that the above-quoted remarks are comnpiled.
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dence of the correctness of this view is to be found in the occurrence of
sub-fossil Succinew, Helices, and Pupce in the clay deposits of Lake Pangkong,
while a land mollusk could, at the present time, hardly exist in that region
at all.”

That a large part of Siberia has been covered by water up to within quite
recent times seems well made out from the accounts given by various geo-
graphical explorers within recent years. To cite only one at the present
time, Cotta says, in his description of the country between the Ural and the
Altai: “The almost horizontal diluvial covering which, without interrup-
tion, spreads itself over so enormous an area, that, even when the roads are
in good condition, it requires nine days and nights of rapid travelling to get
across it, has evidently, at a very recent geological period, been covered by
water. We are taught by this fact that Europe, closed in by the Ural, was at
that time entirely separated from High Asia, whose northwestern coasts rose
precipitously [aufragten] in the Altai, the mountains of Turkestan, and the
Caucasus. This water, which forined a division between the two continental
masses, was evidently not a great lake, but a broad arm of the sea, which,
beginning at the Arctic Ocean with but moderate average depth, was con-
nected with the Mediterranean through the Black Sea, and perhaps even with
the Red Sea, across the Isthmus of Suez.” *

We have thus shown that High Asia and the countries adjacent to it on the
rorth and northwest have been, within the later geological epochs, the scene
of great physical changes, and that the diminution of the water-surface
through every portion of this vast area has attracted, in a marked degree,
the attention of recent scientific travellers. Without stopping, at the present
time, to discuss the statements presented, with reference to the real nature
of the phenomenon and its causes, it will be sufficient to call attention to the
fact, which cannot fail to have impressed itself on the mind of the reader,
that we have to do with an event— or, rather, a scries of events — of the
utmost importance, if only for the immense size of the area involved in these
changes. The analogy between the phenomena presented in High Asia and
on its borders and those exhibited in the preceding section, with reference
to our own Cordillera region, is most marked, in so far as the existence of a
condition of desiccation, during present and past times, is concerned.

Before entering, however, on the proposed general discussion of the sub-
Ject before us, it will be desirable to present facts of a similar nature to those

* Der Altai.  Sein geologischer Bau, und seine Erzlagerstitten. Leipzig, 1871.
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already laid before the reader, in reference to other countries. In pursuance
of this plan, we may next proceed to consider the region adjacent to the
Mediterranean, and especially that which borders this great inland sea on
the east and south. And we have to do, in this division of our investigation,
with a territory still more interesting, in its connection with the world’s
history, than that to which our attention has been previously directed.
High Asia is looked upon by many as the cradle of the human race; and it
is there that recent geological changes might be supposed to have connected
themselves most intimately with the history of the intellectual development
of mankind. And it is indeed possible that here we might have the most
interesting co-ordination of geological and historical events, if only the rec-
ords of the latter were not so deficient. The migrations of nations from the
heart of Asia toward the West are involved in obscurity; and, in fact, all
that relates to the earliest history of mankind, throughout the world, is
almost an entire blank. That, however, the human race has been the wit-
ness of great geological changes can no longer be doubted; but beyond a
few of the simplest implements used by man during long ages of his earliest
stage of development we have nothing to throw light on his social condition ;
and in regard to his migrations, through the long lapse of prehistoric
ages, we are still more in the dark. That such migrations did take place,
however, and on an extensive scale, seems indicated by facts which, although
fragmentary and imperfect, are clearly of importance. If such has been the
case, then it is reasonable to presume that these wanderings of the prehis-
toric peoples were largely originated and directed by physical causes. In
other words, the movements of the human race have been, and especially in
the earlier stages of its existence, from regions presenting less favorable
conditions towards those more highly favored in this respect.*

There can be no doubt that if we had an exact account of all that has
transpired on the borders of High Asia since the human race began its exist-
ence in those regions, it would be equivalent to having a flood of light
thrown upon what is now almost totally in obscurity, namely, the intel-
lectual development of man as affected by external physical conditions.
At present the countries adjacent to the Mediterranean present the most
favorable field for investigations of this kind, because here the historical
records are most complete. Not only are they the most complete, but they

® ¢ The progress of huiian generations is shaped by the physical circumstances in which they live.” J. W,
Draper, in *‘ Thoughts on the Future Civil Policy of America.” New York, 1865, p. 66.
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go farthest back in point of absolute time ;* and when written records begin
to fail, architectural monuments, to some extent, supply the deficiency. So
extensive is the subject at present before us, that it is not possible to do more
than throw out a few hints as to conclusions reached, not without consider-
able examination of authorities on the part of the present writer; so that, if
the body of evidence seems small, in comparison with the magnitude of the
conclusions drawn, it is rather from want of space in which to dilate, than
from defect of material.

That most of that which we recognize as forming the basis of our intel-
lectual culture, science, art, literature, and religion has come to us from
countries bordering on the Mediterranean, no one will deny. How far, ex-
actly, Egyptian, Greek, and Arabian authorities have been dependent on and
drawn from each other will perhaps never be accurately known ; nor is it
material that it should be, from the point of view of the present inquiry. We
know that, either successively or by turns, these nations at the east end of the
Mediterranean shone with a brilliant light on what to us seems to have been
the outer darkness of the rest of the world. We know that from the eastern
end of that great inland sea light, perhaps with sundry-vibrations back and
forth, reached the central portion, and later the western end. Egypt,
Greece, Asia Minor, Arabia, Italy, the southern shore of the Mediterranean
west of Italy, and Spain, have each, in turn, ruled the world, either by intel-
lect or by force, or more often by the inevitable combination of the two.
That no one of these countries stands in any such relation to the rest of the
world, at the present time, will be readily admitted ; and more than this
may be affirmed with truth. As a rule, these nations have reached a stage
of decadence from which they can never rise to occupy again the position
which they have lost. The Egyptian fellah and the Arabian bedouin know
nothing of the glorious history of their predecessors on the soil they now
occupy, and from whom they are lineally descended. Modern civilization,
the direct outcome of that which their ancestors originated and handed over
to the comparatively barbaric races of the North and West, has gone utterly
beyond their ken, and is something to which they can never find their way
again.

That the statement here made would be found to be strictly true in all its

® There may be an exception to this in the case of the historical records of the Chiuese people; but the lan-
guage, style of thonght, and general development of that nation are so foreign to our own, and have had so little

influence on us, that — for the present at lcast — that country can hardly be taken into cousideration in connec-
tion with an inquiry of the kind suggested above.
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details, if examined with a critical eye, is not intended to be maintained.
The countries on the north side of the Mediterranean, for instance, although
no longer able to dominate the civilized world, are not without some partici-
pation in its intellectual progress. Italy and Spain have kept pace to a
considerable extent with modern civilization, neither of these countries
exhibiting that stage of decadence which Greece does; while the latter coun-
try is far in advance of the region to the south and east.

The reasons for the mighty changes which have taken place in successive
ages among the nations which have had to do with the intellectual develop-
ment of the world and the spread of civilization are usually sought for in
something connected with an inherent property of decay belonging to the
various races, or to the human race in general — something not dependent
on the physical conditions by which the races in question have come to be
surrounded as the ages rolled by. When, however, we observe, that not
only in those regions of High Asia from which migrations are usually sup-
posed to have begun, but all through the countries bordering on the Medi-
terranean, we are everywhere confronted by evidences of a change of climate,
and the entering in of conditions evidently unfavorable to mental vigor and
national welfare, we are justified, as the writer believes, in asking the ques-
tions, Is it not in consequence of these changes in the physical conditions
that the races themselves have changed, and has not the climate of a con-
siderable portion of the region in question become such that we can say
with truth that it is incompatible with a maintenance of those modes and
habits of life which accompany high civilization ?

The evidences of a diminution of the amount of water standing and flow-
ing upon the surface in the various countries bordering on the Mediterra-
nean, especially those on the east and south, are most ample and of varied
character. But it is especially the conformation of the surface which leads
us to infer a most decided desiccation during the latest geological periods.
There are everywhere not only depressions which have all the appearance
of once having been occupied by lakes, as evidenced by the terrace-marks
and other indications of the former presence of water, but there are also
numerous long, continuous valleys, —caiions, as they would be called in
California, — which show by their form and position that they can only have
been formed by running streams ; and these valleys are now, almost without
exception, either entirely dry the whole year round, or only occupied by
water here and there at very frregular intervals of time.
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As has been done in the preceding pages for Central Asia, so here only a
few references can be made to the writings of scientific travellers who have
made mention of facts bearing on the question before us; and, in preference,
the most recent authorities will usually be cited.

Arabia may be first mentioned, as a striking instance of a country greatly
diminished in population, and utterly cast down from the high position it
once held; while, at the same time, it presents ample evidences of a great
climatic change during the most recent periods.

Vivien de Saint-Martin says of this country: ¢ There can be no doubt
that, since the days of antiquity [les temps antiques] the climate and the
physical conditions of a part of Arabia have undergone very great changes,
in consequence of the disappearance of the forests on the western coast
mountains. M. Fulgence Fresnel, an excellent observer, wrote in 1837 as
follows: ¢It is a well established fact that the volume of lowing water is
constantly diminishing [diminue sans cesse], and has not ceascd to diminish,
in a country celebrated for its dryness even in the days of Abraham, ina
country where Ishmael owed to a miraculous interposition the existence of
the spring which saved his life. People still remember that, in the valley
of Sapra, there was a time when there was running water in the Bouraikah;
but that stream has now dried up, and Djar, indicated on Niebuhr's map,
belongs to ancient geography.” > *

Noel des Vergers, in his “ Description de I'Arabie,” says: “Unfortunately
the return of the rainy season, which hardly suffices for a few torrents, and is
not enough to keep a single stream alive during the whole year, i3 liable to
distressing interruptions. An absolute drought sometimes lasts for two or
three years continuously over a portion of some province, rendering the
whole region barren, and producing famine and all the accompanying
diseases.” t

Lady Anne Blunt says: “The whole of the peninsula, with the excep-
tion perhaps of Yemen and certain districts of Hadramaut within the influ-
ence of the monsoon winds, is a rainless, waterless region, in every sense
of the word a desert. The soil is a poor one, mainly of gravel or of sand,
and, except in a few favored spots, unsuited for cultivation; indeed, no cul-
tivation is possible at all in Nejd, except with the help of irrigation, and,
as there is no water above ground, of irrigation from wells. Even wells are

* Nouveau Dictionnaire de Géographie Universelle. Paris, 1877. Article * Arabie.”
t Quoted by Vivien de Saint-Martin, 1. c., Vol. I. p. 74.
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rare. The general character of the central plateaus, and of the peninsula,
is that of vast uplands of gravel, as ncarly destitute of vegetation as any in
the world, and incapable of retaining water, even at a great depth. It is
only in certain depressions of the plain, several hundred feet lower than the
general level, that wells as a rule are found, and wherever this occurs with
a sufficient supply of water, towns and villages, with gardens round them,
have sprung up. These, however, are often widely apart, showing in mere
spots on the map of Arabia, and unconnected with each other by any inter-
vening spots of agricultural land.” *

Mr. Blunt, in his ¢ Notes on the Physical Geography of Northern Arabia,”
appended to Lady Anne Blunt’s book, speaks repeatedly of the depressions
in the desert, as having once been filled with water. For instance, in his
description of the Wady Sirhan he says: “In the days when it was an inland
sea, 1t must have reccived contributions from all sides.””t Farther on, in
speaking of the same Wady, he remarks as follows: “ It is probable that in
the days when Arabia was more populous than now, villages existed in it at
intervals from Ezrak to JOf. At present, the wells of these only remain,
if we except the twin oases of Kaf and Ithery, still preserved in life by the
salt lakes which supply them with an article of trade. These are but poor
places, and their population can hardly exceed 200 souls.”

It will not be necessary to make farther citations in regard to the desic-
cation of Arabia; that the population of that country has greatly dimin-
ished, seems evident; but since the actual population is not known with
even an approximation to accuracy, no statistics can be given. }

For the region north of Arabia, including Asia Minor, Syria, and Mesopo-
tamia, facts of the kind stated above in reference to Arabia and Persia are
everywhere presented to the investigation of the traveller. A few only of
those lately published need be quoted. In a “ Memorandum on the Eu-
phrates Valley Railway,” Mr. W. Blunt— to whom reference has already
been made — notices repeatedly the depopulation of the region traversed by
that river. He remarks as follows: “I think it more than probable that
in the day of Babylonian greatness the flooding of both rivers [the Tigris
and Euphrates] was more regular, and less subject to disasters of drouth and

* A Pilgrimage to Nejd. By Lady Anne Blunt. London, 1881, Vol. L. p. 258.

t L c., Vol. IL p. 237.

t For some time 12,000,000 was given, in the geographical text-books, as the population of Arabia ; this

number was, in 1859, suddenly reduced by the best authorities to ‘“about 5,000,000.” (See Behm's geograph-
isches Jahrbuch, Band I. 1866, p. §9.) Even this number may be considerably too high.
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excess than now. As I have said, the denudation of Armenia accounts per-
haps for the destruction of Irak. In any case it is certain, that at the pres-
ent moment the full energies of the existing population are required to
preserve their footing, not to make new conquests on the river. Now, as I
am writing, Lower Mesopotamia is expecting famine from the failure of the
Tigris, for not an acre of wheat can be sown without its flooding.” *

The following is quoted from Dr. C. Fraas: “The most fruitful land of
antiquity was, as is well known, the region bordering on the Lower Eu-
phrates and Tigris, and particularly that called in later times Mesopotamia.
As the sacred writings of the Hebrews have assigned this as the country
from which the founder of their religion emigrated, it is an attractive sub-
Jject to compare its former with its present fruitfulness. As Richter says,
the land of great canals is now desert and barren, without settlements,
and a dried-up wilderness. The once most fertile alluvial bottoms, inter-
sected by numerous lines of canals and ditches, are now covered with a
growth of the plants peculiar to a saline soil, and all this where once was
the ¢ garden of the world.”” 1

Professor E. II. Palmer gives a number of quotations from  the Jewish
sacred books, which, he says, “tend to confirm the supposition that the Pe-
ninsula [of Sinai] was better supplied with water at the time of the Exodus.” }
He considers it certain that there was, at that time, a large population in
and near Sinai; and among them were colonies of Egyptian miners, ¢ whose
slag-heaps and furnaces are to be seen in every part of the Peninsula. These
must have destroyed many miles of forest in order to procure the fuel neces-
sary for carrying on their operations ; nay more, the children of Israel could
not have passed through without consuming vast quantities of fuel too.
But if forest after forest disappeared in this way, if population dwindled
down to a few non-agricultural tribes, and cultivation were neglected, then
the rain that falls so seldom would no longer stay to fertilize the land, but
in an unimpeded torrent would find its way to the sea; a burning summer
sun would soon complete the work, and a few ages would make the Penin-
sula of Sinai what we see it now.”

Captain Burton says: “That great changes for the worse have taken place
in the Sinaitic Peninsula, and in the Négeb, or South Country, we know from

* A Pilgrimage to Nejd, Vol. IL p. 276.

4+ Klima und Pflanzenwelt in der Zeit, ein Deitrag zur Geschichte beider, von C. Fraas. Landshut, 1847,

p- 20.
t The Desert of the Exodus. 2 vols. London, Vol. I. p. 25.
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the expeditions of Messrs. Tyrwhitt-Drake and Palmer, who found undoubted
traces of rich pasturages of watered ground and of human habitation, where
all is now a howling waste.” * Farther on, the same author remarks: ¢ The
once wealthy and commercial land of Midian, now ¢destitute of that whereof
it was once full,” has become a desolation among the nations. The cities and
goodly castles of the sea-board are ruinous heaps, almost level with the
ground. ¢The Desert has resumed its rights; the intrusive hand of cultiva-
tion has been driven back ; the race that dwelt here have perished ; and their
works now look abroad in loneliness over the mighty waste.” The interior,
formerly so rich in oases if not in smiling field and pasture-land, has been
disforested to a howling wilderness; and the area of some three thousand
square miles, which, thirty-one centuries ago, could send into the field
135,000 swordsmen, is abandoned to a few hundreds of a mongrel Egypto-
Bedawi race, half peasants, half nomads, whose only objects in life are to
plunder, maim and murder one another.” t

Of the very large amount of matter which could be laid before the reader
proving, beyond the possibility of doubt, that the climate of the region bor-
dering the Mediterranean on the south has undergone a marked change in
later geological times, and that this has been continued into the historical
period, only a small portion will be presented. As has already been made
apparent from the tenor of some of the quotations offered, the almost uni-
versal belief is, that the indicated change of climate has been chiefly brought
about by the disforesting of the country, or perhaps also in part by long-
continued cultivation. All, however, that is intended, in the present section,
is to show that a change from prosperity to stagnation, from fertility to bar-
renness, and from favorable climatic conditions to utter dryness, has affected
the whole area in question. Of the cause of this, the discussion will follow
farther on.

The first quotation is from the work of C. Fraas, already cited, and it
relates to the proofs of a change of climate in Egypt during historical as
well as prehistoric times. This author thus expresses himself: “As we
have already repeatedly had occasion to notice what great revolutions have
been brought about by changes of climate, we shall find no difficulty in
proving this in regard to a country which has been so long inhabited as
Egypt. Long before our time attention was called to these changes by

* The Gold Mines of Midian and the Ruined Midianite Cities. 2d ed. London, 1878, p. 290.
t1c,p 391
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Russegger, who recognized in the deep gorges of the desert mountains,
in the deep Ghors, or torrential stream-beds of tropical Africa, the results
of long-continued and heavy rains in former ages. Certainly, at the time
when the country was at the height of its prosperity, when it was traversed
by numerous canals, when artificial lakes, such especially as Lake Meeris,
covered it, when cultivation extended far beyond the present boundaries
of the desert— when all this was the case, certainly the climate must have
been very different from what it now is. What mean all those petrified
remains of various kinds of trees which are so frequently found in Fgypt?
The tradition that Lower Egypt. at least was once an arm of the sea? The
once larger area of alluvial plain, and the very much larger water-surfaces
exposed to evaporation? The plants, finally, in regard to which we intend
to give more details farther on, and of which plants some, like the Nelumbo,
require a very moist soil, and which, formerly the principal article of diet, has
now entirely disappeared from Egypt?”*

Fraas, after a brief discussion of Russegger’s ideas in regard to the causes
of the desiccation in question, to which we shall have occasion to revert
farther on, proceeds to give numerous instances of changes in the distribution
of plants, especially of cultivated ones; which changes have taken place in
later geological times, and which seem to him to prove a marked decrease
in the amount of moisture.

Mr. Andrew L. Adams, in his account of an examination of the so-called
petrified forest of the Mogattam Hills, writes as follows: ¢ This silicified
wood deposit appears to belong to a more recent epoch than the nummulitic
rocks, and may be referable to a period immediately preceding the submer-
gence of the Sahara and general depression of North Africa just noticed ; or,
in other words, contemporaneous with the age when the river flowed over
the plateaus of Nubia. No traces of ancient levels or terraces were observed,
but about Beni Hassan we could define terraced cliffs on the sides of the
long straight glens, also ravines and larger valleys, which may in part have
been formed by the denuding influence of the sea, during the oscillations of
level, and since farther opened out by atmospheric agencies. No doubt more
extended observations would elicit important data in connexion with this
interesting subject. 'Who can tell how far the Egyptian priests erred when
they informed Herodotus that at the time when Menes, the first mortal,
reigned over Egypt ¢all the country except the district of Thebes was a

* Klima und Pflanzenwelt, p. 41.
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morass, and that no part of the land that now exists below Lake Myris was
then above water’?”'*

Mr. Adams, farther on, remarks, in reference to the constant encroachment
of the desert sands on the arable lands of Egypt: “ Already many arable
plains are covered over; indeed the gradual desertion of entire villages, and
the partial evacuation of others, are just in proportion to the steady en-
croachment of the desert. The struggle between man and nature is here
remarkable, for, should the present order of things be continued, it must
finally eventuate in a complete victory to the latter whenever the odds are
favorable.” t

Professor Unger, in his interesting work describing his scientific journeys
in Greece,} has a chapter headed, “Is the Orient capable, so far as its
physical nature is concerned, of regeneration?” [“Ist der Orient, von Seite
seiner physischen Natur, einer Wiedergeburt fihig ?”] The views which the
author sets forth in this chapter, in reference to changes of climate in the
vicinity of the Mediterranean, will be noticed farther on; at present, only
one quotation will be made, for the purpose of introducing the views of
Fallmerayer, an eminent Oriental traveller and historian whom Unger thus
cites: “ As to what especially relates to Greece, Fallmerayer has already
called attention to the fact that, together with an entire change in the
races inhabiting ancient Hellas, its capacity for production has changed
with the climatic conditions; that, instead of the former fruitful and well
watered meadows and pastures, now only dry fields and bosky hills devoid
of forests are to be found, and that, in consequence of this, it is impos-
sible that Greece should ever be again drawn within the circle of Western
culture. Kraas has brought forward the same idea, and supported it by
additional proofs.”§ It may be added that Fraas extends these views so
as to embrace the whole region adjacent to the ¢ lands of the ancient home
of culture,” including Persia, Asia Minor, Syria, Greece, and Egypt.

Professor O. Fraas,|| in his investigations of the physical geography of

* In Notes of a Naturalist in the Nile Valley and Malta.  Edinburgh, 1870, p. 66.

+ L., p. 70.

% Dr. Fr. Unger: Wissenschaftliche Ergebnisse einer Reise in Griechenland und in den Ionischen Inselu.
Wien, 1862, p. 188.

§ See, Gesammelte Werke von Jakob Philipp Falimerayer. 3 vols. Leipzig, 1861, Vol. 11. p. 468 ; also the
preface to Geschichte der Halbinsel Morea, withrend des Mittelalters, by the same. 2 vols. Stuttgart, 1830.

|l Dr. C. Fraas, “Inspector und Lehrer der Chemie und Technologie an der konigl. Centrallandwirthschafts-
Schule zu Schleissheim,” is not to be confounded with Dr. Oscar Fraas, ¢ Conservator an der konigl. Naturalien-
Cabinet zu Stuttgart.”
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the countries bordering on the Mediterranean, gives his attention espe-
cially to the increasing dryness of that region, referring repeatedly to the
proofs of a change of climate in those countries during the historic period.
Of the many quotations, in point, which might be made from his work,*
the following is selected: “ What a difference between this idea of life
[Lebensanschauung], held in ancient Egypt, taken from the City of the Dead
of Saqéra and the pyramids, and the idea of life drawn from the royal
graves of Qirna and Medinet Habu. It is hardly possible to say which
required the longer time, the changes of popular belief [Volksglaube] or
the introduction and dissemination of new domestic animals. The camel
is still wanting even on the walls of the temples of Thebes, and had cer-
tainly not been introduced at the time of the founding of that city, for there
was no desert then. Magnificent buildings, such as those in the Assassi
Mountain, or in Denderah, and the giant structures of the world, on which
we gaze, at the present time, with the deepest feeling of our own insignifi-
cance [Armseligkeit] — such buildings were not placed away to one side in
the desert, where they could only be reached with difficulty and danger.
Thousands of walls were not covered, from floor ‘to roof, with inscrip-
tions, paintings, and sculptures, that they might remain unseen in the
night of the grave; but that the writing might be read, and the works of
art inspected. The remains of both the most ancient, and the ancient,
Egypt speak. as loudly of the changed climate of the Nile-lands as do the
gravels [Gerolle] in the Wadys of the Libyan desert of former floods of
water, where now, year out and year in, no drop of water ever flows. . . . .
An intellectual activity like that of the times of the Greeks, when Alex-
andria was the centre of all the arts and sciences, a true world’s.university,
with the richest library on earth; or as that which existed from the times
of the Platonists up to the first centuries of the Christian era, when the
greatest thinkers of the church — such as the Gnostic Origen — developed
their philosophical-religious systems, — such a movement of thought de-
mandg, as an absolute necessity, a different climate, and a moister air, than
that now prevailing in Egypt. On the present soil of the Nile-land never
again will any philosophical system be developed; and no power in the
world could cause an University to arise there which should have even the
most distant resemblance to an European one.”

% Aus dem Orient : Geologische Beobachtungen am Nil, auf der Sinai-Halbinsel, und in Syrien. Stuttgart,
1867.
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From the above quotation it will be easily made out that Fraas considers
that there is no avoiding the conclusion that the Mediterranean region —
the eastern portion of it, at least — has undergone a most decided climatic
change, not only in later geological times, but within the past 2,000 years.

Professor Zittel, when speaking of one of the oases of the Libyan desert,—
that of Chargeh, —says: “In many places there are to be seen in this oasis,
where now all is sterile, old ruins of sacred and profane buildings, traces of
fields formerly under cultivation, wells which have caved in;—in short, a
host of proofs of a former much larger population of this region.”* Profes-
sor Zittel takes, however, a much less disparaging view of the condition of
things in this portion of Egypt than does Dr. Fraas, since the former believes
it not impossible that, if Arfesian wells could be successfully bored, the Libyan
desert might return to its former condition of prosperity. That condition,
however, if we may judge from the character and habits of the population
of that portion of the Sahara where such wells have, to a certain limited
extent, succeeded, would have but a very slight resemblance to what we are
now accustomed to consider as civilization. Wandering tribes living almost
exclusively on the fruit of the date-palm, such as they are described by
Desort and others, have little in common with the dwellers in coun-
tries better supplied with water. Nor is any instance to be found on
the face of the earth of a people living in prosperity and yet dependent
exclusively on Artesian water. Indeed, as appears clear to the present
writer, the Artesian wells of the Libyan desert have not run dry because
the country has been abandoned; but the case is exactly the opposite of this,
— the water having given out, life is no longer possible except under con-
ditions in the highest degree unfavorable to prosperity.

In regard to the extensive area to the west of Egypt, including Tunis,
Algiers, and the vast region of the Sahara, we have an abundance of obser-
vations, made within the most recent period, by eminent observers, all tend-
ing to prove, almost beyond possibility of doubt, that conditions similar to
those described as existing farther east, along the Mediterranean, and be-
yond it through Central Asia, prevail here, and on quite as extensive a
scale. As in the Libyan desert, and in Syria and Arabia, the whole aspect
of the surface is that of a region at no very distant time in the past quite
abundantly watered, but now given over, in large part, to almost hopeless

# Briefe aus der Libyschen Wiiste.  Miinclen, 1875.

+ Aus Sahara und Atlas,
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sterility. As on the eastern borders of the Mediterranean, so farther west,
there are abundant evidences of the former presence of nations possessing a
much higher grade of civilization than that of the present population, whose
numbers have dwindled with their diminishing intelligence, and whose habits
und modes of life, while eminently suited to the physical conditions by which
they are surrounded, are beyond a doubt incompatible with what is now
called civilization. Everywhere the ruirs of former greatness are to be seen,
offering a striking contrast to the present struggle for mere existence neces-
sitated by the diminished area susceptible of cultivation, and the impossi-
bility of procuring a sufficient supply of water for irrigation, except in a few
favored localities, of exceedingly small dimensions as compared with the
extent of the surrounding desert.

The recent explorations of the Sahara have resulted in the correction of
some of the former erroncous impressions prevailing in regard to the real
causes of the increased dryness of that region. The examinations made
by Desor of a limited area, on the northern edge of that part of Africa
known as the Desert of Sahara, led him to form the idea — which, for a
time, was very generally adopted — that the whole of this vast region had
formerly been covered by the sea, and that it had been raised above water
during the very latest portion of the Tertiary epoch. This elevation of the
land, according to Desor, brought about not only the dryness of the Sahara
itself, but had a powerful influence in putting an end to the phenomena of
the glacial epoch, as will be mentioned farther on.

It is now known, however, that only a small part of the Sahara has been
covered by the sea at any period since the Cretaceous epoch. On the con-
trary, we find everywhere abundant proof of the former presence of fresh
water, which stood in lakes or ran in rivers; and, of course, a corresponding
amount of evidence that there has been a marked change of climate during
recent periods. In fact, there seems to be little doubt that this change,
whenever begun, has been continued during the historic period, the kind of
evidence furnished by recent investigators being precisely similar in charac-
ter to that already brought forward in reference to Syria, Egypt, and the
Libyan desert. The remains of buildings of various dates, as well as the
records of history, show conclusively that large portions of Northern Africa
were once much more thickly populated than they now are; but that the
stage of civilization then reached was far higher than that of the present
inhabitants, whose mode of life is strictly in accordance with the conditions
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imposed on them by the desert nature of a country where only an occa-
sional oasis can, by artificial irrigation, be made to bear fruit enough to give
a scanty support to a limited population.

Dr. Chavanne has, so to speak, monographed the Sahara,* and given a
very complete résumé of all that has been found out about that region up to
a very recent date. His views, which appear to the present writer to be, in
the main, justified by the facts, may be inferred from the following quota-
tions: “ Up to the most recent period, it was generally thought to be a fact
which could not be controverted, that the Sahara had been, during the most
recent geological period, one great inland sea, and that, consequently, the
dunes, or accumulations of sand of the present sea of that material, which
cover the region, were the relics of that sea. The existence of numerous
schotts, sebchas and salt morasses, the discovery of brackish-water shells
( Cardium edule) in the northern part of the Sahara, at an elevation of from
200 to 300 meters, 'seemed to prove the truth of this theory beyond possi-
bility of dispute. The well-known German geologists, Desor and Escher
von der Linth, who in 1863, in company with Professor Martins, of Mont-
pellier, made a journey to the Algerian Sahara, published results of their
observations which appeared to confirm the hypothesis in question; and
Desor carried the theory still farther, inasmuch as he endeavored to show
that the Sahara was the grand regulator of the climate of South and Middle
Europe, and to connect the extension of the Alpine glaciers with the former
watery covering of Northern Africa. Iowever enticing [verlockend] this
theory may be, it is not supported by the facts. The first impression which
the traveller gets of the desert, especially when standing on the southern
slope of the mountains bordering the Sahara on the north, is indeed highly
favorable to the hypothesis of a former occupation of this region by the sea.
The writer himself, when visiting the northern edge of the desert, was led
to look on this theory as most probably correct. An exhaustive and un-
prejudiced examination of the mode of formation of the sand accumulations,
the consideration of indisputable facts, such as the existence of crocodiles
in the heart of the Sahara, and of petrified forests in the Libyan oases, can-
not but lead to the conclusion that the present sandy regions owe their
existence to some other cause than that of a former universal water cover-
ing. Humboldt long ago recognized the influence of general geographical

* In his volume entitled * Die Sahara, oder von Oase zu Oase.” Wien, 1879. See also another later work, by

the same author, ‘‘ Afrika im Lichte unserer Tage.” Wien, 1881.
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position on the formation of desert regions; and later investigations, like
those of Duveyrier, Dr. Marés, and Vatonne, made on the spot, in regard to
the formation of sand dunes, as well as those of Hann and Wojeikoff on the
influence of meteorological conditions on the desert surface, render the con-
ception of the desert as the product of climato-meteorological changes more
and more probable. It is not intended, however, by this, to assert that,
during the latest geological period, numerous larger and smaller inland lakes
may not have existed in the Sahara; on the contrary, we are obliged to
recognize the numerous sebchas and dayas as the remains of such fresh- or
brackish-water collections. In the Western Sahara, at all events, these lakes
did not have any great extension during the Quaternary epoch, and they
were separated by the previously mentioned range of elevations from the
great inland sea, which occupied the place of the present sea of sand of the
Libyan Desert. The correctness of this view appears to be fully confirmed,
by the fact that, up to the present time, no marine deposits or fossils have
been found in the western basin, while such are by no means wanting in the
Libyan Desert.

“In the present distribution of certain aninals we find strong reasons
for believing that, even in historical times, the Sahara was less extensive
and less of a desert than it now is. First; the late introduction of the
camel, which was not domesticated in Northern Africa until one or two
centuries after the birth of Christ. Again; there must have been in the
Southern Atlas, in ancient times, numerous wild elephants, since we know
that the Carthaginians caught their war-elephants within their own territory.
So, too, the hippopotamus existed in a region where now it could not, by
any means, find sufficient water, the same being the case with the elephant
as respects food. Crocodiles, which in former times occurred in prodigious
numbers, were also supposed to have died out; but, not long since, a French
traveller, Baron Aucapitaine, found some still living in the Wadi-el-Dscheddi ;
and, still more recently, Edwin von Bary proved their existence in the
uninhabited valley of Mihero, on the Tasili plateau. The former occurrence
of all these animals in the Northern Sahara, which in its present condition
would present an insurmountable barrier to their introduction from the
South, renders the adoption of the hypothesis of a former more luxuriant
vegetation and more abundant precipitation where now there is only desert,
a matter almost of absolute necessity. In general it may be said that, south
of the 34th parallel, in this region, there has been a constant advance of the
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desert since the historic period [seit dem Alterthume die Wiistenbildung,
ohne Unterbrechung im Fortschreiten begriffen ist].”

Farther on, Chavanne remarks as follows: ¢« That, however, the quantity
of water [der Wasserschatz] in the Sahara has diminished, and that this
region has become drier since the days of historical antiquity, can now be
no longer doubted.” *

The evidence of a great climatic change in Northern Africa, and generally
in the countries bordering the Mediterranean, is so clear, that it is not neces-
sary to dwell longer upon this region. As to the central and southern por-
tions of that continent, it is not to be expected that such an array of facts
as has been presented with regard to Egypt and the Sahara could be brought
forward, even if desiccation had proceeded all over Africa with the same
rapidity as on its northern borders. In the first place, the central portion
of that continent is quite differently situated from the northern area with
reference to those meteorological conditions influencing precipitation, so
that the larger part of it is superabundantly supplied with moisture, at
least during a certain season of the year. And a diminution of an abundant
supply to one less abundant, but still ample for the wants of animal and
vegetable life, is not, by any means, a phenomenon of the same character
as that of a falling-off from moderate to very small, although, in reality,
the actual decrease may be as great in one case as in the other. It is only
_ when the decrease of precipitation has reached that point where its effects
begin to be marked in making life difficult, that much heed would be likely
to be paid to it.

But, again, Central Africa is a region which is inhabited by uncivilized
races, and of which the scientific exploration has but just begun, the prin-
cipal geographical facts concerning it being, as yet, hardly made out in
outline. Moreover, it has no recorded history, other than that offered
by nature herself; while data furnished by trained geological observers are
entirely wanting, at least for much the larger portion of the country. The
existence of numerous lakes, many of which are of great size, so that the
whole region is one of the most remarkable, in respect to the importance
of its lacustrine areas, of any on the globe, is, however, now a well-ascer-
tained fact, and evidence that these lakes have been diminishing in size during
recent times is by no means wanting.” Indeed, that most remarkable trav-
eller, Livingstone, seems, at an early period of his investigations in Africa,

* 1. c., p. 627.
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to have been profoundly impressed with the appearances which presented
themselves in various localities of a former much greater expansion of the
lake system, both of Central and Southern Central Africa, as the following
quotations from his principal volume prove: “. . . . consequently, when the
river [Lekone] flowed along this ancient bed, instead of through the rent,
the whole country between this, and the ridge beyond Libebe westwards;
Lake Ngami and the Zouga southwards; and eastwards beyond Nchokotsa,
was one large fresh-water lake. There is abundant evidence of the exist-
ence and extent of this vast lake in the longitudes indicated, and stretching
from 17° to 21° S. latitude. . . . . All the African lakes hitherto discovered
are shailow, in consequence of being the mere residua of very much larger
ancient bodies of water. There can be no doubt that this continent was,
in former times, very much more copiously supplied with water than at
present, but a natural process of drainage has been going on for ages. . . . .
Whetler this process of desiccation is as rapid throughout the continent, as
in a letter to the late Dean Buckland, in 1843, I showed to have been the
case in the Bechuana country, it is not for me to say.” *

Livingstone’s ideas in regard to the diminution of some of these lakes and
the disappearance of others need not here be dwelt upon. Naturally, they
are highly catastrophic in character, the idea of a possible diminution of the
rain-fall not having occurred to him, although the facts which he furnishes
seem very clezir]y to point in that direction, rather than towards drainage by
earthquake fissures and the like events.

The entire aspect of Southern Africa, as described by recent travellers, is
that of a region which has undergone great changes of climate within a
recent period. Dryness is pre-eminently its characteristic at the present
time; but in the whole appcarance of the country there is proof —as it
appears to the writer— that this dryness has been on the increase since
the southern part of the continent acquired its present topography. There
has certainly been a great diminution of the water-surface since the Tertiary
epoch began.

A considerable portion of Europe belongs in the same category as North-
eastern North America in its relations to the question now before us. The
phenomena of desiccation are complicated with those of former glaciation, so
that it is not so easy to separate the two classes of facts from each other;

* Missionary Travels in South Africa. London, 1857, Chapter XXVI., under the heading of ¢ Aucient
Lakes.”
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hence the special considerations of the decrease of moisture in formerly gla-
ciated regions will be deferred for the present. A few remarks will, however,
be made, at this point, in reference to an interesting fact, namely, the de-
crease of the volume of the rivers of Central Europe during the later historic
times.

In some portions of Germany records have been kept for many 'years of
the flow of water in some of the principal rivers, and the question naturally
suggested itself, whether a comparison of these records would show that the
volume of water passing from year to year, at various points, had dimnini:hed
or increased, or on the other hand remained constant. The eminent geog-
rapher, Berghaus, was one of the first to take up this investigation. He
worked up the observations of the Rhine made at Emmerich, those of the
Elbe at Magdeburg, and those of the Oder at Kiistrin, and came to the con-
clusion that each of these rivers had diminished in volume during the past
huudred years, and that there was reason to fear that they would eventually
disappear from the list of the navigable streams of Germany.

Later than this, an eminent hydraulic engineer, Gustav Wex, Chief Direc-
tor of the Donauregulirung, —an important work undertaken with a view
to the regulation and improvement of the channel of the Danube at and
near Vienna,— entered upon the same investigation, and in much greater
detail. His results, however, are similar in character to those of Berghaus,
and seem to demonstrate, beyond possibility of doubt, that the principal
streams of Middle Europe, namely, the Danube, the Rhine, the Elbe, the
Vistula, and the Oder, together draining an area of 570,000 square miles,
have for many years been carrying a constantly diminishing quantity of
water. The longest series used in coming to this conclusion is that of the
Elbe at Magdeburg, where the records go back for one hundred and forty-
two years; but the observations for shorter periods of from fifty to seventy
years, which in the case of the other streams are all that are available, scem
to leave no doubt as to the character of the result.*

We turn, finally, for evidence of desiccation to the southern counterpart
of our own continental mass. Striking as is, in many respects, the resem-
blance in orographic structure between North and South America, there is
one point in regard to which the difference is very marked. The Cordilleras
of North America form a complex of ranges which occupy a very consider-
able width, not less than a thousand miles in their widest portion, while the

#* See Zeitschrift des Ost. Ingenieur und Architekten Vereius, for 1878.



152 THE DESICCATION OF LATER GEOLOGICAL TIMES.

Andes of South America are much narrower, a section east and west across
them hardly averaging more than a third in length of that of a similar line
across the North American Cordilleras, Of course, under such conditions, it
is to be expected that the closed-basin region of South America, if one ex-
isted at all, would be much less extensive than our own. This is, in reality,
the fact, the drainage of a large part of the interior portions of the Andes
being very completely effected by the branches of the great rivers which
traverse the ranges by means of immense transverse breaks across them.

Another important fact to be taken into consideration in this connection
is this: that the wide part of South America lies wholly in the tropical
regions, and is therefore subject to a very different régime from that of an
area within the temperate zone, like our own Cordilleras. The rain-fall of
the South American continent is very peculiarly affected, however, by the
position of the mountain ranges with reference to the trade-winds. Closed-
basin areas do exist in the Andes, and here, as we might have expected,
from analogy with the facts already described from our own western regions,
there are also clear evidences of desiccation in recent geological times.

The closed basin occupied in part by Lake Titicaca is the most important
area of this kind in the Andes, and from the description furnished by
A. Agassiz* it is possible to state as an unquestionable fact, that the area of
water-surface not only of this lake, but of the region generally, has greatly
diminished in later times. The following quotation is offered in support of
this statement.

“Lake Titicaca must have, within a comparatively very recent geological
period, formed quite an inland sea. The terraces of its former shores are
everywhere most distinctly to be traced, showing that its water-level must
have had an elevation of 300 or 400 feet at least higher than its present
level.  This alone would send its shores far to the north in the direction of
Pucara, forming a narrow arm reaching up to S. Rosa. Lake Arapa is prob-
ably only an outlier of the ancient lake, as well as several of the small lakes,
now at a considerable distance from the west shore. The immense plain of
Cabanillas, extending north beyond Lampa to Juliaca, only 100 or 120 feet
above the lake at its highest point, was one sheet of water. The terraces of
the former shores are still very distinctly to be seen. . . . . The plains, now
laid bare at the northern and western shores of Lake Titicaca, give us an
excellent idea the appearance the whole basin of the lake would present if

* Hydrographic Sketch of Lake Titicaca ; Proe. Am. Acad., Vol. XI. 1876, p. 288.
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entirely dry. The number of lakes and basins, great and small, which for-
merly covered the elevated plateau of the Andes, must have been very great;
but we now find only here and there a small sheet of water. The former
lakes are only represented by the more or less extensive pampas, forming
basins at great altitudes, showing plainly that the whole of this district is
receiving a much smaller waterfall than in former times, but probably not in
historic times, if we take into consideration the position of some of the most
ancient ruins of Bolivia (at Tiahuanaco), which are only about seventy-five
feet above the present level of the lake.”

The diminution of the water, shown by Mr. Agassiz to be so positively
proved for the region embraced within the field of his explorations, did not
escape the notice of Humboldt; on the contrary, he repeatedly calls atten-
tion to the fact of a general desiccation in those parts of South America
which he visited, and he comments, somewhat at length, on the cause of the
phenomenon. The decrease in size of the Lake of Valencia, near Caraccas,
especially interested him, as will be evident from the following quotation:
“But it is not alone the picturesque beauties of the Lake of Valencia that
have given celebrity to its banks. This basin presents several other phenom-
ena, and suggests questions, the solution of which is interesting alike to
science and to the well-being of the inhabitants. What are the causes of
the diminution of the waters of the lake ? Is this diminution more rapid new
than in former ages? . . . . I have no doubt that, in very remote times, the
whole valley, from the foot of the mountains of Cocuyza to those of Torito
and Nirgua, and from La Sierra de Mariara to the chain of Guigue, of Gua-
cimo, and La Palma, was filled with water. . . . . Within half a century, and
particularly within these thirty years, the natural desiccation of this great
basin has excited general attention. We find vast tracts of land which were
formerly inundated, now dry, and already cultivated with plantains, sugar-
canes, or cotton. Wherever a hut is erected on the bank of the lake, we sce
the shore receding from year to year. We discover islands, which, in con-
sequence of the retreat of the waters, are just beginning to be joined to the
continent, as for instance the rocky island of Culcbra, in the direction of
Guigue ; other islands alrcady formm promontories, as the Morro, between
Guigue and Nueva Valencia, and La Cabrera, southeast of Mariara; others
again are now rising in the islands themselves like scattered hills.” *

Humboldt continues, at length, with the narration of similar facts, proving

# Personal Narrative of Travels to the Equinoctial Regions of America. Bohn's Ed. in 3 vols. Vol. II. p. 4.
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desiccation in this portion of South America, and enters into a discussion as
to the causes of the phenomenon, to which we shall have occasion to revert
farther on.

It seems unnecessary to multiply evidence of the kind given in the preced-
ing pages. The fact cannot fail to have impressed the reader that, however
striking the phenomena of desiccation may have been shown to be in our
own western region, they are not less so in the Old World; where we have
an additional interest imparted to the investigation, by the fact that we
have here to do with the historically important portion of the world, so that
the connection of the desiccation with the growth, migrations, and decay of
civilized nations makes it a matter of the utmost importance. In the course
of the next chapter additional information will be, of necessity, introduced, in
regard to the phenomena which have occupied us during the present one.
Having shown the fact of a desiccation going on at least during the later geo-
logical periods, and continuing up to the present day, certainly over a large
part of both hemispheres, in both the Old and New Worlds, we are now pre-
pared to proceed with the discussion of the facts presented, and to endeavor
to ascertain what cause or causes have been influential in bringing about the
condition of things described. That the problem is a complicated and diffi-
cult one will not be denied ; but it is hoped that, in the following chapter,
some light will be thrown upon it, even if there are questions raised to
which it is not easy to give an entirely satisfactory answer.



CHAPTER III.

GENERAL DISCUSSION OF THE DESICCATION QUESTION.
SectioN 1. — Iutroductory.

It will be proper, at the present stage of our investigation, to recapitulate
what has been set forth and shown to exist, in connection with the prob-
lems of climatic change, in the preceding chapters of this work, and in a
former one (the Auriferous Gravels), to which frequent reference has already
been made, and to which the present volume may properly be considered as
supplementary.

As one of the important results to which we were led by our extended
examination of the detrital formations resting on the western slope of the
Sierra Nevada, we have the—as it appears to the present writer — un-
doubted fact presented to us of the former existence, throughout that region,
of much larger rivers than those whose channels now furrow that slope.
These rivers had, however, on the whole, pretty essentially the same gather-
ing-grounds which their present much diminished representatives have ;
hence it follows, as a matter of course, that the former precipitation must
have been very considerably larger than it now is. This condition of things
prevailed during a portion of the Tertiary epoch, probably during a large
part of the Tertiary, and certainly during the later Pliocene. If it cannot
be definitely stated that this increased precipitation also prevailed during
the earlier Tertiary period, it is only because Eocene fossils have not been
distinctly recognized as occurring in the detrital formations in question, so
that the means of going back to the begimning of the Tertiary epoch are
not furnished. There is no evidence, however, that the precipitation over
the region in question was, during the earliest portion of the Tertiary, any
smaller than it was later on in that period ; on the contrary, there is some
reason for supposing it to have been larger. So much has been set forth in
detail in the Auriferous Gravels.

Pursuing our investigations still farther, we have seen, as described in
the first chapter of the present volume, that long after the deposition on the
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flanks of the Sierra Nevada of the gravels which belong to the period of
increased precipitation, and after the present diminished rivers had worn —
in large part, at least — their deep but narrow channels down the sides of
the range, there came a time when the higher portions of the Sierra were
covered with accumulations of snow, from which glaciers of great size ex-
tended down the valleys, some of these icy masses attaining dimensions not
much, if at all, inferior to those of the Alps at the present day. It was
farther shown that these glaciers had now almost entirely disappeared, only
the faintest traces of ice being left in a few localities, and especially about
the north side of the summit of Mount Shasta, while reasons were adduced
for believing that this disappearance of the ice has taken place within a very
recent period, and most certainly since the appearance of the human race
in that region. In regard to the snow accumulations of the range in ques-
tion, it was shown that they vary greatly in amount from year to year; and
that, although they never disappear entirely from the whole of the Sierra,
cven after the occurrence of a cycle of abnormally dry years, they some-
times shrink into entire insignificance, as compared with the mass of the
range, occupying only small sheltered nooks on the summits of the higher
elevations.

With this foundation of facts, observed and studied with great care in the
region which was the especial field of work of the present writer for some
fifteen years, the attempt was made to find out how far a similar condition
and succession of phenomena could be traced in other regions; and first in
those adjacent to the Californian Sierra; then, later, in others more distant ;
until, finally, the inquiry extended itself so as to embrace the whole earth ;
and very naturally and properly, for the subject of climatic change is one
which cannot be discussed with satisfaction while only narrow areas are
under consideration, as must be evident from the nature of the phenomena
themselves, the climate of any one locality being the result of a complex
series of events, many of which have taken place at a great distance from
the special locality where they become sensible to the inquirer. In thus
extending the investigation over regions outside of California, the pres-
ent writer has not been obliged to depend ecntirely on the work -of others,
although such has been consulted and freely used ; he has been assisted by
his own investigations, which at various times during the past forty years
have been extended over a considerable portion of North America, and have
also embraced the most important glaciated regions of Europe.
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- This extension of the investigation begun in the Sierra Nevada has fur-
nished us with interesting results, in a great measure corroborating those
obtained on the Pacific slope of the continent. That the diminution of
the rivers flowing down the western slope of the Sierra could be so fully
proved, was due to the peculiar facilities offered by the extremely numerous
and extensive mining operations carried on in and about the former chan-
nels of these “buried rivers,” as they have sometimes been called; and
although the samne kind of proof could not be furnished bearing on the dimi-
nution of the precipitation in portions of the continent adjacent to Cali-
fornia, a large body of facts was brought forward showing that an extensive
area of country west of the Rocky Mountain range was formerly covered
by water, in the form of lakes, which lakes have either disappeared alto-
gether, or become greatly diminished in area, this diminution having taken
place during the Tertiary epoch, and having been continued almost if not
quite up to the present time, thus indicating important physical changes —
either climatic or orographic, or both togcther —as marking the Tertiary
and Recent periods over a vast area of territory, outside of the State of Cali-
fornia, as well as within it. The difference between the results arrived at in
the Sierra Nevada and those obtained in the region between the Sierra and
the Rocky Mountain range was chiefly this: that in the former case we
had proof of a diminution of precipitation independent of any orographic
changes; while, in the latter, the phenomena were more complicated, oro-
graphic changes being not so easily disentangled from climatic ones.

In regard to the period of the extension of the glaciers over the crest
of the range of the Sierra Nevada at a period subsequent to that of former
increased precipitation, we found, on examination, as detailed in the first
chapter of the present volume, that a precisely similar condition of thingé
took place all over the Cordilleras, north of a certain latitude. The highest
portions of the Rocky Mountains and the very highest suinmits of the loftiest
ranges of the Great Basin were, at a very recent geological period, covered
by snow, from which were formed glaciers rivalling in magnitude those
of the Sierra itself. And as in the last-mentioned range, so in those farther
east, only the most diminished representatives of the ancient glaciers re-
main ; although the peculiar markings and other proofs of their former much
greater extension are preserved in such freshness as to lead to the belief
that they are of extremely recent formation. ,

All of what has been stated, in regard both to the former glaciation and
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the desiccation of the region of the Cordilleras, has been found out within a
very recent period, nothing at all having been known of either change of
conditions previous to the commencement of the California Survey in 1860.
But the fact of the former glaciation of portions of the country east of the
Mississippi and about the Great Lakes had been familiarly known, and much
commented on, twenty or more years before that time. And the same thing
is true of certain parts of Europe: glaciers — both as at present existing
and as occupying a much larger area in former times —have occupied a
large share of the attention of geologists during almost half a century.

To the reader, then, it might have seemed natural that the phenomena
of extinct glaciation in Northeastern North America and in Europe, as well
as in other parts of the world, should have been described in connection with
that which has been said on the same subject in a preceding chapter, in ref-
erence to the region of the Cordilleras. This, however, was not necessary,
or even possible. For, in the first place, the body of facts collected by vari-
ous observers is too large to be brought within such moderate space as the
present volume affords; and, in the second place, the position of the present
writer with regard to the phenomena of extinct glaciation in the Cordilleras
was a peculiar one, rendering it justifiable in him to endeavor to collect
together, for the first time, the principal facts, so that a clear idea might
be had of their scope and bearing; while at the same time attention was
called to some of the remarkable errors into which observers inexperienced
in this department of geological investigation had fallen : this it was neces-
sary to do, since leaving these mistakes uncorrected would have much
increased the difficulty of the subsequent discussion. To a rapid review
of the principal facts connected with both -extinct and present glaciation
our attention will be naturally directed in the last chapter of the present
work, when, having set forth the principal facts connected with the desicca-
tion of a large portion of the earth, and endeavored to account for the
same, it will have become necessary to show that the former greater exten-
sion of the glaciers over certain regions is not necessarily a conditign of
things in conflict with what appears to the writer to have been the course
of events during the geological ages preceding and following the so-called
glacial epoch.

That, on the other hand, the phenomena of desiccation should have been
taken up as manifested in other regions than in the Cordilleras, as has been
done in the preceding chapter, is to be explained by reference to the facts
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that the diminution of precipitation, and the other physical changes con-
nected with the decrease of the water-surfaces and general drying-up of
the earth, are matters of more wide-spread occurrence, and of vastly greater
iinportance, than is the diminution of the glaciers in certain limited regions.
These facts have never, as the writer thinks, been presented in their con-
nection with each other, or examined from the right point of view; while
“ glacial geology,” on the other hand, may be said with truth to have formed
the staple of the geological journals and text-books during the past few years.

The problem first to be attacked, then, in the prosecution of this investi-
gation is, What means the desiccation which has been shown, beyond doubt,
to have taken place during the later geological ages, and to be continuing
during the historical period? Is it something which is due to orographic
causes; or to climatic changes, independent of size, position, and elevation of
the land masses? Or, on the other hand, has this diminution of moisture
been the result of both climatic and orographic causes acting in concert with
each other; and, if so, is it possible to say what part each of these sets of
causes has taken in bringing about the indicated desiccation ? Still farther,
is it possible to assign a probable cause for such change of climatic con-
ditions as it may have become necessary to assume as having occurred ?
These are the principal questions to which it is proposed that our attention
shall be cailed in the present chapter.

In what has just been said the writer has not intended to suggest that
the phenomena of desiccation in certain parts of the world have not attracted
much attention, and been the object of more or less discussion. The quo-
tations given in the preceding chapter afford evidence enough that such
remarkable events could not fail to arrest the attention of observers.
What is asserted here is this: that these phenomena have not been consid-
ered in their ensemble, but rather as simply local manifestations, indepen-
dent of any common cosmic cause; or as being of a transient nature ; or,
again, as being something entirely exceptional, and not to be brought into
harmony with the ordinary course of nature.

By far the larger number of writers who have discussed the subject of
desiccation have looked upon this remarkable change as something quite by
itself, and as having no connection with precedent changes in the geological
history of the world! A few, however, have to some extent treated in a
more general way the remarkable phenomena which have been indicated
in the previous chapter: to the views advocated by both these classes of
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investigators our attention will be given in the present chapter. The views
of those who look upon the climatic change in question as in no wise con-
nected with any orographic or cosmic cause may properly be first examined,
as they can soon be entirely set aside, and removed from the field of our
discussion. This class of authors, which, as has already been stated, embraces
by far the larger portion of those who have written on the subject of des-
iccation, includes all who look upon the drying-up of various regions as the
work of man, and not of nature. It is true that these writers often have a
very vivid idea of the magnitude of the change which is going on, in its
effects on the welfare of various peoples ; but they neither connect it with
anything in the geological history of the past, nor do they perceive that it
is something over which man has no control. On the contrary, they believe
that man has brought this ruin on himself; and that, if he would only stay
his destroying hand, the land, once fertile and crowded with a prosperous pop-
ulation, but now desert and abandoned, would again blossom as a rose, and
again give support to thriving millions. Of the extent to which this opin-
ion has become a matter of popular belief, and of the way in which it per--
vades all classes of the community, having impressed itself most deeply on
the minds of scientific observers as well as of popular writers, the follow-
ing extracts, compiled from a variety of sources, will serve to convey some
idea. These quotations are, to a certain extent, analogous in their bearing
with those given in the last section of the preceding chapter, but are not
repetitions of the same. There, the dominant idea was, to show how the
reality of the desiccation had impressed itself on the minds of travellers and
geographers ; here, the intention is, to show how strongly and positively
various writers have expressed themselves to the effect that it is man’s hand
which has wrought the ruin.

The first citation may be from the works of Bernard Palissy, the eminent
potter, who died in 1589.* Ile says, in answer to his own question, “¢ And
why thinkest thou that it is so bad a thing thus to cut down the forests ?’
I cannot sufficiently detest such a thing, and do not call it a crime, but a
malediction, and a calamity for all France, for when the forests have all been
cut down, all the arts will necessarily be brought to an end, and the artisans
will have to go and eat grass like Nebuchadnezzar.” 1

* In the Bastille, where he was awaiting execution for the erime of being a Calvinist.

+ (Euvres de Palissy. DParis, 1844, pp. 88, 89. This writer's extreme horror of cutting down trees does not,

however, seem to have been so much based on a fear of resultant desiccation as on that of an absolute dearth of

material for use in the arts.
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Dr. F. Simony, of Vienna, says: ¢ Of Persia we learn that, although this
country is two and a half times as large as the Austro-Hungarian monarchy,
it has now not more than six or seven millions of inhabitants; and that,
in spite of the thinness of the population, it is a region often devastated by
famine. It is reported that in the years 1871 -72 between one and a half
and two millions of people died from starvation. And yet this kingdom once
was counted among the mightiest and most flourishing states of Asia, while
the yield of its cultivated land, thanks to its thorough system of irrigation,
was enough to support a population many times as large as that now exist-
ing there. And this hus all happened in consequence of the continued destruction of
the forests in the mountains, which now stund there naked and barren.””* [In Folge
der fortgesetzten Verwiistung der Wialder in den Gebirgen, welche gegen-
wartig nackt und diirr dastehen.]

At the International Congress of Land and Forest Culturists, held at
Vienna in September, 1873, instances were cited showing that, “in consequence
of clearings, there has been a gradual decrease in the depths of the large
streams of all countries.”

On the 27th February, 1856, the subject of the change of climate conse-
quent on the removal of forests w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>