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Wasuivaron, D. C, March 28, 1885.

Sir: I have the honor to submit for publication a memoir on Lake
Lahontan by Mr. I. C. Russell.

The principal work of my Division has been the investigation of the
Quaternary lakes of the Great Basin. In this investigation Mr. Russell has
been my principal assistant since the year 1880. During the first season
he accompanied me in the field for the purpose of familiarizing himself with
the methods of research which had been developed in the course of the
earlier work, but in subsequent years he was assigned independent districts.
His report on the most important of these is communicated in the pres-
ent volume.

After the completion of his field work, I visited some of the more in-
structive localities of the Lahontan basin and repeated his observations. I
am thus familiar not only with his methods but with some of the principal
facts which he discusses, and am enabled from personal knowledge to char-
acterize his work as accurate and thorough.

Very respectfully, your obedient servant,
G. K. GILBERT,
Geologist in Charge, Division of the Great Basin.
Hon. J. W. PoweLL,
Director U. S. Geological Survey.






PREFACE.

The explorations reported in the present volume are a continuation of
the studies of the Quaternary geology of the Great Basin begun by Mr.
G. K. Gilbert when the present survey was organized. The work has been
carried out under Mr. Gilbert’s direction, and to him I am indebted not only
for every facility he could offer for advancing my work, but also for im-
portant advice and numerous suggestions. Whatever value may be at-
tached to the results of my labors will be due in great measure to the
wisdom and unvarying kindness of the Chief of the Division of the Great
Basin.

With the exception of the reconnaissance of 1881, I have had the
assistance of Mr. Willard D. Jolnson in all matters relating to topography
throughout both the field and office work connected with the preparation of
this volume. The energy and completeness with which he has carried for-
ward his special work under peculiar difficulties, not met with outside the
desert regions of the Far West, deserve the highest praise The accuracy
of the accompanying maps that Mr. Johnson has drawn from his own sur-
vey will make them a reliable basis for determining future changes in the
lakes and rivers of the region explored.

During the summer of 1882, I was accompanied by Messrs. W J Me-
Gee and George M. Wright, as geological aids, and to each 1 have the
pleasure of crediting much valuable assistance. The accompanying draw-
ings of geological sections will attest the accuracy of Mr. MeGee’s work.

The survey of nearly 8500 square miles in northern Nevada, which
was necessary in order to compile the accompanying pocket map and many
of the smaller illustrations, was carried out by Mr. A. L. Webster, assisted

yi



VIII PREFACE.

by Mr. Eugene Ricksecker. 1t is to be hoped that Mr. Webster's work will
be issued as an independent atlas sheet, in order that its full value may be
appreciated.

Since this report was written the analyses by Prof. . W. Clarke and
Dr. T. M. Chatard, contained in the following pages, have been published in
Bulletin No. 9 of this Survey, to which the reader is referred for additional
information in reference to methods of analysis.
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GEOLOGICAL HISTORY OF LAKE LAHONTAN.

BY ISRAEL C. RUSSELL.

ABSTRACT OF MONOGRAPH.

The present volume records the history of a large lake which flooded
a number of the valleys of northwestern Nevada at a very recent geolog-
ical date, but has now passed away. This ancient water-body is known as
Lake Lahontan—named in honor of Baron La Hontan, one of the early
explorers of the headwaters of the Mississippi—and was the complement of
Lake Bonneville. The former, situated mostly within the area now form-
ing the State of Nevada, filled a depression along the western border of
the Great Basin at the base of the Sierra Nevada; the latter, embraced
almost entirely in the present Territory of Utah, occupied a corresponding
position on the east side of the Great Basin, at the foot of the Wasatch
Mountains. The hydrographic basins of these two water-bodies embraced
the entire width of the Great Basin in latitude 41°.  Lake Bonneville was
19,750 square miles in area, and had a maximum depth of about 1,000 feet.
Llake Lahontan covered 8,422 square miles of surface, and in the deepest
part, the present site of Pyramid Lake, was 886 feetin depth. The ancient
lake of Utah overflowed northward and cut down its channel of discharge
370 feet. The ancient lake of Nevada did not overflow. Each of these
lakes had two high-water stages, separated by a time of desiccation In
the Lahontan Basin, as in the Bonneville, the first great rise was preceded
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2 GEOLOGICAL HISTORY OF LAKE LAHONTAN.

by a long period of desicceation, and was followed by a second dry epoch,
during which the valleys of Nevada were even more cmnpletgly desert
than at present.  During the second flood stage the lake rose higher than
at the time of the first high water, and then evaporated to complete desic-
cation. The present lakes of the basin are of comparatively recent date,
and are nearly fresh, for the reason that the salts deposited when the Quater-
nary lake evaporated were buried or absorbed by the clays and marls that
occupy the bottom of the basin.

As Lake Lahontan did not overflow, it became the receptacle for all
the mineral matter supplied by tributary streams and springs both in sus-
pension and in solution. The former was deposited as lacustral sediments
and the latter as calcareous tufa, or formed desiccation products when
the lake evaporated.

The introductory chapter indicates the position of the field of study,
and contains a sketeh of the Great Basin, as the explorer finds it to-day, of
which the desiccated bed of Lake Lahontan forms a part; also a brief
notice of previous explorations, and an account of what was known of Lake
Lahontan before the present study was begun.  Routes of travel and areas
surveyed are indicated on Plate 11.

Chapter 11 (on the genesis of Lake Lahontan) contains a summary of
the facts which show that the lake filled a compound orographic basin,
resulting from the tilting of faulted beds. A description is given of the
character of the irregular area whose drainage the lake received, together
with an account of the outline and area of the basin which held the ancient
lake.

The question of outlet is discussed in detail, the conclusion being that
the lake did not overflow (page 32).

Chapter 111 (on the physiography of the Lahontan Basin) contains a
description of the region as it exists at the present time. The most distinct-
ive characteristics of the valleys and mountains are briefly noticed; an
account of the existing rivers is given, including measurements of volume,
chemical composition, ete. The present springs of the basin are also
described and analyses of the waters of a few of them presented. These

- . ! . .
analyses are believed to represent approximately the character of the tribu-



ABSTRACT OF MONOGRAPH. 3

taries of Lake Lahontan. The existing lakes are next considered. These
are Honey Lake, California; Pyramid, Winnemucca, Humboldt, North Car-
son, South Carson, and Walker lakes, Nevada. Each of these is described
with some detail with special reference to its geological bearings. All
the lakes mentioned above, excepting Humboldt, are inclosed, i. e., are
without outlet, and their waters are somewhat saline and alkaline, but not
concentrated brines. They cannot, therefore, be considered as remnants
left by the incomplete desiccation of Lake Lahontan. The Soda lakes,
near Ragtown, Nevada, are specially considered, and detailed observa-
tions are presented which show that they occupy extinct voleanic craters
(page 73). Attention is given, on page 81, to the peculiar playas or broad
mud-plains-of the arid region of the Ifar West, as well as to the temporary
lakes, called playa-lakes, which frequently flood them.

Chapter IV (on the physical history of Lake lLahontan) is divided into
sections.

Section 1 contains a compendious discussion of shore phenomena in
general.

Section 2 is devoted to the presentation of the shore phenomena of
Lake Lahontan, and contains detailed descriptions and maps of the terraces,
bars, embankments, etc., that were formed about its shores. The highest
of the ancient water lines is named the “ Lahontan Beach.” It indicates the
maximum extent of the lake as shown on the accompanying pocket map.
The most conspicuous terraces below the Lahontan Beach are the “ Lithoid”,
“Dendritic”, and “Thinolitic.” Iach of these marks the upper limit of a
variety of tufa from which it derivesits name (page 102).

Section 3 treats of the sediments of the lake and presents detailed sec-
tions of the exposuves observed. The sediments consist of two deposits of
lacustral marls, separated by a heavy layer of current-bedded gravels; thus
recording two lake periods and an intermediate low-water stage (page 43).

Accumulations of pumiceous dust, white marl, and aeolian sands are
described under the head of Exceptional Sedimentary Deposits (page 146).

Section 5 is devoted to the illustration of geological structure, as dis-
played in the lake basin, and is followed by a résumé of the physical
history of the lake (page 169).
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Chapter V (on the chemical history of Lake Lahontan) is also divided
into sections.

Section 1 treats of the general chemistry of natural waters as they
occur in streams, springs, lakes, oceans, and inclosed lakes or seas, and is
an introduction to the chemical history of Lake Lahontan.

Section 2 is an account of the tufas precipitated from the water of the
lake. These present three main divisions, named, respectively, ‘ Lithoid,”
“Thinolitic,” and “Dendritic.” The first is a compact, stony variety, and is
the oldest of the principal calcareous deposits that sheath the interior of the
basin. It occurs from a horizon thirty feet below the Lahontan beach all
the way down the sides of the basin to the lowest point now exposed to view
(page 190). Thinolite is composed of crystals, and was formed in the ancient
lake when it was greatly reduced by evaporation; its upper limit is about
400 feet below the Lahontan beach (page 192). Dendritic tufa has a branch-
ing or dendritic structure, whence its name; it is superimposed upon the
previously-formed varieties.  Its upper limitis 180 feet below the Lahontan
heach (page 201). The aggregate thickness of the tufa deposits is from
thirty to perhaps fifty or seventy-five feet. Chemical analyses show that
all the varieties are composed of somewhat impure caleium carbonate.  Fol-
lowing the description of these deposits is a discussion of the conditions
favoring the deposition of calcarcous tufa from lake waters (page 210).

Section 3 considers the salts precipitated from the waters of the lake
when evaporation took place, and discusses the manner in which lakes may
be freshened by desiccation (page 223).

Section 4 eontains an account of the efflorescences now forming on the
surface of the deserts in the Lahontan Basin, and presents a brief descrip-
tion of the more valuable salt-works of the region, which are all supplied
by the salts contained in Lahontan sediments (page 230).

Chapter VI presents the life history of the ancient lake as determined
from the abundant molluscan remains and other fossils that have been found.
The shells show that the lake was fresh throughout its higher stages. During
the period when thinolite was formed it seems to have been too concentrated
to admit of the existence of molluscan life, as no fossils have been found in
that deposit. A chipped implement discovered in the upper lacustral beds
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indicates that man inhabited the Far West during the last rise of Lake
Lahontan (page 247).

Chapter VII is a summary of the history of the former lake (page 250).

Chapter VIII contains a discussion of the Quaternary climate as de-
termined from the records of Lake Lahontan. The periods of greatest lake
expansion are correlated with the two glacial epochs of the Sierra Nevada,
and are believed to indicate cold and moderately humid periods (page 259).
That the lake did not overflow is taken as evidence that the climate, even
during the high stages of the lake, was only moderately humid. The climatic
changes that brought about such marked alterations in the character of the
Great Basin are thought to have been of moderate intensity,

Chapter 1X is devoted to a summary of the evidence bearing on the
determination of the geological age of the lake. The conclusion reached is
that it existed during the Quaternary, but was more recent than the date
usually assigned for the close of the glacial epoch.

Chapter X brings the present study to a close, and contains an account
of the orographic movements that have affected the Lahontan basin since
the last high-water period. The post-Lahontan faults actually observed
are represented on Plate XLV.



CHAPTER 1.

INTRODUCTORY.

THE FIELD OF STUDY.

The region treated of in the present volume embraces about 90,000
square miles in northwestern Nevada, together with small portions of south-
ern Oregon and eastern California. :

The object of the explorations herewith reported was the study of the
Quaternary geology of the country visited, and particularly the geological
history of Lake Lahontan—a lake, now extinet, which occupied many of
the valleys of northwestern Nevada at a very recent geological date. The
basin of Lake Lahontan is one of the many independent drainage areas of
whieh the Great Basin is composed, and its geology is a page in the his-
tory of the vast region lying between the Rocky Mountains and the Sierra
Nevada.

The Great Basin is to-day an arid region, but during the Quaternary
its climate was probably colder and more humid than at present. The
Sieera Nevada and Wasatch ranges, now for the most part bare of snow
during the summer, were formerly crowned with vast névés from beneath
which flowed many magnificent ice-rivers; the desert ranges of Utah and
Nevada were also snow-covered, and some of them gave birth to local gla-
ciers. The valleys which are now dry and treeless, and in many instances
absolute deserts, destitute of any kind of vegetation over hundreds of square
miles, were then occupied by lakes, the largest of which were comparable
in extent and depth with those now drained by the Saint Lawrence Some
of these old lakes had outlets to the sea and were the sources of considera-

6
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ble rivers, others discharged into sister lakes; a considerable number, how-
ever, did not rise high enough to find outlet, but were entirely inclosed, as
is the case with the Dead Sea, the Caspian, and many of the lakes of the
Far West at the present time. The largest of the Quaternary lakes of the
Great Basin, thus far explored, has been very fully described by Mr. Gil-
bert and others under the name of Lake Bonneville. The second in size,
Lake Lahontan, is the subject of the present report.

The topography of the region to which we wish to direct attention,
together with its Quaternary hydrography, is represented on the accompa-
nying pocket map. The relation of the region to the entire area of interior
drainage, and the more general geography of the Far West, is indicated on
the frontispiece. Before presenting the results of our geological observa-
tions it seems desirable to glance briefly at some of the more prominent
characteristics of the region of interior drainage of which the district to be

described is a component part.

THE GREAT BASIN.

In crossing from the Atlantic to the Pacific, between the Mexican:
boundary and the central portion of Oregon, one finds a region, bounded
by the Sierra Nevada on the west and the Rocky Mountain system on the
east, that stands in marked contrast in nearly all its scenic features with
the remaining portions of the United States. The traveler in this region is
no longer surrounded by the open, grassy parks and heavily-timbered
mountains of the Pacific slope, or by the rounded and flowing outlines
of the forest-crowned Appalachians, and the scenery suggests naught of
the boundless plains cast of the Rocky Mountains or of the rich savannas
of the Gulf States. He must compare it rather to the parched and desert
areas of Arabia and the shores of the Dead Sea and the Caspian.

To the geographer the most striking characteristic of the country
stretching eastward from the base of the Sierra Nevada is that it is a
region of interior drainage. For this reason it is known as the “Great
Basin.” No streams that rise within it carry their contributions to the
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ocean, but all the snow and rain that falls inside the rim of the basin is
returned to the atmosphere, either by direct evaporation from the soil or
after finding its way into some of the lakes that occupy the depressions of
the irregular surface. The climate is dry in the extreme, the average
yearly rainfall probably not exceeding 12 or 15 inches.

The area thus isolated from oceanic water systems is 800 miles in length
from north to south, and nearly 500 miles broad in the widest part, and
contains not far from 208,500 square miles—an area nearly equal to that of
France. The southern part of the region includes the Colorado Desert,
Death Valley, and much of the arid country in southern California and Ne-
vada. In northern Nevada the Carson and Black Rock deserts exhibit the
extreme of desolation. 'The most northerly part of the Great Basin, oceupy-
ing the central portion of Oregon, is less barren, its rugged surface abound-
ing in long and narrow mountain ranges, volcanic table lands, and isolated
mesas, weathering as they grow old into rounded buttes, that are covered
with luxuriant bunch-grass and bear a scattered growth of cedars and pines.
At the south the valleys of the Great Basin are low-lying, Death Valley
and the.Colorado Desert being depressed below the level of the sea; but at
the north the valleys have a general elevation of from 4,000 to 5,000 feet,
“while the intervening mountain ranges rise from 5,000 to 7,000 feet above
them.

Diversifying this region are many mountain ranges and broad desert
valleys, together with rivers, lakes, and canons, topographic elements to
be found in all quarters of the world, but here characterized by features
peculiar to the Great Basin ~ The mountains exhibit a type of structure not

described before this region was explored, but now recognized by geologists

g
as the ¢ Basin Range structure.” They are long narrow ridges, usually
bearing nearly north and south, steep upon one side, where the broken
edges of the composing beds are exposed, but sloping on the other, with a
gentle angle conformable to the dip of the strata. They have been formed
by the orographic tilting of blocks that are separated by profound faults,
and they do not exhibit the anticlinal and synclinal structures commonly
observed in mountains, but are monoeclinal instead.
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The valleys or plains separating the mountain ranges, far from being
fruitful, shady vales, with life-giving streams, are often absolute deserts,
totally destitute of water, and treeless for many days’ journey, the gray-
green sagebrush alone giving character to the landscape. Many of them
have playas in their lowest depressions—simple mud plains left by the evap-
oration of former lakes—that are sometimes of vast extent. In the desert
bordering Great Salt Lake on the west and in the Black Rock Desert of
northern Nevada are tracts hundreds of square miles in area showing
scarcely a trace of vegetation. In winter, portions of these areas are occu-
pied by shallow lakes, but during the summer months they become so baked
and hardened as scarcely to receive an impression from a horse’s hoof,
and so sun-cracked as to resemble tessellated pavements of eream-colored
marble.  Other portions of the valleyvs become incrusted to the depth of
several inches with alkaline salts which rise to the surface as an efflores-
cence and give the appearance of drifting snow. The dry surface material
of the deserts is sometimes blown about by the wind, saturating the air
with alkaline particles, or is caught up by whirlwinds and carried to a great
height, forming hollow columns of dust. These swaying and bending col-
umns, often two or three thousand feet high, rising from the plains like pil-
lars of smoke, form a characteristic feature of the deserts.

Most of the rivers of the Great Basin have their sources in the melting
snows of the mountains which form its eastern and western borders, and
flow into the desert valleys within the rim of the undrained area. Of such
the Bear, Weber, and Sevier rivers are examples along the eastern border;
on the west the Truckee, Carson, and Walker rivers have a similar origin
and destiny. A single river, the Humboldt, is anomalous in that both its
source and its terminus are well within the area of interior drainage.

The rivers of the Great Basin vary greatly in volume with the varying
seasons, and some of them disappear entirely during the hot summer months
In the streams that are perennial a high percentage of the annual discharge
is crowded into a brief space toward the end of the rainy season. Thus
the arteries of this parched and heated country make but one feverish pul-
sation in a year. The streams usually diminish in volume as they descend
into the valleys, and in many instances their waters are lost on the thirsty
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deserts and their channels run dry. In general they are larger near their
sources than at their mouths. Commonly, too, instead of being pure, spark-
ling waters, refreshing to the lips as well as to the eye, they are heavy with
sediment and bitter and alkaline to the taste.

The lakes into which much of the surface drainage finds its way are
commonly saline and alkaline—their shores desert wastes, shunned by
animals and by all but salt-loving plants. Of the saline lakes, the typical
example is furnished by Great Salt Lake in Utah, an inland sea whose fea-
tures call to mind the familiar descriptions of the Dead Sea in Palestine.
Mono Lake in California, and Abert and Summer lakes in Oregon, are
also highly charged with saline matter, and are remarkable for the amount
of sodium and potassium salts which they contain. Pyramid, Walker,
Winnemuecca, and Carson lakes in Nevada, as well as many smaller lakes
throughout the Great Basin, are also without outlets, but yet, contrary to
what we would expect, they hold but comparatively small percentages of
saline matter in solution.

Other lakes, which indicate still more pointedly the contrast between
an arid and a humid climate, we may call playa-lakes. 'These are sheets of
shallow water, covering many square miles in the winter season, but evap-
orating to dryness during the summer, their beds becoming hard, smooth
mud-plains or playas. In many instances a lake is formed on a playa dur-
ing a single stormy night, only to disappear beneath the next noonday sun.
When the weather is unsettled these lakes are scarcely more permanent
than the delusions of the mirage, but come and go with every shower that
passes over the land. Other playa-lakes retain their integrity for a longer
period, and only become dry during excessively arid seasons. Examples
of these are furnished by Honey Lake in California, North Carson Lake
(““Carson and Humboldt Sink”) in Nevada, and Sevier Lake in Utah, all
of which have been known to become dry during the past few years. The
water of playa-lakes has a greenish yellow color, due to the extremely fine
silt which is held in suspension and not allowed to settle, because every
breeze stirs the shallow alkaline water to the bottom. A remarkable lake of
this class is sometimes formed in the northern part of the Black Rock Desert,

in Nevada, during extremely wet seasons. Its water is furnished mainly
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by Quinn River, and it has been known to have a length of 50 or 60 miles,
with a breadth of 20. During the summer it disappears entirely, leaving
an absolutely barren plain of mud, Quinn River at the same time shrinking
back a hundred miles towards its source. The peculiar history of playas
and playa-lakes will be more fully described in connection with the physi-
ography of the Lahontan basin, which is the subject of Chapter I1L

A few lakes situated on the borders of the Great Basin have outlets,
and discharge their surplus waters into reservoirs at lower levels within the
area of interior drainage. 'These are of the same type as the ordinary lakes
of humid climates, with waters as pure and fresh as springs and melting
snow can furnish. Their finest example, Lake Tahoe, lies just within the
western rim of the Great Basin, at an elevation of 6,247 feet, amid the peaks
of the Sierra Nevada. Its outlet, the Truckee River, flows downward with
a descent of 2,400 feet to Pyramid and Winnemucea lakes, where the water
is evaporated, leaving the lower lakes charged with scda salts.  Just within
the eastern border of the Great Basin lie Bear Lake and Utah Lake, the
former discharging its waters through the Bear River and the latter through
the Jordan River to Great Salt Lake. These streams carry down from the
mountains their small percentages of saline matter, as a contribution to the
already saturated solution of the inland sea where their waters are evap-
orated.

[t may be taken as a rule that all lakes which overflow are fresh, and
all lakes which do not find outlet become in time charged with mineral
salts.  River water is never absolutely pure, but contains a small percent-
age of mineral matter, which is left behind when the water is evaporated.
Should this process continue long enough it is evident that a lake without
an outlet would in time become a saturated solution, from which the less
soluble mineral salts would begin to erystallize.

The examination of those inclosed lakes of the Great Basin that are
comparatively fresh, and especially of the lakes occupying the Lalontan
basin, shows that salt lakes may in some instances become essentially fresh
without overflowing. It has been suggested by Mr. G. K. Gilbert, in expla-
nation of this apparent anomaly, that a lake may evaporate to dryness and
its salts become buried beneath the deposits of playa-lakes, so that on the
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return of humid conditions the water that reoccupies the old basm may be
comparatively, if not absolutely, fresh.

To the artist the scenery of the arid lands of the Far West contrasts
with that of more humid regions by the russet-brown desolation of the
valleys, the brilliant colors of the naked rocks, and the sharp, angular out-
lines of the mountains. A country without water is necessarily a desert,
while with abundant moisture, at least in tropical and temperate latitudes,
it becomes a garden of luxuriant vegetation. In the most desert portions
of the Great Basin the anmual precipitation does not exceed four inches,
while in the valleys on the borders of the basin it probably reaches 20 or
30 inches. Throughout this region the only fruitful areas are along the
margins of streams, or where springs come to the surface. In such places,
where water can be had for irrigation, one finds oases of delicious shade,
with green fields and orchards yielding an unusually abundant harvest.
Thus in nearly all its physical features the Great Basin stands in marked
contrast with those favored lands where rain is more abundant and more
evenly distributed.

The rainfall that a region receives is a potent though silent factor, which
controls an almost infinite series of results in its physical history and topog-
raphy. In a humid region vegetation is usually luxuriant; the rock forms
are masked by forests, erosion is rapid, and the rocks are commonly buried
beneath the accumulations of their own débris or concealed by layers of
vegetable and animal mould that in turn are clothed with vegetation. The
hills have flowing outlines and are dark with foliage. The valleys have
gently sloping sides that conduct the drainage into streams meandering
through broad plains, and the whole scene has the softness and beauty of a
garden. In an arid land like the Great Basin all this is changed. The
mountains are rugged and angular, usually unclothed by vegetation, and
receive their color from the rocks of which they are composed. From the
gorges and catnions sculptured in the mountain sides alluvial cones descend
to the plain. These sometimes have an extent of several miles, and they
are steep or gentle in slope according to the grade of the streams that formed
them. The valleys, even more dreary than the mountains, are without
arboreal vegetation and without streams, and form a picture of desolation
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and solitude. In traveling through the Great Basin one sometimes rides a
hundred miles without sight of a tree, and many times that distance without
finding shade enough to protect him from the intense summer sun.

The bare mountains reveal their structure almost at a glance, and show
distinetly the many varying tints of their naked rocks. Their richness of
color is sometimes marvelous, especially when they are. composed of the
purple trachytes, the deep-colored rhyolites, and the many-hued volcanic
tuffs' so common in western Nevada. Not unfrequently a range of volcanic
mountains will exhibit as many brilliant tints as are assumed by the New
England hills in autumn.  On the desert valleys the scenery is monotonous
in the extreme, yet has a desolate grandeur of its own, and at times, especially
at sunrise and at sunset, great richness of color. At mid-day in summer
the heat becomes intense, and the mirage gives strange delusive shapes to
the landscape, and offers false promises of water and shade where the expe-
rienced traveler knows there is nothing but the glaring plain.  When the
sun is high in the cloudless heavens and one is far out on the desert at a
distance from rocks and trees, there is a lack of shadow and an absence of
relief in the landscape that make the distance deceptive—the mountains
appearing near at hand instead of leagues away—and cause one to fancy
that there is no single source of light, but that the distant ranges and the
desert surfaces are self-luminous. The glare of the noonday sun conceals
rather than reveals the grandeur of this rugged land, but in the early morn-
ing and the near sunset the slanting light brings out mountain range after
mountain range in bold relief, and reveals a world of sublimity. As the
sun sinks behind the western peaks and the shades of evening grow deeper
and deeper on the mountains, every ravine and canon becomes a fathomless
abyss of purple haze, shrouding the bases of gorgeous towers and battle-
ments that seem incrusted with a mosaic more brilliant and intricate than
the work of the Venetian artists. As the light fades and the twilight
deepens, the mountains lose their detail and become sharply outlined sil-
houettes, drawn in the deepest and richest purple against a brilliant sky.

'The word tufa is used throughout this volume to designate deposits of calcium carbonate.
When the voleanic product is meant, for which the same name is sometimes used, we shall designate
it by the word tuf.



14 GEOLOGICAL HISTORY OF LAKE LAHONTAN.

The succession of seasons is less plainly marked on the deserts of the
Great Basin than on the forest-covered hills of the Atlantic slope. As
autumn advances, but little change appears in the color of the landscape,
excepting, perhaps, a spot here and there of gold or carmine high up on
the mountains, where a clump of aspens or of dwarfed oaks marks the site
of a spring that trickles down and loses itself among the rocks. The valleys
with their scanty growth of sage remain unchanged, as do the dusky bands
of pines and cedars on the higher mountains.  As the autumn passes away,
the skies lose their intense blue, and become more soft and watery, more
like the skies of Italy. The hues of sunset appear richer and more varied,
and during the day cloud masses trace moving lines of shadow on the
surface of the desert. By and by storm-clouds gather in black, gloomy
masses that envelop the ranges from base to summit. These early storm-
clouds cling close to the mountains and yield to the parched deserts but a
few scattered drops of rain. The observer from below hears the raging
tempest amid the veiled peaks, while all about him is sunshine. The
mountains wrapped in impenetrable clouds, the glare of lightning and the
deep roll of thunder as it echoes from cliff to cliff and from range to range,
bring to mind the scriptural account of the storms of Sinai. And when
the black clouds at last roll back from the mountains, and the sun with a
wand of light dispels the storm, behold what a transfiguration! The peaks
are no longer dark and somber, but glitter with the silvery sheen of freshly
fallen snow.

As winter approaches, the storms amid the uplands become more
frequent, until every range is white as snow can make it, and the tent-like
mountains gleam like the encampment of some mighty host. Long after
they are covered, the valleys between are bare as in midsummer, and the
snow seldom lies upon them for more than a few days at a time. The
highlands retain their snow far into summer, but on none of the ranges can
it be said to be perpetual. 1In the valleys there are flowers beneath the
sage-brush by the middle of April, but from that time until November
scarcely a drop of rain falls. For many days and sometimes for weeks the
skies are without a cloud.
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The agriculture of this arid region is restricted to those scanty areas
of land that can be irrigated.  Of more importance is the grazing of sheep
and cattle on the bunch-grass that frequently abounds amid the mountains
and sometimes grows beneath the sage-brush.  The mines of the precious
metals, however, are the principal source of wealth, and to them must now
be added a growing industry in salt, borax, sulphur, and carbonate of soda.

The Great Basin is not attractive to the pleasure-seeker, but to the
geologist it is peculiarly fascinating, both because the absence of vegetation
gives such unusual facilities for investigation, and because of the character
of the problems to be solved. It is in this inhospitable region, now so arid
that many a lost traveler has perished from thirst, that the great lake existed
in recent geological time, which has been made a subject of study by the

writer and his associates, the results of which are now presented.

EXPLORATIONS.

The existence of a great area of interior drainage on this continent,
similar in many ways to the desert region of southern Asia, was not
known, except to the carly Spanish missionaries, among whom the name of
IFather Escalante is most prominent, and to trappers and hunters, who left
no records of their observation, until Capt. B. L. E. Bonneville reached its
eastern border in 1832.* A year later, a party led by Joseph Walker trav-
eled across to the Pacific coast, by way of the Humboldt River and the
Jarson Desert.  This expedition returned by a more southern route, and
determined that much of the country explored did not drain to the ocean.

Ten years later, J. C Fremont, then a lieutenant in the Army, carried
his bold explorations into the same region, and gave the name of “The
Great Basin” to the rugg
of the Rocky Mountains

accurate, description of the general features of the Great Basin, was pub-

red and arid country which he traversed westward

A comprehensive, and, for the most part, an

lished by Fremont in his report of 1848;" a detailed narrative of his jour-

neys in 1842, ’43, and '44 having been published three years previously.!
2 Adventures of Captain Bonneville, by Washington Irving.

3 Geographical Memoir upon Upper California, Washington, D. C., 1348, p. 7.

1 Exploring Expedition to the Rocky Mountains., Washington, 1845.
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A summary of the results of exploration in this region previous to 1857
was prepared by Lieut. G. K. Warren, and published in Volume XTI of the
Reports of the Pacific Railroad Explovations, to which we must refer the
reader for detailed information in this connection.

A portion of the region of interior drainage is within the boundaries of
(talifornia, and came within the limits of the explorations of the geological
survey of that State, carried on under the direction of Prof. J. D. Whitney.
Volume I of the reports of that survey contains a brief account of the Great
Basin, ® relating principally to its southern border, which was compiled from
the notes of several travelers.

Since the completion of railroad communication with the Pacific coast
in 1869, important advances have been made in our knowledge of the Great
Basin. The Central and Southern Pacific railroads have crossed it and sent
numerous branches through its desert valleys, both northward and south-
ward from the trunk lines; many towns and mining camps have sprung up
along these highways, and almost every foot of easily irrigable land has
been appropriated by settlers. Herds of cattle and sheep find subsistence
on the mountains and in the sage-brush-covered valleys which were once
thought to be too barren to become of service to man. Some of the most
productive silver mines in the world have been developed in this inhospita-
ble region. Throughout the eastern border of the Great Basin, in Idaho,
Utah, and Arizona, the followers of the Mormon faith have found a * prom-
ised land,” which by untiring toil and industry they have reclaimed from
its primitive desolation and made the home of thousands. With all this
advancement, however, the Great Basin is but thinly settled, when we
consider its vast area; but, owing to its desert nature, probably contains a
larger population than its agriculture alone can sustain. Together with the
settlement of the country, exploration has gone forward until but little of
the great terra incognita of thirty years ago remains unmapped; scarcely
more than a beginning has been made, however, in unraveling its compli-
cated geological history. The United States Geological Exploration of the
Fortieth Parallel, in charge of Clarence King, mapped the geology of a
belt 100" miles wide across its northern portion A large part of the Great

5Page 461.
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Basin was also mapped by the surveys in charge of Capt. George M. Wheeler
and Major J. W. Powell ; and geological explorations have been carried over
large areas by the geologists connected with these surveys. The present
Geological Survey has made special studies of a few of the principal mining
centers of the Great Basin, and commenced the investigation of its surface
geology in a systematic manner. KEven with such a favorable beginning,
many years of patient investigation, accompanied at times with hardships
and privations, will be required before the geology of the Great Basin can
be fully written.

The exploration of the Lahontan basin, so far as is definitely recorded,
began in 1833, when it was crossed by the party in charge of Joseph
Walker, as previously mentioned. No report of this journey has been
published excepting in Irving’s attractive book describing the adventures of
Captain Bonneville. In 1843, '44, 45, and 46, Iremont traversed the La-
hontan basin throughout nearly its entire extent from north to south and
made many geographical discoveries; but although he noted the presence
of tufa deposits about Pyramid Lake, and published a sketch of the tufa-
coated island which suggested its name, he does not seem to have recog-
nized that his route led through the desiccated bed of an ancient inland sea.

In 1854, Capt. I5. G. Beckwith® erossed the northern part of the Lahontan
basin, in the region of the Black Rock and Smoke Creek deserts, but gave
little attention to the geology of the country traversed; the main object
of his exploration being the discovery of a practical railroad route to Cali-
fornia.  Other reports of a similar nature might be cited, as that of Capt. R.
Ingalls,” who traversed the Lahontan basin in the latitude of the Carson
Desert in 1855 ; little information of geological importance is contained,
however, in the narratives of these earlier expeditions.

The exploring party in command of Capt. J. H. Simpson® entered the
Lahontan basin at Sand Spring Pass, at the eastern end of Alkali Valley, in
June, 1859, and encamped on the slough connecting North and South Car-
son lakes; the expedition then proceeded southward to Walker Lake, by

) “P:l;:iﬁ;l}uilrrnzul Ro]n;rts,r\\'u;hirngr_v,rton, D. C., 1861, Vol. 1I. ) SRS A Ao
TCongressional Documents: 34th, 1st, H. R. Ex. Doec. 1, p. 156.

fLxplorations Across the Great Basin of Utah, Washington, D. C., 1876, pp. 312, 313,
MoN. x1—2
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way of Allen’s Springs, and afterwards traversed Mason and Carson val-
leys, which, as we now know, were also occupied by the waters of Lake
Lahontan. The presence of ancient water lines and of calcareous tufa
deposits about the borders of the Carson Desert was recorded by Henry
Engelmann, the geologist of the expedition, in his report on the geology
of the country traversed during the reconnaissance, but time did not per-
mit an extended study of the surface geology of the region. That large
portions of the area of interior drainage had at no distant time been
occeupied by lakes was clearly recognized, and the cause of their disappear-
ance was correctly aseribed to climatic changes.

During the progress of the United States Geographical Surveys west
of the 100th Meridian, in charge of Capt. George M. Wheeler, large por-
tions of the Lahontan basin were topographically surveyed, but no report
on the geography or geology of the region has been published. The maps
prepared by this survey, and also those issued in connection with the
exploration of the Fortieth Parallel, were exceedingly useful during the
field work of the present investigation, and were freely used in compiling
the pocket map accompanying this report, as well as in preparing some of
the smaller illustrations.

The expleration of the Kortieth Parallel included a belt 100 miles
wide which erossed the Lahontan basin, but left considerable areas both
to the north and south unmapped. In the reports of that survey Lake
Lahontan received its name, and it is discussed to considerable length
by the geologist in charge (Vol. I). Many detailed observations relating
to the history of the former lake were recorded by Messrs. Arnold Hague
and 8. F. Emmons as a part of their report (Vol. I1) of field observations.
It is not necessary to introduce an abstract of the results reached by these
geologists in reference to the history of the former lake, as we shall have
frequent occasion to refer to their work in the pages that follow.

In 1872 Dr. James Blake made a journey from Winnemucca, Nevada,
to the Pueblo Mountains, Oregon, during which he traversed the northern
portion of the Lahontan basin, and made many observations in reference
to tufa deposits, terraces, fossil shells, ete.  The results of these observa-
tions were published in two brief papers in Vol. IV (1872) of the Proceedings
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of the California Academy of Sciences.” In these papers the possibility of an
outlet to the ocean for the waters of the Great Basin during the Quaternary
is suggested, and measurements are given of the altitude of some of the
passes in the northern part of Nevada which lead towards the drainage
of the Columbia. That the passes in this region could not have furnished
a point of discharge for Lake Lahontan will be shown in the following
chapter (page 34).

The study of the surface geology of the Great Basin, undertaken by the
United States Geological Survey, was begun in the summer of 1880; a
section of .the survey, entitled the “Division of the Great Basin,” having
previously been organized under the leadership of Mr. G. K. Gilbert, with
headquarters at Salt Lake City, Utah. The first field season was occupied
with the study of Lake Bonneville, the results of which have been pub-
lished by Mr. Gilbert in a somewhat popular essay in the second annual
report of the survey; the final report, in the form of an independent mono-
graph, is now in preparation.

In April, 1881, the writer commenced a geological reconnaissance
through the northern part of the Great Basin, during which the northern
half of Nevada was crossed and recrossed, and excursions were made into
eastern California and southern Oregon. As the first year's exploration
was entirely of a preliminary character, without scientific assistants, all
detailed study and instrumental work was deferred until the following
season. The reconnaissance of 1881 occupied seven months, during which
about 3,500 miles were traversed in the saddle, the route being planned
with special reference to the study of Quaternary geology. During the
season the basin of Lake Lahontan was crossed in various directions and
much of its history was deciphered. A sketch of the geology of Lake
Lahontan, so far as determined from the first season’s explorations, was pub-
lished in the Third Annual Report of the United States Geological Survey.

While carrying forward the reconnaissance of 1881, the Mono basin,
Jalifornia, was visited and the study of its geological history begun; this
task was left unfinished, however, until the region could be topograph-

?0n the absence of a rim to the Great Basin to the west of Pueblo Butte, p.223. Remarkson the
Topography of the Great Basin, pp. 276-278,
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ically surveyed.  From the experience gained during the first season’s
work, a plan of investigation was developed which was carried out during
the summers of 1882 and 1883.

On taking the field at Winnemucca, Nevada, in the spring of 1882, 1
was joined by Mr. Willard D. Johnson, of Washington, D. €., who accom-
panied me on a journey through that portion of the Great Basin that lies
north of the hydrographic rim of Lake Lahontan and is situated mostly in
Oregon.  The results of this exploration, so far as the surface geology of
the region is concerned, were published in the Fourth Annual Report of the
United States Geological survey. During this reconnaissance the' pre-
vious conclusion that Lake Lahontan did not overflow northward was fully
confirmed.  The Great Basin north of the Nevada-Oregon boundary, in
common with the main area of interior drainage, is divided into a number
of independent hydrographic basins, many of which held Quaternary lakes
that must have been contemporaneous with the great lakes of Utah and
Nevada

On returning to Winnemucea in July, I was joined by Mr. W .J McGee
as geological aid, and a few weeks later by Mr. George M. Wright, also in
the same capacity. Proceeding southward from Winnemucca we examined
the Lahontan sediments, terraces, tufa deposits, ete., oceurring in the Hum-
boldt Valley, and then continued our journey southward in order to study
the region about Humbolt, Pyramid, Winnemucca, and Walker lakes.
Later in the season we entered the Mono Lake basin and began a detailed
investigation -of its Quaternary geology. Owing to the advance of winter
we were obliged to leave the completion of this work until another season.

During the time that the expeditions mentioned above were being car-
ried forward, Mr. A. L. Webster, assisted by Mr. Eugene Ricksecker, was
engaged in making a topographical survey of the northeast portion of the
[Lahontan basin, in order to complete the compilation of the accompany-
ing pocket map. The region surveyed by Mr. Webster embraced about
8,464 square miles, and is indicated on Plate 11; the extreme castern limit
of the area surveyed is a few miles to the eastward of the right-hand bor-
der of the plate.
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The various routes followed by myself and my scientific assistants
during the exploration of Lake Lahontan are shown on Plate 11, and will
serve to indicate the degree of completeness to which we were enabled to
sarry our observations. A portion of the field season was devoted by Mr.
Johnson to the preparation of local maps, the positions of which are also
indicated on map forming Plate 11.

The winter of - 1882—'83 was passed at the survey office in Salt Lake
City, in the preparation of notes and maps for publication, chemical studies
connected with our work, ete. In July, 1883, I again took the field in
company with Mr. Johnson, and recommenced work in the Mono basin.
After devoting all the time practicable to the study of the Quaternary
geology of that region I journeyed northward and passed through a large
portion of the Lahontan basin, en route to Red Bluff, California, where 1
disbanded my party in October. In traversing the Lahontan basin I visited
several points of interest in the Walker River canon, about Pyramid and
Winnemuceca lakes, and on the Black Rock and Smoke Creek deserts, thus
being able to review many previous observations.

Mr. Johnson completed his topographical survey of the Mono basin
late in December, and brought to a close, at least for the present, the field
study of the Quaternary geology of the region from which the Division of
the Great Basin derived its name

The explorations conducted by the writer have embraced three field
seasons, a part of each having been devoted to the study of Lake Lahontan.
The observations made during these several journeys, so far as they relate
to the great Quaternary lake of northwestern Nevada, are included in the
present report. .

Our work in the Mono basin during the same years that the explora-
tion of Lake Lahontan was heing carried forward includes a study of the
existing lake and of the ancient lake of much greater extent that formerly
occupied the same valley; also, the relations of both the ancient and the
modern lake to the glacial and voleanic phenomena displayed on a grand
scale in the same basin. The results of these studies will be published
in the Sixth Annual Report of the United States Geological Survey.
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Incident to our geological studies in the Mono basin was a visit to the
glaciers now existing amid the lofty peaks of the Sierra Nevada, on its
western border. A sketch of the observations relating to these glaciers,
together with a summary of what has been published in reference to these
and other glaciers of the United States, was issued in the Fifth Annual Report
of the United States Geological Survey.
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GENESIS OF LAKE LAHONTAN.

THE FORMATION OF LACUSTRAL BASINS.

The discussion of the origin of lake basins has been carried on with
so much zeal during the past fifteen or twenty years that we now possess a
large amount of literature bearing on the subject. Irom the facts gathered
by many observers, in widely separated localities, it is evident that the de-
pressions holding lakes are extremely diverse in character and have resulted
from many causes. In some instances lakes are held in basins produced by
orographic movement, . e., by the unequal folding of rocks, by dislocation
due to faulting, etc. Others are the result of erosion, and have for their
typical example a rock-basin produced by glacial action. Again, there is a
third great group of basins produced by the damming of pre-existing water-
ways; as, for example, when the drainage of a valley is obstracted by
moraines, land-slides, lava-flows, alluvial deposits, etc.

" we have three broad

Following the schedule prepared by Davis,"
classes of lake basins:

a. Constructive or orographic basins.

b. Destructive or erosion basins.

¢. Obstructive, barrier, or inclosure basins.

Each of these generic divisions is abundantly illustrated in the Great

Basin. Very large portions, if not the entire area of interior drainage, have

10 Classification of Lake Basins, by W. M. Davis: Proceedings of the Boston Society of Natural
History, Vol. XXI, 1832, p. 321, ‘
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been broken by a vast network of fractures accompanied by a tilting of the
included blocks, which have given origin to orographic basins on a grand
scale. On the borders of the region, in the glaciated valleys of the Sierra
Nevada and Wasatch mountains, rock basins due directly to the erosion of
glaciers may be counted by hundreds if not by thousands. From almost
any of the peaks of the High Sierra more than a score of lakes of this char-
acter may be observed. Lakes occupying barrier basins are also numerous
in the canons of the Cordilleras where ancient moraines obstruct the drain-
age. A number of the Sierra Nevada lakes which owe their origin to ero-
sion and decomposition, resulting mainly from glacial action, will be de-
scribed in connection with the Quaternary history of the. Mono basin in
the Sixth Annual Report of the United States Geological Survey. At pres-
ent we are constrained to confine our attention to the more central portion
of the Great Basin  The area formerly occupied by glaciers in this region
is very limited, and as flowing ice has been the principal agent in the for-
mation of basins of erosion, this type of lake-basin is wanting, except about
the summits of some of the highest of the basin ranges. Barrier basins,
produced by the deposition of the current-borne débris of ancient lakes in
such a manner as to obstruct the drainage of valleys, are not uncommon in
the interior portion of the Great Basin, but the depressions characteristic of

the region are due to other causes.

ORIGIN OF THE LAHONTAN BASIN.

The more pronounced topographic features of the Great Basin have
been found to be the result of orographic displacement. The typical
mountain structure of the region is monoclinal; the elements being oro-
graphic blocks bounded by faults, and so tilted that their upturned edges
form mountain crests with a steep descent on one side and a more gentle
slope in the opposite direction. The upheaved edges of faulted blocks
usnally appear as long and narrow ranges. Their depressed borders under-
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lie valleys. An ideal cross-section of the mountains and wvalleys of the
Great Basin is shown in the following diagram:

Fi1a. 1.—Ideal section illustrating Great Basin structure.

The structure here illustrated has been found so typical of the region
between the Sierra Nevada and the Rocky Mountains, that it has been
named by Gilbert the “Great Basin system” of mountain structure.”

The grandest displacements of the Great Basin are those determining
its eastern and western borders, i. e., the Wasatch and the Sierra Nevada
faults.  The first has been described by King, Gilbert, and others, and has
been traced by the writer continuously for more than 150 miles; the second
has been studied at intervals for over 200 miles without determining its full
extent. The Sierra Nevada fault is much less regular in its course, and is
more complex than the corresponding displacement along the eastern border
of the Great Basin. It is conspicuous in Honey Lake Valley, California,
where its scarp forms a line of rugged cliffs, bordering the plain on the
west; and again along the west side of Eagle and Carson valleys, from near
Carson City southward for fifty miles or more. In the valley of Mono
Lake it is strongly pronounced; farther southward, in Owen’s Valley, it has
again been recognized, but its southern, like its northern terminus, is at
present unknown. The details of this profound fracture are far from being
understood, as it branches and changes its course in an extremely irregular
manner. Disregarding all minor displacements, as well as the results of
erosion and sedimentation, we may consider the Sierra Nevada in a general
way as the upraised edge of an orographic block, having its eastern border
determined by the great fault we have noticed above. The desert region
stretching eastward from the base of the mountains is the thrown side of
the same displacement. It is on the depressed side of this fault that the

Lahontan basin is situated.

HU. 8. Geographical Surveys West of the 100th Meridian, Vol. 111, p. 21.
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It is not to be understood, however, that the old lake basin was formed
hy a single, simple displacement; on the contrary, it is the result of exceed-
ingly complex faulting that affected the entire region included between the
Wasatch and the Sierra Nevadamountains. The time when these movements
began is unknown, but they antedate the Quaternary, were in process during
the existence of lakes Bonneville and Lahontan, and probably have not yet
ceased, as will be shown in Chapter X. The old lake basin, instead of
heing a simple orographic valley, is composed of alarge number of separate
and independent depressions of the Great Basin type, which are united with
one another directly, or by the intervention of narrow passes, and so
nearly coincident in level that a single lake 900 feet deep in the lowest
depression could flood them all. Tt is to the union of these various, inde-
pendent, monoclinal valleys that the extremely irregular outline of Lake
Lahontan is due.

Nearly all the ranges of northwestern Nevada are rugged and form
serrate crests having an approximately north and south trend, and, as
already stated, as a nearly universal rule they are monoclinal. An older
structure, however, as first recognized by King,™ is frequently apparent, in
which a folding of the rocks into anticlinal and synclinal may be traced.
In the older deformation the rocks were crumpled and contorted as in the
Alleghanies and the Alps, but during the later disturbances they were broken
without being folded. 'The monoclinal blocks resunlting from the second
disturbance are the elements giving character to the present topography;
the surface features due to the former structure having been rendered
inconspicnous by the later movements. The trend of the fault lines, and
consequently of the mountain axes, is in general nearly north and south,
but in the central part of the Great Basin, north of latitude 37°, it is more
nearly north-northeast and south-southwest.

At present we can only call attention to a few characteristic examples
of the displacements that gave origin to the Lahontan basin; these may be
taken as types of the prevailing structure of the region.

In the Santa Rosa Mountains, in northern Nevada, the fault determining

the trend of the range follows its western base and has a throw of not less

12U, 8. Geological Exploration of the Fortieth Parallel, Vol. I, p. 735.
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than 5,000 or 6,000 feet. 'The eastern slope is comparatively gentle, and
conforms in a general way with the inclination of the beds of voleanic rock
composing a large part of the mountains. The bold western mountain face
is in reality an eroded fault scarp; the thrown block underlies Quinn River
Valley.

In the case of the Jackson Range the principal fault follows its western
base; the eastern base of the Pine IForest Mountains is also a precipitous
fault scarp; the Black Rock Desert, intervening between these ranges, is a
depressed area, which has been deeply buried beneath the sediments of
Lake Lahontan. An ideal section from east to west, through these ranges,
is shown in the following diagram:

Pine forest M4 Jackson Rarge.
N Black Rock [Desert

N —
<3 Ne=————=—== "

Fi6. 2. —Ideal section through the Black Rock Desert, Nevada.

The Pahute Range, on the eastern border of the Carson Desert, has a
well defined line of displacement along both the eastern and the western
base, as indicated in the following generalized seetion :

-

F16. 3.—~Ideal section of the Pahute Range, Nevada.

Great faults may also be traced along the western bases of the West
Humboldt and Star Peak ranges. 'The eastern shores of both Pyramid and
Winnemuceca lakes are likewise determined by fault scarps, as indicated

yramid Lake. Winnemucea. Lake.
' === = \-\T\iww—.—:.?‘n’é £
W /

F1G. 4. —Ideal section through Pyramid and Winnemucca lakes, Nevada.

below.

In Walker Lake Valley the orographic structure so typical of the Great
Basin is again repeated ; the main displacement in this instance follows the
western border of the valley and determines the abrupt eastern face of the
Wassuck Mountains. The topography of the valley is well shown on

Plate XV.
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If desirable, illustrations of Basin Range structure might be multiplied
almost without number, not only in the Lahontan basin, but throughout
Nevada, Utah, and Arizona, and in parts of Oregon and California. On the
accompanying map, Plate ITI, an attempt is made to represent the course
of the faults that determined the main features in the present topography
of the Lahontan basin. The data for completing a map of this nature,
however, so as to present an accurate outline of the orography of the region,
have not been obtained, for the reason that special attention has not been
directed to the subject The lines of displacement that are shown have
been sketched from actual observation, and serve, at least in the absence
of more complete data, to indicate the vastness of the system of fractures
that have given diversity to the topography of the region. Could every
fault be indicated the map would be covered by an irregular network of
intersecting lines.

The depression formerly oceupied by Lake Lahontan may be taken as
the type of a compound rock-basin due to displacement, many of the minor
valleys of which it is composed being examples of fault-basins of the simplest

kind.

GEOGRAPHICAL EXTENT.
THE HYDROGRAPHIC BASIN.

During the Quaternary period, as at the present time, the region of
interior drainage between the Sierra Nevada and the Wasatch mountains
was divided into a large number of interior drainage areas or hydrographic
basins, two of which were of large size, and have claimed special attention.
These are included between the 38th and 42d parallels of latitude, and
together occupy the entire breadth of the Great Basin. The one to the
eastward embraced northern and western Utah, together with small portions
of Idaho and Wyoming, and delivered its drainage to Lake Bonneville.
The hydrographic area to the westward included the northwestern part of
Nevada, together with small portions of California and Oregon, and dis-

charged into Lake Lahontan. Lake Bonneville received the drainage from
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a surface 52,000 square miles in extent; Lake Lahontan’s hydrographic
basin embraced 40,775 square miles.

The Bonneville basin has its lowest depression along its castern border,
now occupied by Great Salt Lake; and its form was largely determined by
the Wasatch fault.  In the Lahontan area the lowest depression is situated
near the base of the Sierra Nevada, and the topography of the basin is de-
termined, to a considerable extent, by the fault which follows the eastern
base of that range.

The Bonneville and Lahontan drainage areas had a common divide for
about 25 miles, between the 41st and 42d parallels, and a little east of the
115th meridian.  Southward of the 41st parallel the boundaries of the two
great hydrographic areas diverge, the included space being divided by short
mountain ranges into a number of independent basins, some of which held
Quaternary lakes of considerable size.

The direction of the streams in the northern part of the Great Basin
shows that the area is divided by a central axis, irregular in its trend, from
which the surface has a general slope, both eastward and westward, to the
bases of the iuclosing mountains.

From the Bonneville=Lahontan divide, north of Toano, the Humboldt
River flows westward through a narrow and rugged valley which crosses
the structural features of the country nearly at right angles. The course
of the river seems to have been determined in Tertiary times, or perhaps
earlier. During the Quaternary the Upper Humboldt Valley was occupied
by a stream larger than the present, which emptied into Lake Lahontan a
few miles east of the present site of Goleonda. Before reaching the lake,
the Quaternary river received considerable additions from the north through
the channels of the North Fork, Maggi, Rock, and Rabbit creeks, and the
Little Humboldt River. Its most important tributary, however, in ancient
as in modern times, came from the southward, and flowed through the nar-
row Reese River Valley.

On the north the Lahontan drainage area was bordered by the rim of
the Great Basin, and by a number of small and independent areas of inte-
rior drainage, situated mostly in Oregon and in the northwestern corner of

Nevada. On the west the divide coincided for not less than 260 miles with
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the western rim of the Great Basin, and was determined by the crest line
of the Sierra Nevada, from the eastern slope of which the lake received its
greatest tribute.  The Walker, Carson, and Truckee rivers gathered the
surface drainage of the mountains into previously excavated channels, which
hear witness to a long period of erosion antecedent to the existence of the
Quaternary lake. The divide between the waters that flowed into Lake
Lahontan and the drainage of the interior basins bordering it on the south
and east is extremely irregular, but is well defined throughout the greater
part of its course by the crests of rugged mountains.

The separate drainage systems into which the basin is divided are the
Humboldt and Reese river valleys of the east, Quinn River on the north,
the Walker, Carson, and Truckee rivers, together with Smoke and Buffalo
creeks, and Snowstorm and High-Rock canons on the west.  The boundary
of the region that drained into Lake Lahontan is shown on Plate IV.
Besides the areas draining into living streams there are several desert basins
within the Lahontan area, as represented on Plate XXIX.

One of the most important conclusions to be derived from a study of
the drainage in the region of Lake Lahontan during the Quaternary period
is that the country at that time had about its present topographic form,
The mountains were then the same as we find to-day, excepting that the
lines carved by subaerial erosions are a little deeper, the alluvial cones
about their bases are slightly larger, and they have undergone very mod-
erate post-Quaternary orographic movements. The canons occupied by
the tributaries of Lake Lahontan still afford drainage channels when there
is sufficient precipitation to form streams. If Quaternary man could revisit
his ancient hunting grounds, he would have no difficulty in recognizing the
landmarks that were once familiar to him.  The mountains and valleys are
the same, although their scanty vegetation has probably undergone many
changes. The great lakes which were familiar to him, however, have passed
away and given place to broad silent plains of desolation. The former
rivers have shrunken, and many of their channels are dry.
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THE LAKE BASIN.

As may be learned from the accompanying map, Plate 1V, the outline
of the hydrographic basin of Lake ILahontan is distinguished by great
irregularity, and no less unsymmetrical is the contour line within, that
marks the boundaries of the former lake. As nearly as can be estimated,
the total area of Lake Lahontan, as previously stated, was about 8422
square miles. Its northern extremity in Quinn River Valley reached a few
miles north of the Nevada—Oregon boundary, and its extension southward
was limited by the divide at the southern end of Walker Lake Valley.
The distance between these points gives the extreme length of the lake as
250 miles. Its eastern limit was in Humboldt Valley, where the river passes
through the Sonoma Range, a few miles to the eastward of Golconda; and
the most westerly point near Susanville, in Honey Lake Valley, (falifornia.
The axis joining these two extremes is 180 miles in length.

The area inclosed by the Lahontan beach is traversed by many
mountain ranges, which formed peninsulas and islands during the existence
of the lake, and divided its surface into a number of irregular water bodies
that were connected by narrow channels. The principal water surfaces
were grouped in two rudely parallel series, which were united at their
northern and southern extremities by narrow straits. The area thus
inclosed formed a large and extremely irregular island that bristled with
barren and rugged mountain ranges. Ior convenience in description, we
shall call the two main divisions of Lake Lahontan the astern and Western
water bodies. The [lastern Body covered the Carson Desert, together with
Buffalo, Alkali, and Churchill valleys, which open from it, extended up
Humboldt Valley to beyond Golconda, and occupied the southern part of
the Little Humboldt Valley. From the Humboldt the lake spread west-
ward of the Ilugene Mountains and the Slumbering Hills, and entirely filled
Quinn River Valley.

The Western Body comprised the areas now known as the Black Rock
and Smoke Creek deserts, together with the valleys of Honey, Pyramid, and
Winnemueea lakes. At the north the connection between these two main

divisions was by a narrow strait now traversed by the lower part of Quinn
31
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River. The waterin this channel during the highest stage of Lake Lahontan
was 350 to 380 feet deep. The equally narrow strait connecting the Fast
and West bodies at the south is now occupied by the lower portion of the
Truckee River in its course between Wadsworth and Pyramid Lake.

On Plate V, the depth of the water during the highest stage of Lake
Lahontan is given in feet. These determinations are mostly from aneroid
measurements, and show the lake to have been about 500 feet deep over
the Carson Desert, becoming shallow in its extension up the Humboldt
Valley. On the Black Rock and Smoke Creek deserts the depth was from
500 to h24 feet. The deepest sounding in the old lake, however, as already
stated, was at the present site of Pyramid Lake, where the depth was 886
feet.

While the various valleys composing the basin of Lake Lahontan are
orographic in their character, the canons of inflowing streams are largely
due to erosion. All the rivers, as well as the smaller creeks that were
tributary to the lake, flowed in deeply cut canons, many of which were
occupied for a long distance by the waters of the lake when it reached its
maximum extent. These canons will be more fully noticed in connection
with the deseription of the Lahontan lake beds.

Lahontan was intermediate in area between Lake Erie and Lake
Ontario, but was far less systematic in outline than either; in fact its
boundaries were more irregular than any other lake, recent or fossil, that
has been explored.  Asshown on the frontispiece, it was smaller than Lake
Bonneville, and ranks as second in size of the Quaternary lakes of the Great
Basin. ;

QUESTION OF OUTLET.

In studying the records of an ancient lake, one of the first questions to
which it is desirable to find an answer is whether it overflowed or not; and
it it did find an outlet, what are the characteristics ot the channel of dis-
charge. The importance of determining the nature of the channel of overflow
of a fossil lake is illustrated in the case of Lake Bonneville, which, as is well

known from Mr. Gilbert’s investigations, rose until it overflowed at Red-Rock
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3

Pass, in Idaho, and then cut down its outlet to the depth of 370 feet. The
level of the first point of discharge determined the horizon of the highest
of the Bonneville terraces.  The bottom of the gorge cut by the overflowing
stream determined the level of the Provo Beach, the most strongly accented
of all the Bonneville water lines.

As previous writers on Lake Lahontan have conjectured that there was
an outlet at its southern end™ this was the first portion to be explored when
the present study was undertaken. On examining Gabb’s Valley, it was
fonnd that a mountain barrier intervened between it and the Lahontan
basin to the northwest, thus proving that it was not occupied by that lake,
and, moreover, was not included in its hydrographic basin. From the
southern end of the Carson Desert a long narrow arm of the former lake
extended into the desert valley which opens southward from Allen’s Springs.
The southern end of this valley is low and filled with alluvium which has
been formed into gravel bars by the waters of Lake Lahontan; these sweep
about the end of the basin in graceful curves, the highest in the series
coinciding with the horizon of the highest water level of Lake Lahontan,
thus proving conclusively that the lake did not here find an outlet.

The highest of the Lahontan beaches at the eastern end of Alkali Val-
ley is far below the lowest part of Sand Spring Pass, which proves that La-
hontan did not enter Fairview Valley through this gap.

The Lahontan beach may be traced with ease along the steep vol-
canic bluffs bordering the Carson Desert on the south, from Allen’s Spring,
to where the Carson River breaks through the range. The lake extended
through the Carson River canon and occupied Churchill Valley and the
valley of the Carson River as far as Dayton. Opposite Old Camp Churchill
there is a narrow gap in the hills bordering the valley on the south, which
at first gives promise of having been an outlet of the ancient lake. On fol-
lowing up this valley we find it ascending with a low grade and opening
through a narrow gap into Mason Valley, about which there are beach
lines, showing that it too was once filled by a lake. The highest beach in
Mason Valley is on a level with the top of a narrow divide which has been

YKing: U. 8. Geological Exploration of the Fortieth Parallel, Vol. I, p- 507. Whltnev Cli-
matic Changes in Later Geological Time, p. 110. Memoirs of the Museun: of Camparative Zoology of
Harvard College, Vol. VII, No. 2.

MonN, xX1—3



34 GEOLOGICAL HISTORY OF LAKE LAHONTAN,

cut through by a stream that once flowed into Lahontan basin through the
channel that opens opposite Old Camp Churchill. The lake which occu-
pied Mason and Walker Lake valleys cut down its point of overflow about
85 feet, and discharged its waters northward. 'The bottom of the channel,
thus formed, where it leaves Mason Valley is between 60 and 70 feet below
the level of the Lahontan beach, as determined by measurements of level
connected with the profile of the Carson and Colorado Railroad. These
measurements indicate that Lake Lahontan did not extend into Mason
Valley until after the channel cut by the overflow from that basin was
formed. We know, however, that there has been considerable post-
Lahontan orographic movement in this region, and it seems not unlikely
that the relative height of Mason Valley and the Lahontan beach along
the Carson River, may have been changed since the evaporation of the
former lake. It is, therefore, possible that Lahontan during its highest
stage extended through the pass connecting Churchill and Mason valleys,
before the present channel was excavated, and occupied Mason and Walker
Lake valleys. The tufa deposits about Walker Lake, .as will be explained
in a future chapter, are of the same nature as the similar formations in the
main areas of Lake Lahontan, and indicate that they were precipitated
from waters of the same character.

After determining that Lake Lahontan did occupy Walker Lake
Valley, we explored its ancient beaches, and found that the former lake
extended only a few miles southward of the one which now fills the bottom
of the basin.  Well preserved gravel bars sweep around the southern end
of the valley but do not reach the level of the pass leading south into Soda
Springs Valley; at the end of this basin there is also a low pass that is
uncut 1)_\' stream erosion.

As the localities noticed above are the only ones on the southern
border of the Lahontan basin that would suggest a possible outlet, the con-
clusion that the former lake did not overflow in that direction is positive.

In the northern part of the basin all the passes leading to the valleys
draining into the Owyhee, one of the tributaries of the Columbia, were
specially examined, as well as the divide between the northern end of the
Black Rock Desert and Alvord Valley; at none of these places are there
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channels of overflow. The divide at the northern end of the Black Rock
Desert was the lowest point on the northern rim of the basin, but it was at
least 200 feet above the Lahontan beach near at hand; moreover, the rim
of the basin at this point was never cut by a transverse channel of erosion.
This point was visited by Dr. James Blake in 1872, who determined its
elevation to be “590 feet above the valley of Queen’s [Quinn] River at
the place where it makes a bend to the southwest, to lose itself in the
Black Rock Desert.”** Lake Lahontan at the point in Quinn River Valley
designated by Dr. Blake, was 380 feet deep, thus furnishing additional
evidence that the ancient lake did not attain the level of the pass in
question.

During the topographic survey of the northern portion of the Lahon-
tan basin the highest water line of the old lake was mapped with care and
found continuous throughout. The lake extended into King River Valley
which formed a complete cul de sac, with no opening except into the Black
Rock Desert. At the head of Quinn River the bottom of the valley slopes
upward until at the divide it is several hundred feet above the horizon of
the Lahontan beach. The northern border of Paradise Valley was closely
examined by Mr. Webster, and gave positive evidence that it was not
a point of discharge for the old lake. During the progress of our work
every point on the northern rim of the basin that could be suspected of
having been low enough to allow the old lake to overflow was examined
either by the writer or his scientific assistants, and found to be unbroken
by a channel of discharge such as an overflowing lake must necessarily
excavate.

It is important to keep in mind the absence of an outlet while reading
Lahontan hisiory, as it has a direct bearing on the character of the shore
topography which records the extent of the lake at various stages, and
furnishes the key to the chemical history of the waters which formerly
flooded the basin.

4 Proceedings of California Academy of Sciences, Vol. IV, 1872, p. 276.



CHAPTER 111.

PHYSIOGRAPHY OF THE LAHONTAN BASIN.

VALLEYS.

The region once occupied by Lake Lahontan is a typical portion of
the great area of interior drainage of which it forms a part. The valleys
throughout the region have an elevation of from 3,900 to 4,500 feet above
the sea, and are approximately level plains that have been regions of accu-

" mulation for an indefinite period  Separating the valleys are rugged and
angular mountain ranges rising from a few hundred to four or five thousand
feet above the adjacent lowlands  The basin of the ancient lake, as well as
the greater part of the region that drained into it, may with truth be called
a desert country. 'The absolutely barren portions, however, with the excep-
tion of the mountain tops, are mostly confined to the Carson, Smoke Creek,
and Black Rock deserts, which are completely destitute of vegetation over
hundreds of square miles.

The smaller valleys, although mostly desolate and valueless for agri-
culture, are usually covered with a scattered growth of sage-brush and
sometimes with other desert shrubs, and perhaps produce sufficient bunch-
grass to form natural pastures. The soil throughout the valleys is usually
more or less alkaline, but where water can be had for irrigation it is fre-
quently found to be capable of producing good crops of grass and cereals.

The areas where irrigation has been successful are along the immediate
banks of the Humboldt and Reese rivers, in the canon of the Truckee, and

narrow strips bordering the Carson and the Walker. Some portions of the
36
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DESERTS OF THE LAHONTAN REGION. 37

Carson Desert, so situated as to be conveniently watered from the Carson
River, are also under irrigation. At a limited number of localities on the
borders of the Black Rock Desert and in Quinn River Valley the water from
springs and small mountain streams is used to irrigate gardens ora few acres
of grain. In Mason and Ioney Lake valleys there are swampy meadows
of considerable extent adjoining irrigable lands where abundant harvests
are annually secured.

The Central Pacific Railroad passes for 165 miles through the desic-
cated bed of the extinet lake, entering it a few miles east of Golconda and
leaving it, on the west, in the Truckee Canon about 15 miles west of Wads-
worth. Nearly all the villages in the basin are located along this highway,
which furnishes supplies for a wide extent of country. The traveler in
crossing western Nevada by rail for the first time will perhaps be impressed
with its barren nature and perhaps conclude that it is unfit for human hab-
itation. With the exception of Mason and Honey Lake valleys, however,
it is the most fruitful portion of the Lahontan basin. A typical example of
the deserts of Nevada may be seen from the track of the Central Pacific
Railroad between Humboldt Lake and the Truckee River, including a
glimpse of the Carson Desert to the southward of Humboldt Lake, which
was once covered by 500 feet of water.

The Carson and Colorado Railroad also passes through a portion of the
basin once occupied by Lake Lahontan. On going south from Dayton the
traveler by this route follows a narrow valley formed in part by the ero-
sion of the Carson River, and subsequently occupied by Lake Lahontan.
Opposite the site of Camp Churchill the road bends abruptly southward and
traverses a narrow pass leading to Mason Valley; from there it follows
Walker River and the eastern shore of Walker Lake and crosses the south-
ern extremity of the old lake margin at a point a short distance south of
Hawthorn. Throughout this entire distance, with the exception ot a short
space in the Walker River Canon, the road is below the level of the highest
beach of the old lake.
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MOUNTAINS.

The numerous narrow and rugged mountain ranges of the Lahontan
basin, excepting in a few instances where they are scantily clothed with
cedars and pine, are nearly as barren and desolate as the intervening sage-
brush valleys. The Sierra Nevada, as is well known, supports varied and
beautiful coniferous forests that are valuable for the timber and wood which
they supply. The trees are mainly confined to the moderately elevated
portions of the range, their upper limit or the ¢ timber line” having an ele-
vation of about 10,000 feet. The lower extent of arborescent vegetation,
more especially of the pines, is apparently determined by lack of moisture,
and along the eastern base of the Sierra Nevada occurs at an elevation of
about 5,000 feet. The upper limit of timber-growth is invariably occupied
by pines, which, owing to the severe winter climate of the elevated regions,
are dwarfed and gnarled, and, at their extreme upper limit, extended prone
on the mountain side. At widely separated points in the High Sierra, where
exposed to the full fury of the winter storms, the branches and trunks of the
pines are stripped bare of leaves and bark, and even eroded by the drifting
ice-crystals to a considerable depth, thus recording a recent climatic change
that has produced more severe storms than were experienced during the
earlier history of the trees. King states that this recent climatic oscil-
lation began previous to 1870, and was the first of its kind for over 250
vears.”

In the northern part of the Lahontan basin the most conspicuous ranges
are the Santa Rosa, Jackson, and Pine Forest. The first two of these are
scantily clothed with cedars, above which rise the bare and rugged mount-
ain crests; the third, on the western border of the northern extension of
the Black Rock Desert, is covered over a limited area with a forest of yel-
low pine, from which the range derives its name. The mountains bordering
on the Carson Desert on the east are dark with pinon, and afford to the
Pahute Indians an abundant harvest of pine-nuts during certain seasons.
On the precipitous mountains overshadowing Walker Lake on the west,
there is a timber band, composed almost entirely of pifion, commencing
about 1,000 or 1,500 feet above the lake, and extending upwards to within

15 U. 8. Geological Exploration of the Fortieth Parallel, Vol. I, p. 527.
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1,000 feet of the highest summits. When seen from the eastern shore of
the lake, this girdle of vegetation appears like a dusky cloud-band encir-
cling the mountain; above which rise the bare and rugged peaks forming
the crest of the range. Besides the coniferous trees the mountain mahogany
and the cottonwood are common in some portions of the old lake basin.
The former grows in the canons and ravines of the mountains, while the
latter is found mostly along the streams, whose courses it renders conspic-
uous by deep green foliage in summer, and the brilliant yellow of ripened
leaves in autumn.

With the few exceptions we have mentioned, the mountains of the La-
hontan basin are desert ranges, frequently brilliant in color, and present a
diversity of tints that are astonishing to one reared beneath more humid
skies, but lacking in the shades and shadows that vegetation alone can im-
part. In this region the mountains are nearly all of volcanic rocks, among
which the deeply colored rhyolites are conspicuous. Still more diversified
are the purple trachytes of many hues, and volcanic tuffs that vary through
all shades and tints, from a pure white to a deep, luminous red. In con-
trast with these harlequin colors are sombre mountains and rugged cliffs of
basalt, sometimes veiled and partially buried beneath dunes of soft, creamy
sand. The traveler over the Carson and Colorado Railroad, while passing
along the eastern shore of Walker Lake, cannot fail to be impressed with
the gorgeous coloring of the rhyolite hills bordering the valley on the east,
especially if his journey be made in the deepening twilight, when the splen-
dor of the western sky is rivalled by the brilliant coloring of the silent and
lifeless mountains. The West Humboldt Mountains, bordering Humboldt
Lake on the east, are also remarkable for the great variety of beautiful tints
that are inherent in the rhyolites and tuffs composing the range. 'The abso-
lutely desert mountains stretching northward from Black Rock Point, and
known as the Black Rock Mountains, are so gorgeous and varied in color
that they merit the name of the Chameleon Hills. The nearly parallel
range to the west of these mountains has been called the * Harlequin Hills,”
by Mr. Webster. The aptness of the name will no doubt be appreciated by
every one who has seen those naked towers and domes of rhyolite and tuft
at sun rise or at sunset, when their glories are fully revealed.
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RIVERS.

The rivers that enter the Lahontan basin are the Humboldt, from the
east, Quinn River, from the north, and the Truckee, Carson, and Walker,
from the west and southwest.  All these streams flow through partially filled
cafions which bear evidence of having been excavated by stream erosion
previous to the first rise of Lake Lahontan. These rivers, like most others
in the Great Basin, vary greatly in volume during the year. In winter and
spring they become broad, rapidly flowing floods of muddy water that over-
spread their banks, but during the dry season, from May to November, they
shrink greatly in volume, and sometimes become dlf}" for a large part of

their course.

THE HUMBOLDT RIVER.

This river'® rises on the eastern border of Nevada and flows westward
for approximately 200 miles, and enters the Lahontan basin through a pass
in the Sonoma Mountains, in latitude 41°. From this point it continues
its course through Lahontan lake-beds for nearly 100 miles to Humboldt
Lake. Throughout the dry season this is usually its terminus, but during
the winter months the lake frequently overflows, and the river continues
to North Carson Lake (** Carson and Humboldt Sink”), where its waters
are evaporated. 'The Humboldt before entering the Lahontan basin receives
a number of tributaries, the largest being Reese River, which enters from
the south. During the summer and fall many of these streams, including
Reese River, fail to reach the main channel, their waters being dissipated
by evaporation or absorbed by the thirsty soil. In its course through the
Lahontan lake-beds between Golconda and Humboldt Lake, the river has
carved a camon, in places 200 feet deep, since the recession of the former
lake. The material removed in cutting this channel has been deposited in
the northern part of Humboldt Lake, and has contributed largely to the
formation of a bread low-grade delta that is already partially converted into
rich meadow-lands.

!*Named Humboldt by Frémont, but was previously known as Mary’s, or Ogden River. See Fré-
mont’s Geographical Memoir npon Upper California, Washington, 1848, page 10.
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Two measurements were made of the volume of the Humboldt, one
on September 10, 1881, the second July 17, 1882 the former gave 48 and
the latter 750 cubic feet per second.  When the first measurement was taken
the river was at its lowest stage for the year. At the time of the second
measurement it was flooded, and heavy with sediment, but had fallen three
feet below the line that recorded its highest rise; two weeks later its dis-
charge had decreased nearly one half.

An analysis by Dr. T. M Chatard of the water of the Humboldt, col-
lected November, 1882, near Stone House, just before the river enters the
Lahontan basin, is given below.

One liter of . Probable com-

= o water con- | Per cent. in | ¢ inati
Constituents. taing, i |"total Rolids, Constituents. _ bg‘:‘ggs }S:!:

grammes— iter).
I s (00 L e € R = W | 0. 0326 9.03 ! Silica (8i0y) ............ \| 0. 0326
Almming TARDE) v svsrsvars cunsnanmese | 0.0013 0.37 | Alumina (A1%08) ........ovennenn... i 0. 0013
Calolnm{O8) 55 var s shsmanicwmmn s ’ 0. 0489 13.53 | Caleium earbonate (CaCog) .......... 0. 1222
Magnesium (Mg) «eeeeeeeoeananaaannn. | 0.0124 3.46 | Magnesium carbonate (MgCoy) ...... 0. 0434
PolasBien (K . rowosie st m s kot aam s l 0. 0100 2.77 | Potassium chloride (KCl)............ | 0. 0157
Sodium (N8) +.-ceccaena v 5 MRS 0. 0467 12.92 || Potassium carbonate (K2COs). . ...... 0. 0046
Sulphuric acid (S04) «euovuvninennnan.n 0. 0477 13.12 | Sodium sulphate (NasSog) ........... 0. 0705
Chlotine (Cl) - cvmsansrvinwssnsass s # 0. 0075 2.08 | Sodium carbonate (NazCog)........... 0. 0550
0.2071 57.28 | Total (95.52 per cent. accounted for) 0. 3453

Carbonie acid (COs) by difference...... 0. 1544 42.72 |
POLEL v s v o Bae emt T RN 0.3615 100. 00

If excess of CO; above amount required for NasCos be caleulated as NaHCos, we will have 0.3453 less Na,Cos
(0.0550) =0.2903
Na:Cos =0.0200
NaHCos =0. 0512

-

Total. 0. 3615

An analysis of the water of Humboldt Lake is given on page 67.
QUINN RIVER.

Quinn River is formed by the union of many brooks that have their
sources on the Santa Rosa Mountains and on the eastern slope of the Quinn
River Range. It flows south for about fifty miles down Quinn River Valley
and then turns abruptly westward, and continues its course until the north-
ern end of the Jackson Range is passed; it then flows southward again and
enters the Black Rock Desert. During the spring months, while the snow
on the mountains is melting, this is a good-sized river, and has a swift
muddy current. At Mason’s Crossing, some 75 miles from its source, it is
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reported to be impassable for horsemen for a number of days together dur-
ing the high-water stage. At this season its waters form a shallow lake of
variable size, on Black Rock Desert, that is said, at times, to be 50 or 60
miles long by 20 broad. As the dry season advances, this playa lake
evaporates, leaving a vast mud-plain; the river at the same time shrinking
back 75 or 100 miles. During the highest stages of Lake Lahontan, Quinn
River had no existence, the greater part of its valley being occupied by an
arm of the lake.
TRUCKEE RIVER.

The Truckee River has its source in the overflow of Lake Tahoe and
is of greater purity and subject to less fluctuation than any other stream
that enters the Lahontan basin. The lake which gives it birth is situated
at an elevation of 6,247 feet'” amid the peaks of the Sierra Nevada; from
this reservoir the water descends with a fall of 2,466 feet,” to Pyramid and
Winnemuceca lakes, where it is evaporated, leaving the lower lakes alkaline
and saline. The river is quite largely used for irrigation in the neighbor-
hood of Reno, and to a small extent between Reno and Wadsworth. A few
miles from Pyramid Lake a good-sized ditch has recently been constructed
for the irrigation of the lands of the Indian reservation.

An analysis of the waters of Lake Tahoe, by Prof. F. W. Clarke, which
may be considered as representing the normal condition of the Truckee
River, is given herewith:

One liter of % { Probable com-
' i water con- | Per cent. in . P bination (in
Constituents. tains, in | total solids. Constituents. rammes per
| grammes— | ! iter).
|
AEFELS e ‘k s , = S
SN SR O et B ‘ 0. 0137 1877 || Blioa (S109) .. -vossrrsvevsasepipoves 0.0137
Magnesiom (Mg) ....ccccoveecennn.n. ‘ 0. 0030 4.11 ll Magnesium carbonate (MgCos) ....... 0. 0105
I O B o il o piniy 0. 0093 | 12.74 | Calcium carbonate (CaCoz) . ......... 0. 0232
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AR I IR ) o e = i i i i 0. 0033 4.52 | Potassinm chloride (KC1) ... ... ... 0. 0034
GRIEIBAON . oo et b st s wam ma) 0.0023 3.14 | Sodinm sulphate (Na:Sos) ............ 0. 0052
Sulphuric acid (SO4) ....oonoonoianan.. | 0. 0054 | 7.40 | Potassium sulphate (K2S04) .......... 0. 0034
0.0443 " 60,68 | Sodium carbonate (NazCos)........... 0.0117
Carbonic acid (COg) by difference..... [ 0. 0287 | 39.32 || Total (99.04 per cent. acconnted
f————— 0.0723
017 e N e I 0.0730 100. 00 | for) oo
| |

7 Determined by Pacific Railroad surveys.
18 Elevation of Pyramid Lake, 3,731 feet. See postea, page 101.
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The sample, the analysis of which is reported, was collected in October,
1882, on the eastern border of the lake near Glen Brook, one mile from
shore and one foot below the surface.

The most interesting feature to the geologist in the present condition
of the Truckee River is its bifurcation shortly before reaching Pyramid
Lake. As represented on Plate IX, the stream divides so as to deliver a
part of its waters to Pyramid Lake and a part to Winnemucca Lake. The
branch entering Pyramid Lake has the ordinary features of a river winding
through an alluvial bottom, and has formed a low-grade delta of broad
extent, as shown on the map. The waters that are tributary to Winne-
mucca Lake leave the main stream at nearly a right angle and flow through
a deep narrow channel carved in Lahontan sediments. This stream, or
“slough,” when measured in September, 1882, had a volume of 2,400 cubic
feet per second  From the mauner in which the bifurcation takes place it
cannot be considered as the breaking up of a stream on a delta or an
alluvial slope, as in the case of the Carson River after entering the Carson
Desert, but must have been originated by the waters overflowing from
Pyramid to Winnemucca lakes, or vice versa. This matter, however, will
receive further consideration in connection with the fluctuation of Pyramid
and Winnemucca lakes (page 63).

CARSON RIVER.

The Carson River rises on the eastern slope of the Sierra Nevada, south
of Carson City, and, after flowing 60 or 70 miles, enters the Lahontan basin
through a deep canon at Dayton. From this point to the Carson lakes its
course is through a channel carved in Lahontan lake-beds. Near its mount-
ain source its waters are fresh and pure, as mountain streams usually are,
but in passing through Carson and Eagle valleys, once occupied by Qua-
ternary or late Tertiary lakes, its waters become somewhat impregnated
with soda salts, and in its course through Lahontan lake-beds this percent-
age is increased. The waste from a large number of stamp-mills now pol-
lutes the river to such an extent that it was not thought desirable to have
its waters analyzed. The valley of the Carson from Eagle Valley to Carson
Desert was largely excavated by stream erosion in pre-Quaternary times,
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as is shown by the fact that from Dayton to the Carson Desert it was occu-
pied by the waters of Lake Lahontan. During the existence of the lake
the valley became deeply filled with lake sediments and delta deposits,
which \\'él'e re-excavated as the lake fell. The present gorge is the work
of the second period of excavation The structure of the canon between
Churchill Valley and the Carson Desert is represented in the following ideal
section, which shows the older caion in volcanic rock partially filled with

lacustral sediment, and the second carved out of stratified lake-beds.

F16. 5.—Ideal cross-section of Carson River Canon, Nevada.

Measurements of the volume of the Carson River at Old Camp Church-
ill, July 1, 1881, gave between 450 and 500 cubic feet per second as the
volume of the stream; in September, 1883, the discharge was less than half
this amount.

The bifurcation of the Carson River after entering the Carson Desert
is represented on the accompanying map (Plate VII). For the history of
the changes that the river has undergone during the last few years I am
indebted to some of the early pioneers, who made this region their home.
Previous to 1862 it flowed into the South Carson Lake, but there was an
abandoned channel branching from it and leading northward. During a
time of unusually high water in the spring of 1862 the river bifurcated,
the old channel was reoccupied, and a branch flowed to each lake. The
point at which the river divided is indicated on the map by the date 1862.
Previous to that time there was a “slough” connecting the North and South
Carson lakes through which the waters flowed northward.  After the forking
of the stream the South lake was lowered so that it no longer overflowed,
and the water in the slough became stagnant. Another flood occurred in
the spring of 1867 or 1869, which caused the arm emptying into North
Carson Lake to branch and send a stream eastward to the slough. The last- -
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formed channel is still occupied, and is known as ‘“New River.” This dis-
tribution of the waters of the Carson still continues, but is regulated, at
least in part, by slight willow dams at the points of bifurcation. Since
1862 the slough connecting the two lakes is reported to have reversed its
current in some instances, according as the water in the North or South
Lake was the higher. In June, 1859, the water in the slough was reported
by Captain Simpson to be 50 feet wide and 3 or 4 feet deep, and flowing
northward with a strong current.”” In September, 1866, Lieut. R. Birnie®
states that the waters were sluggish, with scarcely a perceptible flow. In
June, 1881, I found the volume of water about the same as reported by
Simpson in 1859, and flowing northward with a well-marked current. 1In
September, 1883, the slough was low, and did not exhibit any motion;
South Carson Lake at the same time was very shallow, much of it present-
ing the appearance of a swamp.

While viewing the Carson Desert from the surrounding mountains one
may trace, as on a map, the various branches of the river meandering
through the monotonous plain, by the lines of vivid green cottonwood
trees that mark their courses.

WALKER RIVER.

This stream rises on the eastern slope of the Sierra Nevada in two
main branches between which there is a grand mountain mass known as
the Sweetwater Range. The east fork of the Walker River receives the
drainage from the eastern slope of the Sweetwater Range, and from the
western slope of the less picturesque Wassuck or Walker River Range.
The west fork flows at the base of the main range of the Sierra Nevda,
and once formed a chain of small lakes, probably of Tertiary age, which
cut deep channels of discharge and were drained dry. 'These besins
are now level-floored valleys, connected by narrow and almost impas-
sable canons. The two branches of Walker River unite a little below
the point where they formerly entered Lake Lahontan, and thence How
through Mason and Walker River valleys to Walker Lake. At the north

19 Exploration Across the Great Basin of Utah, Washington, D. C., 15876, p. 85.
20 Annual Report of the Chief of Engineers, U. 8. A., 1577, p. 1264.
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end of Mason Valley the river bends abruptly southward, at the same
time increasing the depth of its channel, which soon becomes a canon
through lake-beds similar to the ones carved by the Humboldt and the
Truckee. Captain Simpson reports the Walker River near its mouth to
have been about 100 yards wide and from 6 to 10 feet deep on June 7,
18592 A measurement of the volume of the river about 3 miles from
its mouth, June 4, 1881, gave 400 cubic feet per second as the rate of flow.
In October of the following year its bed was dry, and little, if any, water
reached the lake from this source. This decrease during the dry season is
evidently due in a great measure to the extensive use of its waters for irri-
gation in Mason Valley. As a rough average, the data at hand being
inexact, I have assumed 200 cubic feet per second, or 700,000,000 cubic
yvards annually, as the approximate discharge. An analysis of a sample of
water collected October, 1882, at a point just below where the main branches
of the river unite, is reported by Prof. F. W. Clarke, as follows:

| One liter nfl o | Probable com-
Y : water con- er cent. in Y : bination (in
Constituents. tains, in | total solids. | Constituents. rrammes ;ger
grammes— i liter).
|

o - I N ] — AN b A el
SS LG () 0B e M B TR R 0. 0225 | F00 ] BIHon (SIOE) .55 cvvas vandsss ymesann 0. 0225
S RL O Y i ot tii g o s R T o SOy 0.0228 | 12, 66 ‘ Calcium carbozate (CaCOs) ......... 0. 0570
Magnesium (Mg) .oeenrimnnnnennnn. .. 0. 0038 l 2.12 || Magnesium carbonate (MgCOs) ...... 0.0133
Potasshom (K. vicz smacausisonis vousie Trace. IR l‘ Sodium chloride (NaCl) ...... .. .... 0. 0216
Bodlam (). oo bisd e aalescapenvins 0.0318 | 17.67 || Sodium sulphate (NazSO4) ........... 0. 0421
Ohlorne (C1). 25 sse das oot drammiosn 0.0131 | 7.28 || Sodium carbonate (Na:COy) .......... 0. 0224
Sulphuric acid (SO4) +eeeeeeceereanannn 0.0284 l 15.77 || ol (U0 per cbib esenuted |
0.1224 | 68. 00 $OT) o xmn dha dovdene saemamsamud | 0.1789

Carbonic acid (COs3) by difference ... .. 0. 0576 32.00 | |

Nigtal st e s o O B 0.1800 | 10000 | <

The measurements of the volumes of the rivers of the Lahontan basin
at different seasons indicate the great fluctuations to which the drainage in
a desert country is subject. The rivers are flooded during the winter and
spring—which includes the rainy season, and also the time when the mount-
ain snows are melting most rapidly—and diminish greatly in volume during
the parched and arid summer months. The Truckee River is an excep
tion to this rule, as it is the overflow of a great reservoir, Lake Tahoe,

2 Explorations Across the Great Basin of Utah, Washington, D. C., 1876, p. 87,
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which serves to equalize its volume, as well as to clear its waters of im-
purities in suspension. A knowledge of the composition of the rivers
entering the Lahontan basin and their average volume enables one to esti-
mate roughly the amount of mineral matter in solution that these streams
are now contributing to the lakes that they supply. This subject will be
reverted to in discussing the chemical history of Lake Lahontan.

SPRINGS.

Springs have been grouped with reference to their mode of occurrence,
in two convenient classes: (a) Hillside springs and (b) Fissure springs.

Hillside springs are usually formed by the gathering of percolating
meteoric waters in inclined porous strata, which alternate with less pervious
beds, and outerop on a hillside or among mountains in such a mapner as to
afford an escape for the subterranean waters. The source of the water
forming hillside springs is in the rainfall of the immediate neighborhood.
They are commonly small, and their temperature is approximately the same
as the mean temperature of the locality at which they are found. Springs
of this class are usually agreeable to the taste and useful for domestic pur-
poses, for the reason that they are seldom highly charged with mineral
matter.

In western Nevada the conditions favoring the formation of hillside
springs are almost entirely absent. The rocks throughout the region are
very largely volcanic without definite stratification, and the rainfall is lim-
ited to a few inches annually. Owing to these unfavorable conditions, there
are no springs of this class in the Lahontan basin to claim our attention.

Fissure springs occur where the earth’s erust has been broken, usually
with some displacement, to a great depth. Their water supply, as in the
first instance, is from meteoric sources, but is derived from regions remote
from the point of discharge. Owing to the depth to which the water of
fissure springs frequently descends during its subterranean passage, it is
commonly highly heated and not unfrequently reaches the surface with the
temperature of boiling water. The heat and the great pressure to which the
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water is subjected during its underground passage render it an active
solvent. Hot springs are therefore frequently charged with a great variety
of mineral substances in solution.

The Lahontan basin, in common with the entire northern half of the
Great Basin (the southern portion not being so thoroughly explored), is
remarkable for the number of springs which rise from a great depth through
fissures. These almost invariably occur along lines of displacement, and
range in temperature from 50° or 60° I. up to the temperature of boiling
water for the elevation at which they occur.

The springs of the Lahontan basin are indicated on the accompanying
map, Plate VIII; their maximum temperature when known being shown
by figures in red.

As springs performed an important part in the history of Lake Lahon-
tan, we shall devote a few pages to the description of those now rising in
its basin.. A knowledge of the phenomena they now present will assist in
interpreting the records of the similar springs that flowed long ago.

Beginning at the south, the first group of springs requiring notice is
found in the northern part of Mason Valley, about one mile northward of
Wabusca station. These springs occur in circular basins, sometimes at the
tops of low mounds, and are of all degrees of temperature, from about the
mean of the region up to 162° . The water flowing from them is clear
and sparkling, but is somewhat alkaline to the taste, and contains a small
percentage of sulphate and carbonate of soda, common salt, ete. The water
collecting in small basins on the desert is evaporated, and has formed a
saline deposit of considerable extent, a section of which is given below:

White, hard crust of sulphate of soda, with common salt, some calcium carbon-

Y 1,0 g et e 1 i B L b L : ««=sv3 wainches.. 1-2
Soft, mealy or clayey deposit of sodium sulphatc, .ﬂcmm cdrbouate, caleium

Yl I ORERCRE SE R et e o S T oo o L inches.. 2-7
Clear transparent crystals of %odmm Slllph(lt(,, w 1th some earthy impurities, rest-

nghon SalNeGIaY .- ..o o T P R SRR L oL feet.. 6-8

The surface of the desert about the more abundant accumulation of
salts is covered over a large area with a white saline efflorescence. These
springs occur in an east and west line, that coincides with the course of a
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post-Lahontan fault which is plainly shown by an irregular scarp, in some
places 20 feet high.

Allen’s Springs are situated on the southern border of South Carson
Lake at the base of a high basaltic butte which once formed an island in
Lake Lahontan. These springs at present are very small, the discharge at
the surface being less than half a gallon per minute. In this desert coun-
try even this meager supply is important, as it is the only drinkable water
within a radius of over twenty miles. These springs are of interest to the
geologist because of their antiquity. The amount of yellowish, porous,
tufa deposited about them indicates that the flow of water was formerly
more copious than at present, and at various times has issued from a num-
ber of orifices. Much of the tufa thatis plainly a spring deposit is incrusted
with thinolite and dendritic tufa which we know was precipitated from the
waters of Lake Lahontan, and shows that the springs were in existence at
least as early as the middle Lahontan period.

The Hot Spring, at Hot Spring station on the Central Pacific Railroad,
as shown by Dr. T. M. Chatard’s analysis, has the following composition:

One liter of % Prgbub]u com-
. 3 water con- er cent. in ' . ination (in
Constituents. tains in | total solids. Constituents. rammes per
gramines —; [ iter).
s e = et et £ - SN
StHon (BI09): icsusvisuncsndonsns vannsdius 0. 2788 11. 14 l Shion (BIO8)i.L. ceiissnccinnstans 1 0. 2060
AT (AD - v o« cevenaniiniosintunsns 0. 0010 0.04 | Sodium silicate (NaSiOg) .... .. ... .. | 0. 1430
(oA s T e TR ISR L S 0. 0305 | 1.23  Aluminum sulphate (A1[SOgs) ...... 0. 0063
MATVERION (ME) - ovrrsosrven drbotyuns 0.0010 0.04 ' Calcium sulphbate (CaS04)........... 0. 1037
50 ST ey K ) I e ety Rl e <= 0. 0669 2.69 | Magnesium sulphate (MgSos) .. ... 0. 0050
BIthon (Fal) . cocescinavinsommarssssneis Trace. Trace. | Sodium sulphate (NaSosq). . ....... < 0.4039
Soaliim (NG] ; & cor e nsncnimarssananms 0.7743 31.04 | Sodium chloride (NaCl) . ............. 1. 4946
Ohlorine (O - on snvanionsss scussesanss 0. 9679 38.79 | Potassium chloride (KCl) .... .. .... 0.1278
Sulphuric acld (SO4) - .veeceeseerivcainn 0. 3555 14. 25 ' T TR L S e S 2. 4953
Oxypon™ i Bily . x . fonidts vo oo ans 0.0194 0.78 !
e SRRCT N 24953 100.00 | |
* Extra oxygen in silicate. No carbonic acid in residue left by evaporation.

At a number of orifices the waters of this spring issue in a state of ac-
tive ebullition.  When the openings become obstructed the steam escapes
with a hissing and roaring sound. The spring occurs in a line of recent
faulting, and has evidently been crowded southward as the deposits from
the waters closed the previous channels of discharge. On cooling, an

Mon. x1—4
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abundant deposit, consisting principally of common salt and sodium sul-
phate, is found. At one time these waters were thought to contain suflicient
boracic acid to be of economic importance, and an attempt was made to
separate it, but the experiment was a failure. There is no evidence to
show that this spring was active during the existence of Lake Lahontan.

A number of small springs, some of which are warm, occur on
the west side of Winnemucca Lake. Farther northward small springs of
pure cold water have been found on both sides of the Selenite Range.”
Near the north end of this range, but isolated from it, stands Hot Spring
Butte, once a small island in Lake Lahontan. The butte derives its name
from a copious spring with a temperature of 180° . which discharges about
20 gallons per minute. The water flows northward for about a mile, and
forms a shallow pool in the desert, where it is evaporated. Other hot
springs oceur northward of Hot Spring Butte, near the southern end of the
Jackson Range.

Numerous copious springs of all temperatures, from the mean of the
region up to the boiling point of water, come to the surface along the west-
ern border of the Lahontan basin, from Honey Lake Valley to the Oregon
boundary. The majority of these have formed circular basins that are
filled with beautifully clear water, and are sometimes of great depth, as in
the case of Deep Hole, Round Hole, and the group at the east end of
Granite Mountain. The bottoms of the basins are usually of flocculent
‘mud, through which the water issues, frequently accompanied by bubbles
of gas. In common with very many other hot springs, these basins are lined
with deep green confervoid growths. Many of the springsin the belt indi-
sated exhale sulphurretted hydrogen, and deposit amorphous, calcareous
tufa  In one instance silicious sinter is precipitated as the water cools.
All the springs in this belt occur either on fault lines that have been
disturbed by orographic movement since the withdrawal of the waters of
Llake Lahontan, or are very closely related to such lines of displacement.

*This range is about 30 miles long and extends from the north end of Winnemucea Lake to Hot
Springs Butte; it is structurally distinct from the Natches or Truckee Range, which follows the eastern
shore of Winnemucea Lake. I have named it in reference to extensive deposits of crystallized gyp-
sum or selenite that outerop along its western border.
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The character of these recent faults will be described in the chapter devoted
to post-thbutun orographic movements.

The springs in this belt are too numerous to receive detailed descrip-
tion, and we can only notice a few of the most important ones. The most
copious single spring in the series occurs near the northern shore of Honey
Lake, designated as Schaffer’s Spring on the accompanying map, and dis-
charges about 100 cubic feet of boiling water per minute. The ebullition
is so energetic that the water is thrown in a colummn to the height of 3
or 4 feet. An analysis of this water by Dr. T. M. Chatard shows the fol-
lowing composition :

One t1it,<-r of 2 = ” Plioibnblo com-
S watercon- | Per cent in || y : ination (in
Constituents. tains in | total solids. ‘.' Constituents. | rammes per
Lrammes — iter).

: g PR | ‘ —
SiHea (B10) vscssainisbinsssoqmisusanves 0.1310 12.83 ‘ RRLOESICIE) & etiens visunsts o7 sy dsansn | 0.1008
Oaltlnm (U8) susesesusssesisnnsnsranvns 0.0121 1.18 || Sodium silicate (NazSiOs) ............ | 0. 0613
Magnesium (Mg) ..c.oooiiiaenninans 0. 0004 0.04 | Calcium sulphate (CaSOq)....... T 0. 0409
Boinm (NB) < son wsnsnbanaamganivasns men 0.3040 | 290.78 | Magnesium sulphate (MgSO4) ... | 0. 0020
POMRRBIII (R % e g smivrmn o b sste & & 0.0094 | 0.92 | Sodium sulphate (NazSO4q) ..... ..... 0. 4715
Ohlorne ) s n, ~ros ol Jur semrbsnst l 0. 2070 | 20.27 | Potassium chloride (KCl) ........ . 0. 0180
Sulphurie acid (SO4) . ............a... i 0.3492 | 34.19 | Sodium chloride TELE ) A 0. 3266

| | | ST .
Oxygen* (0)-...-usencrnnes cravvoncns 0.0080 | 049 Total (99.93 per ct. accounted for) . 10211
G i it s L | 10211 | 100. 00

* Oxygen necessarily added to form Na2SiOy. A slight trace of Coz in residue left on evaporation.

This spring occurs at the southern end of a long row of tufa crags, fully
50 feet high and somewhat greater in breadth, a few of which still have small
springs issuing from their bases. The tufa at the base of the crags, and
forming the nucleus of the deposit, is amorphous, but is coated with a heavy
deposit of the dendritic variety hereafter to be described. The former was
a direct precipitate from spring water, but the latter was as plainly depos-
ited from the former lake. The evidence is such as to lead to the conclu-
sion that this spring was fully as copious during the existence of Lake La-
hontan as now, and that its point of discharge was crowded southward along
a fissure as its former outlets became filled with calcarcous tufa deposited
from its own waters.

About 5 miles southeastward of the spring deseribed above occurs
a group of springs covering several acres and discharging a very large vol-

ume of heated water, which issues at so many orifices that no estimate ot
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the total outflow could be obtained. At a number of points the tempera-
ture of the water approximates to the boiling point, and, on cooling, depos-
its a limited quantity of calcareous tufa. A qualitative examination indi-
cates that these springs have about the same chemical composition as the
water of Schaffer’s Spring, an analysis of which is given above.

High Rock Spring, situated 5 miles eastward of the group described in
the last paragraph, occurs at the base of large tufa crags of Lahontan date,
and has a temperature of 100° F. Its waters are used for irrigation, and
are inhabited by both fish and mollusks. This spring is evidently of consid-
erable antiquity, as the tufa crags deposited from its waters are coated with
heavy layers of calcium carbonate that have a dendritic structure and were
without question deposited from the lake waters which once flooded the
valley.

None of the numerous springs on the western border of Smoke Creek
Desert are remarkable for their high temperatures, but a number are ther-
mal, and nearly all bear indications of having been hot springs at some
former time  There is no evidence that any of these springs were in exist-
ence during the time when Lake Lahontan covered the desert

On the border of the desert at the eastern end of Granite Mountain a
group of circular basins filled with heated waters from a subterranean source
covers a considerable area. A number of these basins furnish water of won-
derful transparency, which overflows to the eastward, and on evaporating
leaves a saline incrustation that covers many acres. Others occur in the
tops of low mounds and are caldrons of boiling mud that occasionally erupt
and discharge their tenacious contents to a distance of 30 or 40 feet. This
group is known as the Mud Springs.

The most copious outflow of hot water in the Lahontan basin occurs
in a small embayment of the ancient lake a few miles north of Granite
Mountain.  This is a group of springs several acres in extent which fill cir-
cular basins in the tops of low mounds that have been formed to some
extent by spring deposits, but are largely composed of vegetable growths
mingled with zolian sand and dust. These springs vary through all degrees
of temperature, from 50° to 60° F. up to that of boiling water, and their

discharge forms a creek of heated water of considerable size that pours into
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a deep basin and becomes ponded before spreading out over the desert and
evaporating.  Many of the basins in this group are lined with amorphous
calcareous tufa; and one, filled with boiling water, is depositing both silica
and tufa. The siliceous sinter precipitated from these waters is gelatinous
at first, but soon hardens and forms mushroom-shaped scollops which fringe
the sides of the basin and the margins of the channel of discharge. The
deposition of silica takes place quite rapidly as the water cools, and in some
instances imprisons insects that have been killed by venturing into the boil-
ing waters.

An analysis by Dr. T. M. Chatard of one of the most typical of the
springs in the group described briefly above, from which calcareous tufa is
being deposited, is given below :

One liter of | ! A I Probable com-

Contituents. T | bxa Consiitents | Masces 5
grammes — liter).
e —————————— - — | 18
b 0 s (07 W S g 5 e . e 0. 1136 0,60 ) BIHCaSION s, tavaut i deiow e imess 0. 0180
Caleinm (Ca). ...... | 0 0. 0367 3.10 Sodium silicate (NO2SiOg) . ... ...... 0. 1942
Mooty (ME) 1 ives  soisesaiin wame 0. 0034 0.29  Calcium sulphate (CaSO4) .. ...... 0.1247
SOIMMANR) + L rrreinvapscsseisss 0. 3554 30.03  Magnesium sulphate (MgS04) o 0 0170
PotaBatm () o5 v sessnmvasimssinms 0.0191 1.61  Sodium snlphate (NagSOq) ...... s 0. 4267
ESRE R . s scnv cmacns e vanmeer Trace. Trace. Potassinm chloride (KCl) .. ...... 0. 0363
OhIOMIDR(CLY covoocnans e v vs ammwma 0. 2396 20.25  Sodium chloride (NaCl) .. .... .... 0. 3665
Sulphuric acid (SOs) . .. .... .... ... A 0. 3901 32.97 l Total (99.43 perct. accounted for) ——m
OXFREN™® (D) sovion s maitmassin e smna : 0. 0255 2.15 |
Carbonio acid (COs) .....ccceveeennn .. | Trace. Trace. i
|

L D ey T LR - g S ) ! 1.1834 100. 00 |
|

*Oxygen necessarily added to form NasSiOjg.

Hot springs of considerable volume occur in groups near the southern
end of Black Rock Point and along both the eastern and western borders
of the Black Rock Range, and also on the borders of the desert at the east-
ern base of the Pine Forest Range. Continuing northward, the belt of hot
springs we have been tracing is represented in Pueblo Valley by two steam-
ing caldrons, and at the eastern base of Stein Mountain other outlets of a
similar nature have been examined. Nearly every spring throughout the
entire region between Honey Lake Valley, California, and Alvord Valley,
Oregon, a distance of over 200 miles, has been observed to occur on a line
of recent displacement.
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In all, there are at present between fifty and sixty groups of hot springs
in the Lahontan basin; the total number of individual outflows cannot be
estimated at less than two or three hundred. It is impossible to estimate
the amount of water entering the basin from subterranean sources with
even an approximation to accuracy, but if gathered in a single stream it
would form a river comparable in size with the Humboldt during the sum-
mer season, the volume of which would remain practically constant from
year to year. The temperature of this imaginary river would be far above
the normal for the region; and in composition it would be much richer in
dissolved minerals than ordinary surface streams, as is indicated by the
accompanying analyses.

It is certain that many of the hot springs now flowing were in exist-
ence during the time that Lake Lahontan flooded the valleys of northwest-
ern Nevada; and it is believed that the three analyses given above not only
represent approximately the average composition of the springs now flowing,
but also indicate the character of the thermal waters that entered the ancient

lake through fissures in its bottom.

EXTINCT SPRINGS.

At many points in the Lahontan basin, as mentioned in the preceding
pages, we find deposits made by springs which are now extinet. The majority
of these are composed of calcareous tufa that was precipitated about sub-
lacustral springs, and will be described in the chapter devoted to the chem-
ical history of the former lake. A group of spring-mounds about half a
mile southward of Humboldt House and on the west side of the Central
Pacific Railroad track, are, however, of a different nature. They are low
domes composed principally of calcareous tufa, open at the top and filled
within with erystallized gypsum impregnated with sulphur. The presence
of sulphur has led to some exploration, but the supply is evidently too lim-
ited to be of much economic importance.* The mounds in this group are
broad and comparatively low domes, formed of thatch:like layers of calca-
reous tufa with considerable quantities of siliceous sinter, especially about

*These sulphur deposits were the only ones that could be found by the writer in the neighborhood
of Humboldt House, and are thought to be the ones described in the reports of the United States
Geological Exploration of the Fortieth Parallel, Vol. II, p. 742.
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their bases. These deposits are unlike the greater part of the old tufa
structures oceurring abundantly in the same basin, especially in the neigh-
borhood of Pyramid Lake, but agree in form and structure with the rings
and domes now forming about many subaérial hot springs; thus indicating
that the deposits in question are of post-Lahontan date. The presence of
siliceous sinter also indicates that these deposits were of subaérial origin, as

no precipitates of this nature from sublacustrine springs are known.

LAKES.

At present there are seven lakes in the Lahontan basin. These are
Honey Lake, California; Pyramid, Winnemucca, Humboldt, North Carson,
South Carson, and Walker lakes, Nevada. To these we may add the two
Soda lakes near Ragtown, Nevada, as occurring in the same basin, but
these are of a decidedly different character from those enumerated above,
and will receive special attention. These lakes are of assistance to the
geologist in interpreting the history of the great lake which formerly
flooded all their valleys; we shall, therefore, describe them somewhat

minutely. HONEY LAKE

Honey Lake Valley was occupied by the western arm of Lake Lahon-
tan, and became deeply filled with lake sediments. At present it is a broad,
level-floored, sage-brush-covered plain, with fruitful areas on its western and
northern borders where water is available for irrigation, and has an abso-
lutely barren playa of considerable extent on its eastern margin near Fish
Spring.  The lake occupies a shallow depression in the western part of the
valley, and may be classed as a playa lake, as it is without outlet and be-
comes completely desiceated during seasons of unusual aridity. It is sup-
plied principally by Susan River, which enters it from the northwest; but it
receives some tribute during the rainy season from Long Valley. The hot
springs along its northern border also furnish considerable quantities of
water. The area of the lake varies with the seasons, as well as from year
to year, as is common with all inclosed lakes. As mapped by the survey
in charge of Captain Wheeler, in 1867 it covered an area of approximately
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90 square miles. In the summers of 1859 and 1863 it is reported by the
settlers in the valley to have become completely desiceated, leaving a broad
smooth plain of eream-colored mud  Its average depth in the summer of
1877 is reported by Licutenant Symonds™ to have been about 18 inches.
In 1882 its greatest depth was 4 feet, but the average, as nearly as could be
judged, did not differ much from the figures given for 1877.  The outline
of the lake is indefinite, as its shores are usually low and marshy, and in
places form broad tule swamps. Its waters are quite strongly alkaline,
unfit for human use, and always of a greenish-yellow color, due to the im-
palpable mud held in suspension. A preliminary examination of the water
shows that it contains 0.0784 per cent. of saline matter in solution. Quali-
tative tests show the water to be alkaline and charged with chloride of
sodium, and carbonate and sulphate of soda, together with some potash
and magnesia.

PYRAMID LAKE.

Pyramid Lake was discovered January 10, 1844, by General Frémont,
who first saw it from the mountains at its northern end. From the remark-
able form of an island near its eastern shore its discoverer gave it the name
which it now bears.”

The accompanying map of Pyramid and Winnemucca lakes (Plate 1X)
was made in August and September, 1882, by Mr. Johnson, and shows an
accurate outline of the lakes as they existed at that time. The soundings
indicated are from actual observation, the position of the boat at the time
of measuring the depth being determined with instruments stationed on
shore. The sublacustrine contour lines, drawn at intervals of 50 feet, are
in part conjectural, but are believed to represent approximately the topog-
raphy of the lake bottom. The north and south axis of Pyramid Lake is
30 miles in length; in the widest part, near the northern end, its breadth is
12 miles; farther southward between Anaho Island and the southern end of
the lake it is contracted to about 5 miles. Its area in September, 1882, was
828 square miles. Our soundings determined that the gr eatest depth occurs

“4Ann. Rep. U S. Geographical bnr\ms \\mt of thc 100[]1 \Iondmn for 1878, p. 115.
% Frémont’s First and Second Expeditions, 1842-743-44, 1. 216.



g. 8 OEOLOGICAL S8URVEY

_"”_’_’—
[, 119°45
Sm———1

LAKE LAHONTAN PL. IX

—_119°30

D 85 8
'; 85
e
",:f' aﬁ’ef.@ 3
=~ 2
- 32
Z,
101
Lahontan beach — N
Sub-Lacustral , CONTOUTS “ 70
Sourndergs 17y Leel.
> 5 2 I’CAL‘ P{ MIL(.‘ ~ s rs
, ik 1915
| 119°45
W. D. Johnson, Topographer. 1. 0. Russell, Geologist.

PYRAMID AND WINNEMUCCA LAKES, NEVADA.



v mpiyel Rl o




LAKES OF THE LAHONTAN BASIN, - o

a few miles north of Anaho Island where the water is 361 feet deep over a
very considerable area; showing that the bottom in this portion is a nearly
uniform plain.  As the Lahontan beach is 525 feet above the 1882 level of
Pyramid Lake, the former lake had a depth of 886 feet, without consider-

" ing, however, the amount of sedimentation that has since taken place. This
was the deepest point in Lake Lahontan.

Pyramid Lake is without outlet. It receives almost its entire supply
from the Truckee River, which enters it at its southern end. During the
rainy season the surrounding mountains send down some tribute, supplied
principally by two small brooks from the western side of the valley, which
are living streams for a portion of the year; but the supply from these
sources is extremely small. As nearly all of the fresh water entering the
lake is delivered at its southern end the lake varies in salinity as one follows
it northward. Near the mouth of the Truckee River the waters are suffi-
ciently fresh to be used for camp purposes; at the northern end it is far too
saline and alkaline for human use, but may be drunk by animals without
injury. The waters of Pyramid Lake from two localities and at different
depths have been analyzed by Prof. F. W. Clarke, who reports their com-
position as follows :

Water of Pyramid Lake collected in August, 1882, at b, south of Anaho Island (see Plate IX).

|
One liter of water Probable com-
contains, in Percent in total bination (in
grammes  per solids. | rammes per
liter— | iter).
]
,,,,, et NP | .
. . - | . I 3 .
Constituents. '; g g 5 p g | g ] I Constituents. a B 2 ]
g I Eg S g
&t 18E hERL1BE 4 &E | BE
? =3 <3z | i) <3
sod | S5e | 25l 28 2235 ZSg
228 | 258 288 | 2£8 | BSS '&%S
Beg | Be8 | ESE | BEE | ESE  B2s
o0 | /7] 0 % | o 7]
- ) B A e - e
DA (BI08) sczivirnini sussveass 0.0425 | 0.0300 1.22 0. 86 ‘; BIIGH (BIO8) o s ovesnnin dnawssas 0. 0425  0.0300
Magnesium (Mg) .covenvnnennnnnn. 0.0752 | 0.0832 2.17 2.38 ‘i Magnesium carbonate (MgCOy) .. 0.2632 | 0.2012
Caloinm (Co) <---oenvas SR, el o | S s ey N | Calcium carbonate (CaCOs8)....... ....... o
SOAMBID TR+ i inio binano e PR 4 : 1.1826 | 1.1809 | 34.06 | 33.84 }l Potassium chloride (KC1) ... 0.1374 | 0.1387
Pothnsimnr (K -reer cnanes anciens 0.0719 0.0726 | 2.07 2.13 | Sodium chloride (NaCl) ... ...... 2.2466 ' 2 2428
Chlorine (C1) .... .. T T 1.4288 | 1.4271 | 41.15 g 40.99 || Sodium sulphate (NasSO4) ..... .. 0. 2621 0. 2757
Sulphuric acid (SOg) .. ... ..... 0.1772 | 0.1864 | 5.10 | 5.34 || Sodium carbonate (NasCOg) ..... 0. 4940 i 0. 4834

| 2.9782 | 2.9802 ' 85,77 ‘ 85.54 | Total*
Carbonic acid (COg) by difference ‘ 0.4943 | 0.5098 14.23 | 14.46 [!

|
TGt scscsiimson wovthacipas | 3.4725 | 3.4900 100.00 | 100.00 li 1
|

*99.23 per cent. accounted for in the sample fiom 1 foot below surface, and 99.19 per cent. in remaining sample.
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Water of Pyramid Lake collected in Awyust, 1882, at a, uorth of Anaho Island (see Plate 1X).

One liter of water | Probable com-
contains,  in Percent. in total ::l:':;’t‘:;‘ (“i"l'l
{_(I"auumvs per ' solids. Iramines per
THoPes | itcr).
Constituents. e 5 |84 | Constituents. - 85
e ) | E= @ | iz - @
B |8k |E® Br B
£2 &2 £2 £ £9
=y ° =3 i} =g
22 . ﬁ::.]&:.’ L8 _':;qs
238 | 588 | 588 8g8 | B3¢
ESE | EEE BEE EE: 238
7} | % x4 77} o
- 3 - | |
Silica (Si0g) «ovvven-- 0.0200 | 117 | 0.57 || Silica (Si08) ..ervuiiniiannn Lol 0.0412 . 0.0200
Magpesium (Mg) ... 0. 0805 2.20 2,31 | Magnesinm carbonate (MgCOy)... 0.2800 | 0.2818
Calm (8 - . c st ey pmmansswon 0.0179 0.51 i 0.51 || Caleium carbonate (CaCOy) ....... 0.0447 | 0.0447
. I
Sodlom (NQ) ....oocipensnaoncaniva 1.1817 | 33.53 | 33.92 | Potassium chloride (KCl)......... 0.1474 | 0.1381
Potassium (K) 0.0728 § 2.19 | 2.07 | Sodium chloride (NaCl).......... | 2.2411 | 2. 2560
Gone (C1) .siss casaraasebansius 1.4342 | 40.87 ‘ 41.17 | Sodium snlphate (NazS01) ... .. 0.2667  0.2737
Sulpharic acid (SO0 ... .. 3 0.1803 | 0.1850 6.15 I 5.81 | Sodinm carbonate (Na2COs) ... .. 0.4738  0.4756
T2.0080 | 2.9916 | 85.71 | . 8 | iyt S N 75,4940 | 3. 4889
Carbonie acid (CO3z) by difference 0.4998 | 0.4921 ] 14. 29 14. 14 ‘ l

7 - ) 34957 | 3.4857 | 10000 | 100.00 | |

*99.94 per cent. accounted for in :ample from 1 foot below surface, and 100.15 per cent. (error 0. 15 per cent.) in the
remaining sample.

All the water samples from Pyramid Lake when analyzed contained a
small quantity of suspended flakes of calcareous and siliceous matter, which
had separated since the samples were bottled.

These analyses show much less difference in the composition of the water
near the northern and near the southern ends of the lake than was antici-
pated ; and the examination of top and bottom samples fails to indicate an
increase in salinity with increase in depth, such as was found by Lartet in
the case of the Dead Sea.” The bearing of the present composition of Pyr-
amid Lake on the interpretation of the history of the ancient lake which
flooded the same basin will be considered in connection with the chemistry
of the other lakes of the basin. Standing alone, the analyses of the water
of the present lake are of geological interest as showing the composition of
waters that are now depositing calcareous tufa of the same general character
as that first found in Lake Lahontan.

During our measurements of the depth of the lake the cup at the end
of our sounding lead seldom failed to bring up a specimen of the bottom.
From the s (unl)]vs thus nl)mmed we learn that the bottom near shore is usu-

* Exploration Géologique de ]'l, Mer \Inrte, Pans 1877, p. 278.
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ally composed of sand or gravel in which the shells of fresh water gastero-
pods were frequently obtained. At a distance of a few rods from land the
bottom invariably became muddy, excepting in sheltered bays, where the
littoral deposits had a greater breadth than when the lake margin was pre-
cipitous. In all the central portions of the lake the bottom is of fine tena-
clous mud, either gray in color or intensely black, and having the odor of
sulphuretted hydrogen  The samples of black mud when dried in the open
air lost their inkiness as well as their odor, and became identical with the
gray mud occurring in other localities.

In the southern portion of the lake the water is slightly discolored, and
is charged with a multitude of shining particles that are rendered visible
when a ray of light is passed through it. The lack of transparency is appar-
ently due to the suspended silt bronght down by the Truckee River. In the
northern part of the lake the water becomes wonderfully clear, and at some
distance from land of a deep blue color.  On looking down into the waters
from the neighboring hills the color appears almost black, or black tinged
with deep blue. Near shore, especially where the bottom is of white sand,
the water presents a clear greenish-blue tint, as is the case on nearly all
lake shores where the bottom is light colored.  When thrown into breakers
by strong winds it exhibits a play of colors that is only rivaled in beauty
by the surf of the ocean.

The largest and most attractive islands in the lake are Pyramid and
Anaho, which rise in its southern portion near the eastern shore. Anaho
Island, as determined by engineer’s level, is 517 feet above the water level
of 1882, and is surrounded by water from 150 to 300 feet deep. We pre-
sent an accurate map of it, prepared in August, 1882 (Plate 1I), from which
future changes in lake level may be determined. When seen from a dis-
tance the island presents a convex outline due to the deposition of vast
amounts of tufa at certain horizons. A broad terrace has been carved all
around it at an elevation of about 100 feet above the lake, and forms a ped-
iment for the extremely rugged crags that are piled upon it. The contour
formed by the water line of this terrace is indicated by the lower of the
three dotted lines on the map; the next above marks the water level at the
dendritic stage ; and the highest of all is the Lahontan beach. This island,
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although without fresh water, and but scantily clothed with vegetation, is
one of the most instructive points about Pyramid Lake, and will well repay
a visit from the geologist or the artist. During the time that Lake Lahontan
had its greatest extent, Anaho Island rose but a few feet above its surface.

Pyramid Island, as determined by sights with an engineer’s level from
Anaho Island, rises 289 feet above the lake; the water near its base is from
150 to 175 feet deep As remarked by Frémont, its regular pyramidal form
and precipitous sides give it a striking resemblance to the great pyramids
of Egypt Its sides are somewhat convex owing to the immense accumu-
lation of tufa deposited upon them, and are difficult to scale. On the ac-
companying plate this island is represented as it appears from the neighbor-
ing shore

The most picturesque portion of the shores of Pyramid Lake is at the
northern end, where a rugged cape, known as “'T'he Needles,” projects a mile
or more from the main land, and has near it many small islands of peculiar
and sometimes fantastic form. This group of spires, domes, and crags ex-
hibits rock forms of the most rugged description, and furnishes the grandest
display of tufa in all their varieties that is to be found in the Lahontan basin.
A general view of this picturesque point is given on the accompanying
plate, which is sketched from a photograph taken on the lake shore to the
westward of The Needles. The highest of the spire-like masses, rising 300
feet above the lake, is shown somewhat in detail in the illustration forming
Plate XIII. A photograph of one of the islands near The Needles, taken
from the peninsula, is given on Plate XXXVIII. Plate XXXIX also illus-
trates the remarkable towers and domes that the tufa deposits here simulate.

On the northern side of the peninsula a number of hot springs rise
from the bottom of the lake and along the base of the tufa crags, and are
forming a deposit of calcareous tufa beneath the lake surface. This accumu-
lation is soft and creamy white, and forms a more or less regular layer over
considerable areas. The hot water of the submerged springs rises from
many orifices, a number of which have built np tubular chimney-like
growths 5 or 6 inches high that sometimes look not unlike mushrooms,
but always have one ormore openings at the top, through which the spring-

water issues  The carbonate of lime is deposited when the hot spring-water
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comes in contact with the colder and more dense waters of the lake. A
few of the deposits from these springs are represented, half natural size in

the following figure:

F16. 6.—Deposits of calcium carbonate from sub-lacustral springs.

Among The Needles the rocky capes are connected by crescent-shaped
beaches of clean, creamy sands, over which the sumimer surf breaks with
soft murmurs. These sands are oolitic in structure, and are formed of con-
centric layers of carbonate of lime which is being deposited near where
the warm springs rise in the shallow margin of the lake. In places these
grains have increased by continual aceretion until they are a quarter
of an inch or more in diameter, and form gravel, or pisolite, as it
would be termed by mineralogists. In a few localities this material has
been cemented into a solid rock, and forms an oolitic limestone sufficiently
compact to receive a polish.  No more attractive place can be found for the
bather than these secluded coves, with their beaches of pearl-like pebbles, or
the rocky capes, washed by pellucid waters, that offer tempting leaps to the
bold diver. The tufa forming The Needles is gray in tone, with a light-
colored band, 10 or 12 feet broad at the base, consisting of a coating of
very recent calcareous deposit, similar to that forming the oolitic sands,
but probably not dependent on spring action. On the cliffs the nucleus
about which the lime erystallized was immovable, and became coated with
a continuous layer of calcium carbonate; on the beach the sands were
washed about by the waves, and grew into little spheres of polished marble.

A band of recently-formed tufa, like that surrounding the base of The
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Needles, occurs around the borders of all the islands in the lake, and may
be distinguished at many points on the shores of the mainland. By com-
paring a photograph of ¢ The Domes,” near Pyramid Island, taken in the
summer of 1882, with the photograph of the same locality taken in /867,
as published in the report of the United States Geological Exploration of
the Fortieth Parallel (Vol. I, Plate XXIII), we learn that the surface of
Pyramid Lake in the older photograph is 10 or 12 feet higher than when
the later picture was taken. As this difference in the levels of the lake
corresponds with the breadth of the band of recently-formed tufa, we are
led to believe that the deposition of the calcareous deposit took place during
the recession of the lake thus recorded  The shores of Pyramid Lake, like
those of all the lakes in the lower portions of the Great Basin, are without
trees or shrubs, and clothed only with a scanty growth of desert vegetation.
Although the scenery about this lake impresses one with its desolation and
want of life, yet the rugged mountains surrounding it and the clear, bright
blue of its waters combine to form a picture of more than ordinary grandeur.
" Like the ocean, its surface appears bright and blue in the sunshine and cold
and gray in the storm. Even in summer the gales rise suddenly, without
warning, and sweep down upon the lake with the fury of a tempest. Some-
times within a few moments the lake is changed from a placid mirror to a
sea of frothing billows that break on the shore in long lines of foam. The
suddenness with which the wind changes, and the bleak, inhospitable
character of the shores, make the navigation of this lake somewhat danger-
ous, even to experienced boatmen. Many tales of adventure, sometimes
accompanied by loss of life, are related by those who have experienced the
sudden storms of this inland sea.

The lake is abundantly supplied with splendid trout, Salmo purpuratus
Henshavi, Lord, and, as stated by Prof. E. D. Cope,” is also inhabited by
Leucus olivaceus, Leucus dimidiatus, Siphateles lineatus, Squalius galtice, Chas-
mistes cujus, Catostomus Tahoensis; of mollusks, three species— Pompholyx
effusa, Lea, var. solida, Dall.; Pyrgula Nevadensis, Stearns; and Pyrgula
lumerosa, Gould—are living in its waters, and their dead shells occur in
abundance along the shore.

# Proceedings Acad. Nat. Sci. Philadelphia, 18383, p. 172.
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R X hmm‘ud M 'y with s seanty growth of desert vegetation.

e W . . ko h—l"‘ one with its desolation and
P, -,

Mﬂng it and the clear, bright
_ T e “hine dithMNMnMJ more than ordinary grandeur.
A :.?.'-,»;Efi"'; - Like the ocean, its mmmm Ilue in the sunshine and cold
j,,tt;,*‘;" ~amil gray in the storng W in snmoier the geles rise suddenly, withous
* . warning, and sweep down upon the lake with the fury of a tempest. Some- -
L e o ses within o fow moments the lake is “changed from o placid mirror to a
et - b of frothing hillows that break on the shore in long lines of foam. The
s st iee - waddeunness with which the wind changes, and the Tleak, inhospitable
e cmcter of the shores, make the navigation of this luke somewhat danger-
v 5 .-- Sus, even io expeﬁanhd hﬂman. uﬂnyhﬁl d adventure, sometimes
L) wecovapanied b¥ lose of Tif, ave refated by those wto Lave experienced the
- t udden storms of this inland sea.
N | The lake is atundantly supplied with Mmﬁq Salmo P“'P“"“"‘b
“ R ifeniavi, Tovd, and, as stated by Prof. E. 1. Cope® is hlso inhabited by
I o iisow ofivaccus, Legous dimidiabus, Siphateles lineatus, Squalius galtior, Chas-
e "L i vaius, Catostomis Tahoewsis ; of wiollusks, _tllleo species—lompholys
St aees Vaw, esr. solide, Dall; Pyrgula Nevadewsis. Stenrns; and Pyrgula
o R, Comld-—are liviog in its waters, and their, Jead shells occur in
et L1 :f" Ko s-uhg the shore, .

R " —E—-— i ———

e ” vmmnm;m mmm,m.
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The resemblance of Pyramid Lake to an arm of the sea is enhanced
by the presence of numerous sea-birds.  About The Needles especially one
sees large numbers of gulls, terns, cormorants, pelicans, together with
geese, ducks, swans, herons, bitterns, etc. Many of these find convenient
nesting places in the hollows of the calcareous tufa. During our visit to
Anaho Island in August, 1882, there were two large pelican “rookeries,”

in each of which there were 600 or 800 young birds.

WINNEMUCCA LAKE.

This, like its sister lake, occupies a long, narrow valley, formed by
orographic displacement, and is a fair illustration of a lake occupying a
fault basin. It is 26 miles long, with an average breadth of about 34 miles,
the longer axis being due north and south. As in the case of Pyramid
Lake, its waters are alkaline and brackish. The following analysis by Prof.
F. W. Clarke is of a sample collected in August, 1882, near the center of
the lake (at ¢, Plate IX) and 1 foot below the surface:

One liter of ;
water con-

f Probable com-
Per cent. in

|
~ | : bination (in
Constituents. taing dn | totaleobds: Constituents. ammes per

grammes— | iter).
. £TH ol T VLS M TE = . | " i

S (S108) < inisinsanswsnssntdanesains ‘ 0. 0275 0.76 | Biioa (S308) cav. . annpnrimns armsnss ssssd | 0. 0275
MBpneBTny (MEP) - <xi cok o ioimotiaw empess 0.0173 | 0.48 | Magnesium carbonate (MgCOs) ...... | 0. 0494
R T L) e e e e e 0. 0196 0.54 Calcinum carbonate (CaCOs) .......... 0. 0254
RODOD (NB) S5ss cas o nan mntt stam 2 vaos 1.2970 | 36. 00 ( Potassinm chloride (KCI) ...... ... 0.1310
Potassiom (B e aesasssovevsomss v 0. 0686 | 1.90 = Sodium chloride (NaCl) ... .......... 2, 6877
ORIoTE (O} wois v snsvnssus rean s apomis 1. 6934 47.01  Sodium sulphate (NaeSOy). ........ .. 0.1972
Sulphuric acid (SO4) .. .cvveeen i . 1333 3.70 | Sodium carbonate (NazCOs) ...... . 0. 4065
3.2567 |  90.39 | Potal (98.44 peret. accounted for). 3. 5247

Carbonic acid (COs) by difference...... . 3458 | 9. 61 '

GHRL T A S e | 3.6025 | 100. 00 I

Nearly all of the water that supplies the lake enters at its southern
end, and consequently causes this portion to be fresher than the northern
part. As stated while describing the Truckee River, the water supplying
this lake is a branch of the main stream. The only published account
known to us of the bifurcation of the Truckee River, so as to supply two
lakes, is given by Mr. King,” who states that—

At thetime of our first visit to this region, in 1867, the river bifurcated; one half flowed into Pyra-
mid Lake, and the other throngh a river four or five miles long into Winnemucca Lake. At that time

27, 8. Geological Exploration of the Fortieth Parallel, Vol. I., pp. 505-6.
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the level of Pyramid Lake was 3,800 feet above the sea, and of Winnemucca about 80 feet lower.
Later, owing to the disturbance of the balance between influx and evaporation already alluded to as
expressing itself in Utah by the rise and expansion of Great Salt Lake, the basin of Pyramid Lake was
filled up. and a back water overflowed the former region of bifurcation, so that now the surplus waters
all go down the channel into Winnemucca Lake, and that basin is rapidly filling.

Between 1267, the time of my first visit, and 1871, the time of my last visit, the area of Winnemucea
Lake had nearly doubled, and it has risen from its old altitude about 22 feet, Pyramid Lake in the
same time having beeu raised about 9 feet. The outlines as given upon our topographical maps are
according to the survey of 1367, and form interesting data for future comparison.

The differences in elevation between Pyramid and Winnemucca lakes,
as reported by Mr. King, and as determined by the present survey in
August, 1882, are as follows: In 1867 Pyramid was 80 feet higher than
Winnemucea (U. 8. Geol. Expl. 40th Parallel, Vol. I, p. 505); in 1872 Pyra-
mid was 67 feet higher than Winnemucca (U S. Geol. Expl. 40th Parallel,
Vol I, p. 506); in 1882 Pyramid was 12 feet higher than Winnemuceca, as
determined by engineer’s level.

We know of no accurate means of determining how much each lake
individually has varied since 1872, but the decrease in the difference of the
levels of the two lakes is certainly due in part to the lowering of the waters
of Pyramid Lake, as is indicated by recent tufa deposits and lines of bleached
sea-weed at an elevation of about 12 feet above the present surface of the
lake. From the data now in hand, providing that all the measurements
are correct, it is evident that Winnemucca Lake has risen over 40 feet since
1872, and over 50 feet since 1867.

The history of the fluctuations of these lakes is supplemented and en-
larged by the statements of Mr. George Frazier, who has been familiar
with the region since 1862  In his judgment Winnemucca Lake has risen
about 40 feet in the last twenty years. In 1862, the branch of the Truckee
River that supplies Winnemueca Lake was so low that a person could cross
it by stepping from stone to stone, at a point where it is now not less than
25 feet deep.  "The lake was then confined to the northern extremity of its
basin, and the stream reached it after meandering through meadow lands
that are now 15 or 20 feet under water. At that time the channel of the
stream could be traced along the bottom of the lake for some distance, and
dead cottonwood trees were standing in the water, showing that the lake
had previously been much lower. Dead trees standing in Pyramid Lake,
some distance from the shore, bore similar evidence to the rise of that lake



e _ 1 ) ! T e




[
tis
] A\ ¥
Yy 1~
ri
PO
.
'

LT

v
i ]
\ ) 188
! \ f
) } !
neacoss
el el ol
Yo a

than
r
it
1
i









LAKES OF THE LAHONTAN BASIN. 65

previous to 1862. This lake, however, is thought by Mr. Frazier to be
much higher at present than when he first saw it. During the spring and
summer of 1868 the Truckee delivered more water than usual, and Pyramid
Lake rose 10 or 15 feet. This rise continued throughout the following
year, and during these two years Pyramid overflowed into Winnemucea
Lake. The water in the *slough” at that time was brackish and uufit to
drink. In the summer of 1876 all the water of the Truckee River emptied
into Winnemucca Lake, its outlet into Pyramid Lake having been closed
by a gravel bar; but the annual rise of the river the following spring re-
moved the obstruction. These observations, although not of scientific
accuracy, are yet of value, and have been confirmed by other people who
have been acquainted with these lakes for a number of years.

We may note here that the rise of Pyramid and Winnemucca lakes
during the last fifteen or twenty years is synchronous with a similar in-
crease observed in Goose, Horse, and Mono lakes, California; Walker
and Ruby lakes, Nevada; Great Salt and Rush lakes, Utah.

In determining future fluctuations of level in Pyramid and Winne-
mucca lakes, the accompanying map, Plate 1X, may be considered as of
approximate accuracy; the soundings, too, were made with care. = Besides
these data we have determined the elevation of certain points above the
surface of the lake, which will serve as bench-marks for future measure-

WEST

F16. 7.—Portion of the east shore of Pyramid Lake, showing position of measured rocks.
ments. In the southern end of Pyramid Lake, and to the eastward of the
Truckee delta, rise a group of tufa crags, indicated on the map by the let-
ters z, y, 2. An enlarged plat of this portion of the lake shore is given in
the accompanying figure. The height of these crags above the surface of

MoN. X1—5
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the lake, September 9, 1882, was as follows: x, 21.0 feet; y, 9.8 feet; 2,
7 feet.
This record may be increased by adding the following elevations above
the lake level as determined in September and October, 1882:*

Summit of Anaho Island ... .. T R e T 517 feet
Summit of “Mushroom Rock,” on the north %how of Anaho Is].md

(see Plate XIV) oc.coiiinns ciniaiiiiiiiimienaeeann. ~.... 17 feet 3 inches
Rock to the south of Mushroom Rock (beneath bird on Plate XIV). 8 feet 5 inches
Summit of Pyramid Island (Plate XI).... .....coiveiens cinainnn. 289 feet
Highest spire among The Needles (Plate XIII)........... L L 300 feet

HUMBOLDT LAKE.

Humboldt Lake is but an expansion of the river that supplies it, and
is held in check by an immense gravel embankment that was thrown com-
pletely across the valley by the currents of the former lake, at one time 500
feet deep at this point. An accurate map of this structure is given on Plate
XVIII, and a detailed description on page —. As there described, the em-
bankment has been cut across by the overflow of the lake and the breach
partially filled during the past few years by an artificial dam, which has
greatly increased the area of the lake. During the dry season the lake
seldom overflows and is then the limit of the great drainage system of the
Humboldt River, but in winter and spring the waters escape southward,
and spreading out on the desert form Mirage Lake. Farther southward on
the northern part of the Carson Desert they again expand and contribute
to the formation of North Carson Lake.

In the summer of 1882, Humboldt Lake covered an area of about 20
square miles, did not overflow, and although somewhat alkaline was inhab-
ited by both fish and mollusks, and was sufficiently pure for human use.
The following analysis of its waters by Prof. O. D. Allen, of Yale College,
is taken from the reports of the United States Geological Exploration of the
Fortieth Parallel, Vol. 11, P 743.

2 All these measurements were made w1th an engmeer’s level.
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Constitnents. & l 2 Average. ‘
Specifie gravity, 1. 0007. ' i
Fixed residue in 1,000 parts .. ........ 0. 9015 0. 9045 0. 9030
Constituents found in 1,000 parts : l
| Carlonic acid.cco:iiziizrssncncevsnns 0. 1065 0.1075 0.1070
Sulpburic acid........... & B ke 0.0257 | 0. 0248 0. 0253
Phosphoric ueid .....coceieeaaan..... 0. 00069 | ........... 0. 00069
ChIoMNe . siveissesrssurnnsosnavasana 0.2954 | 0.2949 0. 2952
SHIGA .. cov csunartsmressnminsosissngs 0. 0320 | 0. 0330 0. 0325
| MAgnesis....cccoeveacmenmoncinainnns 0. 0281 0. 0268 0. 0274
(B 7 e R T 0. 0180 0. 0172 0. 0176
| Sodium .....coomiiimiiiiiiiiiiii 0. 2786 0.2783 ' 0. 2785
| POOSRITIL ot to e drsiti oale Sond g 0. 0612 0. 0605 0. 0609
‘[ LB o ocinsvumninrinravaneroaiey o (P trace.
| Boreolo ool .« concavuvans sivevansins O R trace.
0. 84509
L6, < ;¢ GNP e Lt s, . 0. 04273
: | 0.88782

There is probably a loss of carbonic acid.

The theoretical combination of bases and acids would give—

Carbonateofsoda............. .. .... 0. 24944
BUlpBRte 0O ~o sonsvaninmnnssines 0. 04498
Chloride of sodiom .......cccccee.... | 0.39571
Chloride of potassium. . ......... 0.11617
Carbonate of lime .................. | 0.03143
Carbonate of magnesia............. 0. 05768
SO Tl M T, S | 0.03250
Phosphoricacld -.ccace oo ccanna I 0.00069
0. 92860

Less carbonic acid added to the '
amounnt foond ...... iccisacaiina. | 004254
0. 88606

A series of soundings made in Humboldt Lake, in July, 1882, gave a
nearly uniform depth of 12 feet for the central part. Near the western
shore quite extensive mud-banks rise a few feet above the surface and nearly
divide the lake; westward of these the water is still more shallow than in
the main body. The lake is being rapidly filled by the silt from the Hum-
boldt River, and is destined to early extinction. ,

Owing to the orographic structure of the valley it occupies, the east-
ern shore of the Humboldt Lake is bordered by a precipitous cliff of dis-
placement, the western shore is low and marshy, in places covered with a

saline efflorescence. A sample of the incrustation from the surface of the
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desert near Brown’s Station was found by Mr. R. W. W oodward to have the

following composition:*

Constituents. Per cent. ;

i g

|

Soluble In Water cc.cve sossaramssves 27.71 |

Chloride of sodinm .......ccouvennen 49. 67 1
Sulphate of soda ...... ..ol 20. 88
Sesquicarbonate of soda. ........... 18.15
B N T R SR R I 11. 30

100. 00 l

NORTH CARSON LAKE,

This lake is situated on the northern part of the (arson Desert (see
Plate VII) and receives its waters from both the Humboldt and the Carson
rivers. Having no outlet, the waters flowing into it have been supposed to
sink, and for this reason it is generally spoken of as the “Humboldt and
Carson Sink.” As this term is based on an error, we have used the name
“North Carson Lake” instead.

During the winter and spring it receives a considerable supply of water
from both the Humboldt and Carson rivers, and becomes a shallow playa-
lake, between 20 and 25 miles in length, by 14 miles in breadth. In unu-
sually arid summers the water supply fails, and the lake evaporates to dry-
ness. As desiccation becomes more intense the salts impregnating the lake-
beds are brought to the surface and form an efflorescence several inches in
thickness.

This was the case when the Carson Desert was visited by the writer in
October, 1881.  The lake had then wholly evaporated, leaving a broad mud-
plain covered in places with a white alkaline crust that looked like patches
of snow.

SOUTH CARSON LAKE.

Situated on the southern border of the Carson Desert lies South Car-
son Lake. 'This, like the larger lake to the northward, is a playa-lake and
occupies a very shallow depression in the lake-beds flooring the desert.
Like other lakes of its class, it has indefinite boundaries and varies in size

0T, 8. Geological Exploration of the Fortieth Parallel, Vol. I, p. 744.
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and depth with the alternation of seasons. In 1882 its area was about 40
square miles, with a depth of four feet throughout its central portion. Its
waters are alkaline, and contain 1.4725 grammes of solids in solution to the
liter; of which 0.2135 gramme is silica, as reported by Prof. F. W. Clarke
from a partial analysis of a sample collected in October, 1863.

The lake is supplied almost entirely by the Carson River and usually
overflows through a slough into North Carson Lake.®

The low muddy shores are strewed with the dead shells of Anodonta
Planorbis, Limneea, ete., but, so far as known, no mollusks are now living
in the lake. ‘

WALKER LAKE.

The southern extremity of the Lahontan basin is occupied by Walker
Lake, which, next to Pyramid L:ike, is the most picturesque and attractive
of the desert lakes in the Lahontan basin.

A correct outline of the lake, as it existed in 1882, is given on Plate
XV. As may be gathered from the map, the lake is 25.6 miles in its longer,
or north and south axis, and has an average width of between 4.5 and 5
miles. Its area is 95 square miles As on the map of Pyramid Lake, the
actual soundings are given in figures, and the somewhat conjectural topog-
raphy of the bottom is represented by dotted contour lines. Over a large
area in the central and western portions it has a remarkably uniform depth
of 224 feet; but as a rule the depth increases as one approaches the west-
ern shore, which is overshadowed by rugged mountains. The bottom
throughout the central portions is composed of fine tenacious mud, which
in many places is black in color, and has the odor of hydrogen sulphide.
Coarser deposits, consisting of sand and gravel, mingled with the empty
shells of Pyrgula, Pompholyz, ete., were found only in the immediate neigh-
borhood of the shore. No mollusks were found living in the lake; but the
conditions of environment being so similar to what has been observed in
Pyramid Lake, it is thought that a more careful search would show that
Walker Lake is also inhabited by a few species. Analyses of the water,
collected in September, 1882, one foot and 215 feet below the surface

91 See ante, page 44.
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where the depth was 224 feet, as shown on the accompanying map, are re-
ported by Prof. I. W. Clarke as follows:
| Probable com-

binatiqn (ex-
pressed  in

Oneliterof water |

: h >er cent. in
contains, in| 1 '“

total solids.

gramme s— ramuftes per
i iter).
B L |8 e [~ &g
Constituents. = : & g z ~:u Constituents. | & z Ng
&2 58 g £& | B
= & = &2
2 2 EY- AR
& E2¢ B3¢
. ESE E&a
| | & . % o 177}
— — - a
B0 (BIO9) sorssivenistimorarnanme ’ 0.0075 | 0.0075 | 0.29 0. 80 | RIHOR{SION . .o cnarsnroxsvssnsesns 0.0075  0.0075
Magnesium (Mg) .coenevannnnnnns | 0.0391 | 0.0575 1.55 1.51 | Magnesium carbonate (MgCOs)... 0.1369 = 0.1313
OIBIAITS (OR) . swvmessnssssnasmrsan | 0.0267 | 0.0176 1.06 0.71 ‘ Caleinm carbonate (CaCOs)......  0.0667 ' 0. 0440
Nogimn. OV8) . s sscnsnnananarae sws 0.8577 | 0.8530 | 34.11 34.29 | Sodium chloride (NaCl)......... 0. 9681 | 0. 9558
Potassinm (K) .......cooennon —....| Trace. | Trace. | Trace. Trace. | Sodium sulphate (NaeSOq)....... 1. 7803 i 0. 7580
IROV0E (O <z carvrimnsapassnes oo 0. 5875 ‘ 0.58C¢ | 23.86 23.32 | Sodium carbonate (NazCOs)...... 0.5157 | 0. 5339
Sulphuric acid (S04).ccevnoonn. s J 0. 5275 | o 5125 | 20.96 | 20.69 i Y ’.‘._T‘—:m,)
f {
' 90460 |59, 0081 | B1.884 80,78 || HOBE aaeitanssnsionan sabesnsansns | 0.0408 | 0 0570
Carbonic acid (CO,) by difference ..| 0.4695 | 0.4794 | 18.67 | 19.27 ‘ PTaT R o el ot gt s 6150 | 12 78
Yotal . & ool tonnvarecas 2.5155 | 2.4575 | 100.00 | 100. 06 “ !
*98.39 per cent. accounted for. 1 97.66 per cent. accounted for.

As in the case of the other lakes of the Great Basin, situated at an ele-
vation of less than 5,000 feet, the shores of Walker Lake are totally lacking
in arboreal vegetation except at the river mouth, and are clothed only with
desert shrubs. At the northern end, and following the immediate shores of
the Walker River for many miles, are luxuriant cottonwood groves, to-
gether with willow-banks and meadow-lands.

At the northern end, the river is building out a low delta of fine silt,
and remnants of similar deltas, at higher levels, may be seen as one follows
up the river. A change in the level of the lake is recorded by dead trees
standing in the water, which show that it has risen at least four or five feet
in recent years.

The waters at a distance from the river mouth are of a clear deep blue,
changing to a bright green tint near the shore, as in Pyramid Lake. They
are charged with saline matter to such an extent that carbonate of lime is
now being deposited. The calcareous tufa now forming cements the gravel
and sands of the shore into compact strata or forms rosette-shaped masses,
with isolated pebbles for nuclei.
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in the study of the recent and fossil lakes of the Far West it is {re-
quently desirable to know the present rate of evaporation, and the charac-
ter of the seasonal and secular variations in precipitation that are taking
place. Attempts have been made fo determine the rate of evaporation by
experimenting with artificial evaporating pans, but owing to the difficulty
of imitating the conditions of nature, these observations have been of little
value. Gauges have been established in Great Salt Lake, and accurate
records of its annual and secular fluctuations have been secured for a num-
ber of years, but in this instance the variations of the lake are influenced by
irrigation, and the sources of supply for the waters of the lake are too numer-
ous to be definitely measured. Of all the lakes of the Far West with whioh
we are acquainted, excepting Abert Lake, Oregon, the most favorable for
determining the questions indicated above is Walker Lake. As this lake
receives its entire supply from a single source and is without outlet, the rate
of evaporation from a large water surface could be determined with great
accuracy. Observations intended to show the secular variations in precip-
itation would be more difficult because the waters of Walker River are
largely used for irrigation.

LAKE TAHOE.

As Lake Tahoe is the grandest of the Sierra Nevada lakes, and the
largest that discharged into Lake Lahontan, we insert a brief account of it,
compiled principally from the investigations of Prof. John Le Conte, of the
University of California.*’

The lake is situated in latitude 39° N., and lies part in California and
part in Nevada, at an elevation of 6,247 feet, as determined by railroad
surveys. Its drainage area, including the lake surface, is about 500 square
miles. The water surface is 21.6 miles long from north to south, with an
extreme breadth of 12 miles; its area being between 192 and 195 square
miles. Its outlet is the Truckee River, which leaves the lake through a
magnificent gorge, at a point on its northwestern shore.

9 ¢ Physical Studies of Lake Tahoe,” published in the Free Press and the Mining and Scientific
Press of San Francisco, during 1820 and 1831. Reprinted in the Overland Monthly for November and
December, 1583, and January, 1584,
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Soundings made by Professor Le Conte, beginning at the northern
end, near the “Lake House,” and advancing along the longer axis of the
lake directly north towards the “Hot Springs,” at the northern end, give
depths of from 900 to 1,645 feet

Between the 11th and the 18th of August, 1873, Professor Le Conte
made a large number of temperature measurements at different depths in

the lake, an abstract of which is here copied:

No. I)L;p“l in Depth in ’l‘mu|‘30ruturu: Tem perature: ~
eet meters. Fahr. ent.

|
1 CuEIRGE) ] . s s v carfvennan BN 67 19. 44 |
) RS el 50 15. 24 63 17.22
S 100 30.48 55 | 12.78 |
" e SR 150 45.72 50 10. 00 |
B icavsmans 200 60. 96 48 8.89 l
(3 LN 250 76. 20 47 - 8.93 |
M. 300 01. 44 46 7.78
8 (bottom) . 330 100. 58 45.5 7.50 |
R SRS 400 121,92 45 7.28 I
10. e 180 146. 30 44.5 6. 94
11 (bottom) . 500 152. 40 44 6.67 |
19 i 600 182, 88 43 6.11 |
13 (bottom) 772 235, 30 41 5.00 ’

14 (bottom) . 1, 506 459. 02 39.2 4.00 |

Professor Le Conte’s paper also contains many valuable observations
on the transparency and color of the lake water, and on rhythmic variations
of level. An analysis of the water of Lake Tahoe has already been
given on page 42.

Besides Lake Tahoe, there was another lake among the mountains of
Northern California during Quaternary times which was tributary to Lake
Lahontan. This was a comparatively shallow water body that occupied
the basin now known as the Madeline Plains. A small stream from Horse
Lake Valley joined that draining the Madeline Plains; as did also the
waters escaping from Eagle Lake, which, without evidence to the con-
trary, we may consider to have discharged, then as now, through beds
of gravel beneath a lava coulde.



SODA LAKES, NEAR RAGTOWN, NEVADA.

On the Carson Desert, about 2 miles northeast of Ragtown, are two
circular depressions that are partially filled with strongly alkaline waters
and known as the Soda Lakes or Ragtown Ponds By reference to the
accompanying map (Plate XVI), on which the contour lines are drawn at
intervals of 20 feet, it will be seen that the lakes oceupy deep depressions
in low cones. The larger lake is 268.5 acres in area, and the smaller is a
pond of variable size.” The form of the larger depression is still farther
illustrated by the cross-section given at the bottom of the plate, which has
heen constructed from actual measurements with an engineer’s level and a
sounding line. The rim of the larger lake in its highest part rises 80 feet
above the surrounding desert, and is 165 feet higher than the surface of
the lake whichitincloses. The outer slope of the cone is gentle and merges
almost imperceptibly with the desert surface; but the inner slope is abrupt
and at times approaches the perpendicular. A series of careful soundings
gives 147 feet as the greatest depth of the lake. The total depth of the
depression is therefore 312 feet, and its bottom is 232 feet lower than the
general surface of the desert near at hand. :

The walls encircling the lake exhibit well exposed sections of stratified
lapilli, mingled with an abundance of angular grains, kernels, and masses
of basalt, some of which are 2 and 3 feet in diameter and scoriaceous,
especially in the interior. Mingled with this angular and rough material
is a great quantity of fine dust-like lapilli, and some rounded and worn
pebbles of rhyolite. Interstratified with the lapilli occur marly lake-beds
containing fresh-water shells and dendritic tufa, as is indicated in the
accompanied generalized section of the crater walls (Plate XVII, Fig. A).
Both the lapilli and the lake-beds are evenly stratified, and exhibit diverse
dips.  On the interior of the larger crater, on the south side, the dip is
towards the lake at an angle of about 30°. On the east side the stratifi-

cation appears quite horizontal, but may, perhaps, be inclined away from

®The smaller lake, when the accompanying map was made, had been so changed by excavation
and the construction of evaporating vats that its original form had been destroyed. Its surface is 20
feet higher than the larger lake, and 65 feet below the general desert surface. The highest point on
the crater rim is 20 feet above the bottom of the depression.
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the crater; near the surface of the lake there are two planes of unconform-
ability, as well as a number of small faults. In the crater walls on the
opposite side of the lake a number of displacements may be seen, as indi-
cated in Fig. E, Plate XVII.

The form of the cones and the nature of the material of which they are
composed leave no doubt that these are crater-rings, i. ¢., low cones of erup-
tion containing large craters. The evidence sustaining this conclusion is
abundant  In the stratified beds of vellowish lapflli, which are always an-
gular and sometimes as fine as dust, are many fragments of basalt, rhyo-
lite, and masses of hardened lake-beds,™ that are evidently ¢jected frag-
ments that have been dropped from a considerable height to the positions
which they now occupy. The strata of lapilli beneath these “bombs” are
bent down, as shown in the accompanying sketch (Figs. B, C, and D, Plate
XVII) the disturbance being visible for 6 or 8 inches below the included
rock. The strata of loose cinders covering the inclosed fragments are
horizontal and undisturbed. That the cones were not formed during a
single eruption, but have a long and complicated history, and are perhaps
sublacustrine in their origin, is shown by the alternation of ejected and
sedimentary materials in the crater walls.

From the presence of fossiliferous lacustral clays in the midst of lapflli,
it seems evident that volcanic eruption was interrupted by periods during
which the lake covered the craters. The presence of dendritic tufa in the
midst of the section proves that the volcano was active both before and after
the dendritic stage of Lake Lahontan. The wall of the larger lake is some-
what open on the south side, while the western rim has been prolonged
southward (see Plate XVI) in such a manner as to suggest that the erupted
material was in part removed by currents at the time it was ejected and
deposited in the form of an embankment, connecting with the crater rim.

The hypothesis that the craters were formed by the action of extremely
powerful sublacustrine springs, as advanced by King,” would not account
for the nature of the material forming the crater walls, nor the presence of

%The rhyolite pebbles and fragments of lacustral sediments thrown out by this volcano were evi-
dently derived from the superficial strata through which it opened a passage. The basalt, on the other
hand was erupted in a semi-fused condition and formed slaggy masses on cooling.

%7, 8. Geological Exploration of the Fortieth Parallel, Vol. I, p. 512.
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the numerous volcanic bombs that depress the strata on which they rest.
If the cavities owed their origin to springs of very great magnitude rising in
the bottom of Lake Lahontan, it is evident that the out-flowing waters would
have cut channels of overflow when the lake evaporated to a horizon helow
the rim of unconsolidated material that surrounded them: but the crater
walls are now continuous and unbroken by stream channels. On the other
hand, had the springs become extinct before the evaporation of the lake the
cavities they formerly occupied would be buried beneath lake-beds. This,
as our observations show, is not the case, but both the inner and outer
surfaces of the cones are free from lake sediments The last addition of
lapilli to the walls of the crater must have been of post-Lahontan date.

The least diameter of the larger crater at the water surface is 3,168,
and its greater 4,224 feet. Its area, as stated on a previous page, is 268.5
acres. A sublacustral spring of these dimensions, rising with sufficient
force to carry blocks of basalt 1 or 2 feet in diameter to the height of
150 feet, would be a phenomenon without parallel.  That the lakes occupy
extinet craters is recognized by Mr. Arnold Hague in his description of the
(Cfarson Desert.*

There are no streams either tributary to or draining these lakes; their
total water supply, excepting the small amount derived from direct precipi-
tation, is supplied from subterranean sources. Around the immediate shores
of the larger lake there are a number of fresh-water springs; the largest of
these is situated on the northern border of the basin, and issues from a small
fault at an elevation of about 15 feet above the water surface. As the lake,
by aneroid measurements, is 50 feet below the level of the Carson River at
its nearest point, we may safely look to this stream as the probable source of
the water supply which reaches the craters by percolating through the inter-
vening marls and lapflli deposits. The bottom of the lake, as determined
by many soundings, is a continuation of the slope of the inner walls of the
crater, excepting that the conical form has been modified by shore action and
sedimentation, which has resulted in the formation of the terrace about the
present water margin. In the northern part of the lake a reef of rock pro-
jects above the surface, and soundings show that this is continuous from

36U, 8. Geological Exploration Fortieth Parallel, Vol. II, p. 746.
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shore to shore, thus indicating that two craters are combined in the forma-
tion of the present depression.

The bottom, as shown by the samples obtained by the cup at the end
of our sounding lead, is a fine tenacious black mud having a strong odor of
sulphuretted hydrogen. When exposed to the air for some time this mate-
rial loses its inky color and shows itself to be of the same nature as the fine
dust-like lapflli that form a large part of the crater walls. The organic
matter impregnating these sediments is evidently derived from the millions
of brine shrimps (Artemia gracilis) and the larvee of black flies that swarm in
the dense alkaline waters.

Near the shore the rock and pebbles, as well as bits of organic matter
are coated with beautiful crystals of gaylussite which form about any solid
nucleus that chances to be available. The erystals are white, with trans-
parent edges, monoclinic in form, and thin in the direction of the orthodiag-
onal, as illustrated by Figure 607, Dana’s System of Mineralogy, 5th edition.
The small island in the northern part of the lake is completely coated with
gaylussite crystals and trona.  An analysis of a crystal of gay-lussite from
this locality by Prof. O. D. Allen gave the following composition :*

L O o e e e s Bla s e e 4 & o 19.19
NOdB S B o N et L b n e b Suleh L B Kool Mg - 19. 95
WREBOTIOIRCIA 2k i oo Sl e et e e AR Eort, b Eirer 29. 56
Water . oot favp s A L, Tyl sl 107
DU PAETIGIRCTATC O ot hpie T s 2ot e e s hita e el S 2 Trace.
GHRIOTIIE - 2 s s - e i e Lk s T e e s e o e e e Trace.
RO TS TR QTR bt s e s e e W e B s s s 0. 20

99. 94

Trona also occurs along the shore of the lake up to an elevation of 10 or
12 feet, and not unfrequently contains casts of the larval cases of a fly which
now lives in the lake in immense numbers. An analysis of a sample of
trona from this locahty, by Prof. O. D Allen is here Lopled .

7 U.8. Gcolomcal prloranon of the Fortieth Parallel, Vol. 11, p. 749.
#U. 8. Geological Exploration of the Fortieth Parallel, Vol. II, p. 748,
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Per cent.

3110 15T e g SRt Ao g e i A B e ol B o Ry AR IERR TR 40. 55
Garbonic acid-c- v heonionas YN M e e S e 36. 86
Sulplinvic@eid = .5 o ciieitimash Nl T e e e o 0TS
OhIloTING! e, sie t b ilam e S¥ AT o B e . Pl SIS L THGS
AT A Nk R R A I R S e T e ) 19. 90
Ingoluble residue . s S evndive saens loaint S e S s ee U0

99. 82
Oxygen equivalent to chlorine.... ....... ... .. .. o 0.22

99. 60

“The deposit is thus nearly a pure trona, or sesquicarbonate of soda,
mixed with small quantities of sulphate of soda and common salt. It con-
tains also traces of phosphoric and boracic acids. The insoluble residue
consists of fine sand and carbonate of lime.”

Samples of water collected in September, 1882, in the central portion
of the lake, at the depths of 1 foot and 100 feet, have been analyzed by Dr.
T. M. Chatard, who reports their composition as follows:

;‘ Probable combi-

l One liter of wa- *
| nation (expressed

Per cent. in total |

| ;ﬁ;sﬁgg‘j“m ‘ solids, ‘E | in gr:;ynmos per
{ . | iter).
~& |85 =5 |25 | T
Constituents. gz @ g I — 2 | Constitaents. ot
gE  [SE - B8 O Be | Bk
E2 =2 &2 | g2 £z
198 |23 | o2, |62, : e
| 288 | 588 | 538 | 538 5
225 | B3 EZE | E2E Eis
| @ | @ | @ | @& 7
Silica (Si02) . cccvececnnercecceca- ; 0.304 | 0.310 | 0.24 I 03571t BIHOR (BIDs) = nsswvnesy we wanss= 0. 304 0. 310
Magnesiam (Mg) --| 0.270{ 0.270 | 0.22 | 0.21 | Magnesium carbonate (MgCOs) 0. 040 0. 940
Potassium (K) . ..eoavvansn.. --| 2.520]| 2.670| 2.01 | 2.13 | Potassium chloride (KCD....... 4.820 5.110
BORTHI (VB & v St stein o o'y | 45.840 | 44.270 | 36.63 | 85.38 | Sodium chloride (NaCl) .. ... 71.470 68. 930
(8150 T ) ) P et R S | 45.690 | 44.270 ) 36.51 | 35.38 | Sodium sulphate (Na2SO4) ..... ! 19.170 19. 450
Sulphuric acid (SO4) - ..... ..] 12,960 | 13.150 | 10.36 | 10.50 Sodium borate (NazBiOs).... ... 0. 404 0.417
Boracic acid (BsOj) - <. .eaven . 0.314 0. 327 | 0.25 0.26 = Sodinm carbonate (Na=:COs) ... | 26.410 24, 840
107. 898 i 105.267 | 86.22 | 84.11 ! 123.518 119. 997

Carbonic acid (COs) by difference.  17.232 | 10. 883 13.78 15. 89 1. 612 $5.153

i 195,130 125.130

Total . .cxcs S s vEEee 125.130 | 125.150 | 100.00 = 100.00

“If the excess of COs above the amount required for Na:COj; be calculated as NaHCOs, we will have in the sample
from 1 foot below the surface: 123.518 less Nno;('(), = !))7.]08
28

NawCOs = 23.64

NaHCOs= 4.382

125.130

and in the remaining sample: 119.997 less Na:COy 95.157

NaCOs = 16.04
NaHCO3z = 13.953

198.71 per cent. accounted for.
125.150 195.98 per cent. accounted for.
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A water sample collected from the south side of the lake in August,
1867, and analyzed by Prof. O. D. Allen, had a specific quantity of 1.0975,
and gave a fixed residue of 114.7 parts per thousand, and on spectroscopic
examination was found to contain lithia in addition to the elements given in
the above analyses.”

In obtaining carbonate of soda from the waters of the larger lake two
methods are in use. One is known as the “cold weather” and the other as
the * warm weather” process. In the former the water of the lake is con-
ducted into vats along its shore, and has a density of about 129 of Beaum¢’s
areometer  As it evaporates beneath the heat of the summer sun its density
increases until it approaches 30° B. At this point more water is added from
the lake. This process is continued until cold weather approaches; the vats
are then so adjusted as to have a density approaching 30° B.  The lowering
of the temperature on the approach of winter causes sodium carbonate and
sodium sulphate to be precipitated at the bottom of the vats in a hard
crystalline layer, which, when removed to the drying sheds, crumbles
to a fine white powder. The “soda” formed by this process contains about
equal portions of sulphate and carbonate, as shown by the following anal-
ysis by Dr. F. W. Taylor of a sample of the material as it is sent to the

market:

Per cent.
Syt e R R R e R R SRR e 0. 449
Irongand alumInEmS IS L e o S sk 5 .01
Gt SHIDHAGE s vl s e R e vk bt e o . 038
Maonesin SHIDHALS .o -uiui seee samsins ssans asian sis o . 040
Sodium: ehlomade o Somas s s aim saos wirs s s 550 e 2.193
SO ] s i SRR B T 49.437
SOGHIM CALDONGIO: e oo le as pis 0 s ol 42 em o w5 v or o AOSTHA
AN AT vl P e e s i e e e LI s TR s by JER B e

100. 000

While concentrating the waters in the soda vats during the summer, if
the density increases beyond about 30° B,, carbonate of soda and sulphate of
soda are precipitated, and, if concentration continues, is soon followed by the
deposition of conmon salt. In this process the water is conducted from vat
to vat, becoming gradually concentrated as it progresses. When in the last

1. 8. Geological Exploration of the Fortieth Parallel, Vol. II, p.747.
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of the series it has reached the desired density, sodium carbonate, together
with sodium sulphate, is deposited. The mother liquor is afterward returned
to the lake. The soda thus obtained is called “summer soda,” and has
about the composition given in the above analysis, as is indicated by qual-
itative tests. The vats in which the evaporation is conducted are formed
by levees built along the shallow border of the lake, and are usually about
80 feet long by 50 feet broad; the water when evaporation commences is
usually from 12 to 14 inches deep. (Plate XVI.)

When the waters of the lake are evaporated until a density of about
15° B. is reached, they assume a reddish tint, which increases as the con-
centration is carried forward, until at 30° B. they become of a bright cherry-
red color. Chemical tests show that this color is not due to the presence of
manganese or iron, but is probably produced by organic substances.

The manufacture of soda at the larger lake was commenced in 1875,
and is yet in its experimental stage, although two or three hundred tons of
impure soda carbonate have been produced. The smaller lake when first
discovered is reported to have been dry, and presented the appearance of
an ordinary mud-playa. Excavations carried to the depth of about 25 feet
have shown that the material filling the basin is composed of layers of soda
salts, separated by strata of dust and mud. As the layers of soda in these
beds have the character of the * summer soda” now formed in the vats, it
is evident that the crater has served as a natural evaporating pan, in which
the water accumulated during the wet season was entirely evaporated before
the dry season had passed.

For the manufacture of soda in this basin, vats have been excavated in
the material composing its bottom. They are filled by water seeping from
its sides, which, as it enters the vats, has a density of from 10° to 15° B.
Concentration is carried on until the carbonate of soda begins to crystallize,
when a new supply of brine is added, and the process carried forward until
cold weather sets in, when an abundant crop of beautiful soda crystals is
formed during the first cold nights of autumn. After all the soda is pre-
cipitated that a lowering of temperature will produce, the mother liquor is
conducted back into lower depressions, and allowed to leach through the
soda-bearing strata once more The crust of soda obtained at the bottom
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of the vats is usually about 10 inches thick and shows two divisions, the
upper layer, or “winter soda,” being the more crystalline.  The salt thus
obtained is removed to drying sheds, where it loses its excess of water, at
the same time crumbling to a fine powder, and is then ready for the market.
A sample of this material was found on qualitative examination to consist
principally of sodium carbonate, together with considerable quantities of
chloride and sulphate of soda, and traces of phosphoric and boracic acid
and potash.

The manufacture of soda in the smaller pond has been carried on for
about eighteen years, with an annual production of between four and five
hundred tons, as I am informed by Mr. B. F. Gray, the present superin-
tendent.

The walls of the smaller crater are of the same nature as those that
surround the larger lake, and exhibit sections of stratified tuff containing
ejected blocks of basalt that depress the strata on which they rest. An
illustration of the smaller Soda Lake will be found on Plate XXII, Vol. 11,
and of the larger lake on Plate XXVI of Vol. I, of the reports of the
U. 8. Geological Exploration of the IFortieth Parallel.

The mineral matter now dissolved in the water of the Soda Lakes is
unquestionably derived from the springs that supply them, and has been
dissolved from the lacustral beds and lapilli deposits through which their
waters percolate during their subterranean passage.

The data given on Plate XVI enable one to caleulate approximately
the volume of the larger of the Soda Lakes; and from the analyses of its
waters that have been made we can determine the quantity of the various
salts it contains.  Making these calculations for the salts of greatest economic
importance, we find that the lake contains nearly 428,000 tons of sodium
carbonate; sodium sulphate amounts to nearly four-fifths of this quantity;
while the sodium chloride is somewhat less than three times as great. The
total of all salts dissolved in the lake is in the neighborhood of two million

tons.




PLAYA-LAKES AND PLAYAS.

The name ‘““playa-lake” has been applied to inclosed water bodies of dry
climates which have little depth and frequently evaporate to dryness, leaving
mud-plains, or playas. In the typical examples found throughout the Great
Basin, their waters are somewhat alkaline and saline, and almost always
turbid with fine silt, and, probably, chemical precipitates. This material is
retained in suspension not only because the shallow lakes are frequently
agitated to the bottom by the wind, but, also, for the reason that in waters
containing alkaline salts the precipitation of suspended matter is greatly
retarded. Lakes of this class exhibit great variety, and are the most irregu-
lar of water bodies. In many instances they hold their integrity for a num-
ber of years, and only evaporate to dryness during exceptionally arid seasons.
Again, desiccation is apparently the normal condition, and the basins are
only flooded during times of unusual humidity. Many lakes of this class
exist only during the humid season, and are dry throughout the summer.
In the spring and fall, as already mentioned in describing the general fea-
tures of the Great Basin, they appear with every storm that gathers and
anish when the heavens are again bright. Their outlines consequently
fluctuate with the humidity of the season, and, owing to the extreme shal-
lowness of their basins, a variation of an inch or two in depth may make
a difference of many square miles in area.

Examples of the more permanent playa-lakes of the Lahontan basin
are furnished by Honey Lake and the lakes of the Carson Desert.  Another,
of less permanence, on the Black Rock Desert, has been noticed on page 10.
The positions of others, some of which are many miles in extent during the
winter, but disappear completely when the breath of summer touches them,
are indicated on the accompanying pocket-map. Examples might be
multiplied, and the curious effects that these ephemeral lakes exert on the
scenery of arid lands might be dwelt upon, but this would perhaps carry
us beyond their geological interest.

The lakes desceribed above are commonly uninhabited by fish, but
frequently afford a congenial abode formollusks, especially for the Limnaidee

and allied forms.
MonN. xX1—6 81
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The water reaching playa-lakes is commonly derived from the surface
drainage of the basins in which they occur; the larger ones, however, are
supplied by streams more or less permanent.  The sediment contributed to
lakes of this description is commonly in a state of minute subdivision, and
when derived from the surrounding surface is rich in saline matter.  When
evaporation takes place both the suspended and dissolved matter is deposited
and forms a peculiar light-colored saline clay, which, when desiccation is
complete, forms a smooth mud-plain, or playa.

The mud-plains originating in the manner described above are char-
acterized by the evenness of their surfaces and their light creamy-yellow
color, which is independent of the nature of the surrounding rocks. These
deposits have the same characteristics and apparently about the same com-
position whether surrounded by sedimentary rhyolites or basaltic rocks.
In area they vary from a fraction of an acre up to many square miles.
They are entirely destitute of vegetation, and are in fact the only absolute
deserts in this country. During the rainy season they are rendered soft
and impassable, and very frequently covered with water, as mentioned in
describing a playa-lake, but with the advance of summer they lose their
moisture and become so completely desiccated beneath the intense heat of
the summer’s sun that they resemble a pavement of cream-colored marble,
which, on the broader deserts, stretches away to the horizon without a shrub
or spear of grass to break the monotony of the glossy surface. Owing to
the contraction of the mud on drying a playa becomes broken by a vast
system of intersecting “sun cracks,” which frequently cover the surface with
an intricate network of narrow fissures.  While the mud is soft it sometimes
becomes impressed with the foot-prints of animals and rippled by the winds,
thus receiving markings that are usnally considered characteristic of shores.

Typical examples of playas of broad extent occur in the Lahontan
basin, on the Black Rock, Smoke Creek, and Carson deserts; others of less
size are met with in various minor basins, as has been indicated in describ-
ing playa-lakes.

The scenery on the larger playas is peculiar, and usually desolate in
the extreme, but yet is not without its charms. In crossing these wastes
the traveler may ride for many miles over a perfectly level floor, with an
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unbroken sky-line before him, and not an object in sight to cast a shadow
on the ocean-like expanse.  Mirages may be seen every day on these heated
deserts. Similar optical illusions give strange fanciful forms to the mount-
ains, and sometimes transfigure them beyond all recognition. At such
times a pack-train crossing the desert a few miles distant frequently appears
like some strange caravan of grotesque beasts fording a shallow lake, the
shores of which advance as one rides away. The monotony of midday on the
desert is thus broken by delusive forms that are ever changing, and suggest
a thousand fancies which divert the attention from the fatigues of the jour-
ney. 'The cool evenings and mornings in these arid regions, when the pur-
ple shadows of distant mountains are thrown across the plain, have a charm
that is unknown beneath more humid skies. The profound stillness of the
night in these solitudes is always impressive.

When the heat of summer drives every drop of moisture from these
deserts a white saline efflorescence appears, which is formed by the crys-
tallization of various salts brought to the surface in solution by the action
of capillary attraction, and left as the water that dissolved them is evap-
orated. Incrustations of this nature sometimes cover areas many miles in
extent, especially along the borders of the playas, and render the surface
as dazzling as if covered by snow.

An analysis of a typical specimen of playa mud from the southern part
of the Carson Desert is reported by Dr. . W. Taylor, as follows:

Portion soluble in water 15.16 per cent.
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An examination of a sample from another playa gave less than 3 per
cent. soluble in water, consisting principally of sodium carbonate, calcium
carbonate, and common salt.

It is not to be expected that all deposits of this character would have
even approximately the same composition, but the conclusion arrived at in
the field, that they are the result of both mechanical and chemi sal processes,
is strengthened by the analyses that have been made. In some instances
easily soluble salts form a large percentage of the deposit, which then
hecomes a salt-field, a bed of gypsum, or is largely composed of other simi-
lar salts. At times these deposits become covered with mechanical sedi-
ments, and perhaps buried so deeply that they are not again dissolved when
the basin is reoccupied by a lake. All stages in this process, which, in fact,
is the closing chapter in the history of many lakes, may be observed in the
arid region of the Far West.

Playas in which the mechanical deposits greatly predominate are the
most common, and may be studied in a large number of the desert-valleys
of Utah and Nevada. Examples of salt-playas are numerous, especially
in Southern Nevada, where they are of economic importance, and, besides
common salt, frequently contain large quantities of sodium sulphate and
carbonate, borax, ete. In some instances the lower portions of earthy
playas are saturated with brine—as is the case in Diamond Valley, Nevada—
which, when raised to the surface and evaporated, is capable of supplying
an almost unlimited quantity of salt. One of the most instructive playas
in the Great Basin is situated in Utah, a few miles southward of Fillmore.
In this instance the water entering the basin and partially flooding it during
the rainy seasons is probably charged with calcium sulphate in excess of
all other salts, and on evaporating leaves a deposit of crystallized gypsum,
or selenite, which is now approximately 12 square miles in extent, and has
been penetrated to the depth of 6 feet without revealing its entire thick-
ness. The salts more soluble than gypsum, which must have been
deposited by the waters covering the playa at various times, have appa-
rently been flooded out by an overflow of the basin, thus leaving the sele-
nite in a remarkably pure condition. The small crystals of selenite swept
from the surface of the deposit by the wind have been accumulated in im-
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mense dunes, especially along the northern border of the playa, and have
pearly buried a rhyolitic butte beneath snow white drifts, thus acquiring
for it the local name of the “ White Mountain.”

A stratification of the various salts found in playas in the order of their
solubility, as commonly occurs from the slow evaporation of brines, is not
usual, for the reason, apparently, that they owe their accumulation to repeated
desiccations. In some instances, however, as at Rhode'’s salt marsh in Ne-
vada, the more soluble salts are gathered most abundantly in the central
part of the basin.

A study of the playas of the IFar West renders it evident that saline
deposits of great extent may result in the manner deseribed above, and
sustains the suggestion that beds of rock-salt, gypsum, ete., found in various
geological formations may have been accumulated in interior basins by the
evaporation of ordinary surface waters, and are not in all cases, as fre-
quently inferred, the result of the evaporation of isolated bodies of sea-
water.

Besides the playas proper, the formation and characteristics of which
we have sketched, there are other desert areas in the Far West that are
frequently designated by the same name, but which are of a somewhat
different nature. These are mud-plains left by the evaporation of large
lakes, and composed of ordinary lake sediments. Deserts of this nature
are in many instances nearly as desolate as the true playas. Their borders
are commonly poorly defined, being more or less covered with shrubs;
their surfaces, too, are commonly uneven and irregular. In substance, they
are usually composed of tenacious greenish clay of the same character as
the sediments now forming in many large lakes. Usually the deserts of
this character occupy nearly the entire breadth of an ancient lake-bed,
and are overlaid by playas proper in their lowest depressions. In a deep
section of such a playa the light-colored saline clays, of which they are
almost invariably composed, would be found to pass into the more tena-
cious and darker clays beneath. The strata at the base of such a section
were deposited in a deep lake of broad extent, while the playa-beds proper
are the record of frequent desiccations.
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The freshening of lakes by complete evaporation is one of the most
interesting results of the processes we have been tracing. Perhaps the
strongest proof that the burial of desiccation products beneath earthy sedi-
ments is competent to convert a lake from a saline to a fresh condition is
furnished by a number of the existing lakes of Nevada and Oregon, which
are either fresh to the taste, or else hold but a fraction of 1 per cent. of
saline matter in solution, but occur in comparatively broad drainage-basins
that have not overflowed since the beginning of the Quaternary. This
is illustrated especially by the present condition of the lakes of the Lahon-
tan basin, as will be shown in treating the chemistry of the former lake

(postea, page 229).



CHAPTER IV.

PHYSICAL HISTORY OF LAKE LAHONTAN.

SECTION 1.—.SHORE PHENOMENA IN GENERAL.

The examination of the shores of recent and fossil lakes has shown
that there are a number of characteristic topographic features, resulting
from the action of waves and currents, which are of geological interest, and
frequently enable one to determine much of the history of a lake that has
passed away. The dynamics of lake waters may be studied in any exist-
ing lake, but the topography of shores is best seen in lake basins that have
been emptied of their waters at a recent date.

If we stand on a shelving lake shore during a gale that is blowing
landward, and watch the waves breaking on the beach, it will be noticed
that they apparently become accelerated on entering shallow water, and,
as their crests break into foam, they rush up the beach or shore-terrace,
carrying stones and pebbles with them. As each wave retires we may hear
the sharp rattle of this material, even above the roar of the waters, as it rolls
and slides down the beach, only to be caught up by the next inrush, and
the process repeated again and again. Outside the line of foam fringing
the shore the water is frequently discolored, perhaps for several rods, by
suspended sediment derived from the comminution of shore débris; farther
lakeward the waves are clear and blue, or perhaps streaked with long lines
of foam. The most superficial observations tend to assure us that vast
quantities of stones, pebbles, sand, and silt are constantly carried up and
down lake beaches and become rounded and smoothed by the process.

This conclusion is also sustained by the worn appearance of the débris on
87
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every shore. . A little attention also enables one to ascertain that the beach
material greatly assists the waves in cutting away the coast so as to form
terraces and sea-cliffs, and is subsequently utilized in building bars and
embankments. The modifications of lake shores due to chemical action
need not receive attention at this time.

The principal features entering into shore topography are terraces,
sea-cliffs, bars, embankments, and deltas. These, as will be shown below,
result from the action of waves and currents on the shores that confine
them, and differ so widely from the topographic forms produced by sub-
aerial erosion and other geological agencies that the nature of their origin

may be determined at a glance.

TERRACES.

The most characteristic forms resulting directly from wave action are
sloping terraces bounded by a steep scarp, termed a sea-cliff, on the land-
ward margin, and a second scarp, less abrupt, on the lakeward border.
These forms are illustrated in the following diagram, which represents the
profile ot a lake shore so carved by waves as to form a cut-terrace and sea-
cliff. ' The line ab represents the original slope of the shore before its mod-
ification by waves; ac the profile of the sloping terrace; and cb the sea-cliff.

LAKE SURFACE

F16. 8.—Ideal profile of a cut-terrace.

In the desiccated lake basins of Utah and Nevada terraces of this nature
frequently occur that are hundreds of feet in breadth and overshadowed by
cliffs which at times are a thousand feet high.

The material derived from the formation of a cut-terrace at first encum-
bers the shelf formed, but is soon removed by the waves and currents and
its place supplied by fresh débris. The finest of the waste from the land is
carried lakeward by the undertow and finally deposited as lacustral beds;
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portions less finely comminuted fall on the outer slopes of the terrace and
serve to broaden it. The coarsest of all the shore d¢bris usually remains
on the terrace and is swept along by the currents until it finds a resting-
place in some embankment or wave-built bar. The portion falling. on the
outer margin of the terrace is frequently consolidated by the precipitation
of calcium carbonate in its interstices, thus forming a conglomerate, which
adds to the breadth of the structure. In this manner a terrace may become
in part a work of destruction and in part a work of construction, as indi-
cated in the following diagram, which represents a cut-terrace, as in the last
figure, with the addition of an accumulation of débris on its outer slope.

LAKE SURFACE

Fi16. 9.—Ideal profile of a cut-and-built terrace.

Observations have shown that this is the most characteristic form of

lake terrace, and illustrates the fact that the action of waves and currents

in modifying shores may be divided into erosion and deposition, or the
processes of destruction and construction.

SEA-CLIFFS.

The steep scarps rising above terraces are termed sea-cliffs, whether
formed on lake or ocean shores. They occur especially where the borders
of a lake are abrupt; but when the bluffs approach the perpendicular and
form cliffs with deeply submerged bases, the action of the waves in carving
terraces is reduced to a minimum, for the reason that the shore débris falls
into deep water beyond the reach of the waves and can no longer be used
as a tool in cutting away the land.  On the other hand, sea-cliffs are sel-
dom formed when the slope of the beach is very gentle. In such localities
the waves lose their force before reaching the land, and deposition rather
than erosion takes place. Sea-cliffs are most pronounced in rocks of hete-
rogeneous composition, which are easily eroded, but yet sufficiently durable
to stand in perpendicular escarpments.
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BARS.

In the illustrations given above the effects of waves that result from
winds blowing directly on-shore are alone considered. When the wind blows
obliquely to the beach we have another modification of wave action. Cur-
rents are established in each instance by the friction of the wind on the
water, but in the first they are at right angles to the beach and return lake-
wards as an undertow; in the second case, however, 4. e., when the wind
blows obliquely to the land, the currents formed move more or less nearly
parallel with the shore, as may be illustrated along any lake margin by
placing floats in the water or by watching the movements of the shore-drift.
It will require but little attention to assure one that during a gale strong
currents are thus established along lake margins, which in some respects
are similar to the flow of rivers. They carry with them a band of shore-
drift, consisting of sand, gravel, bowlders, etc., the width of which depends
mainly on the slope of the shore and the character of the material moved.
As in the flow of streams, the transported material is carried partly in sus-
pension and partly by rolling along the bottom. The upward wave move-
ments tend to lift the stones and the onward movement to carry them for-
ward. When the force of the current is checked the coarser débris is first
deposited and the finer transported to greater distances. The movement of
such current-borne streams of débris along alake shore necessitates friction,
which results in the comminution of the débris itself and the abrasion of
the base of the sea-cliff against which it impinges. Shore currents are even
more powerful than on-shore waves as agents of erosion, but their distine-
tive property is the power to transport shore-drift. In this manner the
débris supplied by the sapping of sea-cliffs is removed and formed into new
structures at the same time that it causes the detachment of fresh material
from the shore, thus supplying fresh tools with the aid of which the waves
remodel their boundaries.

Shore currents are usually strongest at some distance from the actual
lake margin. In some instances this distance amounts to several rods or
perhaps half a mile. As the maximum transportation takes place where the
current is most rapid, the result is the formation of a ridge of gravel in the
path of the current. Deposits of this nature are molded by the waves
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into long, narrow, level-topped ridges, with rounded crests, which follow
the broader curves but not the minor irregularities of lake shores. They are
composed of water-worn débris which has been assorted by currents, and
when exposed in cross-section they present an irregular anticlinal of depo-
sition. Gravel ridges of this nature have received the name of barrier-bars.

The altitude of the horizontal crest of a barrier bar is determined by
the storm limit of the waves and currents that built it. Each such structure
therefore furnishes a record of the horizon of the water's surface in which
it was formed. Should a lake vary in level, it is evident that barrier bars
may be constructed at many different altitudes. In the desiccated lake
basins of Utah and Nevada bars of this nature frequently occur in con-
centric and symmetrically curved ridges, which may be followed for miles
and sometimes furnish natural highways of a most excellent character.

An ideal plat of an arm of an ancient lake in which barrier bars were
formed at three different levels is given in the following figure. Below

F16. 10.—Ideal plat and section illustrating the formation of bar;it;.r bars.
the sketch is a section through the valley on the line zy, in which the level
of the surface of the lake at the time the various bars were formed is indi-
cated by dotted lines.
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The conditions most favorable for the formation of barrier bars obtain
when shelving shores occur adjacent to steep banks where sea-cliffs are
forming; in such instances the débris derived from the sapping of the sea-
cliff is swept along by shore currents, and furnishes the material for works
of construction.

Sometimes a current is deflected from the shore and returns to it at
another point. In this manner a looped bar inclosing a lagoon is formed.
The lakeward portion of such a bar sometimes forms a definite angle; the
structure then becomes V-shaped, and is known as V-bar. Bars with this
peculiar form are not uncommon, and sometimes obtain great magnitude.
It frequently appears as if structures of this nature had been begun in a
rising lake, and that the forms of the shore deposits first made were
retained and carried upwards as the lake rose, by the addition of fresh
material to their surfaces. Barrier bars present other variations, some of
which will be noted in the succeeding pages, which may frequently be
seen in process of formation on the shores of existing lakes.

Bars of another character are also formed along lake margins, at some
distance from the land, which agree in many ways with true barrier bars,
but differ in being composed of homogeneous, fine material, usually sand,
and in not reaching the lake surface.

The character of structures of this nature may be studied about the
shores of Lake Michigan, where they can be traced continuously for hun-
dreds of miles. There are usually two, but occasionally three, distinct sand
ridges; the first being about 200 feet from the land, the second 75 or 100
feet beyond the first, and the third, when present, about as far from the
second as the second is from the first. Soundings on these ridges show
that the first has about 8 feet of water over it, and the second usually
about 12; between, the depth is from 10 to 14 feet. Irom many com-
manding points, as the summit of Sleeping Bear Bluff, for example, these
submerged ridges may be traced distinctly for many miles. They follow
all the main curves of the shore, without changing their character or having
their continuity broken. They occur in bays as well as about the bases
of promontories, and are always composed of clean homogeneous sand,
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although the adjacent beach may be composed of gravel and boulders.
They are not shore ridges submerged by a rise of the lake, for the reason
that they are in harmony with existing conditions, and are not being
eroded or becoming covered with lacustral sediments.

In bars of this character the fine débris arising from the comminution
of shore drift appears to be accumulated in ridges along the line where
the undertow loses its force; the distance of these lines from the land
being determined by the force of the storms that carried the waters shore-
ward. This is only a suggested explanation, however, as the complete
history of these structares has not been determined.

EMBANKMENTS.

The combined action of waves and currents along shores of moderate
slope results, as we have seen, in the formation of cut terraces, sea-cliffs,
built terraces, and barrier bars. When the shore becomes steep or any
abrupt change in its direction takes place, as when the mouth of a bay is
reached or a promontory projects from the shore, the current does not
follow the sinuosities of the land but continues its course, and, on entering
deeper water, loses its power of transportation and deposits its load.
Fresh material is carried along in a more or less continuous stream by
the shore current and added to that previously deposited, thus forming
a subaqueous embankment. This process is continued until the deposit is
raised t3 the level of the barrier bar or terrace, as the case may be, along
which the current-borne débris is carried. This process continuing, the
embankment increases in length but not in height; its crest, like that of a
barrier bar, has its height determined by the horizon of the lake surface.
It is evident from their mode of formation that embankments are but pro-
longations of built terraces and barrier bars; in fact one form merges into
the other in such a manner that it is not always possible to determine in
which list a given structure should be placed.

The formation of embankments will, perhaps, be rendered more intelli-
gible by referring to the accompanying topographic sketch, in which a por-
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tion of a gently sloping lake margin adjacent to a bay is represented. The

current in sweeping along the shelving shore in the direction indicated by

Fie. 11.—Ideal plate illustrating the formation of embankments.

the arrow, will carry with it a narrow band of shore drift; when the en-
trance to the bay is reached the direction of the current is but little changed;
it consequently enters deeper waters where its velocity is checked and its
load of débris deposited. Fresh material continues to be swept along the
shore terrace and is added to that already accumulated until a long, narrow,
level-topped embankment is built up. Current-formed structures of this
nature have the character of a railroad embankment, and sometimes grow
to be miles in length and perhaps several hundred feet high. Should the
conditions represented in the sketch continue long enough, it is evident that
the bay will eventually be cut off from the lake and form a lagoon; in such
an instance it is frequently convenient to speak of the structure as a bay-
embankment. In case the bay chances to be at the mouth of a stream, the
embankment may become breached by the outflowing waters and repaired
again by the currents, thus complicating the stratification of the deposit.

Cmbankments, like barrier bars, when exposed in cross section present
a more or less perfect anticlinal structure due to the mode of their deposi-
tion. When buried beneath subsequent deposits, as lacustral beds, for ex-
ample, and dissected by erosion, they sometimes simulate a true anticlinal
formed by the folding of the strata; an instance of this nature is illustrated
on Plate XXV.

Simple embankments, like that shown in the above illustration, are usu-
ally either straight or but slightly curved, and end at the distal extremity in
a semicircular scarp the slope of which depends on the angle of stability in
water of the material of which the structure is composed. Beyond the end
of the embankment sand-banks are commonly formed by the subsidence of
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the finer particles carried along by the current and held in suspension for
some time after the coarser material has been deposited ; as the structure is
prolonged this fine débris becomes buried beneath the gravel and stones
composing the major part of the embankment, and many times becomes
folded and erumpled owing to the weight of the superimposed mass.

The action of waves and currents in forming embankments is subject
to a multitude of variations dependent on the topography of the shores, on
the character of the material moved, on changes in the direction of winds
and currents, and on many other conditions. As may be imagined, the
resultant forms are equally diverse. Should a lake be also subject to great
fluctuations of level, the structure and grouping of the embankments will be
still more complicated. When a lake rises, new embankments and built-
terraces are formed above older ones; when it falls, previously formed
structures are cut away and remodeled into new forms. In the first instance,
a line of division or an unconformability will mark the junction of the older
and the newer deposits ; such an example is shown in cross section at ain the
following figure, which represents contiguous built-terraces of different date:
the altered conditions may also be recorded by changes in the character of
the material of which the embankments are formed. In the second instance,

Fi16. 12.—Diagrams illustrating the relative age of gravel terraces and embankments.

i e, when the lower structure is formed subsequently to the upper, the un-
conformity is of a different nature as is illustrated by section b; in an
instance of this nature the scarp of the older structure is quite commonly
somewhat modified by erosion. When current-built embankments of dif-
ferent dates are not contiguous, as represented at ¢, their relative age cannot
be determined in the same manner as in the previous examples.

Sometimes a current in sweeping past a promontory will build embank-
ments tangent to it, which become curved or sickle-shaped at their free ex-
tremities, as is illustrated on Plate XIX; again, such embankments may
curve abruptly at the end so as to resemble the letter J, and are conven-
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iently designated as J-bars. Other modifications of gravel-built structures
will be noticed in the descriptions of the shores of Lake Lahontan which
follow.

Tater at rest having no power to erode, it is evident that lakes modify

ater at re g 1 ) i
their shores but little during calm weather; it is when storms are raging
that the potency of waves and currents reaches a maximum, and the greater
part of terrace cutting and bar building takes place. The level of the high-
est water line as recorded by works of construction, is the storm level; in
some instances this is several feet above the normal lake surface, for the rea-
son that the water is raised to an abnormal height along a shore against which

aleis blowing. The topography of a coast may cause the storm waves to

ag
reach a higher level in some portions than in others, as, for example, where
a funnel-shaped bay opens out into a broad lake. In such an instance the
water will be driven into the bay during on-shore storms and forced to a
greater height than on a more open coast. IFor these reasons the highest
beach-lines of a lake at various points are not always in the same plane;
fact that should be borne in mind while measuring the depth of fossil lakes

and in studying the effects of orographic movement.
DELTAS.

The general forms of the fan-shaped accumulations of gravel, sand, and
silt deposited about the mouths of streams which enter still water, are too
well known to require a detailed description.

When a stream bringing silt and sand in suspension and rolling peb-
bles and larger rock masses along its bed debouches into still water, its
momentum is checked and the greater part of its load is deposited. Whei
the structure thus begun is undisturbed by currents it is built out equally
in all directions from the mouth of the stream and thus acquires a semi-
circular or fan-shaped topographic form. When a high-grade stream enter:
a valley it commonly deposits a heap of débris about the point of discharge,
which has received the name of an alluvial cone; a delta may be consid
ered as an alluvial cone that has been formed with its base below water.
The part of a delta that is above the reach of the waves has the irregular
structure characteristic of alluvial deposits, but the submerged portion
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acquires a more or less well-defined oblique stratification, which may be
called a “delta structure.”  During the building of a delta the stream mean-
ders over all parts of its surface that are not submerged, and, in irregular
succession, discharges at all points of its periphery; in this manner the
stream-borne débris is carried to all points on the edge of the deposit and
allowed to roll down the submerged slope. The strata thus formed are in-
clined, the amount of their inclination depending upon the angle of stability
in water of the material deposited. Observation has shown that the slope
of a delta scarp commonly is from 20 to 25 degrees. The fine sand and
mud held in suspension is carried farther than the stones and gravel, and
is deposited about the base of the delta scarp, decreasing in quantity and
becoming finer the farther it is carried from the point of discharge. The
stream-borne silt thus tends to build up a secondary cone outside the base
of the main delta, which, on its outer ﬁmrgin, merges with the lacustral
sediments deposited in the central portion of the lake. In the growth of a
delta the scarp of coarse débris is gradually advanced on all sides and con-
sequently overplaces the secondary cone at its base; this added weight fre-
quently causes the fine sediment to be crumpled into folds and perhaps
broken by small faults.

A delta deposited at the mouth of a high-grade stream will have three
well marked divisions, as shown in the following diagram:

WATER SURFACE

Fi16. 13.—Ideal section of a high-grade delta.

At the top is an alluvial cone (a) of unassorted material, resting on (b)

a deposit of obliquely stratified gravel, which in turn is built out over a
secondary cone (ca) of sand and silt. As a delta grows, a becomes thick-
ened, and is built out over b, which at the same time is carried forward over
. In this manner the characteristic tripartite structure of deltas originates.

In low-grade streams, which all long rivers necessarily are, the material
MoON. X1——T7
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transported to their mouths is fine silt, and in their deltas the divisions de-
scribed above are obscure and indeterminate.

A fluctuation of lake level during the formation of deltas produces
even greater modifications in their forms und structure than the same change
of conditions would in the nature of current-formed embankments.  When
the waters of a lake rise and submerge a delta, a new one is at once com
menced and carried forward in the same manner as the first, which it may
eventually bury so completely that only a deep section would reveal its
presence. In some ancient deltas that have been dissected by erosion a
stratum of lacustral sediments is found separating two delta deposits. In
such an instance the included sheet of fine material is thickest near the
outer margin of the structure; the formation of the higher delta and the
deposition of the fine sediments took place at the same time, the latter being
finally overplaced by the former. The lowering of a lake causes its tribu-
tary streams to erode channels through their previously formed deltas and
to commence the building of new ones, either in the gap thus formed, or
altogether below the former structure. In some instances in the Bonne-
ville and the Mono basins this action was carried forward at a number of
successive stages until a series of small deltas were formed, each starting in
the channel cut through its predecessor. In the formation of deltas, as in
the construction of terraces and embankments, one of the most important
conditions requisite for the production of typical examples on a large scale
is permanence of lake level. The finest deltas are formed in lakes that
maintain a constant horizon for a considerable time and receive the influx
of high-grade streams which are abundantly loaded with débris.

In the above sketch attention has only been given to the modifications
of lake shores and tideless seas; the action of the waves, currents and tides
of the ocean receiving no consideration, because they are foreign to the
scope of the present essay.

RECAPITULATION,

Cut terraces are shelves carved in the shores of lakes by the action of
waves and currents; they are bounded on both their shoreward and lake-

ward margins by steeper slopes; the former inclines upward and forms a
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sea-cliff, the latter slopes downward and forms a terrace scarp. Their upper
limit is a horizontal line marking the level of the water at the time they
were formed; their surfaces slope gently lakeward.

Built terraces are shelves of débris formed along shores and are usually
adjoined to or combined with cut terraces. Asin the previous instance, they
are limited on their lakeward borders by terrace-scarps, and may or may not
occur at the bases of sea-cliffs. Their shoreward margins are horizontal.

Sea-clifis are scarps formed by the erosion of cut terraces; their bases
are horizontal and coincide with the upper limit of terraces.

Barrier bars are ridges usually composed of water-worn gravel, depos-
ited by currents in shallow water at some distance from land. Their crests
are horizontal, and mark the storm limit of the waves and currents that
built them. In cross-section they exhibit anticlinals of deposition. Aber-
rant forms are V-bars, J-bars, looped bars, etc.

Embankments are deposits formed by the transportation of shore drift
along terraces and barrier bars, of which they are continuations, to locali-
ties where the water deepens. Like built terraces and barrier bars, they
are composed of water-worn débris, but are frequently of great size; their
tops are horizontal, and in cross-section they exhibit anticlinals of deposition.

Deltas are accumulations of stream-borne débris deposited about the
mouths of streams that debouch into still water; topographically they are
semicircular or fan-shaped, and, when seen in radial section, exhibit a tri-
partite structure.

Since the present chapter was written, a graphic and comprehensive
summary of lake shore phenomena has been published by Mr. Gilbert in the
Fifth Annual Report of the United States Geological Survey, to which the
reader is referred for a more complete discussion of the geological effects
of waves and currents than is contained in the present sketch.

SeorioN 2.—SHORE PHENOMENA OF LAKE LAHONTAN,

In considering the question of outlet in a previous chapter, it was shown
that the shores of Lake Lahontan are unbroken by a channel of overflow.
It was therefore an inclosed lake, and, like others of its class, must have
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been subject to repeated fluctuations of level. That such was its history is
also evident from the multitude of terraces still remaining as records of its
former changes. The Lahontan water-lines are lacking in strength as com-
pared, for example, with those of Lake Bonneville, the reason being in part,
evidently, that the ancient lake margins were precipitous throughout a large
portion of their extent, and the water-surface was greatly broken by islands
and headlands which must have retarded the force of the waves and cur-
rents; but the main reason why the old shore lines are poorly defined is
that the lake surface was not held at any definite horizon for a considerable
time. The records of wave action still remaining are sufficiently distinet,
however, to be easily traced, except on some gently-sloping shores where
the waters were shallow, and at the heads of deep narrow bays where all
shore phenomena are frequently absent. In the Lahontan basin, as in all
fossil lakes, the elements of shore topography to which we turn for the
history of the ancient water-body are terraces, sea-cliffs, bars, embank-
ments, deltas, etc.

TERRACES AND SEA-CLIKFFS.

The most common of the records inscribed on the borders of the La-
hontan basin are cut terraces. These may be traced throughout a very
large portion of the basin, but are most distinet on the borders of the larger
deserts. About the southern margin of the Carson Desert the ancient lake
was limited by mountains of soft, volecanic rock, which yielded easily to
both wave action and subaérial erosion. The result is a group of Gothic-
like mountains rising from a broad, horizontally scored base. The contrast
between rain-sculpture and wave-sculpture is here well marked.

In traveling over the Central Pacific Railroad between Golconda and
‘Wadsworth, oné is seldom out of sight of the long horizontal lines drawn
by the waves of the ancient lake on the shores that confined them. Rec-
ords of the same character may be traced continuously about the borders
of the Black Rock and Smoke Creek deserts, and are strongly defined along
the bases of the mountains overlooking Pyramid and Winnemucca lakes.
They are again plainly legible on the steep slopes bordering Walker Lake,
as may be observed by the traveler over the Carson and Colorado Railroad.
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The highest of these numerous shore lines we have named the “Lahon-
tan Beach,” as it records the highest water stage of the former lake. Its
elevation above the sea, as shown by lines of level connecting with the Cen-
tral Pacific Railroad surveys, is 4,343 feet at Mill City, and from 4,418 to
A4',427 feet at the lower end of Humboldt Lake.* Barometric measurements
of the altitude of Pyramid Lake, for which T am indebted to Messrs. J. S.
Diller and M. B. Kerr,* determine its 1882 level to have been 3,783 feet above
the sea. The Lahontan beach in the vicinity of the lake, as measured by
several lines of leveling, is 530 feet above its 1882 level, and therefore 4,313
feet above the sea. The altitude of the surface of the former lake, as deter-
mined by Clarence King, was 4,388 feet.” These results, together with
many measurements with the aneroid barometer and by angulation, show
that the old shore lines are not now horizontal, owing to the orographic
movement that has taken place since their formation, as will be described in
Chapter X.  What their original horizon may have been is not now suscept-
ible of accurate determination. An average of the various measurements
that have been made of the present elevation of the Lahontan beach gives
4,378 feet, which is the nearest approximation we can make to its original
altitude.

Besides the Lahontan beach there are three other water-lines of suffi-
cient importance in the history of the lake to deserve special designation.
One of these is a strongly defined terrace, 30 feet below the Lahontan beach,
and at the upper limit of a calcareous deposit, precipitated from the waters
of the ancient lake, which we have named * Lithoid Tufa”; we therefore
call this the  Lithoid Terrace.” Its elevation is 500 feet above the 1882
level of Pyramid Lake.

Another chemical deposit, known as * Dendritic Tufa,” occurs in great
quantities in the same basin, and at its upper limit is bounded by a water-
line, usually but poorly defined, which we name the * Dendritic Terrace.”
Its elevation is 320 feet above the datum plain just mentioned.

08ee profile in Plate XVI11

'1ts elevation was determined by barometric readings at Reno and at the lake surface in June,
1284, and gave a difference of level of 715.5 feet. The elevation of Reno, as determined by the Cen-
tral Pacific Railroad surveys, is 4,497 feet.

#U. 8. Geological Exploration of the Fortieth Parallel, Vol. I, p. 507.



102 GEOLOGICAL HISTORY OF LAKE LAHONTAN.

Between the dendritic terrace and the surface of Pyramid Lake there
is a broad platform, which is the strongest and best defined of all the La-
hontan water-lines. It marks the upper limit of a third variety of tufa,
known as ¢ Thinolite”; we call it, therefore, the * Thinolite Terrace.” Its
elevation is about 110 feet above the level of Pyramid Lake in 1882,  This
terrace has been found to extend entirely around the valleys oceupied by
Pyramid and Winnemucca lakes, and may also be followed, though with
less certainty, along the borders of Black Rock, Smoke Creek, and Carson
deserts.

The terraces we have named, together with the present level of Pyra-
mid Lake, furnish four definite horizons that will be found convenient refer-
ence plains in tracing the Quaternary history of the basin. It is only at
exceptional localities, however, that these terraces can be followed for any
considerable distance, and at only a few points could a sequence like the
one shown below be obtained from actual measurements. Our diagram is
a generalized profile of the Lahontan shores.

Feet.
TARONIAN DANBK £<s sompthas o nintrna 530
Lithoid terrace........ccccecuuus sss D00
Dendritio terrace ... . c.cccoce.vacnes 320
Thinolite terrace .. ... cacvsvivaasss 110
‘Surface of Pyramid Lake (1882).... 0

F1G6. 14.—Generalized profile of Lahontan shores.

The relative age of the various water-lines shown in the diagram will
be discussed in connection when the chemical history of the lake is consid-
ered.

The highest terrace of all, the Lahontan, is an inconspicuous feature
in itself, but it is important as forming the boundary between subaérial and
subaqueous sculpture on the sides of the valleys. It usually appears as a
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terrace of construction a few feet wide, resting on the broad lithoid terrace
30 feet below. Where the shore records are unusually well displayed, as
along the western margin of Pyramid Lake and on the south side of the
Carson Desert, the lithoid terrace sometimes has a width of 200 or 300
feet. Resting on it we sometimes find two built terraces of gravel and rolled
stones, the water-line of one being the highest of all the shore records;
the second is intermediate between the Lahontan beach and the lithoid
terrace. This arrangement is illustrated in the accompanying diagram, which
exhibits a generalized profile of the shore:

IiG. 15 —rofilo of Lathoid Terrace and Lahontan beach.

The line ab represents the original slope of the mountain side before it
was modified by the waves of the lake. The lithoid terrace ¢d was first
formed, the outer edge being built of detritus. 'The magnitude and persist-
ence of this terrace indicate that the water stood for a long time at a nearly
constant level, allowing the waves to carve out a broad shelf from the solid
rock  As we shall see further on, the terrace became coated with calcareous
tufa, and its gravel was cemented into a conglomerate. At some later
period in the history of the lake the water rose and built the two small
embankments, or terraces, that rest upon it, but it remained at these hori-
zons only a comparatively short time.

Besides the more definite and strongly marked terraces to which we
have given names, there are a large number of less deeply engraved lines
on nearly every portion of the former shore. Each of these scorings, as
we well know, is the record of a pause in the fluctuations of the water sur-
face; collectively they indicate numerous changes in the lake level. The
obscurity and want of strength in many of the terraces is no doubt due in
a great measure to the fact that the slopes on which they are traced have
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been brought within the reach of wave action many times. In this way
the records first made have been erased or obscured by subsequent additions.

One of the best localities in the basin for the observation of ancient
lake-margins is at Terrace Point, near the northern end of Pyramid Lake.*
The water-lines at this locality are drawn at nearly equal intervals, and are
approximately of the same strength. Even at a distance of several miles
they continue to form a conspicuous and striking feature in the scenery of the
region. These terraces are the result of both the destructive and constructive
action of waves and currents, and are largely composed of basaltic débris
mingled with worn and rounded fragments of the different varieties of tufa
that sheath the interior of the basin.  The presence of tufa in the terraces ren-
ders it evident that they were formed subsequent to the deposition of the
main tufa deposits, and, therefore, at least in part, belong to a very recent
chapter in the history of Lake Lahontan. These facts will receive further
consideration in the discussion of the chemistry of the tufas.

The topography of terraced shores is well illustrated on Anaho Island,

“ Pyramid Lake, a map of which forms Plate X. The broad bench formed

g . : .
L& by the lithoid terrace extends completely about the island and forms the base

W
/0

for the tufa-coated crags that are apparently piled in huge pyramids upon
it. At an elevation of 320 feet above the lake surface the poorly defined
dendritic terrace may be seen, and nearly at the top of the island is a faint
line marking the position of the Lahontan beach. At the time when the
ancient lake reached its greatest extension, Anaho Island stood but 15 or
20 feet above its surface, and during severe storms must have been com-
pletely buried by the dash of the waves. The modifications of topography
produced by terraces may also be seen on the Marble Buttes at the south-
ern end of Pyramid Lake, which at one time formed a group of small
islands in Lake Lahontan; and, again, about the shores of Humboldt Lake,
a portion of which are shown in Plate XVIIIL.

Although the terraces in the Lahontan basin are sufficiently distinet to
enable one to trace the outline of the ancient lake with accuracy, yet they
are by no means so well defined as the similar records made by the waters
of Lake Bonneville. In the former instance we have the result of the action

3 See Plate IX.
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of the waves and currents in an inclosed lake, the surface of which must
have fluctuated with the seasons, and become of broad extent during long
periods of more than usual humidity, only to contract again and perhaps
be divided into separate water bodies with the return of arid conditions.
Hence the comparative indefiniteness of its water lines. In the case of the
ancient Utah lake the horizons of the most strongly defined terraces were
determined by overflow; the water surface was thus maintained at a con-
stant level for long periods, and the shore phenomena at these favored stages
became the grandest that have yet been studied.

BARS AND EMBANKMENTS.

The deposits in the Lahontan basin that owe their origin wholly to the
constructive action of waves and currents are far more important and in-
structive than the associated terraces, and are deserving of the most careful
attention.  Accumulations of gravel in the form of bars and embankments
occur at many points along the ancient shores which we are studying, but in
many cases these structures are indefinite or complicated, and their bearing
on the history of the former lake is difficult to trace. We have therefore
selected a few of the more typical examples to serve as illustrations of the
various phenomena observed. The maps accompanying the following de-
seriptions were drawn by Mr. Johnson from plane-table surveys made by
himself, and are so truthful and graphic that they require but little interpre-

tation.
EMBANKMENTS AT THE WEST END OF HUMBOLDT LAKE.

Humboldt Lake owes its existence to the damming of the Humboldt
River by extensive gravel embankments which were thrown completely
across its channel during the time that Lake Lahontan occupied the valley.
The topography about the west end of the lake is represented with accuracy
on the accompanying map, Plate XVIII, which embraces the entire breadth
of the former lake in this portion of the valley. The highest level of the
ancient water surface is represented on the map by a heavy broken line,
and appears in the topography of the country as a gravel embankment, or
a wave-cut terrace at the base of a sea-cliff that is sometimes a hundred feet
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or more in height. On the western side of the valley this ancient water line
is rendered especially noticeable by the cliffs of deep purple that mark its
course.

The narrow valley in which Humboldt Lake is situated was a strait at
the time of the higher stages of Lake Lahontan, and connected the Carson
body of the former lake with the waters that occupied the northern part of
the Humboldt Valley. In its topographical relations it was similar to the
constriction in the valley at the southern end of Winnemucca Lake, and is
paralleled in the Bonneville basin by the narrow passage, now known as the
Narrows of the Jordan, which connected the main body of Lake Bonneville
with the Utah Lake body. In all these localities, and in many others
similarly situated that have been studied by the writer in the basins of the
extinet lakes of Utah and Nevada, the beach phenomena are greatly in-
tensified, and bars and embankments of gravel are unusually well displayed.

At the southern end of Humboldt Lake a single embaukment of
gravel from 50 to 125 feet in height* has been carried completely across
the valley in such a manner as to suggest that it is an artificial structure
intended to confine the drainage. At either end the main embankment
widens as it approaches the shore and forms heavy triangular masses of
gravel, on the surface of which appear many smaller bars built of clean,
well-worn shingle. These secondary bars form ridges with rounded crests
which vary from a few feet up to thirty or forty feet in height, and are
nearly level-topped for long distances. These are seldom straight, but
curve with beautiful symmetry, each gracefully bending ridge marking the
course of a currentin the waters of the ancient lake in which it was formed.

The main embankment, i. e., the one crossing the valley, declines gently
in height from either end towards the center, and has been cut through at
its lowest point by the overflow of Humboldt Lake. The gap carved by
the outflowing waters is shown in the profile at the bottom of Plate XVIIL
The diagram was constructed from a line of levels run from the Lahontan
beach on the Niter Buttes to the highest water line on the west side of the
valley; the points selected for the beginning and the end of the line were free

#The base of this structure is deeply buried beneath lacustral sediments; the figures given above
indicate its elevation above Humboldt Lake.
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bars with rounded crests, thus securing the highest records of wave action
in this portion of the former lake. One result of these measurements is the
proof that the beach lines on the sides of the valley, although formed at the
highest water stage of the former lake, and therefore originally in the same
horizontal plane, no longer have the same elevation. On the east side, the
highest water line is now 498 fect above the level of Humboldt Lake, while
on the west its elevation is 489 feet. Humboldt Lake, as shown by con-
necting our line of levels with the profile of the Central Pacific Railroad, is
3,929 feet above the sea.

In studying these wave-built structures more minutely, we find that
the one which crosses the valley is composed of worn and rounded pebbles
of basalt, rhyolite, granite, and quartzite, together with fragments of black
slate and occasional masses of cemented pebbles. The granite and quartzite
and the volcanic rock forming some of the pebbles are only found in place
in the vicinity ‘on the north side of Humboldt Lake; consequently, the
currents which carried them to their present positions must have come from
the northeast and followed the western border of the valley until deflected
by the topography of the coast. The direction of the currents that built
this embankment is also indicated by its form: to the westward it presents
a steep escarpment, but the eastern slope is quite gentle and, especially
near its extremities, merges graduaily with the alluvial slopes in the sides
of the valley. The more gentle slope indicates the general direction from
which the current-borne débris was derived. In the following section a
profile of the bar is given, constructed with the same vertical and horizontal
scale, from a line of levels run at right angles to the trend of the structure

at a point about two miles west of the gap cut by the overflow of Humboldt
Lake.

Level/ of Humboladl Laks ;]
730 Fear.

Ty

F16. 16.—Profile of gravel embankment at west end of Humboldt Lake.

The topography of the embankment, therefore, as well as the material
of which it is composed, indicates that it was built very largely by currents
from the north. It is highest at the northern end, near where the railroad
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crosses it, but maintains a nearly horizontal crest for at least a third of the
way to the point where the river has cut through; it then falls off with an
abrupt descent to a level six or eight feet lower, the crest of the structure
at the same time becoming broadened and curved slightly westward. Con-
tinuing southward, one descends three more similar scarps of less height
before reaching the lowest point in the embankment. Each of these
descents is formed by the end of a comparatively thin layer of gravel that
was added by the currents to the surface of the structure, and would no
doubt have been carried along its whole extent had not a rise in the lake
caused the currents to begin the formation of another similar sheet of gravel
near the shore and at a higher level. Each of the steps in the crest of the
embankment represents a pause in the rise of the waters of the ancient lake.
The highest in the series was the last formed. The incompleteness in this
instance furnishes the suggestion that similar embankments which seem from
their form to be homogeneous may in reality be highly compound. The
irregular stratification of the embankment retaining Humboldt Lake is
illustrated by the following sketch of the section exposed on the right side
of the channel that has been eroded through it The general inclination of
the strata on the west side of the embankment is much greater than on

Feot

¥ = -
Vertical and Horizontal Scale

F16. 17.- Section of gravel embankment at west end of Humboldt Lake.

the east, the reason being that in deposits of this nature the scarps sloping
with the current are usually steeper than those inclined in the direction
from which the current arrives. The lines of unconformability sloping
gently westward in the upper part of the section indicate periods of erosion
when the top of the structure was removed and subsequently rebuilt with
current-bedded gravels. At the time these alterations were made, the lake
surface in each instance must have been nearly on a level with the top of
the embankment.

The embankment crossing the valley is older than the branching
structures forming the surface at either end, as is shown by the superposi-
tion of the latter. This is well exhibited in the left side of the gap cut by
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the Humboldt, where the homogeneous black gravel composing the end
bars rests directly on the more heterogeneous material forming the main
embankment. Its greater age is also shown by its being incrusted on its
western slope by the three main varieties of Lahontan tufa hereafter to be
described, while the end bars are almost entirely free from these deposits.

In a terrace of black gravel on the northern slope of the Niter Buttes,
dendritic tufa between heavy beds of gravel indicates that there were
periods of bar building both before and after the formation of the tufa. On
the north side of the valley, northeast of the north end of the main embank-
ment, an arroyo has cut the gravel deposits so as to reveal an interbedded
stratum of white marl; this again marks a division between two periods
during which embankments were formed. These interruptions in the
gravel deposits are noted now as a part of the facts observed in the region
we are describing, but their connection with the history of the lake will be
described in a future chapter.

The embankments on the south side of the valley, as shown on Plate
XVIII, appear, topographically, to be branches of the main structure, but
in reality they were formed at a later date by currents sweeping west-
ward along the southern border of the valley. This is shown not only by
their being tangent to the projection formed by the Niter Buttes, but is
also evident from the nature of the material of which they are composed.
The Niter Buttes and Mopung Hills are rhyolite, while the mountains skirt-
ing the southern shore of Humboldt Lake are largely composed of black
slate. The gravel forming the symmetric embankments at the base of the
Niter Buttes is composed almost wholly of water-worn pebbles of black
slate, and could only have been derived from cliffs of the same material to
the eastward; the gravel of which the bars are composed may, in fact, be
traced (:01)tinudlmly to the quarries from which it was obtained.

On the steep western slope of the Niter Buttes are a number of terraces,
each of which records a pause in the fluctuation of the lake in which they
were formed. The most conspicuous of these is a broad shelf of black
gravel which girdles the promontory at an elevation of 220 feet above
Humboldt Lake. The gravel forming this shelf consists of well-rounded

_ fragments of black slate identical with those composing the bars at a lower
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level, and derived from the same source. As the rock composing the buttes
has a bright reddish tint, the position of this terrace is rendered conspicuous
bv contrast in color. At the southern side of the buttes this terrace leaves
the steep slope and crosses an alluvial cone, changing at the same time
from a terrace to a barrier bar with a rounded crest. In cross-section, like
nearly all gravel bars, it exhibits an oblique stratification which is most

pronounced on the lakeward slope.

F1G. 18.—Section of bar on the Niter Buttes

The angular alluvium on which the bar rests is large.y composea of
brightly-colored rhyolite, derived from the cliffs above, while the bar, like
the terrace of which it is a continuation, is almost wholly formed of pebbles
of black slate, which indicate by their rounded forms and polished sur-
faces that they have traveled a long way since leaving their parent ledges
in the cliffs on the southern border of Humboldt Lake. On following
these gravels still farther southward, we find that they again form a terrace,
which soon loses its identity, however, on approaching the Mopung Hills.

The group of bars on the north side of the valley, like the correspond-
ing structures at the base of the Niter Buttes, are lével-topped ridges of
clean, well-worn gravel, forming graceful curves; but the gravel in this
instance was very largely contributed by currents from the west. The
spaces inclosed by these ridges are in almost all cases floored with light-
colored mud, forming playas, which are converted into shallow lake-
lets by every storm. The relative age of these bars may be determined in
some instances by the superposition of one upon another, and by the fact
that some are partially covered with tufa, while others, of later date, are
free from that deposit.

The complexity of these embankments, arising from the fact that they
were formed at many horizons and at various stages in the former lake,
together with the erosion and rebuilding that has taken place, renders their
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structure complex and their bearing on Lahontan history, 4. e., their value
as records of Quaternary climate, exceedingly difficult to trace. From the
occurrence of Lithoid tufa®®—the oldest variety found in the basin—on the
western slope of the main bar, it is evident that the deposit of gravel at
this locality was commenced early in the existence of the old lake, perhaps
at the very first rise of its waters; and, as we have seen, enlargement and
reconstruction have taken place at many subsequent periods and at many
stages in the vertical range of the lake’s surface.

The trifling changes that have occurred in the area embraced by the
accompanying maps, since the withdrawal of the waters of Lake Lalontan,
are indicated by the arroyos or small water-courses cutting the embank-
ments, and by the gap eroded by the overflowing waters of Humboldt
Lake; with these exceptions, the structures are as fresh in appearance and
as perfect in form as if they had been exposed to subaérial degradation for
only a few years.

The contrast in the topography above and below the Lahontan beach,
in the region about ITumboldt Lake, is so pronounced that it at once attracts
the attention of the observer. The mountains above the level of the for-
mer lake have the rugged and angular aspect characteristic of the subaérial
erosion of arid climates, while below that horizon the topography is remark-
able for its sweeping curves and flowing outlines. In the former instance
the direction of the lines of erosion is controlled by the flow of rills and
rivulets, and approaches the perpendicular; in the latter the predominating
lines in the landscape are modeled by the waves and currents of a level
water surface, and are therefore horizontal. The characteristics of the
topography in one instance are due to subaerial, and in the other to sub-
aqueous, conditions. -

Orographic movement has taken place on a grand scale in the region
represented on Plate XVIII. This is illustrated by the great fault, with a
throw of several thousand feet, which determines the northwestern face of the
west Humboldt Range. This fault passes between the Niter Buttes and the
main range to the southward, and a curving branch determines the western
face of the promontory formed by these buttes. The nearly perpendicular

4 Thinolite and dendritic tufa also oceur in abundance at this locality.
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northern face of the Mopung Hills was also formed by the same displace-
ment.  The greater part of the orographic disturbance in this region took
place previous to the rise of Lake Lahontan, and gave origin to the main
features in the structure of the basin now occupied by Humboldt Lake.
Movements must have taken place along this line of fracture during the
inter-Lahontan time, as is indicated by sloping terraces on the western face
of the Niter Buttes. Since the withdrawal of the waters of the former lake
the fault at the immediate base of the west Humboldt Range has increased
its displacement 50 or 60 feet, and formed fresh scarps in Lahontan gravels
(see Plate XLV).  There has also been somerecent movement in the branch-
ing faults about the base of the Niter Buttes, which may be traced for a
considerable distance across the alluvial slopes to the westward, and appears
again at the base of the Mopung Hills. The displacements, noticed above
in explanation of the accompanying map, will receive further attention in
Chapter X, which is devoted to post-Quaternary orography.

EMBANKMENTS ON THE SOUTHERN BORDER:-OF THE CARSON DESERT.

On the south shore of South Carson Lake there stands a bold, rugged
promontory of basaltic rock that is girdled with terraces and incrusted with
tufa about its base. During the existence of Lake Lahontan, this butte
formed a high, rocky island, that was separated from the mainland to the
southward by a narrow strait, partially obstructed by small islands, through
which the currents must have swept with great force. On the southern or
mainland border of the strait, the group of gravel bars represented on
Plate XIX were formed.

The changes wrought by waves and currents are marked with unu-
sual distinetness all along the southern margin of the Carson Desert.
This was the shore of the largest open water area of the former lake,
and was exposed to the full force of storms from the north. The con-
spicuous sea-cliff on the southern margin of the Carson Desert may be
followed all the way to the pass near Allen’s Springs, where it is bold
and rugged, as represented by the heavy hachuring at the top of the
accompanying plate. During the higher stages of the lake the currents
swept southward through the pass, carrying with them the débris of the sea-
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cliffs, and depositing it in less exposed situations under the lee of the prom-
ontory where the shore receded and formed a bay. The sickle-shaped bars
with free extremities, which resulted from this action, indicate by their forms,
as well as by the character of the pebbles and stones composing them, the
direction followed by the currents to which they owe their origin. The hill
represented at the top of the accompanying map is of white rhyolite, with a
high, narrow spur of black anamesite projecting from its southern border.
The latter rock also composes the hills represented in the southwestern por-
tion of the map. Between these rugged outerops there is a gentle slope of
alluvium, cut by miniature drainage lines. The striking contrast in the color
of the rock in place at either end of the embankments enables one to deter-
mine at a glance the localities from which the stones composing them were
derived.

The broad, lightly shaded bands on the right of the map, having a
southeast bearing, are low gravel bars that form the crest of the divide in
the pass, or ancient strait, and are now separated by a smooth playa. The
drainage north of these bars is into South Carson Lake, while the rill-lines
south of them combine to form a water-course that leads eastward past
Allen’s Springs into the desert valley which opens southward. The curved
bars, shown in the central portion of the map, are thus confined in vertical
range between the highest water-line of the former lake, 7. e., the Lahontan
beach, and the highest part of the pass in which they occur. This interval
measures 114 feet, or, in other words, the water was 114 feet deep in the
shallowest part of the strait at the time the highest embankment was formed.

The highest of this series of gravel structures are shown at A and
B on the map. A is a short, curved bar, 3 or 4 feet higher than the
long, sickle-shaped embankment on which it rests, and is composed of well-
worn stones and gravel of anamesite and rhyolite. That this bar was built
subsequent to the much longer embankment beneath is proven by the
stratification to be observed at its terminus. Its outer or lakeward
slope is regular, with a curved contour that is the result of deposition.
Had the lower embankment been built last, the outer slope of the higher
structure would have been cut away by shore erosion, so as to form

a sea-cliff. The embankment at B is at the same horizon as the smaller
MonN. x1——S8
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one at A. Tt leaves the shore and returns to it, thus forming a loop inclos-
ing a cup-shaped depression 5 or 6 feet deep, now smoothly floored with
playa mud. The long, curved bar C has a smooth, evenly rounded top and
a nearly horizontal crest-line, which decreases slightly in height, however,
as we approach its southern end, where the curvature is more abrupt. Like
all the embankments in the series, this is composed largely of rhyolite, with
some anamesite, all rounded and well worn, but coarsest near its northern
end. At its southern end it becomes broader, as well as more sharply
curved, and shows three or four minor divisions, thus indicating that it is a
compound structure throughout.  The area to the westward of this embank-
ment, once a lagoon, is now a playa, floored with smooth, horizontal, light-
colored mud, that is unclothed with vegetation of any kind. That the
embankment C is of a later date than the platform on which it rests is
shown by the same kind of evidence that proves it to be of older date than
the bars superimposed upon it. This is an interesting conclusion, as the
bar below C is incrusted and cemented with lithoid tufa, thus showing that
the higher bars were constructed after the formation of the calcareous
deposit. The bar Cisa portion of the water-line designated as the lithoid ter-
race on page 101. The highest exposure of tufa is here about 25 feet below
the Lahontan beach. A corresponding relation of the lithoid terrace to the
highest beach line has been observed at a number of other localities in the
Lahontan basin, and will again claim attention when the oscillations of the
lake are considered. The outer margin of the platform on which the bar
C rests has been cut away by waves and currents so as to expose a steep
sea-cliff of cemented gravel, and furnishes the only example in the group
of a gravel structure that has suffered erosion by the waters of the lake in
which it was formed. Below this horizon are other curved and sickle-shaped
embankments, the relative age of which is indicated by the manner in which
they overplace each other. The topography of these structures, and the
playas they contain, are faithfully represented on the accompanying map.

The bars described above, with the exception mentioned, are unaffected
by erosion, and are as smooth and regular as if their elegantly curved
ridges were formed but yesterday. They afford beautiful examples of the-
symmetry of water-built structures.
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The sea-cliff marking the horizon of the highest water-line is a conspic-
wous feature on the more exposed shores in the area embraced by the
“accompanying map, but cannot be distinguished on the alluvial slopes of
the bays, where the water was shallow and sheltered from waves and cur-
rents. The material cut away to form the sea-cliffs shown in the lower
part of Plate XIX was carried southward and built into a series of looped
and V-shaped bars, inclosing deep cups, at another angle of the shore, a
few hundred yards away.

EMBANKMENTS AT BUFFALO SPRINGS, NEVADA.

Passing north from Carson Desert, one crosses a low, narrow divide,
once a strait in Lake Lahontan, and enters a valley having a broad playa
in its central portion and surrounded on all sides by alluvial slopes, above
which rise angular mountain crests. Around the borders of the valley, at
an elevation of about 300 feet above the playa, the Lahontan beach can be
traced with distinctness. The lowest point on the pass at the north end of
the valley is higher than the Lahontan beach, and was never crossed by the
waters of the old lake. The valley was therefore a typical cul-de-sac at the
time it was flooded by Lake Lahontan. Owing to the abundance of loose
material furnished by the alluvial slopes, the shore phenomena in the valley
consist almost entirely of works of construction. The most common of the
structures due to shore action are rounded beaches of gravel, looped bars,
and peculiar embankments, not designated by a special name, that extend
out nearly at right angles to the general trend of the ancient shore and form
conspicuous features in the topography of the basin. A locality near Buf-
falo Springs, at which these various features are well displayed, is repre-
sented on Plate XX. On the map the crests of the bars are light and the
slope of their sides represented by hachures. The figures at various
points represent vertical distances in feet below the Lahontan beach,
which is taken as zero. They may be considered as soundings made in the
ancient lake during its highest stage. Iach of the bars has the form of a
railroad embankment, with a somewhat rounded crest; they are even more
clearly defined when examined in the field than they appear on the map, as
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the nature of their material and the general absence of vegetation from
their surfaces serve to accent the topographic forms.

Buffalo Springs are situated on the western border of the valley, at an
elevation approximately 25 feet above the playa and 300 feet below
the Lahontan beach. On Plate XX a portion of the border of the val-
ley is represented which extends from Buffalo Springs to an elevation
a short distance above the highest water line of the former lake. If the map
had been continued a mile or two westward, it would have shown a greater
portion of the sloping pediment of alluvium that surrounds the valley ; and it
extended for an equal distance east, it would have embraced a portion of a
much gentler slope which finally merges with the playa in the bottom of the
basin. The alluvial slope represented on the map above the highest beach
shows a few of the numerous drainage lines which during the infrequent
rains conduct the surface waters to the bottom of the valley. The influence
of the beaches in deflecting the water-courses is indicated, as is also the
manner in which streams shift their channels, and sometimes bifurcate, on
alluvial slopes.

The first feature to attract attention on inspecting this group of embank-
ments is the fact that they were built from the bottom up. The oldest in the
series, so far as now exposed, is the lowest. The last formed is the Lahon-
tan beach. Another division in reference to age is also possible, as a por-
tion of the bars is coated with tufa, while other portions are free from
that deposit. On referring to the plate it will be seen that the lowest well-
defined beach occurs at a horizon 114 feet below the highest water line.
This is a gravel ridge, forming an irregular V-bar, from the apex of which
a somewhat curved embankment of gravel extends into the valley for about
half a mile. The projecting bar is coated with lithoid and dendritic tufa,
but the structures at a higher level are free from such deposits. The pro-
jecting bar has also suffered from erosion much more than those at a higher
level, and, besides, is coated with fine sediments. It thus appears that the
structures below the level of the lowest well-defined beach were formed be-
fore the deposition of the lithoid and dendritic tufas, while the bars and
beaches above that horizon were built at a subsequent date. From data
afforded at other localities we conclude that the construction of the higher
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leaches took place during the last high-water stage of the lake. This de-
fermination, however, will appear more clear to the reader as we advance
with our studies.

An inspection of the map shows that all the structures there repre-
sented were built in a rising lake, and were but little, if at all, modified by
the waves and currents as the waters receded. This statement requires
qualification however. We may be certain from the perfection of the ridges
that the retiring waters did not tend to destroy them, but, on the other hand,
they may have received additions. It is probable that gravel structures
like those under discussion, when formed in a rising lake, would induce dep-
osition at the same horizons during a recession of the waters. The sec-
tions of the structuves at Buffalo Springs fail to give information on this
point.

The only modifications that have taken place in these deposits in post-
Laliontan times are due to the erosion of the rills that cross them and the
partial removal of the fine sediment deposited over the older bars.

At the extreme distal end of the embankment that projects into the
valley there are considerable accumulations of sand, illustrating the fact
that fine material is carried farthest by currents when structures of this char-
acter are found, andshowing why the bottoms of gravel embankments are fre-
quently composed of sand. On either slope of the embankment the gravel of
which it is composed is concealed beneath fine sediments, which must have
been deposited when the lake stood over the structure. The looped bars
high in the series at one time contained lagoons in which mollusks found a
congenial habitat, as is shown by the multitudes of shells, principally of
Pompholyz, that ecrowd the marls in the miniature playas behind a num-
ber of the embankments.

Three miles south of Buffalo Springs there is another group of embank-
ments similar to that described above. These are represented on the sketch-

map forming Plate XXI.*

46 This map is less accurate than the one forming Plate XX, but it indicates the main features of the
structures as well as could be desired. The figures on Plate XXI are from aneroid measurements, and
indicate approximately the depth of water at the highest water stage of Lake Lahontan. The figures
on Plate XX are from measurements with an engineer’s level, and may be considered accurate.
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All the structures in this group were formed mainly by currents from
the south, which swept along the lake shore, carrying shore drift with them,
and were deflected from the land upon arriving at the place where deposi-
tion had been initiated. This is shown not only by the curvature of the
terraces as they approach the bars, but also by the fact that the structures
are much the steeper on the north side.

In these beaches and embankments, as in those at Buffalo Springs, two
clearly defined divisions may be seen, which are of different age. The
long bar projecting into the valley and marked with the numbers 95 to 100—
indicating depth of water in feet at the highest stage of the former lake—is of
older date than the group of y-shaped structures at a higher level.

The main embankment has a broad, smooth top, which is covered in
places with lithoid and dendritic tufa, and is partially coated, especially on
the sides, with fine lacustral sediments. Below the point marked with the
figures 190, there is a steep scarp nearly a hundred feet high, from the base
of which the bar continues on in the same direction as at the higher levels,
but is more deeply covered with sediments, and finally becomes so com-
pletely inclosed that its presence is only indicated by the rise of the lacus-
tral beds as they arch over the buried structure. The main embankment
is thus older than the stages of the lake during which lithoid and dendritic
tufa was precipitated, and was formed previous to a high-water period, during
which the lacustral beds covering the structure were deposited.

Considering next the group of y-shaped bars at the north of the main
structure, we find that the base of this compound group, so far as is revealed
by the topography, is older than the highest portion of the main embank-
ment, which was built upon it. The structures that occur from the Lahon-
tan beach down to a horizon 75 feet below that level are of later date than
the bar which is prolonged into the valley, as is shown by their freedom from
both lacustral sediments and tufa deposits.

The difference in age of the two main divisions of this group thus fur-
nishes evidence similar to that presented at the Buffalo Springs locality.
The higher structures in each case are the younger. These two groups are
the complement of each other, however, in the fact that the one at Buffalo
Springs was built principally by currents from the north, while the second
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group, three miles south along the same shore, was constructed almost
entirely by currents from the south.

The manner in which a gravel structure once started on the margin of
a lake continues to induce deposition in case the waters rise, is well illus-
trated by the group of bars at the right on Plate XXI, which is literally a
pile of v-bars, the lowest in the series being the oldest. The thickness of
gravel in this compound structure exceeds a hundred feet, and, as shown by
the topography, the material composing it was nearly all brought from
the south.

Besides the embankments that have been specially examined, there are
many others in the Lahontan basin of equal magnitude and perhaps equally
instructive, which illustrate the variety of topographic forms produced by
the action of waves and currents,

On the east shore of Walker Lake are two localities where gravel em-
bankments of large size have been built out from the old lake shore and
form capes the ends of which are washed by the waves of the present lake.
These may be distinguished on Plate XV by the manner in which the rail-
road curves about them, close to the water’s edge. At each of the localities
there are a number of y-shaped gravel deposits that have been built one
above another from a common base, so as to produce an exceedingly com-
plicated structure.

In Alkali Valley, about three miles west of Sand Spring Pass, is another
locality where the gravel accumulated along the shores of the former lake
may be studied to advantage.

Other deposits of the same character may be seen on the east side of
Humboldt Valley, between Rye Patch and Humboldt House, and again at
the south end of Winnemucca Lake. A plat of the gravel structure at the
last named locality is given below, which will serve as an illustration of the
manner in which an embankment of large size may be thrown across a
narrow strait so as to obstruct the drainage when the waters retire..

The deposits at this locality are very similar to the embankment at the
west end of Humboldt Lake, represented on Plate XVIII, and find a par-
allel in the Bonneville basin in the immense bar at Stockton, Utah. In the
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instance before us, the gravel forming the embankment was brought by
shore currents from the north, along the east side of Winnemuceca Valley,
and deposited, when the current was deflected from the shore, so as to build
the structure still remaining. This is a remarkably uniform embankment,

i

W AT

Fi16. 19.—Gravel embankment at south end of Winnemucca Lake, Nevada,

about 250 feet high, which has all the features of an artificial structure in-
tended to dam the valley of Winnemucca Lake. Tts western end does not
reach quite to the west shore of the strait, and since recession of the waters
in which it was formed it has been truncated by the erosion of the branch
of the Truckee River which flows into Winnemueca Lake. A portion of
the section exposed by the removal of the end of the embankment is accu-
rately shown in the following diagram.

Scale of feet—vertical and horizontal the same.

) o 02 150 250
F1G. 20.—Section of gravel embankment at south end of Winnemuceca Lake, Nevada.
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On the west side of the gap through which the Carson River leaves
Churchill Valley there is a group of curved bars that were built out from a
small butte, once an island in Lake Lahontan, by currents flowing out of
Churchill Valley. A note-book sketch of these structures is reproduced
below, on a scale of about 500 feet to 1 inch, which will serve to indicate the
character of the phenomena found at this locality.

Fi16. 21.—8Sketch of gravel embankments in Churchill Valley, Nevada.

These bars or embankments are quite similar to those near Allen’s
Springs (see Plate XIX), and, as is so frequently the case, have been built
from the bottom up; the highest in the series is the youngest. In examples
of this nature, however, the deposits made as the waters fell may have been
added to the surfaces of the older structures. This is indicated in the ex-
ample shown in the sketch, by the fact that the outer scarp of the higher
terrace @ has been cut away, the material removed being spread out over
the embankments ¢ and . In the illustration, @ is about 20 feet below the
Lahontan beach, while b is 20 feet lower. The surface of ¢ is 25 feet lower
than 5, and on the same general level asd  Both ¢ and d decline gradually
in elevation towards the distal extremity. The longest of the bars has been
truncated by the erosion of the waters which sometimes flow down the
arroyo shown in the sketch '

In the northern part of the Lahontan basin, fine examples of water-
built gravel embankments may be seen at the northern end of the Slumber-
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: ! ) g :
ing Hills, and at the corresponding extremity of the Jackson Range; also,
at the southern terminus of the Quinn River Mountains, and about Black
Rock Point.  All these localities were prominent headlands in the ancient
lake, and were swept by strong currents which brought gravel and sand
from the adjacent shore and deposited it on the salients of the land when
the currents were forced into deep water.

A note-book sketch of the embankment at the south end of the Quinn

River Mountains is reproduced in the following diagram:

s R T N VR Y
ZFrofile along the line x-Yy

F16. 22.—Sketch of gravel embankments at south end of Quinn River Mountains, Nevada.

The embankment is about 1,500 feet long, and at the point where the
profile was sketched is 100 feet broad and 40 feet high. It projects from a
salient where the current from Quinn River Valley left the shore on enter-
ing the strait between the Quinn River Mountains and the Slumbering Hills.
The valley at this point is about 4 miles broad, and, during the existence of
the ancient lake, formed a strait connecting two comparatively large water-



DELTAS OF THE ANCIENT LAKE. 123

L

bodies. The embankment was built by currents from both the north and
the west, and was carried out over horizontal lacustral beds, as represented
in the sketch.

The buttes in King’s River Valley were islands in Lake Lahontan and
became surrounded by terraces, bars, and embankments that were built by
the currents sweeping past them.

The topographic forms produced by the deposition of gravel in the
paths of currents are extremely varied, and usually present curving con-
tours and smooth, rounded crests, that are in marked contrast to the angular
mountain slopes rising above them. Wherever the current-built structures
of ancient lakes occur, one is sure to find an illustration of the striking
contrast exhibited by the angular reliefs produced by subaérial erosion, and
the rounded and flowing outlines resulting from the action of waves and
currents.  Aside from the bearing that these gravel embankments have on
the geological history of the basin, one may always derive aid from them
in determining the action of currents in existing lakes. The hydraulic engi-
neer will do well to study the processes employed by nature to accomplish
results that are frequently analogous to the works desired by man for im-

proving navigation or providing a haven for shipping.
DELTAS.

The study of the records left by Lake Lahontan has added but little
to our knowledge of deltas, for the reason that the lake was too inconstant
in level to favor their formation, and also because nearly all the tributary
streams entered the lake at the heads of narrow bays and estuaries, which
were unfavorable localities for the development of structures of this nature.
The Humboldt River entered the Lahontan basin at the head of a long,
narrow arm of the old lake, which became deeply filled with débris, but is
not now exposed in section.  Farther southward in the same valley, between
Mill City and Oreana, the Lahontan strata are well exposed, and will receive
attention under the section devoted to sedimentary deposits. In the south-
ern portion of the section to be seen in the banks of the Humboldt River
there are inclined strata that have a striking resemblance to delta structure,
but after a c¢areful examination it was concluded that they owe their incli-
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nation to their having been deposited by currents on the steep slopes
of gravel embankments. That much of the material now filling the Hum-
boldt Valley was brought down by the river, and is in reality of the nature
of a delta deposit, there can be little doubt, but it has mostly been re-
arranged by currents and the topographic form of a delta is wanting. The
same is true also of the accumulations at the points where the Truckee and
(larson rivers entered the lake; about the ancient mouths of these streams
there is a thickening of the river-borne débris, but no distinet delta forms
are visible. The cafions of Buffalo and Smoke creeks were excavated to
their present depth before the existence of the lake, and during the time the
hasin was flooded each of these channels formed a long narrow inlet which
became deeply filled with sediments. When the lake’s surface was lowered,
the greater part of this material was removed by stream erosion; and so far
as the history of their deltas is concerned, there is no more to be said than
in the case of the larger rivers.

Nowhere in the Lahontan basin are deltas to be found that are com-
parable with those formed along the bold eastern shore of Lake Bonne-
ville, or those deposited in the Mono Lake basin by streams that descended
the eastern slope of the Sierra Nevada.

SEcTION 3.—SEDIMENTS OF LAKE LAHONTAN.

The tributaries of lakes—disregarding organic substances—contain two
classes of impurities, (a) mineral matter in suspension, and (b) mineral
matter in solution.

Besides holding fine silt in suspension, streams also roll pebbles and
stones along their beds. On entering alake all this material subsides more
or less quickly, forming lake-beds, gravel-deposits, ete.  In the sedimenta-
tion of lakes the coarser and heavier débris is invariably dropped near
shore, while the finer and lighter substances are floated to a greater distance
before subsiding. In this manner coarse shore and fine off-shore deposits

originate. The shore deposits of Lake Lahontan have already received
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some attention. In the present division the off-shore sediments, or lake-beds
proper, together with certain interstratified gravels, will be described. The
mineral substances contributed to the lake in solution will be studied in
connectioﬁ with its chemical history.

The sedimentary deposits of Lake Lahontan exhibit three definite divis-
ions, viz.:

Upper lacustral clays.

Medial gravels.

Lower lacustral clays.

Wherever any considerable section of Lahontan sediments is exposed
these three divisions appear in unvarying sequence.

The upper and lower members of the series are composed of marly
clays, which show by their fineness and the evenness of their lamination
that they were deposited in deep still water. The middle member, on the
other hand, usually consists of well-rounded gravel and sand, in some in-
stances becoming coarse and including bowlders a foot or more in diameter.
This deposit is current-bedded, and exhibits many variations, indicating that
it was deposited in shallow water.

It is apparent, therefore, that the evenly stratified beds at the base and
summit of the series are the records of a deep lake of broad extent, and
mark periods of comparatively abundant precipitation or of greatly de-
creased evaporation. It is also evident that the medial gravels were
deposited when the lake was sufficiently lowered to allow stream and cur-
rent-borne débris to be carried far out over the previously formed lake-
beds, recording an interval of low water in the history of the lake. The
significance of these deposits in reference to Quaternary climatic changes
will appear more clearly in the sequel.

Sections of Lahontan sediments are well exposed in those portions of
the canons of the Humboldt, Truckee, Carson, and Walker rivers that are
below the highest water-line of the former lake; and as the sections observed
present facts of interest in tracing the Quaternary history of the region,
together with many illustrations of geological structure, we shall give some-
what detailed descriptions of the principal exposures.
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The illustrations of sections accompanying the following pages were
drawn by Mr. W J McGee, to whom I am also indebted for a number of

the observations here included.
EXPOSURES IN TIHE JANON OF THE HUMBOLDT.

Between Goleonda and Humboldt Lake the Humboldt River flows in
a channel that it has excavated in Lahontan sediments since the last desicea-
tion of the ancient lake. For a number of miles below Golconda the river
is practically a surface stream, with low banks of marly clay belonging to
the upper lacustral series. At Mill City its channel commences to deepen,
and at Rye Patch the river flows a little more than two hundred feet below
the general level of the desert. The general appearance of the gorge exca-
rated by the river through the plain formed of lacustral sediments is shown
in the accompanying illustration, Plate XXTII, which is a reproduction of a
photograph taken on the brink of the canon, opposite Rye Patch.  Through- .
out this portion of the canon the tripartite division of the strata exposed in
the steep banks is easily distinguished where not obscured by débris slopes.
Below Rye Patch the banks decrease in altitude, and south of Oreana they
are seldom more than 40 or 50 feet high, and only exhibit sections of the
upper lacustral clays, with traces here and there of the medial gravels.

A section of the beds exposed in the sides of the Humboldt Canon be-
tween Mill City and Lovelock Station, a distance of over 50 miles, is rep-
resented at the top of Plate XXIII. This section wascompiled from about
25 detailed sections, which were first drawn at their proper place on the
general diagram and then united in the manner that a somewhat extended
study of the exposures seemed to dictate.”” A few local sections, drawn with
the same vertical and horizontal scale, are represented in the lower portion
of the plate, and illustrate the diversity that prevails throughout the expos-
ures. The most striking feature in the general section is the thickening
of the deposits near Rye Patch, where they form an arch that once com-
pletely dammed the valley and was subsequently dissected by the river.
The hypothesis framed by the writer in explanation of the phenomena ob-

47 This illustration is perhaps open t<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>