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'LETTER OF TRANSMITTAL.

. DEPARTMENT OF THE INTERIOR,
Te e U~iTeD STATES GEOLOGICAL SURVEY,
Washington, D. C., May 1}, 1902.
Sie: I have the honor to transmit herewith the manuscript of a
report on the geology and water resources of the Snake River Plains
of Idaho, by Israel C. Russell, with recommendation that it be pub-
lished as a bulletin of the Survey.
The field work on which the report is based was done under the
. supervision of the Division of Hydrography, and the paper was origi-
o nally intended as a water-supply paper. Mr. Newell has decided, how-
ever, that the geological portions of the paper so far outweigh in
. importance and extent those relating strictly to hydrography that he
o~ ..~ recommends its publication as a bulletin rather than a water-supply

paper.

. Very respectfully,
= C. W. Hayes,
! Geologist in Charge of Geology.
Hon. Caarres D. Warcorr, o
v Director United States Geological Survey.
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BULLETIN NO.199 PLATE(

GEOL()GY AND WATER RESOURCES OF THE SNAKE
RIVER PLAINS OF IDAHO.

By Israrr C. RUSSELL.

jl.’ART L;—PHYSIOGRAPHY AND GEOLOGY.

. - - INTRODUCTION.

= NATURE AND OBJECT OF THE RECONNAISSANCE.

The ﬁeld work whlch furnished the basis for this report was carried
on from July 5 to September 12, 1901, under the general direction of
Mr. F. H. Newell, hydrographer of the United States Geological
Survey. The region examined is in southern Idaho, and is included ‘
- for the most part in the area that is commonly termed the Snake - -
" River lava plains. On account of the general absence of water this  § B e
region is also frequently designated the Snake River Desert. As - T
. the vast tract of approximately level country referred to is not o
* entirely occupied by lava and as by far the greater portion of it is
* clothed with vegetation, and includes large tracts of open forest, it is
. evident that neither of the names just mentioned is a.ppropriate and
. toavoid conveying false i lmpressmns it will be termed in this report
~ the Snake River Plains. The region does not constitute a single level )
+ plain, but exhibits considerable variation in altitude, slope, and char- : 1
i acter of surface, etc., in its various, although mdeﬁmtely bounded, ' '
parts. . In a general way it may be considered as a series of plams
which merge one with another and have many characteristics in
common.
- The main objects of the reconnaissance were to ascertain how far
. the geological conditions, particularly beneath the broad lava-floored
: plains bordering Snake River, favor the hope of obtaining flowing
¢ Water by drilling wells, and where test wells should be put down in
; order to determine the correctness of inferences based on geological
and other conditions. As is well known, in order to ascertain the
artesian conditions in any region, it is necessary to have an intimate
knowledge of the physical condition of the rocks below the surface,
especiaily as regards the presence of alternate perkus and impervious
13
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3 %1 beds and the position they occupy—that is, whether they are hori-} rye best way, per
P zontal, inclined, folded, broken, or in any way displaced. To obtain ing topographic fea
data of this nature in reference to the Snake River Plains, it is neces-§ ;o same time pre
i sary to study the geology of a region having an area of 25,000 squaref. = ;tline the leadir
E miles, but owing to the limited time available only a small part of§ g,uthern 1daho
this task was undertaken. ~hich formed an a1
Work was begun in the region about Boise, Idaho, which had pre. depfeSSidns of this
! viously been studied in detail by Dr. Waldemar Lindgren,® and carried} and istream deposit
eastward across Elmore, Lincoln, and Blaine counties and into Bingham§ rocliS, sharply sepe
j County as far as Blackfoot.  The route traversed was as follows:} during which ext
AR E Snake River from near the mouth of Bruneau River to Shoshone® . . on took place
Falls, with excursions southward into Owyhee and Cassia counties;! stone. The youns
from Shoshone Falls northward through Shoshone, and up Big Wood thought to be of
i River, for about 20 miles; northeastward along the west border of the folded, faulted, ar
l Snake River Plains from Carey to Arco, thence eastward across the! dissected by a Jarg
broad plain surrounding Big Butte and its two lesser companions tofrpy o valley of the
; Blackfoot. At Blackfoot the party was disbanded. Included in this @ giver, became brc
! report also are certain observations made a year before, during a jour-§ ing from it and ¢

H : ney from Market Lake westward to Big Lost and Little Lost rivers,3 ,sharp-crested mov
‘ L Birch Creek, etc., and back by the way of Mud Lake. _ B instances prolong!
’ J ! [ : The general routes followed during the two journeys outlined above 3 A fter the topog

had excavated dec

l are indicated on Pl. I. The distance traveled was about 550 miles
. " without reckoning numerous side excursions. The area more or less B .te divides betw
L thoroughly examined includes about 1,200 square miles. As may be by lava flows, bu
) i judged from these facts, the aim in view was a geological reconnais- % of the rocks athw
: i sance, and not a detailed survey. It is hoped, however, that the main § jdaho and easter
object of the examination was accomplished, and that the numerous B 14rge portion of
observations made will be of value, if for no other reason, because 8 This water body,
they pertain to a region the geology of which was previously almost 3 jment brought i
D entirely unknown. volcanoes, and b
] TOPOGRAPHY. - ¥ depth of over 1,

;on daho.
co : The Snake River Plains consist of a generally flat area bordered by mﬁr;i; :n ¢

rugged mountains, and extend in a curved course concave to the

~mm:m::f~m_m.,m

he bo
north entirely across the southern portion of Idaho. The length of moll,rusk:zl"ﬁe:tiar
this belt measured along its medial line is about 350 miles and the Before Lake ]

width is generally from 50 to 75 miles. Its area, as estimated by form such a con
Lindgren, is 34,000 square miles. Snake River traverses this rudely } outpoured. In
: . crescent-shaped plain throughout its length in a great curve concave of E(;ater lake i
‘» to the north, which has a radius of some 175 miles. In a far-reaching 1 diments 1
' - . . . ake sedimen
| : view the flat country through which the Snake River finds its way | lake. and the o
¥ presents the broader features of a vast level-floored stream-eroded and ,of scoriace
| , valley. A nearer acquaintance, however, shows that it is a built-up | the base of thic
i plain, formed principally of lava sheets, and does not owe its major {
e o surface features to erosion.

of the steam ex
to be poured o

aGeologic Atlas U. 8., folio 45, Boise, Idaho, 1898. .




HO. ¢ [BULL.199,

ether they are hori-
isplaced. To obtain
er Plains, it is neces-
area of 25,000 square
only a small part of

daho, which had pre-
indgren,* and carried
ties and into Bingham
rsed was as follows:
1 River to Shoshone
and Cassia counties;
ne, and up Big Wood
he west border of the
eastward across the
lesser companions to
ed. Included in this
before, during a jour-
nd Little Lost rivers,
Lake. '

urneys outlined above
was about 550 miles
Che area more or less
e miles. As may be
geological reconnais-
owever, that the main
nd that the numerous
sther reason, because
'as prewviously almost

flat area bordered by
urse concave to the
laho. The length of
ut 350 miles and the
area, as estimated by
traverses this rudely
great curve concave
es. In a far-reaching
¢ River finds its way
loored stream-eroded
§ that it is a built-up
Jes not owe its major

1898, .

TOPOGRAPHY. 15

e G
:The best way, perhaps, to convey to the reader an idea of the lead-
ing topographic features of the country discussed in this report, and
- - st the same time prepare the way for a more detailed study, is to sketch
- - in outline the leading events in its geological history.
_g;jf§Sonthem Idaho is a region composed of geologically old rocks
wﬁfclr formed an ancient land surface having a rugged relief. In the
“ depressions of this surface during later geological time extensive lake
- and stream deposits and vast lava flows were spread out. The older
- rocks, sharply separated from the younger by a long time-interval,
during which extensive movements in the earth’s crust and deep
- erosion took place, are mainly granite, rhyolite, quartzite, and lime-
i stone.>-The youngest of these is probably the limestone, which is
thought-to be of Carboniferous age. These rocks were variously
- folded, faulted; and upheaved into prominent mountains, and deeply
dissected by a large river with many tributaries which was long lived.
_ The valley of the main stream, the ancient representative of Snake
River, became broad and had many important tributary valleys open-
" ing from it and extending far into the bordering mountains. The
* sharp-crested mountain spurs between the lateral valleys are in some
" instances prolonged far into the main depression.
After the topography had passed maturity—that is, after the streams
had excavated deep valleys, leaving sharp-crested and frequently ser-
* rate divides between them—the main stream was obstructed, possibly
.~ by lava flows, but as seems more probable, by an upward movement
- of the rocks athwart its course in the region now included in western
Idaho and eastern Oregon, and a lake was formed which occupied a
large portion of the country now included in the Snake River Plains.
'}‘his water body, named by Lindgren Lake Payette, received the sed-
* iment brought in by tributary streams and the dust blown out by
=~ volcanoes, and became deeply filled. These sediments, with a known
* depth of over 1,000 feet, are now well exposed, particularly in south-
we.?tern Idaho. In places they contain impressions of leaves of trees
- which grew on the borders of the old lake, the shells of fresh-water
- mollusks, the bones of land mammals, and other remains. The fossils
record a Tertiary (Miocene) age.
3 Before Lake Payette came to an end the vast lava flows which now
+ form such a conspicuous feature of the Snake River Basin began to be
,; outpoured. In fact, the lava and the sediments of Lake Payette and ;
- of a later lake in the same basin, were contemporaneous, the lava and -
; lake sediments being interbedded. Some of the lava flows entered the
# lake, and the occurrence of thick beds of voleanic fragments (lapilli), -
and of scoriaceous, glassy lava, with a torn and slag-like structure at
the base of thick sheets of usually compact basalt, record the energy
of the steam explosions that followed. Highly liquid lava continued
to be poured out at various intervals from a large number of volcanic
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vents, and spread out in the previously formed basin, making, in truth,
lakes of molten rock. Besides these two processes of upbuilding, that
is, sedimentation in lakes and the outpouring of lava which spread
widely, there was a third, namely, the washing of débris from the
uplands and its deposition in alluvial cover and widely extended sheets
of sand, gravel, and silt in the valleys. In addition, there are wide-
spread seolian deposits. The volcanic eruption continued after the
lakes were either filled or drained, so that by far the larger portion
of the Snake River Plains is directly underlain by sheets of basalt.
The last of the extensive volcanic discharges happened in very recent
times, and the process of stream deposition still continues.

The leading characteristics of the Snake River Plains at the time of
their formation still remain, but the sheets of lacustral and streami-

H
¢

deposited sediments, and the equally well-stratified layers of hardened |

lava, although for the most part still horizontal, have in places, more
particularly in southwestern Idaho, been gently flexed and in certain
instances, near the bases of the bordering mountains, broken and
faulted. The principal changes in the surface features of the plains
since their floors of lava were formed are due to erosion.
changes in general, however, have not been sufficiently pronounced to
greatly alter the character of the broad, flat bottoms of the valleys, and
to-day, especially when viewed in the strong side light of early morn-
ing, or in the greatly lengthened purple shadows of evening, the plains

seem to be absolutely level, and from many points of view of ocean--

like extent.

The statement that the broad, lava-covered area on each side of
Snake River throughout its course across southern Idaho is a plain is
strictly true, so far as its prevailing and most impressive features are
concerned, but it is a dissected plain. In places its surface is mildly
uneven, and in other places excessively rough, owing to the character
of the naked lava of which it is in part composed. It is marked also,
as the practiced eye readily discerns, by many volcanic cones, and by
broad, low elevations, formed of lava which was poured out.from
widely separated vents and spread in various directions. In the cen-
tral portion of the northeastern extension of the plains, midway
between Snake and Big Lost rivers, there are three prominent buttes,
two of which, Big and East buttes, are ancient rhyolitic volcanoes
which rise as islands throngh the surrounding basalt.

These |

The channels cut by streams in the Snake River lava and the eleva-

tions that rise above its surface are in reality all minor features of the
topography and do not detract from the impression, which is strength--
ened by familiarity, that the country bordering Snake River is: essen-

tially one vast plain from near the eastern border of Idaho to beyond

the Oregon boundary.

The northerz and southern borders of the Snake River Plains, or

pussELE)
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correctly, so far as the southeastern portion of Idaho is con-
od, the east and west borders, are defined by rugged mountain
8 ‘several of which extend into the lava-covered country for a
é 0 more miles in much the same manner that headlands and
t0d & ragged coast project into the ocean. In several instances
poured out in the great central plain entered tributary.
xeam-cut valleys and flowed up them from 20 to 30 miles, or until
sing gradient checked the advance of the tide of molten rock.
upstream ends of these lateral tongues from the main lava sheets
sually covered with alluvium brought down by streams from
Hons of their courses. Alluvial fans and talus slopes are
v aturés about the bases of the mountains, and chrono- :
"both preceded and followed the widely extended lava sheets.
instructive fact, as the buried alluvial fans favor the pas-
ater from the mountains to the strata beneath the lava sheets
flooring the plains. '
“*“The mountains to be seen from the Snake River Plains are bold and
- rugged, and as a whole present exceedingly sharp and serrate sky
- linesl The main range in south-central Idaho, known as the Sawtooth
ﬂgmt“i“% expresses both in its name and its salient features the pre-
‘ pwailing characteristic of the mountain crests throughout a large por-
5 tion of the State. These pinnacled mountain tops are to a great extent
-»‘féeomwed'of quartzite, but granite spires and prominent limestone
‘3 ridges are in numerous instances nearly as sharply defined. The
~* granite, even in valleys and on the iminediate borders of the central
... Iava plains, as, for example, between Boise and Mountain Home, pre-
i Sents a vast number of monumental and spire-like forms, which rise
7~ from widely expanded talus slopes.
5% - The leading topographic features of southern Idaho may be sum-

b

%manzed as deeply sculptured mountains surrounding a vast, nearly
: level, plain.- The mountains rise-boldly to a height varying from a
~ ;few .hundred to over 6,000 feet above the plain, and to elevations
; manging very commonly from 7,000 to 10,000 or more feet above the
..5ea. In its western part the plain has a general elevation of from
£ 2,900@0 3,200 feet, and in its broadest and most characteristic portion
- nb?ut Big Butte or between Blackfoot and the ““ Lost River country ”
- of in general from 4,500 to 6,000 feet above the sea.

*

s

&

1995,

1

CLIMATE.

AT

{ . .

) '-!.‘hqfclimate- of the Snake River Plains has for its leading character-
}8tlcs‘ aridity, prevailing high temperatures in summer, and severe cold

- In winter. - One of the most marked features in the atmospheric condi-

tions at nearly all seasons is the great range in temperature between

day and night.

Bull, 199—02—2
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The mean annual precipitation is about 13 inches, but many local
variations occur. Nearly all the water that reaches the thirsty lands
comes in winter and spring. During the growing season the soil is
invariably parched,and successful agriculture without irrigation is
seemingly impossible, "

The summers are decidedly hot. Not infrequently for many con-
secutive days and even for weeks at a time the temperature during

the hours of sunshine is over 100° F. and frequently reaches 105° F.,*

and reports by local observers of 110° to 115° in the shade are not
rare. -Owing to the dryness of the atmosphere, however, the heat is
seldom oppressive, and sunstroke is said to be unknown. Under the

" prevailingly clear skies in summer radiation is rapid and the nights

are nearly always cool. Exceptionally warm nights occur when the sky
is clouded, and radiation from the heated soil and rocks is checked.
In winter the atmosphere is even clearer than in summer, as the

e R

rain and snow remove the dust which is ever present when the soil is -

dry. The air is cold and the temperature has a greater daily range in
winter than in summer, frequently falling far below zero, Fahrenheit.

During the winter of 1898-99 the minimum temperature at Blackfoeot g

was —30° F. and at Minidoka —28° F., while the year following,
at Lost River, situated on the western border of the plains, in the
entrance to a tributary valley, a temperature of —41° was recorded.
During the year 1898 the.last *“killing frost” in spring at Blackfoot
was on June 5, and the first frost during the succeeding fall was

" on September 29; at Minidoka the corresponding conditions occurred
' on May 14 and September 4. The snowfall, while aggregating during

certain winters from 30 to 45 inches or more, varies greatly from
year to year and from place to place, but seldom remains long on the
ground. The sudden snowstorms are usually succeeded quickly by

thaws during the hours of sunshine, and sleighing is seldom prac- 1

ticable. Warm winds, termed ‘‘ Chinook winds,” frequently occur in
winter, during the prevalence of which snow, if present, disappears as
if by magic, leaving the plains and the lower slopes of the bordering
mountains bare.

only during the more severe storms. In winter the skies, although

frequently clouded, are usually clear, especially at night, and the stars |

are of phenomenal brilliancy.
The prevailing winds, often beavily dust-laden, are from the west,

and at many times, especially in the fall, blow with such strength and ¢
In summer and !
fall strong afternoon winds frequently occur, which die away at sun- ,
set; these are almost invariably from the west. -These strong breezes §
are nearly as regular in their periods as the sea breezes on lands }
bordering warm seas, but instead of bringing a refreshing coolness

constancy as to become trying to a person’s nerves.

Large numbers of horses, cattle, and sheep are j
pastured on the plains throughout the winter, and require to be fed ;
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CLIMATE. 19

Bey are frequently hot, and to one facing them seem the breath of
":ﬁrhace. On the broad plains miniature whirlwinds are of fre-
ent occurrence, particularly on hot afternoons, and the dust carried
yward by them forms tall columns with hollow centers, in which,
they are near the observer, a spiral motion can be discovered.
dust columns are sometimes 2,000 or 3,000 feet high, and are a
aracteristic feature of the parched desert-like plain when heated by
intense summer sun.
wing to the great extent of the plains, their variations in altitude,
fluence of the adjacent mountains, and other factors, there are
local variations in the climatic conditions. The most marked
nees are in temperature and in the length of time the land is
%;ggvered.r These variations are most marked in the broad, nearly
A§ areas forming the general surface and in the limited tracts of level
n the canyons and canyon-like valleys. In the canyon of Snake
& and its tributaries below Shoshone Falls the atmospheric condi-
i _=;uons are markedly different from those on the surfaces of the adjacent
i ..plains. In the canyons the temperature in summer, owing to the
sbelter from the winds afforded by the bordering precipices and the
x'?ﬂected and radiated heat from the black rocks, is usually much
. (;!ug!m'_r.'tbanon the open plains. Cool breezes frequently blow along
t};e river, however, tempering the intense heat. Again, in wintet,
owing largely to the ameliorating influence of th~ river, as well as the
. protection afforded by the bordering clitfs from: the freezing blasts
Ehat sweep over the plains, the mean daily and monthly temperatures
“in the canyon are considerably higher than on the neighboring undis-
~ sected plain. - Snow seldom lies on the ground in the canyon bottoms
for more than a few days at a time. ' :
@Th&myons furnish many favorable places for orchards, vineyards, (
r‘lvnxﬁdbg_ifrdens, not .on]y on account of the intense heat and strong light
- during the growing' season, when they are essentially hothouses, but

KT BT ¥ At e

e
by

* because water from springs with a temperature of about 60° F. can
z f?equen.dy be had for irrigation. =

CoE In brief, the Snake River plains present a typical illustration of an
g Insular or continental climate, such as is characteristic of regions of
; mlld.rehef_, remote from the tempering influences of the ocean, and
% depnveti.of their requisite share of moisture by the presence of lofty
i mountains in the path of the prevailing winds. .

5 One result of the climatic conditions, and especially of the dryness

of the .air, is the healthfulness of the land. So far as Iam able to-
]l.ldge, it is a region exceedingly favorable to persons suffering from -
disease of the lungs. ' : ‘
e To l<?vers of nature and all who rejoice in scenes of natural wildness :

unmodified, or what is too frequently essentially the same thing,
- Unmarred by the hand of man, the plains of southern Idaho present
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exceptional attractions. One must become familiar with their charac-
teristics, however, and learn to judge them by their own standard
before their beauties are fully revealed. To the traveler from humid
lands, where every hillside is clothed with verdure and every brook
flows through a shadowy vale, they will at first seem repellent deserts,
on which a long sojourn would be intolerable. This, I think, will be'the

first impression, especially if bebeld at noontide in summer or beneath 3 :

gray wintry sky. But to one who rides for weeks or months acros
their seemingly boundless surfaces, sleeping at night beneath the stars,

they are found to have charms unthought of by the casual passer-by. »

In the glare of the unclouded summer sun the plains are featureless,
" or perhaps their expression is distorted and rendered grotesque or
vague and meaningless by the deceptive mirage. At such time the

flat land vanishes in distant haze, and the bordering mountains, if visi- -
ble at all, are but uncertain flickering shadows on a glowing sky. In

the clear side lights of early morning, however, all uncertainty and
indefiniteness vanish. The flat land has details everywhere on its sur-

face. The mountains stand boldly forth as sculptured forms of ame- ]}

thyst and sapphire, every line on their deeply engraved slopes,

although leagues distant, clearly visible. When the sun is high in |
the cloudless heavens the plains are gray, russet brown, and faded }

yellow, but with the rising of the sun and again near sunset they

becore not only brilliant and superb in color, but pass through )
innumerable variations in tone and tint. When the approaching 3
dawn is first perceived, the sun seemingly a great fire beneath the i
distant edge of the plain, a curtain is quickly drawn aside, revealing a

limitless picture suggestive of the view a mariner sometimes has on

approaching a bold coast while the actual shore line is'still below the §

horizon. The distant mountains, rising range above range and cul-

minating in some far-off sun-kissed peak, are of the most delicate blue, .
while all below is dark and shadowy. As the sun mounts higher the ;
colors deepen, becoming violet and purple, of a strength and -purity ;

never seen where rain is frequent. Purple in all its rich and varied
shades is the prevailing color imparted to arid lands when the sun is
low in the heavens. As the dawn passes and the light becomes
stronger the rich hues fade, the mountains recede and  perhaps vanish

in the all-pervading haze, details become obscure even in the immedi-
ate foreground, and the eye is pained by the penetrating light. The

shadows, if canyon walls are near, are sharply outlined and appear
black in contrast with the intense light reflected from the sin-bathed
surfaces.

As evening approaches there is a gradual change from glare tor

shadow. The broad plains become a sea of purple on which float the
still shimmering mountains. The shadows creep higher and higher,
until each serrate crest becomes a line of light, margining rugged
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s on which every line etched through centuries by rills and

~éreeks reveals its history. The mountains seemingly grow in stature

- #gnd anfold ridges and buttresses separating profound depths. One

"5 marvels at the diversity and strength of the sculpturing on what but
yw moments before appeared flat, meaningless surfaces. _

8 the sun sinks lower there are, perhaps, a few clouds near at

and which are seemingly burned or rendered molten by the intense

heat, but more frequently only a nebulous glory appears in the vapor-

* Zlems'air. The violet and purple shadows creep higher and higher on

 the mountain slopes, and at last each crest and pinnacle, still sharply

outlined, becomes but a shadow. During the cloudless summer the

ries of sunset are on the earth, not in the sky. As the sun disap-

e i

. pears & well-defined twilight arch arises in the east, the shadow of the
o= enth on the dust particles in the air. The upper margin of the arch
ii,l‘f“ﬁrsf well-defined, but fades as it rises and is lost when the stars
F > begin to gleam in the dark heavens. The cool, star-lit summer nights
; ~ore wonderfully magnificent. The heavens, without a cloud, are filled
" from horizon to zenith with stars which burn with a'steady planetary
* light, such as is seen in our eastern humid lands only during clear
" winter weather.
=~ Although the summers in southern Idaho, in common with the rest
of the great arid region of which it is a part, are characteristically
cloudless, sometimes completely so for many days and even a week or
two, yet as fa]ll approaches vapor banks appear and the glory in the
- heavens and the magnificence of the earth increase a thousand fold,
~-surpassing the ability of even a poet to describe. One feature of the
* weather in early fall is the gathering of thunder storms about the
_mountains and their advance with fierce lightning and deep-toned
_-thunder over the plains, where they melt away and disappear ineffec-
taally in the drier air. At times these struggles of opposing forces are
repeated daily, and a more advanced position is gained each afternoon
. by the invading storm, until a few pattering rain drops fall, or per-
: chance a brief drenching downpour occurs on the thirsty sagebrush
lands. More often, however, the vast banks of brilliantly illuminated
cumulus clouds are festgoned below with descending rain sheets
which fail {o reach the earth. Accompanying these inefficient thun-
(der squalls there sometimes comes a heavily dust-laden wind which
. advances across the land. like a wall of blackness, obscuring the land-
Scape, and as it passes.the observer producing a twilight even when
the sun is high in the heavens. At such times the eyes are blinded
and the throat is choked by the all-penetrating dust particles. These
_dust storms, unaccompanied by rain, explain the origin of the fine °
yellow soil which covers much of the plains, mantles the sides of iso-

:Lt)ed voleanic hills, and extends far up the neighboring mountain
pes.

Ranica s TN
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The reader will perbaps think that I have devoted too much space
in attempting to record some of the leading features of the climate
and weather of this region, but it is to be remembered that there is an
intimate connection between the surface features of a region and the
climatic conditions to which it is exposed. Not only is the nature and
origin of the soil of the Snake River Plains to be looked for in part at
least in the work of the winds, but the canyon walls, the widely

spreading alluvial fans, and the details in the bordering mountains

would not be what we now find if humid instead of arid conditions had

long prevailed.. Still more quickly responsive to climatic conditions :

is the vegetation which soils are permitted to produce.

VEGETATION.

The ever-present and characteristic plant of the Snake River Plains ‘

is the sagebrush (Artemisia tridentata), which grows abundantly and
we might say luxuriantly in the dry soil, from the bottom of the
Snake River Canyon up to an elevation of some 2,000 or 3,000 or more
feet on the mountains bordering the plains. It covers the broad arid
valleys almost completely and is seldom lacking over any extensive
area, except where fires have recently occurred or cultivated fields
supplanted it. On the plains in summer fire sometimes sweeps
through the sagebrush in much the same manner that it does over the
prairies, and ‘‘burns” are produced. The ‘‘sage,” in the localities

most favorable to its growth, attains a height of about 10 feet, but }

usually is not over 3 feet high, the clump of bushes being commonly
6 to 8 feet apart. 18
with but little difficulty. The light grayish-green leaves of this
ubiquitous plant give color, or perbaps more properly lack of color,
to the plains and enhance their monotony. Although the Snake

One can ride or walk over the sagebrush plains

River Plains are frequently termed a desert, the name is true only in .

the sense that they are practically without water. There is compara-

tively little of the surface that is entirely destitute of plant life. In

fact the flora is found to be abundant and varied, if one examines it
closely. There are many lovely plants that blossom in early spring,
filling the air with fragrance, and in summer and fall the yellow of
sunflowers and of the still more plentiful ‘‘ rabbit brush” (Bigelovia

graveolens), a relative of the goldenrod, frequently give broad dashes of

brilliant color. Beneath the sagebrush in a state of nature nutritious
bunch grass grows abundantly and still furnishes pasturage where
sheep have not ravished the land. Where the plains are broadest,
that is to the north of the Oregon Short Line Railroad and especially
in the vicinity of the three steptoes, Big, Middle, and East buttes,
much of the land is without sagebrush and in the condition of a rolhng
prairie which supphes excellent winter pasturage.

. One of the surprises met with during the reconnaissance which fur-
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-the basis of this report was the finding of a true forest over
gveral hundred square miles of the surface which is designated on
ny maps as the “Snake River Desert.” On the three prominent
yattes situated in the central part of the plain between Blackfoot
ig- Lost -River there is a thrifty growth of jumipers. This
extends far out on the plain lying east of the buttes, and
ors in all about 175 square miles. The trees, although small, sel-
Ei‘-ﬂpm, in fact, attaining a height of over 15 or 20 feet, are thrifty and
‘-%vduable for fence posts, firewood, etc. On Big Butte there is, in

dition to a few junipers, a vigorous growth in the most favorable

. «places of pine and young firs. An older forest, destroyed by fire, is

. £’still standing, the trees, principally pines and firs, being from 30 to 40

. feet high. The most thoroughly tree-covered portion of the plains, _

.. however, is situated near their western border, and extends from a

;point.a, few miles south of Arco southwestward about 50 miles, in

. -=an irregular belt from 10 to 15 miles broad. This tract, about 800

square miles in area, is an open forest, consisting principally of pine

and fir. . This forested area embraces the Cinder Buttes, and there

-touches the mountains bordering the Snake River Plains on the west.

- In all other portions of the west border of the tree-covered region it

_is separated from the mountains by black, barren lava flows of recent

date. Where the trees grow there is a fine, rich soil covering old lava

sheets, and among the trees luxuriant bunch grass clothes the ground.

.- This tree- and grass-covered region, instead of being a desert, is park-

- like in appearance, and, in reality, is a beautiful and attractive country.

H Like many other extensive portions of the Snake River Plains, this

i region would become highly fruitful if water could be had for irriga-

. Hon, and it is by no means certain that wheat and other grain will not

- .- grow without artificial watering. It is remote from streams and

... 8prings, however, and owing to this fact it has been saved from the

- destructive inroads of domestic sheep and its primitive wildness has
been preserved. |

To the west of East and Middle buttes there isja tract of about 200

square miles which is without trees or bushes, even the sagebrush

being absent, but it is clothed with luxuriant bunch grass, and fur-

nishes as typical an example of a rolling prairie as one can find in the

far West. s ,

During the winter months, when snow lies on the Snake River

Pla..ins, tens of thousands of sheep are driven there for pasturage, and
thrive on the withered grass and nutritious shrubs. Snow supplies
the place of water, or else, on melting, fills small depressions and forms
water pockets. The area of these natural pastures is so great, how-
ever, that but little damage has as yet been done, except in the neigh-
borhood of the streams which flow down from the mountains.

55
18
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FAUNA.

On the plains, more especially in the broader portions in the vicin-
ity of the three prominent buttes that break their monotony, big
game is still to be found. Antelope roam over them throughout the
year, while deer and elk find there a safe winter range. The moun-
tain sheep is also present in winter, and the mountain goat is reported
to have been met with. The great horn cores of the mountain sheep
are occasionally to be seen bleaching among the clumps of sage bushes.
Occasionally, also, the horns and bones of the bison are found, show-
ing that southern Idaho was within the former range of that species.
Besides the animals just mentioned, the plains are visited by: bears,
wolves, lynxes, foxes, skunks, etc., and the coyote is only too abun-
dant. Ducks, geese, and other birds visit the occasional ponds and
streams, particularly along Snake River and on the west side of the
plain in the Lost River country. Grouse of several species are com-
mon, and smaller birds are by no means rare. The life of the isolated
timbered region referred to, and in fact of the Snake River Plains
generally, bas not been critically studied, and no doubt has many
novelties with which to reward the naturalist.

SOIL.e

Although the soil of the Snake River Plains has well-marked varia-

tions, it may be said that in general, and in fact almost everywhere, it
is fertile and needs but the requisite moisture to enable it to produce
a strong growth of either native or cultivated plants. So generally is
the condition of the soil favorable to agriculture that it is easier to

designate the exceptions than to describe the favored localities. About
the border of the plains the material washed down by streams from

the mountains is in numerous localities a coarse gravel, but although

‘requiring much water when irrigated such land is not infertile. Over.

large areas the soil covering is thin and rock fragments are so numer-

ous that under the most favorable conditions for irrigation the land »

could not be economically cultivated. Portions of the plains, too, are
covered with recent lava on which practically no soil has accumulated.
Examples of such black, rugged surfaces may be seen along the Oregon
Short Line Railroad between American Fallsand Minidoka, and again
to the north of Shoshone, but the largest tract of recent lava ocdurs
on the west side of the plains opposite Blackfoot, near the Cinder
Buttes. Comparatively small areas of a similar character occur near
Market Take and between Big and Middle buttes. In the western
portion of the Snake River Plains, south of Snake River, extensive
areas of white lake beds are present, but are usually covered with
yellowish, quartzite cobbles. Drifting sand occurs, particularly to the

4 Bee also pp. 185-141.
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4. SNAKE RIVER CANYON BELOW MOUTH OF RATTLESNAKE CREEK, LOOKING
' : WEST.

B. SNAKE RIVER CANYON NEAR HAGERMAN, IDAHO, LOOKING NORTHWEST.
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bf."Market Lake, and small tracts of dunes are present else-
In general, however, the soil of the plains is a fine, yellowish-

only on level tracts but covers hills and broad. depressions
'his material is similar to the celebrated loess of China, except
I¢ usually occurs as a comparatively thin layer, and resembles
50 the deposit bearing the same name in the Mississippi Valley. Like
ach of these formations, it is of exceptional fertility if properly

AL G STREAMS.s

# Snake River Plains lie entirely within the hydrographic basin
mv,er:or the Lewis Fork of the Columbia, as it is sometimes
.~ It I8 much to be desired that this great stream might be
fgwis River, in honor of one of the two bold explorers who
oured the far northwest for the United States. The Snake or Lewis
River has its headwaters in Wyoming, near the Yellowstone National
Park, and drains all of southern and central Idaho. It flows across

" :tixe southern part of the State in a great curve, concave to the north,

- :is indicated on the map (PL. I). Its mean discharge, as determined by
‘the hydrographic division of the United States Geological Survey in
1897, at Montgomery Ferry, midway between American Falls and
§hoshone Falls, is 10,064 cubic feet per second; the maximum being
in May and June, when it reaches about 26,000 cubic feet per second,
and the minimum in August, September, or October, during which
months its volume is approximately 4,400 cubic feet per second.?

In southeastern Idaho many streams join the Snake on the east. Of
these the South Fork and Blackfoot River are the most important.
Several ‘perennial’ tributaries come to the main river from the south,
such as the Portneuf, Salmon, and Bruneau rivers, besides a number
of creeks which flow only during the winter or in May and June, when
the snow on the mountains is melting. All of the tributaries from the
south are small in volume, particularly in summer. The Bruneau
would be an important exception to this rule, as it is supplied mainly
by springs, if its waters were not so largely used for irrigation.

# One of the most significant peculiaritics of Snake River is the fact
, ﬂlﬂt betheen Henrys Fork, on the extreme northeast, and the mouth of

i ‘%nse River, at the Idaho-Oregon boundary, a distance measured along

" e general course of the river of about 350 miles, it does not receive

single perennial tributary from the mountains to the north of the

. @8ee also p. 159,

l:&‘:c:o‘;gcmw data asare available concerning the hydrography of Snake River and its tributaries

the hyq on (l)lfi its course bordered by the plains of southern Idaho, may be found in the reports of

of that m“:mp ic division of the U. 8, Geological Survey, particularly in the Twentieth Annual Report

nial re €Y, pages 61, 469-491; and in the reports of the State engineer of Idaho, especially the bien-
port for the years 1899-1900, published at Boise.

silt-like material, largely a dust deposit, which mantles the sur- -

* %o the Idaho-Oregon boundary, where it turns abruptly northward, as -
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bordering plains. A possible exception to this statement is furnished ] u. 5. GEOL

) by Malade River, which would perhaps reach the Snake in summer if
i its waters were not used for irrigation. The fact that Snake River J
does not receive a perennial tributary from the north throughout the
z portion of its course just indicated is the more remarkable when it is
' |'| remembered that this part of its basin is largely occupied by lofty
mountains, on which the mean annual precipitation is probably greater -
iy than on the less extensive and lower mountains, in which the streams . }
I ~ coming from the south, such as the Portneuf, Salmon, and Bruneau,
g N have their sources. The principal reason for the absence of surface i

| ﬁ{ i tributaries to the Snake on the north is that broad lava plains intervene -§

R T

! - between it-and the mountains, and all of the water which flows down
‘ to the plains or falls on their surfaces is either evaporated or lost in §

i the cellular and fissured lava. :
i Some of the streams flowing southward from the mountains of cen-
I

a ‘ v tral Idaho, as Camas Creek and Little Lost and Big—Lost rivers, form .
i temporary lakes on the lava plains, from which the water is removed
il by evaporation, or descends into fissures in the underlying rocks and

joins the underflow. To a large extent, however, the dxsappearance‘
AL of streams from the mountains on reaching the plains is due, as just
L suggested, to the descent of the water into fissures and cellulal lava, -
i or into beds of gravel and sand that underlie the lava sheets. The
Lo streams, to be sure, tend to fill the openings in their beds with silt,
| . but the extent of the lava-covered country they have to cross in order

i ! to reach the master stream to which they would be expected to flow
‘. i M is so great that the task of filling the cavities in the rocks is as yet in- 4
! i complete. The water which disappears below the surface, particularly -
Ly ' on the northern border of the Snake River Plains, to a large extent
! emerges again in the canyon of Snake River as springs.

ol SPRINGS.a

!
i ‘ One of the remarkable features of Snake River Canyon is the
f | 1ER abundance of large springs which pour out from its northern wall,
! especially in the portion of its course between Shoshone Falls and
} !! i Bliss. The aggregate volume of these springs is many thousand cubic
it feet per second. They flow steadily without observed fluctuations in
volume throughout the year. During August and September, when
the Spake is low, their combined volume is estimated to be equal -
to if not greater than that of the river itself where it passes over
a i Shoshone Falls. Perhaps the finest known exhibition of cataracts °
e formed by springs of large volume issuing from rocks far up the
141 faces of nearly vertical precipices is furnished at what is known as
i IB The Thousand Springs, situated on the northern side of Snake River

aSee also pp. 162-171,

ey ——y
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% SPRINGS.
nyon, near the town of Hagerman, between Salmon Falls and the
Boint where Salmon River enters from the south. Views of a portion
‘aprings, which leap from the canyon wall at this locality and
d as white sheets of foam and spray over the verdure-covered
ces below, are shown on PL. III. The more general of the two
(PL III, B)was taken before attempts had been made to utilize
the springs, and indicates the natural conditions; Pl III, 4, is from a
tograph taken in August, 1901, and shows a portion of the springs
‘where their waters had been concentrated by a flume. In recent
.years tannels and flumes have been constructed, which concentrate the
__waters and make their volume appear even greater than is suggested
--_-by the first of the views here presented. Most of the water descends
“‘over the face of a vertical wall of clay and lapilli from the cut edge of
ahyer_:f cellular scoriaceous basalt, which has an elevation of about
188 feet above the base of the precipice. The water does not make
- $hie'deacent in a single leap, but makes cascades of remarkable beauty
sod novelty and is churned into foam by its contact with the rocks.
The volume of water has never been accurately measured, but within
& space about half a mile in length at The Thousand Springs proper is
estimated by Mr. A. Ferguson, a hydraulic engineer familiar with the
locality, at 20,000 miner’s inches (or approximately 500 cubic feet) per
second. _

West of The Thousand Springs the water-bearing layers which
fl‘lrnish water at this place are inclined and pass below the level of the
river, but another similar but higher layer appears which continues
to Bliss, a distance of about 18 miles. Throughout the length of its
outcrop in the canyon wall copious springs are abundant. At many
other localities between The Thousand Springs and Shoshone Falls

~ there are water-bearing layers in the canyon wall and large springs
pour out. The greatest of these fountains are situated at the heads of
lateral alcoves or small side canyons opening into Snake River Canyon,

such as Little and Box canyons, on the north side of the river just [

above the mouth of Salmon River, and Blue Lakes alcove, about 6 miles
belpw Shoshone Falls. As will be explained later, the remarkable side
“]0?"93’ or short ““blind” canyons opening into the main canyon, owe
their existence to the great springs feeding the streams which flow
from them. Another similar ‘*spring alcove,” but at first view not so
clearly the result of springs undermining the cliffs, is furnished by the
lower portion of the canyon of Malade River. °
The. water of the springs between Shoshone Falls and Bliss has an
essentially uniform temperature of about 60° F. throughout the year.
-1e water is clear, but of a bluish color, due to fine particles in suspen-
Sion. - Several of these spring-fed streams are inhabited by trout. It

18 indeed 5 surprise to find beautiful trout streams in the central part
of a flat, arid plain.

{
i
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The temperature of the water pouring out of the walls of Snake

River Canyon shows that it is not derived from deep fissure springs, " |

and, in fact, has not made a deep descent into the earth. The water

no doubt comes from the mountains lying north of the Snake River |

Plains, and is supplied mainly by the subterranean flow of ‘‘lost
rivers.”

Besides the springs in the canyons already referred to, there are a |

few fissure springs on the Snake River Plains, usually near the border-
ing mountains, which have a high temperature, but their combined vol-
umes make but slight addition to the surface run-off. Possibly hot

springs rise beneath the lava sheets flooring the plains and influence the

temperature of the canyon springs, but there is no direct evidence that
such is the case, although the temperature of the canyon springs shows

some variation which can not be due to the depth of the sheets.of rock |

from which they appear to issue.

The springs along Snake River and at a few locahtles near the moun- §

tains bordering the Snake River Plains have been utlhzed for irrigation.

WATER POWER.

The amount of water power available along Snake River in its pass-

age across southern Idaho is practically unlimited, but as yet is not |

utilized. The most important falls and their height are as follows:

Idaho Falls, 30 feet; American Falls, 50 feet;® Twin Falls, 180 feets

(Pl. XXITI); Shoshone Falls, 210 feet® (Pl. IV); Salmon Falls, about

25 feet. . Besides these there are many localities where ¢ vertical
leaps are made in many cases from 20 to 50 feet, all suggesting, in 3
. addition to the natural grandeur and sublimity of the surroundings,
the wonderful possibilities through their utﬂlzatlon in the industrial

development of the State.”?

Besides Snake River itself, the great volume of water at The Thou-

sand Springs and at the mouth of Malade River could be easily and
cheaply utilized as sources of power. The future greatness of the
State certainly depends largely on the proper development and use
of this branch of her great resources.

IRRIGATION AND AGRICULTURE.

With the small mean annual precipitation on the Snake River Plains,

prac®eally all of it falling during the winter season, agriculture with-
out irrigation is seemingly impossible. As previously suggested, how- |

ever, over the higher portion of the plains lying southwest of Big
Butte the rainfall may be sufficiently above the average, or the soil
may retain enough moisture, or possibly the slow melting of the winter

a From biennial report of the State engineer of Idaho, 1899-1900, pp. 8, 9.
bOp. cit., p. 9.
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v may furnish the proper conditions to permit the growing of
ot and other cereals without irrigation. This experiment is at
worth trying.
s agriculture is at present entirely dependent on irrigation, culti-
d land occurs only where water from streams and springs can be
tained. Not only is the presence of sufficient water a controlling
actor, but the topography and the nature of the soil mustalso be taken
Zjnto account. The portions of the Snake River Plaing first brought
gnder irrigation are those where the conditions are most favorable
sJor small enterprises. These are the flood plains of the small streams
- m the mountains, and points wherg springs can be utilized. Later,
; - “Zeame more extensive systems, involving the construction of extensive
i — Zeanals and necessitating the employment of a large amount of capital
y --and labor. The small ditches were constructed by individuals, or by
- small groups of ranchers, and the canals by communities or incor-
+ . .zporated companies. One result of the conditions met with is the isola-
-tion of many individual ranches and of small groups of ranches
situated along a single stream. The construction of canals led to an
-increase in the size of the communities, and in some instances to the
~growth of considerable towns. -
& ’f.!'he widely separated individual ranches or small groups of ranches
Are situated mostly where the streams from the mountains emerge onto
_the plains, and frequently extend as far up the mountain valleys as
flood plains occur. Ina similar way the springs in Snake River Canyon
_bave in several instances been utilized, and single ranches or small
‘groups of ranches forming a fringe along the river’s banks, mostly on
"3 northern side, occur from near Shoshone Falls westward.
kY The most important communities have grown up along irrigation
~eanals. Typical illustrations of the results of a favorable combination
_ of conditions in this connection occur near the junction of the North
and South forks of Snake River, in the northeastern portion of the
Snake River Plains, where the streams are upbuilding their channels
and spreading out broad alluvial fans. The South Fork, before its
- Waters were so largely diverted into canals, divided into several
bfanches, the positions of which were liable to change during each
~’gh‘W§ter stage, and furnished unusual facilities for irrigation. In
© region referred to, or in a general way, between St. Anthony and
of 1&’ Falls, including lands on each side of Snake River in the vicinity
arket Lake and extending far up the South Fork, there are a
ﬁssfelember of ranches on which grain and hay are successfully cul-
P a3 well as orchards and gardens. There are several flourish-
0g villages in this section also, and evidence of prosperity and thrift
;r‘:lagundant_. By no means all of the good land that can be irrigated
deu:l er .cul.twatlon, however, and still greater results can be confi-
Y predicted.
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* is upbuilding its channel. The gravel flood plain of the river and por-

. flood plain, and the large canals are needed for irrigating the surface
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Although Snake River makes a sharp descent over lava at Idaho

. . . the plains on
Falls, the stream a short distance below has again a low gradient and |

through a na
is comparaty

tiony of former flood plains, now forming gravel terraces, are available which it ent

for agriculture. Although to a considerable extent the soil is loose ; afforded by tl
textured and requires much water to insure good crops, it is easily tion to meanc
irrigated, and an abundance of water is available. Farms border the @ | 3. form s
river on each side all the way to American Falls, where the canyon long. Wate
begins which extends to the Idaho-Oregon boundary. Projects have river by mes

been matured looking toward the irrigation by means of canals, at
higher levels than those now in use, of great areas of fine land extend-
ing from some distance above St.. Anthony to the Salmon River.s;
Lower down, where the river is upgrading its channel and forming a

an wells
i The variati
‘t‘“ nt which 1
ustmted al
ving its na
‘entering the
F rocks of the ]

of the broad plains bordering Snake River Canyon, the most favorable §
localities for diverting the waters are at places where the canyon walls
are not high and rapids or falls occur. In the canyon of Snake River
in the vicinity of Hagerman the river makes a sharp turn to the 4
south and west and then to the north, thus forming a conspicuous bend .
concave to the northeast. Here there is a precipice formed of soft 3
clay and unconsolidated sand, about 600 feet high on its southern and J¥
western border, as is shown on PL. II.  The land on the northeastern 8§ brought unde
side of the river at this exception: * bend, about 10 square miles in S jn beight, on

area, slopes gently toward it, but is bordered to the northward by a] trees, and tov
lava rim rock, from beneath which issue large springs which are util- i felds and orc
ized for irrigation. In addition to the natural springs tunnels or hori- i€ the abundanc

zontal wells have been excavated in the basal portion of a lava sheet’
where it forms a rim rock and abundant water has been obtained. A
large part of the land in the Hagerman Bend is now under cultivation, }
and much more of it can be utilized. This isolated area, sloping to the.
suan and sheltered on all sides by canyon walls, is one of the most prom-
ising for agriculture in southern Idaho. Below Hagerman copious
springs are of frequent occurrence on the right side of the river as far
as Bliss, a distance of about 8 miles, and a narrow strip of land in the
canyon’s bottom is under irrigation. All of the land now under culti-

*  soil condition
. fruitful areas
.~ The most v
water is no
Cereals, incl
. Orchards and
. along Spake

where shelte:
{ ﬂl@isohtnon 1

vation from Shoshone Falls to Bliss, embracing by estimate about are m
. 8,000 acres, is watered from springs. This is the most conspicuous JEE Tbe greatest
example of the use of spring water for irrigation to be found in Idaho. frosts in spri
A flourishing farming community exists on the borders of Bruneau
River, near its mouth, where the stream has broadened its valley in |
soft beds. The Bruneau, near its mouth, cuts one of the lower sheets T .
of basalt, which extends farther south than the surface sheets forming The greate

Plains is stoc
* noil, the raisk
include withi

aMaps showing the lands which can be irrigated at a reasonable expense aiong the Snake in the
portion of its course which crosses Idaho have been published by the State engineer of Idaho. See
Biennial Report of the State Engineer, 1899-1900, Boise (1901).
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ns onr the north side of Snake River,-and for a few miles flows
h a narrow, steep-sided canyon.  The fact that Bruneau Valley
pamﬁvely wide above the nmarrow canyon in basalt .t.hroqgh
it. enters- Snake River is due to the check in downcutting
i by-the basalt, which permitted the stream above the obstruc-
meander-and broaden its valley. In this broader portion farm
5-form~a belt averaging about a mile wide and about 9 miles
Water for irrigation is, for the most part, derived from the
-means of canals, but warm. springs, and to a small extent
wells, are also utilized.
variations in geological conditions and in topographical develop-
ich- favor the utilization of streams. for:irrigation are again
ed_along: the lower portion of Boise River. This river, on
its-narrow and rather high-grade canyon in the mountains and
g the comparatively wide valley it has excavated-in the soft
; -of the plain, where its gradient is low, is unable to bear along
" o bbles, gravel, sand, and-other material brought from above and
. has spread out a wide flood plain bordered by terraces, through which
+— 1t flows with many curves and frequently divides and reunites so as to
: ﬁdﬁse«islands. These conditions have favored the construction of
i;igguﬁng ditches and high-level canals,and a large area has been
* == hrought under cultivation. From the hills near Boise, a thousand feet
' ‘ilﬁheight,~one may look down on that beautiful city embowered in
trees, and toward the west, as far as the eye can reach, behold green
<& fields and. orchards surrounding comfortable farm houses. - Owing to
- .. theabundance of water available for irrigation, as well as the favorable
: 80il. fonditions, this region has become the most extensive of the highly
truitful areas of Idaho.
b6 most valuable crop cultivated on the Snake River Plains, where
Water is now-available for irrigation, is hay, principally alfalfa.
- Cereals, including maize, are also grown, but in minor quantities.
- and vineyards thrive and yield abundant returns, especially
tlong Snake River below Shoshone Falls, and in Bruneau Valley,
: :Where shelter is afforded by the neighboring canyon walls. Owing to
2 the isolation of the orchards in many instances, the injuries caused by
& insects are much less severe than in more generally cultivated regions.
% The greatest obstacle that fruit raisers have to contend with is the late

T

e frosts in spring or early summer. ‘

.

. STOCK RAISING.

'Ithe greatest of the industries as yet established on the Snake River
. Plf““s is stock raising. To this a large part of the cultivation of the
80il, the raising of grass, is incidental. In the counties of Idaho which

include within their borders portions of the Snake River Plains there
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-‘ ‘! The Snake River Plains themselves are destitute of metal and ore
© i of economic importance, but the bordering mountains contain richf
' mines. Along Snake River fine placer gold occurs in considerablg
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are over 1,000,000 sheep, nearly 200,000 cattle, and about 34,000]
horses.® But little of this stock is fed in barns during the winter and The bo.tal POl
by far the greater part is fed hay only during severe storms. The}} square mile. Ii

winter pastures are on the broad sagebrush-covered plains. people are, to a
. can be ha.d for

The counties wk
however, contai
represent about
southern Idaho
parts, rugged m
 of barren, uninl
'stock growmg,

¥ MINING.

quantity, but is difficult to procure. Placer mining’has been carried;
on, in a small way, continuously for many years, however, and the;
annual production of gold is a considerable addition to the wealth of]
the State. - A large portion of the mining that has been done is a loss
to the State, however, as rich agricultural lands which could be made!
to yield harvests for an indefinite time are ruined by the operation,
The single crop of gold obtained is far less in value than the many
crops of hay, grain, fruit, etc., which could be. secured if the lan‘

Asgis indicate
are traversed th
Railroad. One

TOWNS. westward, and {

3 DOUNn . .th
The wants of  the people engaged in stock raising, ranching, ang dary > WIL
. . . . . about Hailey an
agriculture- on the Snake River:Plains or amid the bordering moun fleslong ] eads:

tains has led to the springing up of several small towns. - These towns]
were first established at localities where water. could- be -easily ob{
tained for irrigation, and later received & new impetus when railroadg
were built, which increased their importance as,shipping centers. - In
addition to the needs of agriculture and stock - raising, the minin
interests have also-exerted an influence on the growth of certain tow
and villages of the plams

The population, -in 1900, of prmclpal towns situated in the pO“
tion of Idaho to which attention is here invited is as follows:? Boise]
5,557; Pocatello, 4,046; Idaho Falls,1,262; Mountain Home, 529; S
Anthony, 411. velers who m:

Boise is the capital of the State, and the center of a large stock rv-
raising, agricultural, and mining-region. - Pocatello, the second ity
of the State in number of population, owes its .growth principally ta
the fact that it is animportant railroad center. - Besides the cities and
towns named there-are many boroughs or villages, numbering from 4
very few to perhaps a score of houses. The largest of these uninco
porated villages is Blackfoot, which has about 1,500 inhabitants. - Ox
maps of. Idaho many names of post-offices appear which a person-nof
familiar with the State might assume to be settlements of some impor?

division of the n
traverses the no
boundary. An:
1901, ‘begins at ]
passing between
by Big Lost Ri
opgnhonacross
lhese two d

tance, but which in a large number.of instances are simply post—oﬂi lﬁfsﬂ, connection
housed in some isolated farm-house or cross-roads store. in area, an
walls, -Insevers

aFirst Ann. Rept.:State Bureau of Immigration, Labor, and Statistics, --Boise, 1900, - 3 ‘@nned’ have

bTwelfth Census of the United States, Bull. No. 8.
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RATLROADS AND HIGHWAYS.

‘total population of Idaho in 1900 was 161,772, or 1.9 to the
re mile. In the region embraced in the Snake River Plains the
le are, to a great extent, segregated in communities where water
o had for irrigation, leaving vast tracts entirely uninhabited.
unties which include portions of the plains within their border,
or, contain more_than half of the population of the State and
t about one-half its area. The leading topographic feature of
Idaho is the great plains, and of its central and northern
s, rugged mountains. The influence on the density of population

hrggg! uninhabitable plains, encroached upon by agriculture and
ok growing, and of mountains where mining industries have been
is thus seen to be about the same.

RAILROADS.

9588 is indicated on the map forming Pl I, the Snake River Plains
+= are fraversed throughout their entire length by the Oregon Short Line
" Railroad. One division of this road, starting from Pocatello, leads
" westward, and traverses the plains all the way to the Idaho-Oregon
= boundary, with one branch leading northward to the mining regious

S Mt'ﬂailey and another terminating at Boise. A branch about 50
= miles long leads southward, crossing Snake River to Murphy. Another
- division of the road, starting also from Pocatello, leads northward and
- -traverses the northeastern border of the plains to the Idaho-Montana
: Mhonndg.ry An important branch of this northern division, built in
%‘lmlz'begins at Blackfoot and crosses the widest part of the plains,

passing between Big and Middle buttes and reaching the region drained

- by .BIE. t River. The aggregate length of the railroads now in

" . operation across the Snake River Plains is about 500 miles. Travelers

. 0%1' ﬂ!&ie two divisions and various branches of the “0O. S. L.,” as it

s familiarly termed, will be enabled to see nearly all the variations that

Plains present and to obtain an ides of their vast extent. To

: travelers who make such a journey, the most pronounced need of the
- m:»l'y—name]y » water—will become painfully apparent.

HIGHWAYS.

Owing to the flatness of the Snake River Plains and the fact that the
?Ocks'when present are generally covered with at least a few feet
ﬁne soil, traveling is easy in all directions, except where canyons

R Paered th?.. surface. Roads lead across the plains in various directions,
'nd 84 parts of them can be reached by wagons. The exceptions in
thfs connection are the fresh lava flows, sometimes hundreds of square
:;llel: n Iat:'ea, and .the portions of the canyons bounded by precipitous
. several instances, however, good roads, or ““grades,” as they

are termed, have been constructed which lead into the canyons where
Bull. 199023
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. diverge at Pocatello, one going northward and the other westward.

" direction the mountain is ascended the abruptness with which it rise
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the walls seem to be almost vertical precipices. The main difficulty
in crossing the plains is the scarcity of water. Asin most flat regions
where stock raising is a leading industry riding is largely practiced. |

BIG, MIDDLE, AND EAST BUTTES.

An account of the Snake River Plaing, however brief, would not bej
complete unless it directed special attention to three conspicuous moun-!
tain-like elevations that break their monotony. These elevations, known;
in their order from southwest to northeast as Big, Middle, and East!
buttes, are situated in the central part of the vast lava-covered region
of southeastern 1daho, about 25 miles northwest of Blackfoot. = Their]
location is indicated on the map forming PL 1. Owing to the appar.
ently perfect flatness of the surrounding plain they are prominent
objects in the landscape when seen from distances of 100 or more miles,}
and are no doubt familiar to many persons who have passed over
either of the two divisions of the Oregon Short Line Railroad which

Owing to the isolation of the buttes and the absence of water in sum:!
mer anywhere in their vicinity, with the exception of a small spring al
the northeast base of Big Butte, they are seldom visited. For these]
and other reasons it seems appropriate to close this introductory chap
ter with an account of these three most interesting and instructive
elevations. :
Two of the buttes, namely, Big and East buttes, are rhyolitic vol
canic cones of ancient date, which are completely surrounded by Snake]
River lava and furnish admirable examples of steptoes, as such islands
in a once molten sea of lava have been termed. Middle Butte differs
from its companions, being an upraised block of stratified basalt.
The elevation of Big Butte above the surrounding plain, as deter
mined by aneroid measurements, is 2,350 feet, and by estimate thg
beight of Middle Butte is 400 and that of East Butte about 700 fee
Big Butte, as may be judged from Pl. V| rises as a deeply sculptured
mountain precipitdusly from the nearly flat plain surrounding it
base, and terminates in two ridges about a mile apart, with a deepe
depression between, which is apparently a remnant of a crater. At its
base the mountain is 5 or 6 miles in diameter, and is somewhat elon}
gated in a northwest-southeast direction. To reach its summit, ng
matter how carefully the trip may be planned, true mountain climbing
1s necessary, and the steepness of the slopes will be forcibly impresse
on the climber’s mind before he reaches the top. From whateves

from the plain, without gradual approaches or foothills, becomes]
impressive. In the gulches and deeply cut ravines there are alluvial
fans which extend out onto the surrounding plain for 2 or 3 miles,

u. 8. GEOLOGICAL SURV!
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16, MIDDLE, AND EAST BUTTES.

becoming indefinite at their lower extremities and
ting the amount of erosion that has occurred since the
basalt was poured out. Equally apparent is the fact that
in was deeply seamed by erosion before the basalt flowed
he land surface on which the old volcano was built and
ns of acid lava which it may have sent out are buried from
‘the basalt, and no inequalities of the present surface suggest

ollows beneath the deep covering of black lava. These con- '
topography coincide with even more sharply defined differ-
@ rocks. . The mountain is composed mainly of nearly white

ic layers to light pumice and black glass or obsidian.
) g basalt is black, with but a single neighboring area at

] hse of the white butte, where a remnant of a small basaltic
ne reveals a dash of dark red. The ancient steptoe is built

B exception to the statement that there are no exposures of the
irface on which the ancient rhyolitic mountain was built may
occur about 5 miles to the east of its base, where a group
8, clothed in part with juniper trees, rise to a height of about
above the recent basalt that intervenes between the two. An
mination of this group of hills was cut short by the coming of
knegs, but the occurrence of obsidian and pumice in what seemed
remnant of a lapilli cone suggested thata small voleano, similar
greater gne which formed Big Butte, may there be represented.
g Butte, like the surrounding plain, is grass covered, and the -
ous deer trails, on which the imprint of the foot of a wolf or a
may occasionally bé noticed, show that it is a favorite feeding
b _for big'{game. Elk resort there in winter and bears are com-
} Visitors.  An arrow point, of obsidian, picked up on the summit
; Mgle mountain, suggested that this was formerly an Indian hunting
(l'O}md. Just before my visit it had rained, and on the plain about
2900 &8 to the south of the butte there was a small water pocket from
8 trails radiate in various directions, showing that year after year
 8ame depression had been occupied by water and for a long time
been Tesorted to by wild animals. Besides grasses and flowers,
: mountain is covered in certain favored places on its northern slopes
g fﬂ’ &y oung and thrifty growth of pines, firs, and juniper, and much
~.of the summit portion is occupied by a dead forest of coniferous trees,
:::;y of them 30 to 40 feet high, which were killed by fire about eight
inely D years ago. Over the greater portion of the burnt area, which
- Ud}’:s nearly the entire mountain, no young trees have sprouted.
ere 1s so little moisture that the forest will never be renewed. It

I
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evidently furnish a delicate index to the climatic conditions.
On reaching the summit of Big Butte on a clear day there is a far-

reaching view in all directions, and much of the history of the Snake :

River Plains may be easily read in the splendid panorama.

In attempting to understand the featuresof a Iandscape when beheld }

is only in the ravines on the northern slope, where snow accumulates -
most deeply and remains longest, that conditions are favorable to the §
growth of young trees. The vegetation, if studied critically, would

from an elevated station, it is necessary to have in mind the scale on ]

which the relief map, for such it appears, which is spread before one,

is constructed. In arid regions, in spite of the haze usually present, §

distances are deceptive. Objects leagues distant seem only miles away. §

The mountains to the east are fully 50 miles distant, and the nearest

peaks to the west are* from 30 to 40 miles away; to the southwest and $

northeast the flat plain extends indefinitely, and no bordering shore is
in sight. In spite of their remoteness, the Lost River Mountains to
the west are clearly and even sharply defined. The upward sweep of

alluvial fans can be easily traced to where they narrow at the mouths:

of strongly cut gorges. Above their summits are the outlines of bare
crags, where angular rocks form bold convex curves, which replace
the concave curves due to stream deposition on the lower slopes.

Still higher is a dark band of forest which encircles the mountain like

a shadowy wreath. Far above the timber line are bare serrate peaks, §

all of them light gray and suggesting the presence of limestone or

quartzite, except the highest pinnacles of all, which gleam silver white.g
A recent storm, which brought light showers to the plains, covered the]

higher mountains with snow. Roads on the plain appear as fine lines

radiating from the spring at the northern base of the mountain. Each;
curve in the yellow line leading west can be clearly followed to Arco, ]

24 miles distant, where clumps of bushes and a few houses tell of the;
presence of water. Other clumps of bushes and here and there a field]
of alfalfa, a rectangular patch of green on the vast gray expanse
reveal the curves of Big Lost River as it flows through the plain
bends northward, and in winter maintains its existence for about 50
miles to where it spreads out in a small lake. To the northeast, and
seemingly close at hand, although 15 and 20 miles distant, Middle and
East buttes rise abruptly. The nearer butte is black, its sloping
surface is inclined to the southeast, in conformity with the dip of the
hard rock layers of which it is composed. The western border i
abrupt at the summit, but below it has much more gently inclined
lines, due to talus slopes. East Butte is white, rises sharply on allj
sides, is without conspicuous talus slopes, and terminates above in two
sharp, angular peaks, between which there is a smooth, saddle-shaped
depression, suggestive of a broken crater. A view of this remarkable
steptoe, taken from near Middle Butte, is presented in Pl V.
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BIG, MIDDLE, AND EAST BUTTES.

ther to the northeast, and, as one is surprised to learn on
ng‘ to a map, 46 milesaway, the outlines of Market Lake craters
early visible. Their characteristic conical forms, with flat sum-
eavé no doubt that they are extinct volcanoes. From personal
nation I know they are tuff cones with craters in their tops.
the eye has become adjusted to the novel conditions it per-
that the vast plain is not absolutely flat and featureless, and as
g approaches and a strong side light causes even small eleva-
cast shadows, many cone-shaped prominences rise from the
usly flat surface. That these are extinct volcanoes is clearly
Wn by an example, only 3 or 4 miles distant to the southeast, from
Riich a black stream of lava with a bare, rough surface, evidently of
‘date, extends northward, and expands into a belt a mile or
ide before terminating. This recent addition to the rocks of
Iain resembles a great withered and blackened leaf, with its petiole
attached, laid on the flat surface. Another black lava stream,
ing from an elevation a few miles to the eastward, also flowed
vorthward and expanded into a leaf-like form several square miles in
area. These two recent lava streams indicate that the plain of which

olten rock, but is in reality highly compound and consists of many
Vndely expanded and overlapping lava sheets. A small elevation, the
- summit of a low cone with an immensely expanded base, occurs about
8m11es to the south. It is similar to those from which lava was
l'ecently poured out, but is much older. The lava has evidently flowed
away from a small opening in all directions so as to fofm a cone, with
& diameter 4 at the base of certainly 8, and probably as much as 10 miles.
JDen 'this! old volcano is seen in profile from the ‘surface of the
Blrdunding plain it presents the appearance of another similar cone,
Wi on PL. XVIII, about 15 miles to the west of Blg Butte. The
cone! just referred to, together with two companions, is also in sight
ﬁ'olll the summit of Big Butte, and still others of similar shape, all
» low cones, usually with flat summits, may likewise be distin-
g““hed Most of the small volcanoes are situated south of an east-
: '&t line drawn through Big Butte, but to the northeast there is
" One prominent brown crag only a short distance north of the wagon
road leading to Blackfoot. Still farther north, and beyond the
s‘ﬂ'i'-lght; line formed by the railroad now in process of construction,
“E.two other low mounds, which from near inspection I found to be
remnants of basaltic craters. Far to the south, and nearly lost in the

: .‘,’:‘E'_«??m‘:{:’mam!: W

.
&

g1
¢

= distance, are still other elevations, whlch have the same topo:

i+ Eraphic forms as those nearer to hand, and which 1 believe are also
i craters, although as yet unvisited and undescribed. To the west,
¢ to the far more prominent mountains, yellow with withered

gmss are the Cinder Buttes, among which a score or more voleamc

ﬂley form a part has not been produced by a single vast outpouring of
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cones are known to exist. Not including the Cinder Butte, or East)
Butte, about twenty craters can be counted on the broad plain, and still
others occur which can not be readily recognized from a distance.

ares of which i
professional geo

A considerabl
area embraced 1
in connection W

covering on the Snake River Plains came from small and inconspicuous
craters, many of which have escaped burml by later eruptions and
still exist as elevations.

After climbing Big Butte I rode across the plam, in part occupled
by recent lava, but mostly a grass and sagebrush covered region, tofFe,nH
Middle and East buttes, but owing to lack of time did not climb either Fom the rer
of them. Middle Butte, as already stated, is composed of stratified ¥ '
basalt, and does not present evidence of being a cinder or lava cone,
and does not mark a site from which either scoria or liguid lava was
extruded. About in a line between Middle and East buttes, however, S j
and overgrown with juniper trees, is u low elevation of scoriaceous i,rg_ ﬂl the lacustr

lava, which appears to be a remnant of a basaltic crater.
East Butte has preserved its original shape much more completgly * mostly if not e
than Big Butte, probably for the reason that it presents much less Booeutrocks
surface on Whlch water might collect into streams, and also becay igions there was
of its less height. It rises prempltously from the surrounding basalt;
on all sides (Pl. V, A) and is. free from conspicuous talus slopes gnd
alluvial fans. The rock is a white rhyolite, and what is clearly a
remnant of a crater still exists at the summit.
Middle and East buttes are covered with an open forest of small
juniper trees, which extends far over the plain to the east. To the
west of them there is & broad, rolling prairie. No water is to be had]
except in winter, when an occasional depression may perhaps be filled;
by the melting snow. Except for the absence of water, the region is}
as fair and inviting as the most favored portions of the prairie States.
The chief lesson learned by a visit to the ‘‘Three Buttes”-is that]
two of them are ancient rhyolitic volcanoes, entirely surrounded by
the Snake River lava; and that on the encompassing plain there arg
many extinct volcanoes which poured out basaltic lava.

" The rocks 01
Plains are most
limestone. - =

. -

Vs

- The bertane
 rugged m
. beer sculpture
. Aive and exos
B 'l‘be eastern b
[ an approxims
of Ditto and/
Menthexw
“talos dramei

GENERAL GEOLOGY.

Previous investigations.—Southern Idaho is to a great extent aniilf ‘Mount Be
untrodden field to geologists. The most detailed survey that has beexlill o¢ the gra
made within its extensive area embruces a region of about 864 squarg owing prir
miles in the vicinity of Boise, which has been described and mappeS brown; P
by Waldemar Lindgren in what is known as the Boise folio, published is mnss;ve 2
by the U. S. Geological Survey.® This folio furnishes an admirable layers, whi
beginning for the study of the geology of the region surrounding the skirts the 1

aThis folio measures 18} by 21} inches, contains 7 pages of descriptive text, 4 full page APS, sec-§ sEighteenth

tions, ete., and is sold by the Survey for 26 cents per copy. seological may
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W hich it treats, and should be carefully studied not only by
geologists, but more particularly by the people of Idaho.
erable portion of the Snake River Plains lying south of the
ed in the Boise folio has also been explored by Lindgren
n w1th detailed studies of neighboring mining districts,
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PRE-TERTIARY FORMATIONS.

'!'ocks of which the mountains surrounding the Snake River
are most largely composed are granite, rhyolite, quartzite, and
One. -

.an open forest of small
[ain to the east. To the ¢
. No water is to be had
On may perhaps be filled
se of water, the region is B
ons of the prairie States.
“Three Buttes” is that E
. entirely surrounded by £
mpassing plain there are
altic lava.

e terrane named the “ Boise granite ” by Lindgren, from which
Tugged mountains which lie to the north and east of Boise have
sculptured, extends eastward from this area and occupies an exten-

and exceedingly rugged region lying north of Mountain Home.

18 eastern border of this area forms a moderately irregular line with

“ approximately north-south direction, situated between the canyons

f Ditto and Syrup creeks. On this dividing ridge the granite passes
"eneath extensive surface flows of rhyolitic lava which form the moun-

ains drained principally by Syrup and Long Tom creeks, as well as

ount Bennett, and other hlgh land still farther east. The junction

the granite and rhyolite is sharply defined and is easily traced,

a5 i0g, principally, to the light color of the granite and the dark

., OWn3, purples, and reds of the later-formed terranes. The granite ;
I8 masgive, without bedding planes, while the rhyolite is in distinct =~
lyers, which are sharply tilted. Near the ‘‘ Overland road,” which
M base of the mountains lying northwest of Mountain Home,

Y.
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- “Eighteenth Ann. Rept. U.8. Geol. Survey, Pt. III, pp. 617-719. This report is accompanied by a
map of a portion of the western part of the Smake River Plaina. )
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the rocks beneath which it was intruded, probably into the form of a
- dome, which has since been removed by erosive agencies, and, cooling, Blater creeks; others, b
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—~ -~

40 SNAKE_ RIVER PLAINS OF IDAR.. (eviLingl el PR

and at a distance of 3 to 4 miles west of Canyon Creek, sma.l! exposuresll .\ fragments has |
of granite occur on the border of the lava forming the plain. Rising ot the surface, and no §
steeply from these isolated outcrops, which are significant in refere'nc o ¢ ces of these partially
to the relative age of the two classes of rock forming th.e mountains, bordering uplands, and
are bold precipices of dark rhyolite. Significant, too, in respect to by residual crags theli

the geological structure of the region and the relation the plains b.ear Traversing the Boig
to the mountains, is the fact that the precipitous escarpment bm:derm and described by Lin
the plain on the northeast, between Mount Bennett and Boise, is com-, basic rock which form

posed to the eastward of rhyolite and to the westward of granite, but
the alignment is unbroken at the junction of the two formations.
The major features of this great escarpment, about 50 miles in length,
are due to faulting or to the uplifting of the mountains along a line of
fracture. _

The Boise granite, as has been stated by Lindgren, is intrusive and
of ancient date (perhaps pre-Algonkian)—that is, the great granitic]
area referred to, embracing several hundred square miles, is composed,
of rocks which were forced upward in/a molten condition from deep
within the earth's crust, but, so far as known, failed to reach the sur
face so as to produce volcanic eruptionéf. The rising magma uplifted

ing granite. As is we
with molten material
b : .-ng Of the in‘
b ortion of the graniti
Aads -cOommon, altho 1
aet Vb)‘ tains dmined by
ire composed of purpl
and have a width of fr
tical, and owing to the
in bold relief above th
sharacteristic example
adjacent to the border
slowly under great pressure, produced a massive, coarsely crystalline]
rock. Not only has the thick cover beneath which the granitic magms
was intruded been worn away, but streams have cut deeply into th¢
intrusive rock itself, and probably many hundreds of feet of its uppe
portion bave been removed. This process of denudation is still goingj
on, as is shown by the soft, broken, and deeply decayed conditions off
the portion of the granite now exposed, and by the nearly universa
mantle of fragments that covers its surface and extends far down the}

Tock rm?ng these di
rhyolite occurring in,
northeast of Mountain ]
that much of the grar
frh; flows, which by
granite, and:

channels of the draining streams. Owing principally to the decay of b of granit
its . constituent crystals, mica and feldspar, the granite is usually] the Snake
altered to a depth of 100 feet or more below the surface, and expojiie e Cinder ]
sures of fresh rock, compact enough to be used in finished masonry, argiiifye txite on all sid;
not to be seen. Decay, disintegration and erosion have given to thg flow of lava v

granitic area an exceedingly rugged surface, the major features o
which are deep, generally smooth-sided valleys and bold, rounde
hills. One characteristic is the frequent presence of great numbers of
crags and castle-like forms of bare rock which project through th

riaite oo dip

The stream channels in the granite, and far down their courses aftolilf There 1 no evidench o
reaching the Snake River Plains, are deeply filled with rock was witﬁfﬁzgmn‘lte, and
The disintegration of the rocks is evidently progressing rapidly andl The diverse dips obs
furnishing more fragments, mostly of the nature of coarse, angulafiill that much movement }
 the granite, and it seer
vated by this process’

depressions, and even in valleys of considerable size, the accumulation
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1 Creek, small exposures 1
‘ming the plain. Rising
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us 8scarpment bordering |9
:nnett and Boise, is com- J§
ve.tward of granite, but
of the two formations.
about 50 miles in length,
mountains along a line of

agments has become so deep that rain water is not retained
ace, and no stream channels are in sight. The concave sur-
these partially filled depressions meet the convex curve of the
BHing uplands, and where the mantle of rock waste is I.lf)itr broken
Bidual crags the landscape has broadly undulating outlines.
¥xversing the Boise granite in the region to the north of Boise,
Jescribed by Lindgren, there are numerous dikes of both.acid and
Frock which form long narrow outcrops, differing from the inclos-
nite. As is well known, they are due to the filling of fissures
olten material injected from below and to the hardening and
izing of the intruded magma on cooling. To the east of the
on. of the granitic area included in the Boise folio dikes are
tommon, although several conspicuous examples occur in the
tains drained by Slater, Ditto, and Indian creeks. These dikes
joomposed of purplish rhyolite, trend nearly due north and south,
M have a width of from 30 to 80 feet or more. The dikes are ver-
2l, and owing to the greater resistance they offer to erosion, stand
bold relief above the surface of the inclosing granite. The most
teristic examples thus far examined occur in the mountains
llacent to the border of the Snake River Plains, between Black and
“Jater creeks; others, but less numerous and less bold and conspicuous,
‘gl'e'se‘en; jin the mountains between Indian and Ditto creeks. The
K forming. these dikes is of the same general character as the
pyolite oceurring in well-defined sheets in the mountains to the
theast of Mountain Home and in Mount Bennett, ete., and suggests
. much of the granite now exposed was formerly covered with
yolitic flows, which have been eroded away. The rhyolite is younger
the granite, and an epoch of erosion intervened between the
Mation of the two terranes. ' '
outcrop of granite a.bo,{Jt 5 or 6 square miles in area occurs on the
. West side of the Snake River Plains, about 75 miles west of Blackfoot,
8 near the Cinder Buttes. This small isolated area is surrounded
Quartzite on all sides except the easfern, where it is bordered by.
°nt flow of lava which came from the Cinder Buttes. The con-
f the granite with the surrounding quartzite is sharply defined,
one locality on its southern margin a mining shaft has been
0 to a depth of 80 feet, following the plane of contact, which is
led southward at an angle of about 80°. The bedding planes in
. quartzite also dip southward, but at an angle of only 15° to 18°.
:10Wn theju' courses after th ® 18 no evidence of an alteration of the quartzite at its junction .
filled W,lth rock waste. o t!“’ granite, and the contact is evidently a result of faulting.
rogressing rapidly and & The diverse dips observable in neighboring quartzite ridges show
iture of coarse, angular 3 & much movement hus occurred along fault planes in the hills about
- CAITy away. In many - granite, and it seems evident that the granite itself has been ele-
@ size, the accumulation - Y8%d by thi process high enough to be exposed by erosion. The
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) ] 4 RUSSELL.]
granite is light-colored, coarse-grained, and resembles the Boisg] din
granite, but there is no evidence of a connection between the two. I{S commanf l:f
it possible, however, that they are of the same age, a.nd perhaps por' mentsl(i) ‘8

~ tions of a single intrusion. the re :; ,
As stated by Lmdgren in the Boise folio, granite is present in the w::;m es. .
‘Owyhee Mountains, in southwestern Idaho to the south of Snakel ¥ -°° atl
River, but little is known of that region. No other granitic areas are glvt:rﬁne'nes 1
reported to occur in the part of Idaho here considered, but it is to tl: g oko |
remembered that large portions of that region have never been wswe e :Ben .
by geologlsts and even the general nature of many of the mountain :lli;:nhas o

ranges is unknown. Certain bold peaks to the south of Snake River,
to the east of Albion, rise well above timber line, and when seen from
a distance present the appearance of weathered granite, but were nof,
visited by me. -
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RHYOLITE.

The extensive area of rhyolite whose western border, as stated
above, is on the divide between Ditto and Syrup creeks, extends south
eastward to the vicinity of King Hill Creek, a distance of about
miiles. The width of the area is 6 or 8 miles, but its full extent to thg
northward is unknown. It forms Mount Bennett, which rises 5,000
feet above the adjacent portion of the Snake River Plains, as well as the

rugged country drained by Syrup and Long Tom creeks, lying nortl above, a tof
of Mountain Home. On the south it is bordered by the Snake Rivelilf .. i; irreg
lava, and on the north, at the head of Long Tom Creek, by a quartzitdl .\ the terr
ridge which slopes steeply on its northern side to the South Fork ofi (arse unce
Boise River, where granitic outcrops occur. ' quently 6 tc

The rocks in this extensive area are stratified and present two we R by an earth

defined varieties, one a compact, light-purplish rock with a gran
structure and conspicuous crystals of feldspar, and the other a black]
vitreous rock which also contains large feldspar crystals. In ea
variety there is frequently present a pronounced flow structure, which
especially well shown on weathered surfaces. This structure was prd
duced by the flow of the still plastic magma after crystals had formei
init. In many instances parallel laminz were produced in this manney
which are a small fraction of an inch thick, but may be traced laterall

sheet of an;
feet. The'
of the,nctlg
. ers of sand
usually has
surfave.
sheet of n
in part con

for several feet. An alternation of beds of granular rocks with a dullll¥ sides of -th
“fracture and of black, vitreous layers gives the formation a distinctl tance of al
bedded structure. Some of the light purplish beds, particularly nes or 6 feet t1
- the base of the formation, on the divide between Dry and Syr exposed p}
creeks, are of the nature of a tuff—that is, they consist of consolidate seen at sev
dust-like fragments, but contain distinct crystals of feldspar. This fory of the mai
mation, which may be termed provisionally the Mount Bennett rhyolite The rod!
is tilted in various ways, but usually dips toward the northeast. Froufl® over whic

mental my
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pding summits it is easily seen that the tilting is due to move-
af large blocks, bounded by faults. The larger features in
are produced by fault scarps, but great erosion has also
" The faults have a general southeast-northwest trend, but
rly parallel in several instances they frequently branch and
t low angles from the main belt of displacement which

iresent in the &
ith of Snake i
iitic areas are JEj
sut it is to be
r been visited |
the mountain
Snake River,
en seen from G
but were not

e River Plains. The precipitous southwest escarpment of
snnett is a fault scarp, from which a step-like recession of

o features of the structure, as well as of the relief of
Bennett rhyolite area, as is also the case on a yet larger

on about at right angles to that course.

8 similar to those forming Mount Bennett and the dark brown
ple mountains north of Mountain Home occur also in Snake

er, as stated %
xtends south-

of about 30
extent to the
*h rises 5,000

the Blue Lakes, this rock is exposed almost continuously ;
as well as the h side of the river up to Shoshone Falls and for a short way ¥
 lying north . total distance of about 7 miles. The surface of the forma- :
Sunake River 1§ irregular. In places horizontally bedded basalt rests directly
¥ a quartzite 6 terrane referred to, but usually there intervenes a sheet of
'“ﬂ“ Fork of unconsolidated breccia, made up of angular fragments, fre-
dy 6 to 8 feet in diameter, of the lower formation, loosely united
earthy connecting material. The thickness of this irregular
of angular fragments varies, but in some instances is fully 70
%~ The breccia is not stratified and does not present other evidence
'\%.913 action of water, but is overlain in places by well-stratifiedlay-
- 878 of sandy material from a few inches to 20 or 30 feet thick, which
Ally has the color and texture of & red brick, especially at its upper
: The color is due to the heat of the overlying basalt. This
xvov of moderately metamorphosed sedimentary material, possibly
Part composed of volcanic dust and lapilli, is well exposed in the
2des of the canyon below the falls, and can be easily traced for a dis-
ce of at least a mile. Other similar layers, from a few inches to 5
.6 feet thick in the central part, but thinning toward each end of the’
Posed portion, and having a length of a few hundred feet, are to be -
%een at sayeral localities, interbedded with the basalt forming the walls
™ the main canyon and of the Blue Lakes alcove.
The rock exposed in Snake River Canyon and forming the precipice
*ast. From:¥# OVer which the river plunges at Shoshone Falls, as well as the frag-
: Mental material resting on it, exhibits both the massive, granular,

1 4 granular
ther a black,

ure, which i
ure was pro g,

a distinctly §
cularly near 3
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purplish variety and the glossy, black variety, each porphyritic
observed in the Mount Bennett rhyolite. Both varicties also showj
well-defined flow structure. My observation shows that the Mount]
Bennett rhyolite and the rock forming the lower portions of the cliffs
at Shoshone Falls are essentially identical, but no critical examination
. of the rocks of either terrane has been made. In the reports of the
Fortieth Parallel Survey® the rock bencath the basalt at Shoshone
Falls is termed trachyte, and - no mention is made of the conspicuous
layer of coarse breccia hetween the older massive igneous rock at the
base and the basalt which forms the upper portion of the cliffs.

northwest of Blac]
rhyolite, and are

The rock of which
examinations simp
requ’entlv highly
[Big Butte fragmer

; eéock is in placs

- In the hills drained in part by Rock Creek, and situated between}lf “K3 3s well know
12 and 20 miles south of Shoshone Falls, rocks of the same generallllE -2 the consolid:
character as those forming the mountains to the northeast of Moun-JEe# silica from soluf
tain Home, and similar also to the lower terrane at Shoshone Falls .- bas been asso
again appear at the surface and form an extensive range of hills orlshich produce a
low mountains. These hills, judging from their form, color, etc. S listed rock, usus
when seen from a distance, are formed of the same kind of rock, prob-Jllb uarts-schist.

ably throughout an area of between 150 or 200 square miles, bu
were not examined by me except for a distance of about 8 miles along

.. Quartzite which
7;4]ready been 1

Rock Creek to the south of Rock Creek post-office. In the Rock Creeki ong _Tom Creek,
Hills, as on the mountains to the northeast of Mountain Home, th aly portion of this
rhyohte is in well-defined layers, and exhibits diverse dips mngm jon of the M

from 10° to 20° in adjacent ridges. om its eastern bc

On Rock Creek two flowing wells have been obtained, and will biileonspicuous peaks
described more fully in the second part of this report, and springs are ddles between are
numerous. These wells and springs indicate that the rocks are com{lRTheir northeastern

posed of alternating layers of pervious and impervious material, and e River, but .
that when penetrated by the drill or broken by faults, water may rise ging from the !
to the surface. There are reasons, however, for the suggestion th » tbe x’lver and b
the sheet of rhyolite forming the surface portion of the Rock Creel mglon. ] :
Hills is comparatively thin and rests on Tertiary sedimentary bedy@ills The bold mounta
Should this surmise be sustained by future studies, the hope of obtain:
ing flowing water over a wide extent of country to the south of Sho [
shone Falls will be greatly enhanced. Springs are also numerous igioe bj‘ me in tha
the mountains composed of rhyolite to the northeast of MountaifJme Arca of gran
Home, and the success attending the drilling of wells in the similajjiutorops on Lava C
formation on Rock Creek suggests that favorable artesian condition$ ”
exist there also. Success in drilling artesian wells in a region of voljje Sa
canic rocks like that drained by Rock Creek is unusual and inspire; . The_bold mounts

a hope that much of the country underlain by stratified rhyolite wil . similar ra
be found to be water bearing. case Sh‘“'P]Y |
Two of the three prominent buttes described on a previous page bove the adjat
situated in the central part of the Snake River Plains about 25 miled Hip”y wortheastward.
i but even the prev

aVol. 1, pp. 592-593. llk bwn
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ety, each porphyritic, 8
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ane at Shoshone Falls,
nsive range of hills or 4
heir form, color, etc., :
ame kind of rock, prob- §
200 square miles, but (=715
» of about 8 miles along ;
ce. Inthe Rock Cree
f Mountain Home, th
s diverse dips ranging

oot, namely Big and East buttes, are com.posed of
the weathered remnants of ancient volcanic cones.
SP hich each of these buttes is composed, as sh?wn by' ﬁel-d
¢ u;;ply, is mainly a very light-colored rhyolite, .thch is
hly vesicular, and at times becomes a true pumice. On
fragments of pumice and also of black obsidian occur, an

places spherulitic. :

QUARTZITE.

known, the rocks designated by this name have resul_ted
Eisolidation of sandstone, owing mainly to the deposition
im solution in water, between the grains. When this proc-
‘associated with a high temperature, or by movements
uce a shearing of the material under great pressure, a
ock, usually containing mica, is produced, which is termed
hist. .

tzite which in part had the characteristic of quartz-mica-schist
been referred to as occurring in the hills at the head of
Qljeek, overlooking the South Fork of Boise River. The
of this formation examined is situated in the northeastern
the Mountain Home quadrangle. It extends westward
ﬁg\_@ern border for a distance of 6 miles, forming a range of

L;'e(;)l:)t:tl,n:g(’l Zﬂii:llla?: - ' between are thickly sheathed with fragments of their own rock.
that the rockspareg:oﬁl ] rtheastern slopes descend precipitously to the South Fork of
lpervious material. and ! i .j*_ﬂ', but near the river granite outcrops. It is probable,
' faults, water ma): Tise 22 Judgin ~f1'°lll the topography, that the quartzite occurs to the flOI'(.Zh
‘or the’su estion that u .;;Yel' and has a wide development in the rugged mountains in

i on. 7
;::yoies?;i}z::fy%z?: o5 bold mountains bordering the Snake River Plains on the north-
lies, the hope of obtain- between Big Wood and Little Lost rivers, are composed largely
'y t:o the south of Sho- te Indeed, so far as can be judged from the observations
3 are also numerous jn J Ey me in that region these mountains, with the exce:pti(.)n of the
10rtheast of Mountain P area of granite near the Cinder Buttes and certain lm.lestone
of wells in the similar 8 on Lava Creek near Martin, seem to be composed ~ent1rely (.>f
ble artesian conditions red quartzite, which extends far to the northwest toward
ells in a region of vol- Wtooth Runge. ) )

3 unusual and inspires E b°ld Mountains between Big Lost a.nd. Little Lost'rwers, m}d
stratified rhyolite will § ‘¢ similar range to the northeast of Little Lost River, are in
A ; feeerb(:se S}}:al‘ply defined monoclinal ridges, risfing sonflizg,OOO ko,sx' 61,1003

; : E &bove the adjacent valleys, and composed of stratified rocks whic

o2 previous plge. . dip “°rthe&8twa1]'d. 'Quartz}i't; and limsstones occur in three ranges,

Plaj i . . .
ains a?out 25 miles but even the prevalent character of the rocks composing them is
. own, )

2

us peaks with rounded summits. These peaks with curved '
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. LIMESTONE. 3, above, is northwest

The first limestone noticed in my journey from Boise eastward wadl River Plains, in the I
at Martin post-oftice, where there are ledges of this rock, of a bluisil tant views, are preva
color, changing locally to nearly pure white and containing crinoigik the upturned edges o
stems. The strike is southwest and the dip 15° northwestwardjil bedding planes dip I
About 8 miles to the west of the locality just referred to.and on th explanation of the or
west side of the valley of Lava Creek a conspicuous ndge of bluisiii they are considered a
limestone, bearing about northeast and southwest, was in view, but wagll differential movement
not visited. In the valley of Little Lost River, near Howe, other outjione side of a break h
crops of bluish limestone occur. depressed, producing

The age of the limestone and of the associated and apparently f he ranges are fault .
‘more abundant quartzite is not known, but judging from their locs poncealed beneath roc

/tion and their relation to terranes occurring farther north, in thglifans. The monoclina
vicinity of Hailey, Challis, etc., examined by G. H. Eldridge,® nd fronjiiseemingly of the Gre
their resemblance to other formations of known age in southeastergiithat type in Utab, Ne
Idaho and the adjacent portion of Utah, it is probably Paleozoic. est and southeast ins

seems likely that future studies will show that they range in age fro anon ‘t.hxfough(.)ut muct
the Silarian to the Carboniferous. , -‘The geological strus
rincipally .of quartz

ROCKS OF SOUTHEASTERN IDAHO. Ny is little known, ¢

: vem‘ inclinatio
much movement alor
8O t.bust bas taken

heyond Boise, as pre
: nny_be readly see

The geology of the extreme southeastern portion of Idaho, lying
“east and southeast of Snake River, was studied by the geologists f
the ‘‘Hayden survey” in 1871 and subsequent years, and is reprg
sented on a ‘‘geological map of portions of Wyoming, Idaho, anf
Utah” which accompanies the twelfth annual report of that survey

The portion of Idaho referred to has not been examined by me, bg of stratified 1}
judging from the map mentioned above and the information containe} n‘k‘ Rlver Plains m
in the itinerary reports by F. M. Endlich, F. H. Bradley, A. C. Pealdiiipold mountain front, ¢
and Orestes St. John, published in the sixth and eleventh annufed %“' to faul

reports of the survey just referred to, it has a close resemblance ]
the nature of its rocks, structure, topography, etc., to the region (e
the west of the Snake River Plains, known as the Lost River countrgilltes M the nhgnm
The rocks forming the prominent mountains to the east of Snalfiie
River are largely limestone and quartzite of Silurian and Carbonj
erous age, while the valleys, beginning on the east, near Soda Spring]
and extending northwestward to the Snake River Plains, are most]
floored with basalt. In addition to basalt, the valleys contain ded
accumulations of débris swept down from the nelghbormg uplan
and deposited as alluvial fans.

LEADING FEATURES OF THE GEOLOGICAL STRUCTURE.

The general trend of the mountains in southeastern Idaho, as : h:;t :}[:!’ln
indicated on the maps published by the Hayden survey referred g - bt °1
a Sixteenth Ann. Rept. U. §. Geol. Survey, 18%, pp. 226-230. .!‘.M 1.;: Bo,mev:ﬁ’:

bTU. 8. Geological and Geographical Survey of the Territories; a report of progress of the expl
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#re prevailingly monoclinal; that is, they are formed by
ed edges of large blocks of the earth’s crust, in which the
B¥ planes dip in one direction. Under the generally accepted
ation of the origin of ridges of the nature of those just cited,

N considered as having been produced by breaks along which
movements on the two sides have occurred. The rocks on
‘a break have been elevated or those on the opposite side
oducing what is termed a fault. The steeper sides of
y fault scarps mwore or less eroded and perhaps largely
eath rock waste in the form of talus slopes and alluvial
é monoclinal ridges forming the Lost River Mountains are
y of the Great Basin type, but, unlike the representatives of
in Utah, Nevada, southeastern California, etc., trend north-
d southeast instead of at right angles to that course, as is com-
ughout much of the Great Basin.s

:d and apparently far i@
ging from their loca: 8
farther north, in the:
1. Eldridge,?and from
'n age in southeasterni
‘obably Paleozoic. It
hey range in age from

HO.
8rse inclination of the strata in neighboring ridges and that
ovement along breaks trending in general northwest and
5t has taken place. Farther west, from near Shoshone to
Boise, as previously stated, extensive faulting has occurred,
. be readly seen in the portion of that region which is com-
of stratified rhyolite. Near Boise, where the nearly level
iver Pldins meet the mountains on their northern border, the

rtion of Idaho, lying
I by the geologists of
b years, and is repr
Wyoming, Idaho, and!
eport of that survey.”%
examined by me, but m%
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, etc., to the region to]
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rer Plains, are mostl
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indgren® ito faulting. My studies in the same region and in
& east of it to King Hill Creek and near Shoshone, serve to con-
this view.. The leading facts tending to support this conclusion
irst, the alignment of the steep precipices which descend from
un.tains to meet the plain, and the fact that both the granite and
yolite of which the mountains are principally composed termi-
iptly at the escarpment referred to; second, from this line of
8 branching faults extend into the mountains formed of
ese branching faults form in fact the main escarpment for
metimes of several miles before departing from it suffi-
ecome individualized; third, the presence of recent faults
BT the base of the mountain in the vicinity of Mountain
.8nd in the basalt covering the adjacent depression; fourth, the
@ of hot springs along the base of the straight mountain face
'Te 1t meets the plain and where evidence of recent movement
‘wm“ account of the leading structural features of the Great Basin may be found in

L STRUCTURE.

‘heastern Idaho, as is!
!n survey referred to*

am " ke Bonneville: Mon. U, 5. Geol. Survey, Vol. L, 1890, pp. 310-392.

‘port of progress of the explors’ MAtlas U8, Boise folio, 1898,
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ocours. All of these several lines of evidence when studied in the
field lead to the same conclusions, and, I think, prove that the striking
change in topography at junction of the Snake River Basin with the
mountain to the northeast, in the vicinity of Shoshone, Mountain
Home, Boise, etc., is due primarily to faulting. This fault, however,
is not a single, definite fracture, but a series of irregular and branch-

ing fractures, the rocks on the northern side of which have been

upraised or those on the southern side depressed. In the- mountains

composed of rhyolite, north of Mountain Home, the several faults are |
readily seen from many commanding summits. The trend of these °
breaks, which define the borders of prominent monoclinal ridges,

is in general from N. 20° to N. 40° W. The strata composing the
blocks between the faults are in most instances inclined downward
to the northeast at angles of from 15° to 20°.

spicuous mass of stratified rhyolite forming Mount Bennett, is, so far

as can be judged from its Jeading topographic features, a representa- .

tive example of a tilted fault block of the nature just referred to, but
the secondary elements in the structure of the mountains are unknown.

This block presents its bolder escarpment to the southwest, and the
beds of which it is composed dip toward the northeast. The extremely -
bold southwest face .of the mountain is a part of the general line of °
escarpments which descends to and defines the northern border of the |

Snake River Plains in Elmore and Ada counties.

Practically nothing is known of the structure in the mountainous :
region bordering the Snake River Plains on the south, except that in
the Rock Creek Hills a monoclinal structure similar to that of the j

Mount Bennett region is present.

The occurrence of foldsin the rocks of southern Idaho is not denied, A

but as structural features influencing the present topography, they are

believed to be subordinate to the faults. o
Although the details in the structure of the rocks, even along the §

Certain of these fault
scarps, when traced southward, merge into and form a part of the
general line of bluffs bordering the Snake River Plains. The con-
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best known portion of the border of the Snake River Plains, with the
. exception of the area included in the Boise folio, remain to be studied, §
e : and even the major features in the relief are, to a great extent,
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unmapped, it seems safe to conclude, at least provisionally, that the!

great depression through which Snake River flows is due in part and;

mainly to displacements along lines of fracture and an upward bend-]
ing in the region occupied by the Owyhee Mountains.

EARLY GEOLOGICAL HISTORY OF THE SNAKE RIVER BASIN.

of much interest, on which riu
purely scientific and economic |

As has been stated several ti
become deeply filled in many
streams, the sediments of lak

e SOV
’ )

it NI ‘ volcanoes.
: S HE While the great depression in southern Idaho occupied by the Snake
. River Plains is primarily due to the upheaval of the bordering moun-
i tains, it is probable that a large amount of erosion has taken place and
' that the depression was thus broadened and deepened previous to its

These deposits den
intimately associated with the
the development of springs, th
wells, ete.
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beconiing partially filled with the lacustral and stream sediments and
lava flows which now occur in it and give it an esseptially level floor.
In traveling through that region nothing in reference to the present
_ relief of the surface is more prominent than the fact that the leading
- features in the topography, excepting the broad plains, were in exist-
ence previous to the deposition of the sediments and the outpouring of -
the lava which had upgraded the great central depression. '
The mountains of central and southeastern Idaho, so far as known,
. are composed mainly of Paleozoic or older rocks. The exceptions are
certain Mesozoic formations described by the geologists of the Hayden
survey, which occur in the extreme southeastern portion of the State,
and tilted Tertiary beds mapped by Lindgren, in the mountains near
Boise. The Tertiary beds referred to, however, and perhaps the
Mesozoic (Juratrias) beds to the east of Blackfoot are of fresh-water
origin. The general interpretation to be put on these facts seems to be.
that southern l1daho has been a land surface, in part occupied by lakes,
since the close of the Paleozoic. Although up and down movements
have occurred since the Mesozoic and are, no doubt, still in progress,
the mountains were formed mainly previous to the beginning of that
era, and were deeply eroded previous to the beginning of the Tertiary.
‘The great valley now occupied by the Snake River Plains, with its
many lateral branches, was in existence previous to the Tertiary, and
owes its dominant features to the upheaval of its bordering mountains,
and the accompanying depression of the larger valley areas, together
with long-continued erosion. During Mesozoic time a river no doubt
b flowed through the Snake River Valey, which received tributaries
from the secondary valleys leading to it, and the land was deeply
“dissected and was of mature and even old topography previous to
“the Tertiary. The direction of flow of the stream which preceded the
" present Snake River is unknown, but was most probably westward.
_This river continued its work of removing the débris produced by the
isintegration and decay of the bordering mountains for a very long
eriod. No attempt will be made at this time to determine the details
the earlier portion of the geographic history of southern 1dabo, but
general conclusion that we have there a land surface which has
n in existence since near the beginning of the Mesozoic era is one
f much interest, on which must be based many conclusions of both
arely scientific and economic importance.
has been stated several times, the valleys of southern Idaho have ;
ome deeply filled in many instances with alluvium deposited by
reams, the sediments of lakes, and the lava and other products of
' These deposits demand special consideration, as they are

cupied by the Snake
ne bordering moun-
has taken place and
ned previous to its

ately associated with the problem of obtaining artesian water,
](slevelopment of springs, the desirability of excavating horizontal
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k TERTIARY AND RECENT LACUSTRAL FORMATIONS. earth movements and d
CREEFEE : ) ' ' were laid down in horiza
de PAYETTE FORMATION. f ress have been discover

5 During the earlier part of the Neocene (Miocene) period, as deter. quadmngle.
i mined by Lindgren—that is, during Middle Tertiary time—a large From what is known ¢
bt . fresh-water lake occupied the Snake River Basin; and the sedimentsJll its greatest extent in sot
i deposited in it are now a prominent feature of the country, especially§® Oregon, and while prob:
| to the west of Salmon and Malade rivers (Pl. I). These lacustra Snake River Plains—tha
v deposits have been named the Payette formation, for the reason that§l is there deeply buried, b

Cogpmapp s e e p—

L g v

T :“:"’ they are well exposed along the lower courses of Payette River.? The§ position and not %aid bar
, ,‘gj , ‘ii formation is extensive. As stated by Lindgren, it lies mainly to the] The upper limit of th
R g“ " south and west of the Boise Mountains, and occupies the whole of thef@ Lindgren to be about 4,
gl lower part of the ridge between Boise and Payette rivers, and occurs} movements have occur
throughout an extensive area in Oregon to the northwest of the mouth: horizon of the .surface of

of the Owyhee River. - 1 the later portlon of thel

The rocks of the Payette formation are mamly sands clays, and vol- have subSlde.!d, and poss

canic lapilli, with occasional beds of coarse gravel, especmllv near thel principally in southwes

bases of the bordering mountains. The strata have in many instances] without, so fa.r.as 18 now

been consolidated, so as to form sandstone and soft shale, but to a. sion intelzve_nlng: The'

great extent they are still -soft, loose-sands and slightly compacted streams discharging the

sandy clays. At several localities in the Boise quadrangle, and again solidated than those of 1
on Schaffner and Indiana creeks, 1 found the ordinary sedimentary beds§§ loose sands and soft calc
to be interstratified withlayers .of white volcanic dust several feet ih lapilli and dust and .well
thickness. The thickness of the Payette formation, as stated by Lind-
gren, is over 1,000 feet-in ‘the vicinity of Boise, but 0W1ng to lack of:
exposures and to the scarcity of deep borings, its maximum depth The presence of lacust
remains to be determined. Its extent, as well as its thickness, sug 3@ date than the Payette -
gests that it is widely spread beneath the Snake River Plains, bu folio:

although it was traced by me eastward -from Boise to the region During the eruptions of th

. dled to smaller dimensions.
crossed by King Hill and Clover creeks, it there disappeared beneath tionary at an elevation of :

lava flows and alluvial deposits and - its-presence beneath the centra} described in the Boise folio
and eastern portions of ‘thie plain remadins to be ascertained. In thy these later lake beds have b
mountains to the north of B@ise,-Lindgren found several detacbed area8 River, from above Glenns F
of the Payette formation in which the strata were variously inclined] deposits are found as white c

well exposed in the river blu

sometimes as much as 50°, showing that there have been extensivg .
I make the above qu

aOn the map forming Pl I no attempt bas been made to separate the Payette and the Idahy

formations. West of Mountain Home ‘and north of Snake River lake beds and lava sheets ard the condus‘on Sta'tedv b

interstratified in such a manner that it is impossible to represent them separately on a map of th sented below pertain to

scale used. The great preponderance at° the surface of lake beds over lava gheets, in the regiol Pl lake. t hi

referred to, has led to my glvmg——thém TEgion the colorindieating the sedimentary formationg a8 10cene iake, 10 wil

" ‘South of Snake River the area colored to represent lake beds is mostly without lava sheets. : Cope_ My observations

The extension of the Snake River lava:shown on the map referred to, eastward from Blackfoot, i ti the bord £ ’
sketched from geological maps accompanying the Twelfth Annual Report of the United States Ge x" ons on e Taers o

- logical and Geographical Survey of theTerritories, by F. V. Hayden, Washington, 1883. Ali of h - sout,heastern corner of

geological data represented to the west: of Garnet are from geological maps published by Waldem
Lindgren in the Eighteenth Anmml;teport United States Geological Survey, Pt. 111, “ashmgw
1898, Pl. LXXXVI], and in theT i h Annual Report Pt, 111, of the same survey, Washlngwn
1900, Fi, V111, -

Shoshone Falls. A fev
" show the nature of the
lava sheets.
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povements and deep denudation since the time the sands, etc.,
s laid down in horizontal sheets in the old lake. No such detached
have been discovered in the mountains to the east of the Boise
ROTE gle.

From what is known of the Payette formation, it seems that it has
atest extent in southwestern Idaho and neighboring portions of
nd while probably present beneath the main portion of the
e River Plains—that is, to the east of Malade and Salmon rivers—
ere deeply buried, but little disturbed from its original horizontal
jon and not laid bare by erosion.

RMATIONS.

e) period, as -deter-
tiary time—a large g
, and the sediments
country, especially
[). . These lacustral §
for the reason that
ayette River:4 -The
it lies mainly-to the &
ies the whole of the
e rivers, and occurs
thwest of the mouth

n to be about 4,000 feet above the sea, but as quite extensive
nts have occurred since they were laid down, the precise
n of the surface of the old lake is difficult to determine. During
ter portion of the Tertiary the waters of Lake Payette seem to

sands, clays, and vol- £
l, especially near the ==
ve in many instances ¢
soft shale, but to a

slightly compacted
drangle, and again
iry sedimentary beds

dust several feet in ¥
m, as stated by Lind- .g:
but owing to lack of &2

l;ally in southwestern Idaho, in which sedimentation occurred,
thout, so far as is now known, a well-marked, if any, period of ero-

ted than those of the typical Payette formation, and are mostly
nds and soft calcareous clays, with minor quantities of volcanic
illi and dust and well-rounded gravel.
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 presence of lacustral deposits in Snake River Canyon of younger

its maximum depth o SEEo P
k its thickness, sgg- = ,it&ﬂl&n the Payette is thus referred to by Lindgren in the Boise

e River Plains, but
Boise to the region ¥
disappeared beneath
beneath the central
ascertained. In the
everal detached areas
‘¢ variously inclined,
have been extensive

Iring the eruptions of the Pliocene basalt the extensive Payette Lake had dwin-

 smaller dimensions. Its shore line for some time probably remained sta-
y at an elevation of 2,700 or 2,800 feet, but in this quadrangle [the area
: in the Boise folio] there are few marks left of its existence, as most of
later lake beds have been obliterated by Pleistocene river wash. Along Snake
H ﬁ'°m,3b0ve Glenns Ferry down to near Nampa, late Neocene (Pliocene) lake
t8 are found as white clays and sands interbedded with thin basalt lows, and
Posed in the river bluffs.

A%e the above quotation not for the purpose of controverting

Ponclusion stated, but to record the fact that the observations pre-
below pertain to what Lindgren has decided are the deposits of

€ the Payette and the Idaho
ke beds and lava sheets arc
m separately on a map of the
er lava sheets, in the regio?
g the sedimentary formation-
Without lava sheets.

0, eastward from Blackfoot, i
th of the United States Geo §

ashington, 1883, All of the © astern corner of Ada-County and were continued eastward to
Ps published by Waldemal y

ho . . A . . .
| Survey, Pt. 111, Washingtot - '00e Falls. A few typical sections in this region will serve to

3 th . . . .
:lhe same survey, Washingto % 1 vw‘.ahe:t;l.ature of the deposits and their relation to the associated

My observations of the abundant exposures of the Idaho forma-

'o‘,l ;s the borders of Snake River Canyon began on the west at the

upper limit of the beds deposited in Lake Payette is stated by A

is"' g ene lake, to which the name Lake Idaho was given by E. D. °
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3. Thinly laminated lacustral elay. ... . . iaeiaia.. :-‘
4. Not exposed to the river, about. .. ..o o ... 154
Total---_..-..-..-...--..._---.--.-_-....-.‘ .......................... | 4N
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U. 8. GEOLOGIC.
N

In the region examined below the mouth of Bruneau River the lavs
sheets forming the rim rock of Snake River Canyon on the north side]
do not extend south of the river. The south wall of thecanyon is com{
paratively low and composed of soft, white, horizontally stratified sedi-
ments, which extend southward to the base of the mountains which]
define the border of the Snake River Basin in Owyhee County. Aj
portion of the border.of Lake ldaho is marked by the junction of its;
sediments with the rocks which formed its shore. The broad tract of
exposed Jake beds in Owyhee County is deep]y sculptured and presents
typical examples of ‘‘bad-land topography.”

The precipitous northern wall of Snake River Canyon near the;
boundary between Ada and Elmore counties is about 450 feet high,
and is composed of three principal varieties of rock, namely, in]
descending order, basalt, lapilli, and lacustral clay and sand. In}
general, the upper portlon of the canyon wall is the edge of a lava]
sheet which underlies in. part the thin covering of soil on the adja-
cent plain, and in part another similar lava sheet. In at least one
locality the lapilli, which usually occurs below the basalt, rises higher
than its surface, and forms the actual summit of the escarpment. The;
usual thickness of the basalt is from 20 to 40 feet. The thickness of]
the yellowish, earthy lapilli beneath the basalt is variable, in pla
being 180 feet, and at a distance of perhaps a mile from where the
maximum exposure occurs, thinning out to but a few feet and even
vanishing, the lake beds below thickening and occupying its place]
From the locality referred to all the way to Shoshone Falls, the pres.
ence of three stages in the filling of the basin is frequently clearly
exposed. All of the members of the series vary in thickness, and]
above the mouth of Bruneau River several sheets of basalt are some;
times present and the lapilli are wanting. The records of a few of
the numerous sections examined will serve to illustrate these featurel
in detail.

At a locality in Ada County,about 7 miles below the mouth of Ca
yon Creek, shown on PL VI1I, the wall of Snake River Canyon reve
the followmg section:

Section of wall of Snake River Canyon 7 miles below mouth of Canyon Oreelc.

}

1. Black, compact, but somewhat scoriaceous basalt _____ ... ... ... ... .. __...
2. Yellowish, slightly compacted lapilli, with angular fragments of scorlaceoua
basalt sometimes 2 inches in diameter, and reddish pebbles of granitic rock. .

A mile farther west the rim rock of basalt is absent, and the bed o
lapilli, there about 180 feet thick, rises above the level of the basalt
in the adjacent portions of the canyon wall. The lapilli here contai
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Blocks of basalt 10 to 14 inches in diameter. In places the bed of lapilli
ix compact and stands in vertical walls from 20 to 30 feet high, more or
less sculptured by wind erosion. In this stratum, also, there are at
times local beds, usually less than a foot thick, of thinly laminated soft
«ndstone.  About 2 miles east of the locality first mentioned, and at
the end of a prominent bluff (P1. VI, B), still more conspicuous varia-
tions were observed in the strata forming the canyon wall, as is shown
by the tollowing section:

Seetion of wall of Snake River Canyon 5 miles below mouth of Canyon Creek.

Feet.

1. Coarse basaltic breccia, fragments 3 feet in diameter ... ...couoaaeiai oLt 40
2. (‘ompact, columnar basalt. ... . ..o iieiiieeianenaaaaaa.s 6
3. Coarse voleanie breceia. o . ..o L ieiiiieicnecccannna- 20
4. Lvenly laminated voleanic sand ... ... .. ... ...l iiieiecieenmninann.. 9
5. Yellowish stratified lapilli. ... ..o oo iiiiiciciiiacenea 70
6. Fine, white, laminated calcareous clay .- ... ... . ... iiiiiiiiiiiiiiicacaan 2
7. Yellowish stratified lapilli .o .. iiieiiiiiccciaana 7

8. Fine, white, horizontally laminated clays, interbedded with fine, loose,
cross-bedded, light-colored sand, becoming pebbly and cross-stratified at

£ ST ) 120
4. Unexposed to the river, about. ... . . i i iiiicceccccceceaanan 100
Total L i it cidcracccscncacnrannenes 374

The highest rim rock of basalt, usually present in the portion of the
canvon here referred to, is absent from above the summit of the prom-
ontory at which the section just given was observed, but is present
near at hand. A capping of some 20 to 30 feet of basalt above the
highest bed of breccia observed may at one time have existed, but has
crumbled and fallen away.

From the mouth of Bruneau River upstream for about 6 or 8 miles
the Snake flows between pleclpltou.s walls capped on each side by a
conspicuous rim rock, as is illustrated on Pl. VI, 4. This view was
taken from the summit of the northern wall of the canyon, just below
the mouth of the Bruneau, looking downstream to the southwest, and
into the broader portion of the canyon, which is excavated in soft sed-. -
iment. Beneath the thick sheets of basalt, of which four are easily
recognized in the lower part of the canyon of Canyon Creek, there
are thick beds of gravel, sand, and clay, but lapilli are seemingly
absent. - At a locality on the left bank of the river near where it .
enters the wider portion of its canyon the following section is revealed:

Section of Snake River Canyon near mouth of Bruneau, River,

Feet.
1. Compact columnar basalt .- .. .. ..o oo e oo e 40
= Stratified unconsolidated White Sand . . e e o e o e e oo e e oo 30
W RerwWOrn Pebbles. .. . e e 15
1. Fine unconsolidated white Sand - - - - oo oo oo e e e e 12
5. Finely laminated, horizontally bedded sandy clay . .....eee.n. ceenieeenaas 250
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" In the vicinity of Leveridges Ferry, just above the mouth of Rattle- ;
snake Creek, the canyon of Snake River is 6 or 8 miles broad, with a
steep wall capped with basalt on the northern side and a less precipitous-
slope formed entirely of soft sediments on the southern side. Asis
commonly the case throughout the course of Snake River below Glenns
Ferry, the plain bordering the canyon on the north rises gently north- |
ward, and is covered with fine, yellowish-white soil. In the precipi-
tous and in part vertical escarpment forming the northern side of the
canyon the following section was obtained, but the details change in |
a conspicuous manner, owing principally to variations in the number
of sheets of basalt present, when the cut edges of the strata are fol--
lowed even short distances, either up or down stream: :

. 5 GEOLOGICAL BURVEY

Section of Snake River Canyon near mouth of Bruneuu River.

Feet |

1. Columnar basalt, compact, contains numerous flattened steam holes an inch o<t 3

in length, but is not glassy, and does not rest on a bed of lapilli or breccia. .~ 25 ;

2. Horizontally and even-bedded sandy clay, in part clean, loose sand, largely 3

concealed beneath talus from basalt cliff above ... ___...____.._.._.._.

Terrace about 1,000 feet wide, covered with well-rounded quartzite cobbles

- and sand; surface irregular. This layer of cobbles is from 5 to 15 feet

thick, but is not a part of the section, having been deposited during the
excavation of the canyon.

3. Fine, grayish-white, evenly laminated clay._ ... __ ... . ... . ... . .. 35

4. Parting of white sand, unconsolidated; can be traced along the face of the

bluffs for amile ormore ..l iiieiieiiiieaon

5. Fine, grayish-white clay, like No. 4 .. ... ..o oo....L.... P

6. Fine, evenly laminated pinkish clay . .- oo iiii...

7. Clean, well-rounded pebbles. . ... ... . . .. : 71
8

. White sandy clay orsilt. . .. . . iiieieieaaas 45
Terrace, 200 to 300 feet wide, covered with cobbles. -

9. Basalt, highly scoriaceous, glassy (lowep rim rock} - ccoooeouniooiin oo,
10. Fine, unconsolidated sandy clay, base coneealed ......... . ... __..__. B
11. 01d flood plain, surface Jevel, composed of fine silt __.... eeemcereneanan -
12. Modern flood plain, overflowed during high water .. ... ... ___._.__.

Total, B S

The conspicuous variations which occur in the number and thick-
ness of -the lava sheets exposed -near the mouth-of Rattlesnake Creek]
will be noted later, as well as the sigmificance of - the striking differ-
ences between the basalt which forms the two rim rocks present where
this section was-observed. The numerous minor variations exhibited]
by the sedimentary beds in this same-region might-be shown-by many;
sections, but space will permit of but one more. ' ‘

On the south side of Snake River Canyon, at a locality termed She
Mountain; about 10 miles below Glenns Ferry and nearly-opposite the;
mouth of Bennett Creek, the bold bluffs immediately bordering:th o}
river are composed almost entirely of fine, unconsolidated, nearly,

SOUTH WA
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13 gand and, evenly Jaminated nearly white clays, together with a
sheet of basalt, which soon disappears when traced southward.

. Feet.
t-gray, laminated, fine-grained clay or silt, changing to white below.
estimate .. ... cccaccanaaa 150-170

tRiver, and rises into low hills; at the border of the canyon it is deeply
Biotched and well exposed. )
] aceous basalt - ... .. ... e eesecmesemmceceemacaaeaacaannn 4-10
(Near at hand two sheets of basalt are present at this horizon; the
fupper are 6 and the lower are 10 feet thick, with 10 inches to 2 feet of
Esmandy sedimentary material between; this layer is of a brick-red color
I and is traversed by vertical but tortuous steam holes. )
ciated with No. 2 is a bed of coarse, well-worn gravel . ..........._... 46
(This bed possibly indicates the summit of the Payette formation,
a8 the beds below contain an abundance of Miocene fossils; those above,
B 80 far as known, are barren of fossils.) )
0ose, well-worn pebbles, of a variety of rocks, including basalt, cross bedded,
ferruginous, in part loosely cemented ... ... ... o.ooioLoioo... 3-10
consolidated, fine, nearly white sand, with occasional shaly layers,
mented at times into irregular concretionary bands, charged with

I'he basalt exposed at Shell Mountain is the attenuated margin of a
Gely extended sheet which underlies the plain to the north of Snake
,S,B}gﬁr, but which has been removed by the erosion of Bennett and other
3, 23 well as by the main stream to which they are tributary.
8 the only layer in the section that reveals the inclination of the
8 composing it; it dips very gently southward.
2 0e facts briefly presented in the last few pages and others that
8 it be recorded, did space permit, show that Snake River in its
:;%Ber \ .for at least 50 miles below the mouth of Salmon River, in gen-
ol skirts the southern margins of lava sheets which underlie the plain
o0 north, but occasionally cuts across portions of the lower sheets
“h extend farthest southward. Where the river crosses a'portion
Alava sheet and has cut a channel in it its canyon becomes narrow
Asteep walls. In such localities, if the basalt is thick, the canyon
8 are nearly vertical; and if thin, a conspicuous rim rock appears
steeply sloping bluffs in part concesled by talus and landslides.
N W0 or more sheets of basalt are present, rim rocks occur below
hest one, which forms the rim or ‘‘bresk” of the canyon.
nly soft sedimentary beds are present, and this is only on the
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i

-canyon widens into a valley, frequently 6 or 8 miles broad, with 5 §

precipitous escarpment on the northern side and a less’steep and less

regular hine of bluffs forming its southern border.

FOSSILS.

~

At Shell Mountain and near Glenns Ferry a large number of fresh-

water shells were collected, which, as determined by W. H. Dall §
belong to the following species: Lithasia antiqua Gabb; Melania

taylore Gabb; Corbicula idahoensis Méek; Bythinella, species inde-

terminate; Fluminicola, species indeterminate but like Amnicola]
(Fluminicola) longingua Gould, and fragments of Anodonta. The?

Anodonta shells occur whole in the deposits, but, on account of their
extreme fragility, the specimens collected were much broken.

From lake beds higher in the series than those from which the shells ]
named above were obtained, well exposed in Little Valley, 9 miles
west of Bruneau, internal casts of a large indeterminate species of |

Cannifex were obtained.

While the precise position of these fossils in the geological time]
scale has not been determined, they are certainly of Tertiary age, and,

as stated by Dall, probably belong to the Miocene.

In the lake beds so well exposed in the northern portion of Owyhee
County the frequent occurrence of fossil bones, some of them of large}

size, has been reported by ranchmen and others, but only a few indi-
vidual bones and fragments of bones were collected. These were;

obtained from the surface portion of the lake beds exposed at the head;
of Little Valley, and although not sufficiently complete to permit§

specific determination, are stated by F. A. Lucas to consist of “a
portion of the left scapula of a large camel, one of the toe bones of
a small camel, and a toe bone of Morotherium.”?
mammalian remains, the vertebra, teeth, etc., of a fish related to thef
carp, Anchybopsis fasciolatus Cope, and the vertebra of a salmonoid]
fish, of the genus Rhabdofario Cope, were found in considerable num;
bers. In reference to the age of these fossils Lucas says: ‘“They a
all typical Pliocene species, such as are found in the Pliocene of
Washington, Oregon, and Idaho.”

Although the number of vertebrate remains obtained was smalf
and of little scientific interest, there are indications, especially in the
admirable state of preservation of the bones, that the beds from which
they came will yield most important results in this connection whe
carefully searched.

At a locality near the head of Little Valley and in soft white lake
beds belonging to the same formation as.the neighboring layers from]

a An early representative of the Edeniates, including Megatherium, ete., which inhabited both North
and South America in post-Tertiary times, and are remotely related to the living slothsand armadiilos$
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LACUSTRAL CONDITIONS, Y4

the fossil bones just referred to were obtained, fossil wood
s in abundance. The wood is in fragments, and was evidently
orn, as if rolled up and down a beach before being buried,
placed by silica. Mingled with the fossil wood are ocecasionally
nd- silicified pine or spruce cones in an admirable state of preser-
on. - -

$he meager data furnished by the fossils referred to above seems
Sndicate that the lower portion of the lacustral deposits-cut through
S forming Snake River Canyon belong to the Miocene and the upper
Bt to the Pliocene, but at present it is impracticable to draw a line
Bdivision between the two. A summary of the evidence furnished
Eprevious collections from the lacustral deposits of southwestern
tho has been given by Lindgren® and need not be reviewed at this

SUMMARY OF LACUSTRAL CONDITIONS.

ie general succession of events recorded by the sedimentary beds
idered above seems to be as follows: A large lake or possibly two or
More successive lakes in the same depression, the boundaries of which
known only in part, existed in the Snake River Basin in Tertiary
es. In this lake several hundred feet of fine, evenly laminated clay
ilt and voleanic dust and lapilli were laid down. The fact that loose
“in places 300 feet or more thick rests on the clays previously
osited suggests that the lake became shallow, and the presence of
8, usually thin, of well-worn pebbles consisting of a variety of rock
ments indicates the occurrence of strong currents in a shallow

{)‘ody, or else that the lake was drained and its exposed bed
by streams. These sediments, which in the most typical
ancks are clearly lacustral, contain beds of coarse, well-rounded

ent to determine just what part is the result of still-water and
isWhat part of flowing-water deposition. The occurrence of 150 feet
O more of fine, evenly laminated sediments above the medial sand
E8ad gravel, as at Shell Mountain, shows that the lake after its low+
ater stage again became broad and deep. So far as known, the lava
W8 which have produced such marked features in the walls of the
ke River and its tributary canyons were poured out during the
dle and later stages in the history of the old lake. Some of these
V8 straams entered water and flowed over an irregular bottom, as
2Pl 1o described later, while others show no evidence of such an
: pcurrence. These facts seem to indicate that in some instances the
Ve entered a lake, filling the inequalities in its bottom, or flowed over

m&hteent.h Ann, Rept. U. 8. Geol. Survey, Part III, 1889, p. 628, and Twentieth Ann. Rept.,
I, 1900, pp. 98-99.

R Y

B e S i s 1 S
5. AP
g il el

: Vel,isuch as is laid down by streams, and it is impracticable at

xposed and eroded lake bottom and into streams which oceupied




" unprotected by a hard cover, have been to a great extent eroded away

_the free percolation of water through them. One of the requisitd

.

~ —
5% SNAKE RIVER PLAINS OF l..HO. Do g
z _

E: nlh!EL‘-]
the depressions. There is evidence tending to show that lacustral co .

ditions continued after the highest sheet of lava in the region below th,
mouth of Bruneau River was poured out, but these higher beds, beir

\ completely mclosed
,est method of- testil
pe considered in thei

The volcanic eruptions were accompanied by the blowing out of larpdilyosSSIBLE EASTWARD
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ECONOMIC PROBLEMS.

As to the economic importance of the sedimentary beds just con
sidered, I may say briefly that possibly some of the clays may be foung
sultable for brickmaking, should commercial conditions make this
desirable. 1t has been suggested that the abundant outcrops of fing
clay near Hagerman can be utilized in the manufacture of aluminum
the waterfalls near at hand furnishing the necessary power for electrigi neath the lava ﬂ?c
smelting. The feasibility of such a plan, however, remains to b ot ’now.be determin
ascertained. $pre-Tertiary topogr:
-xtent and thicknes
tion, etc., favor the .
its eastern part exte
an important questio
in the broad, unbro
definitely answered

The principal interest, from an economic point of view, at preseng
attached to the sedimentary beds referred to is in reference to thd
possxblhty of obtaining artesian water. As has been stated, thes
beds are in part close-textured clays and in part loose sands and
gravel. The beds of lapilli are in general compact and do not allow

conditions for the storage of subterranean water under pressure i
thus present; that is, an alternation of pervious and impervious strata}
Another requisite is that the succession of water-bearing and nor
water-bearing beds should be inclined, or, best of all, so bent a3
form a basin. In the portion of the Snake River Plalns to the wes
of Salmon Falls the strata are not horizontal, but inclined gentl
downward from the bases of the bordering mountains toward th
center of the plains; that is, the central part of the basin has beg
depressed, or its border raised, in reference to a nearly east-west axig
8o as to give the strata a trough-like form. The longer axis of th
trough below Salmon Falls has a gentle downward inclination or pitc
to the northwest. This trough has the structural features of what i
known as an artesian basin, but in the region thus far explored is on}
a portlon of a completely inclosed basin, the location of its weste
margin being as yet unknown. Whether or not the major axis of
the trough rises again to the west can not be told at present, byl
from such general knowledge as is in hand concerning the weste
portion of the Snake River Plains and the occurrence of pre-Tertiary
rocks in the canyon of Snake River below Weiser, it is presumed tha
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Bipletely inclosed basin exists. Other facts in this connection, the
Mmethod of testing the artesian conditions of this basin, ete., will
ered in the second part of this report.
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EASTWARD EXTENSION OF THE TERTIARY SEDIMENTARY BEDS.

wide extent of the exposed portions of the lacustral deposits in
ern part of the Snake River Plains, and the absence of expo-
f such rocks in their eastern portion, is seemingly to a great
in the nature of an accident. In the region below the mouth of
River, lava sheets are less thick and probably less numerous
ast of that locality. Below Shoshone Falls the Snake has cut
) mbo the beds beneath the plains, and each tributary stream,
st near its mouth, is also in a canyon; but upstream from the
ity mentioned the plains are much less dissected, and over vast
they are uneroded. The presence of extensive sedimentary beds
ath the lava flooring the broad eastern division of the pluins can
now be determined from direct evidence. What is known of the
ertiary topography of the Snake River Basin, however, and the
of view, at present t and thickness of the sedimentary deposits in its westem por-
in reference to the etc., favor the hypothesis that beneath the surface lava sheets in -
been stated, these & eastern part extensive beds of clay, sand, etc., do occur. This is
(AR Important question in reference to the pOSSlblhty of obtaining water
the broad, unbroken portion of the plains, but one that can be
afin itely answered only by drilling.
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SNAKE RIVER LAVA.

o

4be name Snake River lava is here proposed as a general term by
ich to designate the basaltic rocks that underlie by far the larger
f the Snake River Plains, and to a great extent form their actual
It includes, also, the lava streams und associated cinder
nes, ewc., which have descended lateral valleys or adjacent mountain
Dpes, and united with the sheets of similar material extruded from
lérous craters on the plains. When this extensive formation is
died in detail, it will, I judge, be found practicable to separate it
0 several dlstmct portions, and to correlate some of these with sedi-
'-ﬂll'y beds containing fossils, and thus determine their precise geo-
cal age,

b
/]

, EXTENT AND THICKNESS.

¥Lhe extent of the Snake River lava is represented approxnmately on
map (PL I), on which the boundaries of the lava-covered country
) l"”HIOWn are indicated by a broken line, and where merely inferred
ing is not definitely margined. The area shaded by single lines
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on the map represents the region where lava sheets, and, to & minor e
extent, beds of scoris and lapilli, occur at the surface, or are present R
beneath a thin covering of soil. In certain localities in the western
portion of the Snake River Plains lava sheets are more or less com.:
pletely covered by sedimentary deposits, and hence are not indicated]
on the map, which represents only the formations on the surface. The
chunge is gradual from where the lava is the most prominent surface
" feature in southeastern Idaho to where, at the west, sedimentary de:
posits greatly predominate, but it was found impracticable to repre-
sent this on the accompanying map.

The estimated area covered by the Snake River lava is in the
neighborhood of 20,000 square miles. So far as is now definitely
known, there is but one lava field in North America of greater extent,
namely, the Columbia River lava, the estimated area of which is about
200,000 square miles. In Snake River Canyon, below Shoshone Falls,
nearly 700 feet of lava in horizontal sheets are exposed, but whether;
this is the maximum thickness or not ¢an not be told. As a rule, the
various sheets of lava are relatively thin, averaging perbaps 50 to 80
feet, and widely extended. That many independent outflows of lava
have occurred is easily seen, but in the walls of Snake River Canyon,;
where the best sections are exposed, it is difficult to determine their
number, unless lacustral deposits, beds of lapilli, etc., occur between’
them. Near the mouth of Rattlesnake Creek four separate sheets are
present, and others not represented at that locality occur but a few
miles away. In no single vertical section along Snake River could
more than four sheets be definitely recognized; but this number will
no doubt be increased when an opportunity is afforded for detailed
examination. )

While the various sheets of lava are in general essentially horizontal
and in the position in which they were spread out, there are interest-
ing exceptions to this rule. Over an area beginning near The Thou-.
sand Springs and extending westward the lava sheets have been gently
folded, and near Sahnon Falls there is a suggestion that the lowest
sheet of lava exposed was gently folded before the thick bed of clay
and the lava sheets above it were spread out. These deformations,.

however, are so gentle and extend over such large areas that much:
more extended and accurate data than could be obtained during a’
reconnaissance are needed for their study.

B.EI_.ATION TO THE COLUMBIA RIVER LAVA.

The lava occurring on the Snake River Plains is so similar in nearly
all its features to the still more extensive formation known as the}
Columbia River lava, through which Snake River has cut a magnificent
canyon in western Idaho, near Lewiston, and from there to its junction }
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vith the Columbia, that the relation of the two becomes of interest.s
The country separating these two areas of basaltic rock has not as yet
been geologically explored, and while it is possible that a direct con-
section between them may be discovered, it seems more probable that
they are distinet and have somewhat dlﬁerent histories. From the evi-
dence now in hand, it appears that the Snake River lava is in general
much younger than the related formation to the westward, although
its basal members seem to be of about the same age. The principal
part of the Columbia River lava, as shown by fossil leaves contained in
the associated sedimentary beds, is of Miocene age.> The older por-
tion of the Snake River lava, as indicated by its relation to the Payette
formation, etc., as stated on a previous page, is also of Miocene age.
Much reliance should not be placed in this correlation, however, until
it is sustained by additional evidence. Although the first-formed
sheets of the Snake River lava are perhaps of about the same age as
the main mass of the Columbia River lava, by far the greater part of
it is much younger. The latest outpourings of molten rock over the
Snake River Plains, as will be described later, occurred probably
within recent historical times, and are perhaps not over 100 to 150
years.old. While the Columbia River lava is deeply decayed and over
large areas changed to a soft clay-like soil having a depth of 60 feet
or more, the lava sheets on the Snake River Plains are still fresh, and
even in the case of the exposed portions of the older sheets show but
dlight changes. These older sheets may have been covered for a long
time by sedimentary deposits which have since been washed away, and
thus preserved from decay, but this explanation can not be made to
Ppply to the greater part of the lava. The evidence furnished by a
comparison of the state of preservation of the Snake River and the
Columbla River lavas shows conclusively that the Snake Rlver lava
B8in general much the younger of the two.

HYPOTHESIS OF FISSURE ERUPTIONS.

; I;'jThere is but little literature relating to the Snake River lava, but
hat has been published in reference to its origin (except by Lindgren)

.«-‘Descrlptions of the Columbia Riverlava may be found in the following publications:
] 5‘0!80 Gibbs, Report on the geology of the central portion of Washington Territory: Pacific
Reports, Vol. I, 1854, pp. 473-486.
n-'m;son Richthofen, The natural system of volcanic rocks: Mem. Cal. Acad. Sci., Vol I, Part

" Joseph Lo Conte, Am. Jour. Sci., 3d series, Vol. VII, 1674, p. 168.
A Symons, Report on an examlnauon of the Upper Columbia River, Senate Ex. Doc. No 186.
-8eventh Congress, first session, 1862
- C. Russell: A geological reconnaissance in centray Washington, Buli. U. 8. Geol. Survey, No,
1893; A reconnaissance in southeastern Washington, Water-Supply and Irngation Papers U.S.
3 eel’LBm'vey, No. 4, 1897; Volcanoes of North America; The Macmillan Co.. New York, 1897;
Geot, Y and water resources of Nez Perce County, idaho, Water-Supply nnd Irrigation Papers, U.8.
.' Burvey, Nos, 53 and 54, 1901
‘ £ H. Knowiton, Buit. U. S Geol. Survey, No. 108, 1893, pp. 103-104.
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favors tne view that the lava came to the surface through fissures an
was poured out after the manner termed by Richthofen fissure o
massive eruptions, in distinction from the extrusion of molten rock
lapilli, etc., from well-defined vents, as in the case of Vesuvms ang
other well-known volcanoes. i
The view that the lava forming so large a part of the Snake. Riveg]
Plains was supplied by fissure eruptlons interwoven with a graph .;
descnptlon of the leading scenic features of the region, is express
in the following quotation from Sir Archibald Geikie’s charming boo
entitled Geological Sketches at Home and Abroad:¢
Never shall I forget an afternoon in the autumn of last year [1879] upon the g
Snake River lava desert of Idaho. * * * We rode for hours by the side of thi

apparently boundless plain. Here and there a trachytic spur projected from thb
hills, succeeded now and then by a valley up which the black flood of lava would

stretch away into the high ground. It wasas if the great plain had been filled with '

molten rock which had kept its level and wound in and out along the bays and
promontories of the mountain slopes as a sheet of water would have done, * * #
I Jooked round in vain for any central cone from which this great sea of basalt could
have flowed. It assuredly had not come from the adjacent mountains, which con-
sisted of older and very different lavas, round the worn flanks of which the basalt
bad eddied. A few solitary cinder cones rose at wide intervals from the basalt plain,
as piles of scoriee sometimes do from the vapor vents on the surface of a Vesuvian
lava stream, and were as unequivocally of secondary origin. Riding hour after hour
among these arid- wastes, I became convinced that all volcanic phenomena are not
to be explained by the ordinary conception of volcanoes, but that there is another
and grander type of volcanic action where, instead of issuing from a local vent,
whether or not alotig a line of fissure, and piling up & cone of lava and ashes around
it, the molten rock has risen in many fissures, accompanied by the discharge of little

or no fragmentary material, and has welled forth so as to flood the lower ground with’

successive horizontal sheets of basalt. Recent renewed examination of the basalt

plateaux and associated dykes in the westof Scotland has assured me that the view.

of their origin and-connection which first suggested itself to my mind on the lava
plains of Idahofurmshes the true key to their hlstory

The reference in the ahove quotation of ‘‘a few solitary cinder cones
at wide intervalg” is -accompanied by a picture showing three conical
mounds rising from a broad plain. -This sketch is evidently intended
to represent the-three prominent elevations in the central part of the
great plain to the northwest-of Blackfoot, known as Big, Middle, and

East buttes. As previously stated, these buttes were visited by me
and found tobe older than the Snake River lava, and entirely sur- .‘
rounded and separated one from another by it. "Big and East buttes
are the crumbling remnants of thyoelitic cones whieh rise as steptoes §
through the encircling basalt. - Middle Butte is of stratified basaltic
rock, and although its history was not definitely determined, it is cer-3

tainly not a cinder cone and does not mark a center from which the

surrounding basalt came. — The elimination of these three buttes from ]
the list of "cinder cones seems to make Geikie’s conclusion as to the

aNew York, 1852, pp. 237-298, 242-245.
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éonspicuous elevations to be seen throughout the entire extent of the
Java plains.  Although the idea that the lava reached the surface as
mense fissure eruptions has perhaps gained general acceptance, my.
bbservations failed to sustain it, but, on the contrary, led me to con-
ade that many local eruptions from distinct vents are accountable for
e origin of the extensive sheets of once molten rock. While future
pdies may perhaps show that actual fissure eruptions have occurred,
ow of no facts to sustain such a hypothesis. ' '

{1879 upon the gres SOURCE OF THE LAVA.
urs by the side of tha
gr_projected from the
k- flood of lava would
in-had been filled with
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It is true there is an absence of conspicuous cinder cones on the
ake River Plains, and, as stated by Geikie, there is certainly no
entral cone from which this great sea of basalt could have flowed.”
t a more intimate acquaintance with the region shows that there
ire several localities at which lava was outpoured from local vents of
| the ordinary volcanic type, about which scoria and cinder cones were
7 formed. Besides these more conspicuous monuments of local erup-
 from the basalt plain, fi-tions, there are many broad, low elevations built of lavs of a type not
‘l:i“d‘;n‘weh"f a Yeﬁ“;i““ f‘i’een by me elsewhere, and, so far as I can judge, not clearly recognized
i phge n:;zz;‘:;e zg: E by other observers, which may, for convenience, be designated as lava
that there is another ters. Instead of an absence of local eruptions from definite vents,
ng from a local vent, <MY examination showed that there are scores of such localities still
lava and ashes around @ Tecognizable, and suggestions of many other more or less completely
/ the discharge of little 8 buried beneath more recent effusions of molten rock. The well-
:il;e lower ground with defined cinder cones referred to, with more or less perfect craters in
ation of the basalt - thei . ) :
ared me that the view Jl 61l summits, are represented by two buttes, each between 500 and
my mind on the lavs 5300 feet high, situated on the lava plain about 6 miles northeast of
rket Lake (PL. XVI). About 20 similar elevations occur in what
B -Are known as the Cinder Buttes, on the west side of the Snake River
,inains, approximately midway between Little Wood River and Big
o8t River (Pl. X), and again by Kuna Butte, 15 miles north-
est of Mountain Home (Pl. XVII). . These well-defined cinder cones,
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ons, which are still more.common, but may pass unnoticed until one
comes familiar with their characteristic forms. The elevation of this
nd variety is due to the emergence of vast quantities of highly
uid lava from a comparatively small and in most instances a decid-
Y circumscribed opening, and to its outflow in all directions, except
hen it met older uplands, so as to form a low elevation with exceed-
ly gentle slopes and widely expanded base. These elevations are

lclusion as to the 80 far as [ can judge, the great volcanic mountains of the Hawaiian Islands. There is
——— ¥ = ®Teat a discrepancy in size, a8 well as other features, however, between these two classes of
Ranples to admit of their being referred to the same type

gence 01 centers of eruption still more secure, as they are the most

scgibed more in detail below, grade into another variety of eleva- -
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frequently 8 to 10 miles or more in diameter at the base, and perhaps
only 200 or 300 feet high. In fact, their bases merge so gradually
with the surrounding plain that no eye can recognize where the ascend.
ing surface actually begins. The sides of the elevations, although
~ gentle throughout, increase in slope as the center is approached, and

rise more perceptibly to meet the usually flat-topped summit portio n
The profile of one of these broad, gently sloping elevations is showd
on Pl. XVIII. The most noticeable portion of the surface descent
from the central flat area seldom has an inclination over 10°, whilg
the long slopes farther away are so gentle that the angle they make
with a horizontal line can scarcely be measured with an ordinary.
clinometer. These broad, low elevations are composed of black lava
all the way from their indefinite margin to the flat area forming the
summit, which is usually composed of highly scoriaceous, with at
times minor quantities of fragmental material (lapilli, etc.). The
fragmental material of the nature here considered is absent from the
older elevations, or easily passes unnoticed, owing to the effects of
weathering and the growth of grass, sagebrush, etc. o

The history of these elevations, as recorded in their form and in the
pature of the material composing them, is briefly as follows: They
represent volcanic vents, from which highly liquid lava in vast quan-
tities flowed away in all directions, and on.their outer borders came to
rest and hardened in a horizontal position. When the vents opened
on a plain, the requisite slope for the outward flow of the lava wag
obtained by the thickening of the lava sheet itself, and it is this
increase in thickness. that-produced the low elevation still remaining.
These outwellings did not occur along the general course of a fissure,’
but from local vents. -These were not accompanied by explosions, or.
the explosions were of a mild character, and but little fragmental
material was produced. - Judging from the sequence of events recorded
in the Cinder Buttes, described below, the volcanoes of the type her
considered probably built cinder cones during the earlier stages of
their eruptions, which.were carried away and perhaps buried by the
subsequent effusion of Java. As-stated above, the summits of the lo W
lava volcanoes are characteristically flat when seen in profile. Whe
visited, the flat portionof the fresher cones is found to be composed
of highly scoriaceous-lava, and may contain a depression. About 13
miles north of Pocatello, a flat-topped butte of the nature j o
described has a small lake in the bowl at the summit during the raing
season. It is probabledhat many.of the similar elevations once hag
craters, but in most instances their rims have been broken and the
depression within has been filled. ~ It fact, a succession of examples
illustrating this process might easily be obtained. _

The number of lava craters of the nature just described has nof
been determined, as. they are widely distributed over the lava plains

U, 5. GEOLOGICAL ©

e —

A. WALL OF CAN

B. NORTH WALL OF SNA



F IDAHO, (B0, qeovoatca suavey
°T at the base, anq per}
baseg nerge so grady
ecognize where the asce
' the eleva.tions, altho
center ig approached,
\t-topped summit portj
oping elevations ig gh,
0 of the surface desa
Cination oyer 10°, wh

hat the angle they mj

Sured with g ordin
composed of black J4l
e flat areg forming 4
ly Scoriaceous, with
rial (lapilli, ete.).
ered ig absent from
Wing to the effects 7 il
, ete, i A— i
n their form and in t I —— MOUNTAIN HOME, ' ' o
iefly ag follows: Theé /H' WALL OF CANYON CREEK CANYON NEAR

Juid lava in vagt quaf = 4

outer borderg came t
"hen the vents open
flow of the lava w

itself, and jt i th:!; e :
ation stj ininggl [

x
BULLETIN NO, 198 PL.

e e
N LR

+

ind to be domposed
Cession, About 15

€ natare just
t during the rainy
evationg once had
°0 broken and the
sion of examples

1escribed has not :

NYON, IDAHO.

F LITTLECA

KE RIVER CANYON NEAR MOUTH O

B. NORTH WALL OF SNA

T the']av

a plains.

H




SOURCE OF THE LAVA.

eral cxamples may be seen from the trains -of the Oregon Short
dne while passing bettveen American Falls and Mountain Home.
ne of the elevations on the plain between Shoshone and Shoshone
alls, known as Flat Top Butte, displays evidence of a former crater
erhaps more conspicuously than usual. From the summit of one of
he craters under consideration, situated about 20 miles north of
f @Bboshone, between Little Wood and Big Wood rivers, I counted eight
kgimilar elevations, but others known to be present on the vast plain
ing to the east were obscured by the desert haze. Several otherswere
3 ;view from the summit of Big Butte, on the plain to the west and
k:330uth. Tlhie elevations referred to are so broad at the base, and so low,
F¥hat when looking down upon them, as, for example, from the neigh-
Essboring mountains, their presence might easily pass unnoticed, except
g~¥hen illuminated by a strong side light, although they are easily
Yecognized from lower points of view, when seen in profile against
< the even sky line.
> Not all of the volcanoes that supplied the lava forming the Snake
k. River Plains, however, are situated on their surface. Several craters
: :j'hlch sent long streams of lava down tributary valleys have been
: -.Inentioned by previous observers, and some of these were seen by
myself. Several craters composed largely of scoriaceous basalt are
known to exist in the valleys to the southeast of the Snake River
Plains, as, for example, in Basalt Valley, Blackfoot Valley, etc., in the
‘t¥icinity of Soda Springs. They have been described by the geologists
g “of the Hayden survey. Extensive lava streams came from these cra-
~ters and followed the valleys, principally in a northwesterly direction,
to where they open out into the broad Snake River Plains. Certain
of the geologists referrad to suggest that these lava flows, which gave
Several extensive valleyp. level floors, reached the greater valley bor-

-but that this really occurred is left undecided. In this connection
. F. H. Bradley © states that the basalt bordering Snake River may have
come in part from the crater near Soda Springs, but remarks: ‘It
’ h#rdly seems possible that,after flowing 70 or 80 miles the lava sheets
i - could still have retained sufficient fluidity to be spread out in a solid
; Iayer over the plain.” _
" The craters and lava flows just referred to have not been critically
tudied by me, but what is known concerning them, when viewed in
% the light of other and similar occurrences, certainly suggests that the
Tava streams originating at the craters in the vicinity of Soda Springs

‘and descending the valleys occupied by the Portneuf and Blackfoot

. 1og the Snake River Plains to enable them to spread widely. These
—

a8ixth Ann. Rept. U, 8. Geol. and Geog. Surv, Terr., Washington, 1873, p. 204.
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lava streams unite with the still more extensive sheets of similar rock

along the border of Snake River without any marked topog ldphlc or

other contrast to indicate that they are not portions of a single series,
As will be shown below, lava sheets originating from volcanoes in the .

broad central basin in certain instances entered the mouths of latera.l '

valieys and extended up them, as the waters of a lake would do, for a
score or more mniles. The dxrectlon from which the lava in the lateral §

valleys flowed can in many instances be readily determined and the#

extent of the individual lava sheets ascertained and mapped, but this -

does not seem to have been attempted by the survey referred to above.
The most definite and, as it seems to me, the most accurate statement in

reference to the sources of the Snake River lava to be found in geolog-
icai literature occurs in the text of the Boise folio, by Lindgren.¢ He
says: ‘‘The basalts were erupted from a great number of inconspicu-
ous craters, both in the plains and in the adjoining mountains. Their
fluidity was remarkable, continuous flows of 50 miles or more being
noted. One flow, for instance, followed the South Fork of Boise
River for that distance down to its mouth.” The lava just referred
to was seen by me, and there is no doubt that after flowing fully 50
miles as a stream from 1 to 3 miles wide, and in general about 300

feet deep, it retained sufficient fluidity after emerging from the valley .

through which it descended and entering the Snake River Plains to
spread widely. This lava stream since it cooled and hardened has
been dissected throughout its length by the river it displaced, leaving
flat-topped terraces at numerous localities.

The sources from which the Snake River lava came are, as stated by
Lindgren, in part in the mountains bordering the plains and in part

on the plains themselves. It will be instructive, I think, if the vol- -

canoes furnishing these two sources of supply be considered separately.

VOLCANOES AMONG THE MOUNTAINS.

The fact has already been mentioned that a portion of the lava now

covering the Snake River Plains came as a narrow stream which .
descended the valley of the South Fork of Boise River for fully 50 .

miles and that other and larger streams probably originated in the

craters near Soda Springs. These examples need not be considered ..
further, as I have no information to present concerning them in addi- -

tion to what has already been referred to.

BLACK BUTTE.

The fact that volcanoes situated in the mountains bordering the
Snake River Plams poured out lava in much the same manner as -

aSee also papers by the same author in Eighteenth Ann. Rept, U, 8. Geol. Survey, Pt. III, pp. 635~ _

636, and Twentieth Ann. Rept., P’t. I, pp. 99-100.
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ountain springs supply creeks and rivers, and that the molten rock
owed down valleys leading to the central “depression, where it
ns of a single series. read out in lake-like sheets, in a similar way to the downward flow
rom voleanoes in the tsand expansion of streams of water under-analogous conditions is
he mouths of lateral pEwell illustrated by a volcano of recent date;-and the lava poured out
lake would do, for a R€trom it, situated on Big Wood River, about 20 miles to the north of
he lava in the lateral E'Shosh()ne, :

determined and the “¥ This voleano has no name, but in my notes I have designated it as
nd mapped, but this § Black Butte, on account of the color of the bare lava of which it is com-
’y referred to above. Eiposed. It is situated about 20 miles from the general border of the
\ccuratestatementin [ Spake River Plains, and rises in the center of a valley at a locality
' be f°_u“d in geolog- K*where, previous to its formation, the valley bottom was about 500 feet
by Lindgren. He ¥ gbove the level of the neighboring portion of the plains. The volcanic

teets of similar rock
rked topographic or

nber of inconspicu- mound is only about 300 feet high, with & base measuring, perhaps,
; mountains. Their B 2 miles in diameter. It is composed of highly scoriaceous lava, which
niles or more being K flowed away in all directions in thin sheets. The copious outflow of
uth F(.)rk of Boise molten rock was apparently continuous from the beginning of the
> lava Just referred eruption to its close, and the appearance of thin sheets is due to
ber flowing fully 50 §the manner in which cooling and the cqnsequent stiffening of the
' general about 300 B "material occurred. While the butte is composed of vesicular lava,
ing fx_'om the valley there is no evidence from the presence of:lépilli, cinders, etc., of an
ke River Plains to “explosive eruption. There is no crater at the summit, such as explo-

”"}d hardened has [ sive voleanoes build, although a deep, wide gulf at the top of the butte
 displaced, leaving [ “at first suggests such a depression. This gulf, however, is of subse-

quent origin, due to fractures and the subsidence of a large mass of

he are, as stated by W' material, and connects with similar irregular breaks on the sides of
Plains and in part § the butte, due in part to the falling in of the roofs of lava tunnels.

[.thmk, if the vol- . The fact that this fresh and uneroded volcanic mound, without soil
sidered separately. “and almost entirely bare of vegetation, is not a cinder cone, but is com-

- Fosed of lava that hardened about the vent from which it was extruded,

INS. . Places it in the same category as the low, flat-topped lava buttes
referred to on a previous page as being characteristic of certain of the
older volcanoes on the Snake River Plains.

Black Butte is, as stated, situated in a valley, and the lava poured out
originated in the - by the volcano which formed it had greater freedom to flow fiown the
not be comidere(i .. Valley than in other directions. Although the conduit leading down
ling them i;l addi .. Into the earth was certainly small, a vast volume of highly liquid rock

" |s: Was poured out and flowed down th&valley of Big Wood River for a

stance of 35 to 40 miles, and spread out in a sheet from 2 to fully 6

miles broad. The area covered by this single eruption is about 150

Square miles. The lava is black, with an exceedingly rough surface,

= and can be distinguished at a glance from the older sheets of similar

| - Waterial over which it flowed. About 3 miles below its source it passed

on of the lava now
OW stream which
River for fully 50

ns bordering the

sSame manner as
7
- Survey, Pt. I, pp. 635

- % which it came, but of much older date, and now covered with soil of
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molian origin from base to summit and clothed with vegetation,
Although black and rugged and not yet dusted over with sufficien

“soil to support vegetation, except in the cracks and smaller depressions

the age of the lava stream is certainly considerable as measured in;
years. Big Wood River, after being displaced by the lava stream
continued to flow after the lava cooled, and throughout its length hag
cut a steep-sided canyon which is, in general, from 20 to 40 feet deep.

The walls of this canyon are composed for the most part of hard
columnar basalt, and its excavation must certainly have requiredj
several centuries. This is interesting, when taken in connection with;
the absence of soil on the lava, as illustrating the slowness with whichj
the soil of the Snake River Plains was accumulated. Extensive lava
flows, the boundaries of which can not now be definitely traced, werej
poured out by the two older volcanoes just referred to, and the man-;
ner in which they are crossed and in part-buried by the recent flow

serves to show the manner of formation of the Snake River lava plains,
into which the region here referred to merges by insensible gradations,

and of which it is, in fact, a part. 1

MARTIN LAVA STREAM.

The descent of lava streams from the mountains bordering the Snake 3
River Plains and the expansion of the lava so as to form a part of the;
plains themselves are again illustrated by a flow of molten rock, which
welled out from two openings in mountains of quartzite in the region?
drained by Lava Creek, about 5 miles southwest of Martin post-office,
in Blaine County. Martin is about 60 miles west of Blackfoot, on the
west border of the Snake River Plains in their widest part. - '
In the bold mountains, at the locality referred to, an exceptional
feature in the relief is furnished by a steep conical elevatlon from 600§
to 700 feet high, composed prlnclpally of basaltic scorize, the weathered§
sides and summit of which are conspicuous on account of their reddish]
color. At the base of this butte, on the northern and eastern sidesj
and at an approximate elevation of 500 feet above-the level of the adjay
cent portion of the Snake River Plains, two streams of lava were;
poured out, which cascaded down the steep slopes below and united to
form a trunk lava stream about 400 yards wide, which flowed north{

aAn i ing feature ted with theerosion accomplished by Big Wood River is the pres3
ence in the walls of its canyon at a locality about 2 miles northeast of Black Butte of characteristig
potholes. These potholes, of which a score or more were examined, are from a few inches to 10 fee3
or more deep, and in the larger examples about 20 inches in diameter. They have been excavated]
in compact basalt by the grinding of sand and pebbles, caused to rotate by & swift current, and have
smooth, nearly vertical walls. The only peculiar feature presented by them is the presence in ce
tain instances of central conical elevations at the bottom from a few inches to fully a foot high;
which have spiral grooveson their sides. On looking down into a pothole exhibiting this feature, the]
seemingly spirally twisted elevation at the bottom has the appearance of the end of a large screw
80 far as I am aware, the only other observed remnants of corcs cut by revolving stones during thej
formation of potholes have been noted by G. K. Gilbert, Explorations and Surveys West of the one
hundredth Meridian, Vol. I1I, Washington, 1875. p. 73.
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yard with well-defined banks. On reaching the lower portion of the
ey of Lava Creek, this lava stream expanded to a width of about 1
ile, and continuing on to the Snake River Plains spread out still more
widely, forming a thin sheet with an exceedingly rough surface. The
fength of this stream is not accurately known, but is probably about
20 miles.
. Where the lava came to the surface there are no elevations, but
s tead two circular depressions now overgrown with aspens which
ke them consplcuous These depressions are small, probably not
r300 feet in diameter, but discharged a large amount of molten
fro ock. The absence of elevations about the summits of the conduits
8 due to the fact that explosive eruptions did not occur, and owing
fo the” steepness of the slopes on which the vents were situated the
g the lava flowed away immediately on emerging and did not cool and
Fthicken about them. The lava, in descending the steep slopes below,
B where it came to the surface, formed veritable cascades, and on cooling
i was left with an excessively rough surface. The crust first formed
k& was broken and the fragments were cemented together by still plastic
£ lava, 50 as to make a coarse breccia. Many masses, composed of united
ft'agments of all dimensions up to 20 feet or more in diameter, were
floated far down the stream and out on to the border of the Snake River
g Plains. The contrast between the rough surface of this high grade,
and consequently swift lava stream, and the smooth surfaces formed on
sluggish lava streams on hardening, will be referred to later.
=" Although the lava stream just described is comparatively small and
L: made but a moderate contribution to the filling of the Snake River
5 Basm, it illustrates one of the methods by which the broad plains of
*:that great depression were formed.
- The Martin lava stream is black and has but little soil or vegetation
> on its surface, and is plainly much younger than the lava sheets it
crossed and partially buried after emerging on the plain. It has lost
much of its freshness, however, and is certainly much older than the
lava which came from Black Butte and is much older, also, than the
several lava streams described below wlnch came from the neighbor-
ing Cinder Buttes.

LITTLE CANYON LAVA STREAM.

- Little Canyon Creek rises in the rugged mountains about 20 miiles
northeast of Mountain Home, flows southward for about 20 miles,
through a deep, narrow canyon cut in lava and associated sedimentary
ds forming the Snake River Plains, and joins Snake Rlvel at G]enns
Ferry,
; After a stream older than the present Little Canyon Creek had
excavated a valley in the mountains, it was displaced by a flow of basalt
: Which came to the surface about 5 miles or more to the north of the
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border of the Snake Rwel Plains and approxmmt,elv 1,000 feet lngher
than their present surface. The lava descended a slope which rises.
from the plain with an estimated gradient of about 200 feet to thej
mile, and on leaving the-mountains spread far and wide on the adja-!
cent plains. The sheet of lava thus formed reached the site of Snakef
River and appears as a rim rock in the bluffs at Glenns Ferry. In#
the mountains the lava stream cooled with a rough surface, but on they
plain became quite smooth. Its surface is no longer fresh in appear-]
ance, and where not covered with soil it is much brokenand a sheet of;
loose, weathered stones and bowlders, with dark soil in the crevices, has’
been formed That this lava is of comparatively ancient date is shown.
also by the amount of work that has been accomplished by the creek’:
that flowed overit. Little Canyon Creek, although now dry during the
summer season, and thus evidently a weak stream, has excavated a
remarkably rugged canyon in the basalt and underlying rhyolite to
a depth of 200 feet where it leaves the mountains. The lava sheet cut :
through is compact, and at the locality just referred to is about 50 4
feet thick and nearly a mile broad.

KING HILL LAYVA STREAM.

In the region drained by King Hill Creek (the next creek east of
Little Canyon Creek), as was observed from a distance, there is a large 3
lava flow, which descended the mountains at about the same time the:
Little Canyon flow occurred, and spread widely on the plain to the?
south. The appearance of a remnant of this lava sheet, left as an’;
outstanding butte by the erosion of King Hill Creek, is shown on
Pl VIII, A. "

[N

BLANCHE CRATER.

In the canyon of Clover Creek, about 1 mile south of Blanche post- §
office,.there is a black cone which rises about 60 feet above the adjacent
flood plains of Clover Creek and has a perfect crater in its summit.,

lar black lava, some of which are strewn about on the surrounding:
stream-formed sediments and were evidently blown out by the vol-,
cano in a highly plastic or actually liquid condition. Within they
relatively large conical depression in the summit of the volcanic
pile there is a shallow lake of intensely alkaline water, which is sup-!
plied by small, warm springs. The concentration of the water byj
evaporation has led to the precipitation of alkaline salts mingled with;
organic matter. Forming the shores of the lake and underlying it

* there is a bed of alkaline salts having an average depth, as reportedd

by Mr. B. C. Brey, who owns a neighboring ranch, of about 15 feet,
and an area of 8 acres. This deposit has been utilized in a small way
in the manufacture of soap. .From the base of the crater a small
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fra stream extends southward about 1 mile. This stream crossed the
:,, ey diagonally and formed a dam that checked the flow of Clover
eek and caused it to spread out a broad gravel deposit, which is
oW rich. meadow land. About a mile north of this interesting crater
here arc COplOllS springs with a temperature of 117° F.
] Thls crater is one of the latest and possibly the youngest of those
fsited by me in southern Idaho, and is situated in the bottom of a
hinyon about 500 feet deep, excavated in Snake River lava and asso-
Biated beds of lacustral sedlment and lapilli belonging to the Payette

: rmatxon

SUMMARY.

The lava streams which are known to have originated in the moun-
ftains lying north of the Snake River Plains, and which descended to
| em, are, in their order from west to east, the one which descended
he canyon of the South Fork of Boise River and- the Little Canyon,
oxthe King Hill, Black Butte, and Martin lava streams. These observa-
[ tions abundantly confirm the conclusion reached by Lindgren, already
cited, and expressed in part as follows: ¢

2% The largest flows, however, originated in the foothills north of Glenns Ferry, or

in fact all along a }Jine extending from Smiths Prairie on the South Fork of the Boise
a point northeast of Shoshone. Along this distance of 80 miles the granitic foot-
hills are completely flooded by heavy masses of black basalt flows, which extend
far out into the valley and are here beautlfully exposed interbedded with lake beds

along the canyon of Snake River.

- As previously stated, it is probable that the several craters in the
neighborhood of Soda Springs furnished similar contributions, which
reached the Snake River Plains from the southeastward. Lava isalso
¥ reported to occur in the Owyhee Mountains, and it is to be expected
" that other additions to the Snake River Plains from that source will

be discovered.

VOLCANOES ON THE SNAKE RIVER PLAINS.

A critical strdy of the numerous extinct volcanoes of southern Idaho
:would no doubt show that they may be divided, for convenience, into
wo classes, namely, those which built up cinder and lapilli cones of
. the ordinary type, and those which gave origin to but little fragmental
$ luaterial, but formed low, usually flat-topped mounds with immensely
EXpanded bases.  This class1ﬁcatxon, while indicating the present con-
dition of the volcanoes in question, is not strictly logical, as the lava

-and lapilli cones, which were either destroyed or buried by the great
effusion of liquid lava which marked the later stages in the eruptions
of the volcanoes which built them. In fact, a gradation can be found

—

«Twentieth Ann. Rept. U. S. Geol. Survey, Pt. I1I, 1900, pp. 98-100.

" mounds were preceded in many and perhaps all instances by cinder

e g



“of lava flows. For this reason, and also because a sufficient number of

.is distant about 5 miles from the base of the bold mountains, composed 4
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between normal cones built of cinders, ]apllll etc., with well deﬁned
craters, and other examples of a similar nature partlall) destroyed bys
lava flows which came later, and including, as the other extreme of the
series, low, broad mounds, without craters, apparently formed entirely3

the volcanoes have not as yet been studied, the classification suggested§
above will not be attempted. The study of the volcanoes of the Snake}
River Plains is best begun by a visit to the most recent and fleshestﬁ
of the seri None meet these requirements better than a group of

volcanic cokes termed the Cinder Buttes. ;

CINDER BUTTES. | E

3
<€

LOCATION. . :

e

Close to the west border of the Snake River Plains, in their widest :
part, midway between Cary and Martin, and nearly 70 miles due west *
of Blackfoot, there is a group of cinder cones surrounded by vast lava3
flows. These now extinet volcanoes are of recent date, are remarka-2
bly fresh in appearance, and furnish m@st instructive illustrations of 4
the nature of the eruptions which delug?d such a large part of south-’;

‘ern Idaho with lava. The most conspicuous of the cinder and lapilli:

cones in the group of elevations here referred to is indicated on the :

" General Land Office map of Idaho as ““Old crater.” To the residents]
‘of the region this conspicuous cone is known as Cinder Butte, and I

have thought best to term the entire group of volcanoes, of which it
is a part, Cinder Buttes.

The most consplcuous of the Cinder Buttes (see Pl. X) rises w1th
steep slopes to a height of 600 feet above the surrounding plains and y

of granite and quartzite, to the west, which sharply define the west$
border of the northeastern extension of the Snake River Plains. The
volcanic mounds and cones comprising this group form a well-defined.
belt 3 or 4 miles wide, which begins abruptly at the base of the adja-3
cent mountains and extend out on the vast plains in a southeasterly}
direction for from 10 to 15 miles. The buttes are most closely placed,;
and in fact much crowded at the western end of the belt, and become}
wider apart and even isolated in its eastern part. Detached from thej
main group,and about 5 miles southward from the highest of the
buttes, are two small elevations, probably lapilli cones. -

TUFF CONES AND CRATERS.

The elevations comprising the Cinder Buttes are composed, to a
large extent, of angular fragments, such as dust and lapilli, blown out}
during violent eruptions. Lapilli, being a technical term, is used toj

i
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L] TUFF CONES AND CRATERS.

gnate what may be said to be sand and gravel produced by vol-
eanic explosions. This finer and usually exceedingly rough material,
b when more or less consolidated, passes under the general name ““ tuff. na
ingled with the tuff, and also due to explosions, are fragments and
ugh masses of scori®, voleanic bombs, and thin, irregular, cake-like
rms of lava.

& The number of elevations composed of fragmental material of the
; apature just referred to can not be definitely stated, as the older ones

dwtroyed by the explosions to which the younger ones owe their exist-
Tence. Several of the more perfect cones and craters stand on the ruins
of older volcanoes, and many rounded hills of lapilli, smoothed by the
wind, are evidently portions of craters which bave lost their character-
-istic shape. Possibly there are 20 craters either complete or in what
F - Luy be termed a fair state of preservation, but portions of perhaps as
* ‘many more may be seen, either isolated or partly buried beneath later-

. formed piles of fragments. In one place, about a mile northwest of the
+highest of the buttes, more than half of a crater approximately 150
‘-.feet high has been removed, probably by explosions, and three comcal
~depressmns, with circular rims of lapilli, have been formed on the site
-#of the ruined part. In certain instances, also, large portions of once
perfect craters have been floated away by the lava which flowed from
Zthem. About the more conspicuous cones and craters still remaining,
;and especially to the north of the most prominent butte, there are

, 7~exten81ve fields and rounded hill§ of lapilli which were evidently formed

- by showers of fragments carried to a distance from the volcanoes which

+ produced them and deposited in broad undulating heaps. These

\ ‘i&; smooth fields and low, rounded, hills are in striking contrast with the
*frequently rough and angular surfaces of adjacent lava streams, and,

like the tuff cones, present many pleasmg variations in color, ranging
_:-from deep red through brown and purple to lusterless black. The older

b - members of the Cinder Buttes are covered with grass and support an

; '+ Open forest of pine and fir, but the younger ones and the younger lava
& StJ‘%ms which flowed from them are entirely bare. The trees in most
N w instances are rooted in loose deposits of lapilli which have not decayed
g sllﬁiclently to form what may be termed soil, but this deficiency has

a8 howered on the coarser deposits durmg late eruptions.

g The highest of the Cinder Buttes rises as a prominent conical mass
% of reddish and black lapilli to a height.of 600 feet above the surround-
' 4:-Ing plain and is far more promment. than any of its neighbors. About
< 1a base the rims of some five or six older volcanoes may still be seen.

.p:;:;he term tuff, as here defined, is to be distinguished from ¢ufa, the deposit formed by certain

+have to a great extent been broken and more or less completely
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been supplied by dust brought by the wind, or by the volcanic dust -
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Like several of the associated cones, it has no crater at the summig]
but terminates in a rounded weather curve, the symmetrv of which j
somewhat broken by crags of dark-red tuff.

The remnants of crater walls in several instances fr equently exhibj
well-defined stratification, the layers in the outer portion of the oncy
conical pile dipping away from its  enter in all directions at lo
angles. An increase in dip occurs from the first-formed or lowes
layers to the higher ones, owing to the greater:thickness of miteriaf
deposited immediately about the orifice than at a distance from it. Iy
the best section of a ruptured tuff and cinder cone observed the lowey
beds are nearly horizontal, while those about 80 feet above diy
outward at an angle of 20°. The inward-dipping beds forming the
funnel within the rim of a crater dip much more steeply than the outey
layers, but are usually not well preserved. In the section of a crater
just referred to the position of the former opening is shown by a con-
fused mass of tuff and cinders which, in part, seems to have reached
its present position bv falhng from above 3

CHARACTERISTICS OF THE EJECTED FRAGMENTS.

The fragments of volcanic rock which occur in such abundance at the!
Cinder Buttes, and of which the walls of the craters themselves arg
built, may be classified as dust, lapilli, scorie, clots, bombs, and lava
cakes. To classify it in still more general terms, this material may
be divided into two classes: First, lava which cooled and hardened in
the crater from which it was ejected and was broken into fragments by
steam or gaseous explosions, the fragments being sufficiently rigid
not to undergo a change of shape during their aerial flight except,
perhaps, by fracture on coming in contact with other fragments in
the air or on striking the ground; and, second, lava which was pro]
jected into the air in a plastic and even liquid condition and assumed
various shapes either during its passage through the air or on falling.
There is no sharp division between these two classes, however, and a
series of specimens grading from angular fragments to rounded bomba
and thin, flat lava cakes formed by the spreading and cooling of]
splashes of highly liquid lava on striking the earth, might easﬂy be
collected.

Dust and lapilli.—The material which presuma.bly hardened on th
surface of liquid lava within a crater and was broken and blown out,
by steam or other explosions and fell about the opening from which;
it came or was widely distributed by the wind, consists mainly ofj
angular fragments of highly scoriaceous lava which vary in size fromj
dust particles to irregular masses several inches, and in some instances;
1 or 2 feet in diameter. The most common product of this process is
highly vesicular lapilli, composed of rough, angular fragments ranging

[HULL.] i
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NATURE OF THE VOLCANIC MATERIAL.

from a quarter of an inch up to an inch or more in diameter. This
material was blown out in abundance and assorted more or less through
i the action of the wind, so that large surfaces are covered with frag-
ESments of a nearly uniform size. The fragments are usually black or

rious shades of red, and in certain instances -have a brilliant irides-

:
‘ "Vre exposed to the air, and which resulted in the formation of thin
s on their surfaces.

-About the Cinder Buttes, so far as observed, there is a notable
frgbsence of compact, rounded kernels and stratified beds of granular
#lapilli, such as form a large portion of the Muarket Lake crater and
occur in stratified sheets, associated with lacustral sedimeqts, in the
. Western part of the Snake River Plains, as for example, near Glenns
k. Ferry.

i+ Clots.—The lava ejected in a highly viscous or nearly solid condi-
“tion took on various shapes, depending on its degree of plasticity,
nd perhaps also the length of its aerial flight. This lava seems to
have been principally in the form of ragged clots, which were blown
- out by mild explosions with low initial velocities, and which fell about
- the orifices from which they came, and built up scoria cones with but
mall admixtures of lapilli and dust. At times these clots adhered
ne to another or to the surface on which they fell, but more fre-
uently they were sufficiently rigid on striking to maintain their

vidently these masses, although solid, were not cold and brittle when
they camne to rest. They are always rough and irregular, and some-
imes have a length of a foot with a transverse diameter of only
or 3 inches, but more frequently they are excessively irregular but
ot markedly elongate, and of all sizes up to 40 inches or more in
ircumference. : .
Scoria.—Numerous masses of scoria occur also, especially in the
walls of certain small parasitic cones. These masses present the
ppearance of having been blown out of the craterd in a highly plastic
r semifluid condition, and of having become highly scoriaceous and
¢ rudely spherical during their short journeys through the air. These
i Tough, ball-like masses, usually 8 to 16 inches in diameter, were suffi-

ff.exteriors are rough, usually brown or reddish, but not conspicuously
g Scoriaceous, while within they are coarsely. vesicular and at times

2% these spherieal masses, in the crust of which a hole had been broken,
EL found a bird’s nest securely sheltered. . ' '

- Bombs.—Portions of the highly viscous and fluid lava in the throats

of the volcanoes were in many instances thrown high in the air, and
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on account of rotation during their flight assumed more or less 1egu-
lar spherical forms. Of these volcanic bombs, several varieties were]
recognized; the differences they present being due to variations in the
degree of plasticity of the lava as it left the pool of molten rock fromd
which it was blown and the length of its flight. . o

The most characteristic of the bombs are oval and in size and shapej
frequently resemble a modern football with a projection at each end of}
its longer axis. These characteristic projections, or ‘‘ears,” show g
well-defined spiral twist, as is illustrated on Pl. XII. The surfaces]
of these bombs are black and glossy when fresh, and without vesicles
visible to the eye, but sometimes exhibit more or less spiral lines inj
relief, which are in a general way parallel with their longer axis and
unite with or are prolonged into the twisted ridges on the projections;
at their extremities. At times also their surfaces are crossed by shal-
low cracks, as is shown in Pl. XII, which appear to have formed in a
thin outer crust, and to have been widened by a slight subsequent
swelling of the still viscous mass within. In size they vary from less
than 1 inch to several feet in length, not includ'ing the projections at
the ends, which are usually broken, but in some instances are 3 or 4.
inches long Some examples are nearly spherical, and the ‘‘ footballs”.|
are sometimes slightly flattened parallel to the longer axis. The one
shown at the bottom of Pl. XII is 13 inches long, including the rem-
nants of the projections at the ends, and 7.9 by 4.7 inches, respectively,;
in its two diameters at right angles to the axis about which it was.
rotated.¢ The largest specimen of this shape seen measured 9 feet in
length and 12 feet in circumference. The nearly spherical bomb
represented on Pl. XII measures 5.5 by 4.5 by 4.3 inches. In some,
instances the bombs, whether nearly spherical or markedly ovoid,]
appear to have been formed by the rolling together of irregular cakesy
of plastic lava, the edges of which form ridges and curved lines ong
the surface of the infolded mass, as may be seen in the photograph
to which attention bas been directed.

Of the bombs baving the external characteristics just described there3
are at least two well-marked varieties, as is discovered on breaking;
them. In certain instances there is a distinct outer crust or rindg
composed of compact black basalt, measuring in general from a}
tenth to a fifth of an inch in thickiess, and inclosing a highly vesicu:]
lar interior; in other examples there is no outer rind, and the mass
compact, or nearly so, throughout.

In the case of the bombs having a rind and cellular interior there ig
sometimes a thin outer layer, perhaps a third of an inch thick, whiclg
is scoriaceous and merges with the still thinner compact crust inclose

nTlus specimen is not from the Cinder Buttes, but from a much older crater, only a portion @ t
which remains, near the north base of Big Butte.

GEOLOGICAL SURVEY
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| VOLCANIC BOMBS. 7

F'it, but more frequently this outer cellular layer is absent. Within
g thin crust the hollow vesicles or steam cavities are small and

§inch in diameter. A photograph of the broken surface of such a
bnib, showing about one-fourth of its circular cross section, is repro-
fred on PL. X1, B. The appearance of some of the vesicular bombs
fhen seen in section js almost precisely the same as the interior of
similar body from Ascension Island, a drawing of which has been
blished by Charles Darwin.® It has been suggested by Darwin
the gradation in the size of the vesicles in the bombs found on
ension Island, from large -at the center to small near the inner
ace of the inclosing rind, is due to the rapid rotation of the mate-
while in the air, the ‘‘centrifugal force” thus generated tending
p relieve pressure at the center and to permit the steam-filled vesicles
nclosed in that part of the body to expand more than those near the
urface. The bombs from the Cinder Buttes having the internal
ructure described and figured by Darwin were found npear the

nner slopes, and do not seem to have made long aerial flights.
esides they are nearly spherical and without the spindle-like form
ith projecting ears, such as characterize associated bombs which
cooled while 1otating For-these reasons it does not seem that Dar-
g54Win’s explanation is applicable to the examples observed, and as an
3 alternative I venture to suggest the following hypothesis:
8% As has been observed, metals on cooling from fusion give out gases
hich were previously dissolved or occluded in the molten mass, and
%lt may reasonably be supposed that lava, especially if basic and rich
f.in iron, would bebave in a similar way. If, then, a mass of highly
‘ﬁheated viscous. lava should be thrown out from a volcanic crater
&. ‘and 1t.s surface cooled quickly so as to form a crust, the vapors and
Sgases given off by-the mass within as it cooled would be retained
:and tend to form vesicles. As cooling progressed the vapors and
gases would be forced toward the center and there form the largest
gvesicles, room being furnished in part by the shrinkage of the magma.
fThis supposed process, by which the vesicles are ploduced and
Increased in size from the rind toward the center of a bomb, is analo-
Bous to the formation of a crust on a loaf of hread With a highly
tYesicular interior. In this connection attention may be again directed
tto the second figure on Pl. XII, which shows the appearance of the
ksurface of a bomb which became cracked, and the cracks widened
°ng to expansion from within. This is anu.logous to the widening
of&\cuton the surface of a loaf of bread as it bakes. In brief, both

* 1 ety v,

" London, 1344, p. 36,

erease in size toward the center, where they frequently measure half -

ters from which they came, in several instances lying on their

9Geological obeervations on the voleanic islands visited during the voyage of H. M. S. Beagle. -
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the absence of evidence of rapid rotation on the surfaces of the vesicus
lar bombs in question and the correspondence of their internal strue.
ture with what should be expected to occur if lava on cooling from
fusian extrudes previously dissolved vapors or gases favor the hypothy

esis here suggested.
The compact bombs usually, and, as it seems, invariably, have oval

forms and twisted and projecting ends, and are composed of blac

stony lava throughout, but are never entirely free from steam cavities}
The openings are irregular in size and shape and are frequently muck’
distorted, but when seen in sections made at right angles to the longer’
axis of the projectile are many times arranged in rudely concentric
bands. In these same sections, also, there are concentric lines or
cracks produced by a rolling up of the material, or developed by
weathering. The variations in form from globular to ovoid, and
more or less irregular, and in internal structure from highly vesicu-|
lar to compact and stony, with but few irregular and frequently much
elongated vesicles, appear to be due to variations in plasticity orj
liquidity of the material at the time it was projected into the air, and
variations also in the length of its flights. The more plastic the lava
and the longer its flight, the greater its tendency to assume a spher-
ical form. So far as I am aware, the bombs exhibiting & gradation i
the size of the vesicles occupying the interior are nearly spherical,
while the oval or spindle-shaped examples with projecting ends areg
as a tule at least, compact in the interior and contain relatively fe 7
and frequently unsymmetrical cavities. The absence of scorie in the]
compact bombs is seemingly accounted for on the assumption that the
lava was without a high percentage of contained steam or gases, or
that the liquidity of the material was such that they escaped beforg;
consolidation was far advanced. There are large quantities of thin}
nearly flat cakes of compact or but slightly vesicular lava strewn]

. about the Cinder Buttes, which will be described below, and whicl;

were, I suppose, formed by the cooling of liquid lava blown out of th e
volcanoes, after coming to rest. The compact bombs, with more of
less spiral bands or vesicles in their interior and spiral and curveg
ridges on their surfaces, seem to have originated from masses of
cous lava, similar to those which formed the flat cake, but whic}
cooled in the air and, after losing their previously-contained stean
were rolled together on account of their rotation so as to assumd
more or less football-like shapes. -

In this connection, however, it should be noted that no forms inte
mediate between the flat cakes produced apparently by the ejectin
highly liquid lava and the well-defined globular or ovoid bombs we
noted. There is, so far as I am aware, an absence of bombs whic}
were sufficiently plastic to become conspicuously flattened on strikingg

u. 6. GEOLOGICAL BURVEY
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giL.] CAKES OF LAVA.

fhough still retaining something of their spherical form, such as
ur abundantly about the Ice Spring crater in Utah.¢
ava cakes.—The thin, flat cakes of compact lava, mentioned above,
in abundance on the side of some of the cones and crater walls
ming the Cinder Buttes. They may be seen especially on the
athwest slope of the highest cone, where they occur in thousands.
hese lava cakes, as I term them for lack of a better name, are usually
mposed of compact or but slightly vesicular black lava, but at
mes they are scoriaceous; although usually flat, they frequently
ve thin inclined ridges or offshoots on their upper surfaces; in
‘kness they vary irregularly from perhaps a fourth to half or, in
he larger pieces, two-thirds of an inch. Their margins are usuahy
~broken, but sometimes thin out to a sharp edge. They are of allsizes,
5ap to 14 inches or more across. On their under surfaces there are
sometimes adhering fragments of lapilli, and occasionally similar
fragments are inclosed between projecting ridges, or in the center of
'8 mass composed of two or more adhering cakes. These thin lava
- cakes occur in abundance not only on the lapilli cones among the Cin-
, ~der Buttes but on the adjacent lapilli fields and hills, where no dis-
~tinct crater can now be seen. Similar cakes were observed, also in
. “sbundance, around a small and very recent volcanic cone about 10 miles
: 4 north of Bhss, named on a previous page the Blanche crater. Their
“abundance in the instances mentioned indicates that they form no
 .-inconsiderable part of the fragmental or quasi-fragmental material
" thrown out by volcanoces of a certain type, namely, those which are
“supplied with highly liquid lava. In some instances the splashes of
+ Iava, after striking the earth, were still sufficiently fluid to flow and
<united one with another so as to form irregular sheets. Compact lay-
- _-ers, usually of a reddish color, seen in vertical sections of some of the
7 ¢ones of lapilli and scoriz were found to have originated in this manner.
-+ Only the more conspicuous variations exhibited by the fragmental
= matenal including bombs, so abundant about the Cinder Buttes have
2 been noted but it would not be difficult to select a series showing a
°0mplete gradatlon from angular scoriaceous fragments produced by
# the breaking and ejection of a frothy, brittle crust, formed on the
" surface of the lava within a crater, to the irregular lava cakes resulting
,fl'Om the hardening of material blown out in a liquid condition. Such
2 series would illustrate the fact that the wide variations presented by
the material blown from volcanoes depend principally on its degree
of rigidity or fluidity on leaving the parent crater. The range is from
brittle scoria to highly fluid lava. The variations in shape assumed 7
0¥ lava ejected in a plastic or fluid condition depend on the length of ;
'Mlts serial flight and on the manner in which it rotates. : aL:

“These flattened bombs are referred tb by G. K. Gilbert, in his monomph on Lake Bomneville, = °
OD. U. 8. Geol. Burvey, Vol. I, 1890, p. 321. :
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It may be noted that no foreign or included rocks, such as fragment
of granite, quartzite, etc., or pebbles derived from older terraneg
except a single fragment of obsidian, were observed about the Cindef
Butt¢s. The buttes are built entirely of basaltic lava.

PARASITIC CONES.

The eruptions to which the Cinder Buttes are due were charactey
ized in their earlier stages by explosive violence, during which copg
paratively small cones of lapilli, scoria, bombs, etc., were formed, an
later by an outpouring of immense volumes of liquid lava. When th;
lava ceased to flow, the portions remaining in the conduits througy
which it rose cooled and hardened, and the lives of the volcanoes ceasef
without a renewal of the steam explosions which accompanied thej
birth. In one instance, however, there was a partial exception to thig
rule.

About 2 miles northwest of the highest of the Cinder Buttes, an§
on the surfdce of a bare, corrugated lava stream near where it cang
to the surface, there is a row of seven steep-sided and remarkably regd
lar cones, composed principally of rough ball-like masses of hlghl
vesicular or scoriaceous lava (Pl. XI, A). These balls or imperfec
formed bombs are usually from 8 to 14 inches in diameter, and whey
they fell were sufficiently plastic to adhere one to another, so as
form what at first were nearly vertical walls. The sides of theg

but decrease below to 34 degrees or less, owing to the accumulation
of small quantities of fragmental material about them. Their steeg)
uppel slopes are angular and rough, but the lower slopes, when seqf
in profile, present curves such as are characteristic of lapilli cones.

Not only were the spherical masses plastic when they fell, but in or
observed instance a splash of lava tossed out and falling on the exterid
of a cone ran down several feet before cooling. Inaddition to the past
and liquid material ejected, there is a minor quantity of angular frag
ments, but these were not thrown far, and the surface of the lav
stream on which the cones stand is entirely bare at a distance of but]
few score feet from their bases. The cones are symmetrical and t§
distribution of the lapilli about them shows no evidence of a strog
wind blowing at the time they were formed.

The craters, with one exceptlon, range in helght from about 407
60 feet. The exception is furnished by the most westerly in ti
series, which is much lower than its companions and does not
more than 15 feet above the surface of the adjacent portion of §
lava stream on which it stands. The trend of the line of cones is abd
southeast, or in the same general direction as that of the belt of v
canoes with which they are associated. The cones are located at qui
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yular intervals of approximately 70 feet, although in some instances
§ bases of two adjacent cones touch each other. Each of these cones
bf the nature of a chimney built about a small vent from which

‘ um was issuing with considerable force and throwing out -elots of -
stic and even liquid lava. In most instances the-chimney-like
mngs through which steam escaped have been closed by the falling
fof the summit portions of their walls, but at the west end of the
Fies there are two craters still complete and having vertical shafts
their interior.. The openings referred to are nearly circular in.
izontal sections and about 30 feet in diameter at the top and 50 to

| feet deep; midway down they contract, and expand again below,
ving to them in vertical section an hour-glass form. In the smaller
foue at the west end of the series the opeming in its most constricted
is rudely elhptlcal the principal axes measuring about 8 and 12

Bet. Its companion is somewhat larger and less regular. The walls

fove the constrictions midway down are nearly verticaland overhang =

Bheir lower portions. On the sides there are adhering clots and splashes
.‘} lava which ran down before cooling and now occur in part as pendent,
Malactite-like forms. When séen from above the walls appear smooth,
Bhat on descending part way and looking up the ir regulamtles due to
the pendent clots become conspicuous.
¥ At the bottom of the smaller of the two openings there are two
Ehambers or enlargements, looking like the mouths of tunnels, one to.
fthe northwest, one to the northeast. These openings are about 15 feet -
é ide and 10 to 12 feet high. The other open shaft has but one -
¥xpansion at the bottom similar in size to those just mentioned and
'_ ading toward the northeast. The enlargements in these two instances
H i'e at about the same depth below the summits of the vertical shafts
With which they communicate, but owmg to the greater height of the
." le of lava balls, etc., about one opening they are not at the same
E:lepth below the surface of the lava stream on which the cones stand.
& lhe chamber at the bottom of the smaller cone is about 20 or 30 feet
jkbelow that at the bottom of its companion. At the bottom of the shaft
2In the smaller cone at the time of my visit (September 4, 1901) there
as a conical mass of white ice, about 10 feet thick in its central part
8ud about 15 feet in diameter at the base; adjacent to its northern side
f¥as a pool of clear water. The ice was exposed to the sky, but could
3 " be reached by the direct rays of the sun even in midsummer.
dee and ‘water are also present at the bottom of the large shaft.
Rlhese are about the sunplest examples of ‘‘ice wells” that can be
agmed Clearly the ice is a remnant of the previous winter’s snow,
,mpacted by the freezing of percolating water.s

i ®An ingtructive account of **ice caves,” *ice wells,” etc., may be found in a book by Edwin Swift
b lch, entitled “ Glacitres, or Freezing Caverns.”” Philadelphia, 1900

Bull. 199—02——6
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The lincar arrangement of the scoria cones just described, on thy
otherwise bare surface of a broad lava stream, and the nature of thy
material of which they are composed indicate that they were buil
along a fissure formed in the hardened surface of a lava stream whilg
its lower portion was still plastic or liquid. They are thus of the
nature of parasrtlc cones formed about steam blowholes, from whic} i

clots of viscous and splashes of still liquid lava, together with somgll

“lapilli, were blown out. The shafts of the chimney-like piles form

about the openings in the surface of the frozen lava stream were nevef
occupied by liquid lava, as their walls are far too weak to sustain suc
a pressure and no streams of lava were given off by them. 4

LAVA STREAMS.

Reference has already been made to the wide extent of the layy
streams which flowed away from the Cinder Buttes, but it is difﬁcul
to convey in words an adequate impression of their magnitude, such a
is derived from traveling over their surfaces or along their margln
or from a view from the neighboring mountains.

There are six principal lava flows of recent date which have theid
“origin in these buttes, and several more of considerable antiquity, th
sourceé of which are now more or less indefinite. Comparatively littlg

“old lava,” as it may be termed, is exposed about the bases of the
voung volcanoes, except far out on the plain, and some of it may hav
come from other and distant cenfers of cruption. .

The place of origin of each of the six recent lava streams referred
to is plainly distinguishable, but the best defined of all is the cratei
from which a lava stream that flowed northwestward welled out. Thig
is the first fresh lava met with on leaving the road which skirts thg
west border of the Snake River Plains and taking a dim trail leading]
eastward among the Cinder Buttes. This northwest flow came frong
a crater composed of reddish tuff, the portion of which remaining hal
a height of about 200 feet. The lava rose within the tuff craten
breached the western side of its encircling wall, and the fragment
floated away on its surface. The top of the congealed lava column iy
the conduit of the volcano is a semicircular plain of ropy and scorig
ceous basalt 500 feet across, which is continuous with the nearly leve
surface of the great sheet of lava that flowed from it and expanded of
the plain to the northward. The place of emergence of the lava 3
surrounded on all sides, except where the breach formed by its dis
charge occurs, by ragged cliffs of reddish tuff. The lava not onl
broke the cone in which it rose, but it tore away the base of the outd
slope for a distance of fully a mile before expanding on the plain to thi
northward. On each side of the hardened lava stream for about half§
mile below its source there are precipices, similar to those partiall§
inclosing the congealed pool whence it came. The right or cacte
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3 just described, on the
» and the nature of the
# that they were built
> of a lava stream while
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fink of the stream is of reddish tuff and is a part of the parent cone;
e left bank is composed of large angular blocks of black lava, and is
o to the subsidence of the central part of the stream, which left its
prder stranded.

IOne of the most striking, if not the most novel of the many inter-
pting features connected with the occurrence just mentioned, is the

$ct that large masses of tuff torn from the crater’s walls were floated -
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lava stream were never
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fown the lava stream for at least 3 or 4 miles, and carried in large
qumbers far out on the ad]acent plain. The floated masses are rough
rags, frequently measuring from 20 to 60 feet in diameter and rising
5 to 20 feet above the bare, black, corrugated surface in which they
are partially embedded. About the base of each of these masses which -
was closely examined there is a depression in the surface of the lava,
"f 1'ming a moat-like trough 4 to 6 feet deep. It is plainly evident

fgthat the masses of loosely compacted lapilli and scoriee were of less

lespecific gravity than the molten lava on which they fell, and therefore
B foated on its surface. How deep below the surface of the surround-
ing lava the bases of the crags are sunken is not definitely known, bat

giin one instance fissures formed since the lava hardened reveal a down-

ard cxtension of the tuff to a depth of 10 or 12 feet. That these
oated masses came from the tuff cone from which the lava stream
‘emerged is pla.mly evident, not only on account of the material com-
tposing the masses themselves, which is the same as that of the cone,
cbut for the reason that certain of the crags are near their place of
Sorigin, having been carried but a few hundred yards, while others
;form a continuous train reaching far away and expanding to the north-
gward. Not only were masses of relatively light tuff floated away, but
<blocks of compact basalt which fell from the precipitous western bank
‘after the central part of the lava stream subsided were carried several
hundred feet on the flow durmg 1t,s later stage, when the molten rock
d become exceedingly viscous. ’
Another feature in this connection is of interest.” The lava which
ghflowed away from the Cinder Buttes was at first highly liquid, as will
®be shown more fully later, and spread widely on the adjacent plain,

bllt as the supply lessened the lava thickened, becoming exceedingly
8 Viscous before it finally ceased to flow. The rate of flow toward the
‘ eﬂd of an eruption was characterized by a slowness as well marked as
B Was the rapidity of the current duung its earlier stages.

The floating
ﬁ'ﬂgment:, on the lava, described ahove, fell upon it late in its liquid
'state when it had become viscous and was partlally submerged, press-
ing down the stiff plastic material about them in the same way that a
‘block of stone would indent the surface of a mass of highly viscous
Pitch or asphaltum. - Whether the material that was carried away

- 7 Carligr wag floated or sank is not known, as the broadly expanded

dixta] extremity of the lava stream has not heen examined.
Although it frequently appears that lava streams in various regions
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have eroded their banks, the instance just cited is the only one that
has come under my notice where the evidence of such an occurrencej

was conclusive. Evidently a stream of lava in this respect partakes
of the character of both a river and a glacier. When the lava is liquid;
it erodes like a stream of water, with the added advantage of greater)
specific gmvity, and when viscous, it floats away rock masses that faljj
on its surface in a manner analogous to the way morainal material ig
carried by a glacier. No evidence was obtained to show that lava}
from the Cinder Buttes melted or changed in any conspicuous way the
rocks with which it came in contact. Such action may have occurred]
during the earlier stages of the eruption, but does not sesm probable
The rupturing of cinder cones by outflowing lava is & common fes
ture of the Cinder Buttes, and is well illustrated by an isolated volcan _
which built a complete crater, situated about a mile northeast of their}
highest peak. From this volcano the lava flowed westward in a strong:

- stream, which made a wide breach ﬁn the wall of the crater from which]

it came, leaving the remainder intact. The Java descended a steep
slope before reaching the plain, and is now covered with soil and vege3
tation. In this instance, as in so many others near at hand, it is evig

dent that the eruption was at first violent and characterized by steam;

explosions which threw out lapilli and scorie, but did not give orwm
to a lava stream; later, when a perfect cone with a deep crater in itg]
summit had been formed, lava rose from the conduit within, b:eached}
the crater’s walls, and flowed quietly away without a renewal of thel
explosive eruptlons This isolated cone with a single lava flowy
extending from it and expandmg on the plain recalls forcibly somg;
of the illustrations contained in Scrope’s? classical book on the extln el
volcanoes of central France.

At the locality where the northwest lava stream came to the surd
face there is an amphitheater, with rough walls, embracing a generally
flat but undulating and corrugated atea about 200 yards across, flooreq
with scoriaceous and ropy lava, which looks not unlike a great sprin

suddenly congealed. The evidence of flow and of viscosity in the
now hard material is everywhere conspicuous. The surface is entirely
bare of vegetation and without lapilli or other deposits. It is appag
ent at a glance that this is the hardened surface of the conduit froig
which the lava stream leading from it was poured forth. One
impressed with the smallness of the source in comparison with th§
vast volume of material that came from it. The lava stream at fir§
went westward, then, curving, took a northern course about the base
the portion of its crater still remaining, and at a distance of a mile
about 500 yards wide; it continued to expand and reached a distance
by estimate, of 6 or 8 miles, and has a width in its expanded dists
extremity of some 4 or 5 miles. These are rough estimates and ar

aThe Geology of the Extinct Volcanoes of Central France, by G. P. Scrope. London, 1858.
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1 is the only one that Fobably below rather than above what an actual survey would show.
f such an occurrence o area covered by the lava stream is not less than 20 square miles,
this respect partakes d may be twice that amount. X
’hen the lava is liquid fThe absence of angular fragmental material and of volcanic bombs,
advantage of greater Bts of lava, etc., on the surface of the congealed lava pool, other than
‘rock masses that fall Moments near the borders which have fallen from its inclosing walls,
morainal material is Fevidence that the later stages of the eruption were not attended by
ed to show that lava Xplosions. The lava seems to have been poured out quietly and in
conspicuous way the Inmense volume, in much the same manner that a spring of water some-
n may have occurred imes comes to the surface and flows down a gently inclined channel.
’8 not se=m probable, 'is' is more than a casual simile, for the lava during the earlier stages
&va 'iS 4 common fea- Bt the eruption was certainly highly liquid, and was in reality a spring. A L
)y an isolated voleano B molten rock which was caused toflow, as we have reasonfor believing, : e
lile northeast of their JEDY pressure on a reservoir deep below the surface, which thus formed
westward in a strong 8 stream that flowed far and spread wide on a nearly level surface.
be crater from which EThe outwelling of the molten rock was so quiet that not only were no
8 descended a steep JWolcanic bombs projected into the air, but no pasty clots or drops of
d with soil and vege- [EBiquid lava were spattered onto the bordering walls.
ar at hand, it is evi- B The surface of the lava at the immediate summit of the material fill-
aracterized by steam {@EIng the conduit is vesicular, and in part highly scoriaceous, but there
t did not give origin B&is nothing approaching pumice or congealed frost to be seen. In fact,
a deep crater in its _’but little material of that nature was observed about the Cinder
uit within, b:eached B:Buttes. The steam which rose with the lava seems to have escaped
ut a renewal of the [ quietly before the magma became sufficiently cooled and stiffened to
a single lava flow retain it until its pent-up energy resulted in explosions. That steam
ecalls forcibly some g or gnses were present in considerable quantity, however, is evident
book on the extinct S from the fact that nearly all the lava in sight is more or less vesicular
B and in many instances bighly scoriaceous. ’ 7
B The northwest lava stream, and the same is in general true of all . s
E the recent lava flows about the Cinder Buttes, came to rest and finally - ‘ : e
hardened with such a low surface slope that from a little distance no = "1/ 88 ’
eye can distinguish it from a perfect plain. For the first mile or so TH \
below the fountain-like source from which it came there is, it is true, i ! '
& perceptible northward slope, but it is so gentle that a casual observer
@ Would scarcely note its presence. .
. But a few rods south of the congealed lava pool just deséribed and
f separated from it by a fragment of a tuff cone, a pc_*ion of which was
f.undermined by the lava flowing past its base and broken away after
Ethe manner of a landslide, another and larger lava stream came to the
E surface and flowed southward. This southwest lava flow had its source
in two lava pools, but the molten rock discharged by them soon united
80 a8 to form one stream, which, at a distance of perhaps a mile, was
ned by another and still larger river of lava having its source about
mile to the west of the base of the highest of the Cinder Buttes, and
the united flow continued southward for a distance of between 25 and
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30 miles.® The descent of the surface of the lava in this distance is§
about 1,000 feet, more than one-balf of which is, I judge, within the}
first 10 miles. In the portion nearest the Cinder Buttes the descent$
of the surface toward the south can be detected by the eye, but beyond#
a distance of about 10 miles, the rough lava sheet seems to be level. 3
The fact that the lava flowed so far on such a gentle gradient shows3
that it was highly fluid and spread almost with the freedom of water,§
The sheet produced must, in consequence, be thin, unless depresswns
were present in the ::.urface of the plain over which it spread itself, )
All these features are such as pertain to yet other lava streams about 3
the Cinder Buttes, as well as to the older lava sheets beneath the Snak
River Plains, exposed in part in section in the walls of Snake Rivery
Canyon.
In addition to the lava streams briefly described above, there is ¥
another immediately at the west base of the highest of the Cinder 2
Buttes, which went southward, and is somewhat older than the neigh- 4
boring stream on the west. Two other streams, differing in age, went
northward from near the same portion of the belt of craters. One of 4
these is comparable in extent and volume with the lava sheet which 4
flowed southward. There are thus at least six recent lava flows about
the Cinder Buttes which spread widely on the adjacent plain and in

- fact nearly surround the most prominent portion of that belt of vole.-

noes. Other lava flows from craters farther eastward were seen, but §
all of them are apparently older than those just noted, although in §
certain instances they are sufficiently fresh to be easily traced to the
craters from which they emerged. ;
The area occupied by the recent lava forming the six flows described 3
above is by estimate between 250 and 300 square miles. There is no
ready means of accurately measuring the thickness of these sheets, but §
they are certainly comparatively thin, as is apparent from the fact that
they spread widely on a nearly level plaln and cooled with essentially
flat surfaces. Judging from the thickness of the various sheets at their._
margins and the gradients of their surfaces, their average thickness
seems to be between 50 and 100 feet, or approximately 75 feet. On{
-this basis the volume of lava they contain is' between 7 and 8 billion §
cukic feet. . 4
In reference to certain general hypotheses concerning the origin of;
voleanoes, the static equilibrium of the earth, ete., it is of interest to§
note that the lava poured out by the volcanoes which formed the Cin-
der Buttes was forced up to a horizon about 6,000 feet above the sea,

aWhile my observations show that the northwest and southwest flows, starting from within a dis’
tance of a few rods of each other, were contemporaneous and united with each other, the place of}
junction of the southwest flow with the next lava stream to the east has not been examined, and
from what source the vast lava sheet to the south of Cinder Buttes was mainly derived is not known.
Seemingly the southwest flow, and the next one to the east, are of the same age, and unite to form
one sheet on the plain to the south.
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'vat a locality far distant not only from the ocean but from all sur-
fce-water borders, and in a region where erosion and deposition prac-
eally counterbalance each other.

CHEMICAL COMPOSITION.

A characteristic sample of the lava from near the source of the
fream that flowed northwest from the Cinder Buttes—that is, the one
gearest the mountains on the northern side of the range of craters—
3 been analyzed with the following results:

Analysis of recent lava from the Cinder Buites, Idaho.

[Analyst, W. F. Hillebrand.}

- Per cent.

_______________________________________________________________ 51. 14

tanium dioxide, TIO, v vn i i e e e e caaae e e e 2.41

Mirconium dioxide, ZiC, ... ... ... . ... ... . 0.12

RAlumina, ALOs - ... e 13.95

fChromic oxide, Cr,Oq - .. .. i Feaaeiaaaa. XNone.
BEVanadium trioxide, V,0y - oo Trace.
tFerric oxide, Fe,0y . ... .. e e e e 2.15

B Ferrous oxide, FeO . . oo i 12.97
EManganous oxide, MnO . . ... ... L liieiiiiciicieaaan 0. 44

Nickelous oxide, NiO ... ... .. ... ... ........... et Trace.
Calcium oxide, CaO .. ... .. 6.56

3 Strontium oxide, SrO. ... .. ... ..., Faint trace.
EBarium oxide, BaO. ... ... ... iiciiiiaaan 0. 25,

. Magnesium oxide, MgO. ... ... ... e an. 2.21
& Potassium oxide, K,0 ....._ ... e e 2.33
¥ Sodium oxide, Na,0 ... ... ..o ..., P 3.59
b Lithium oxide, LigO . . oot it e None.
B Water below 105° C, H,0 ..o oo e e e e e e e e 0.12
Water above 105° C, 5 10 0.22

BE Phosphoric oxide, POy - . cennoein et e © 1.59
B Carbon dioxide, CO; .- .ot e e e e None.
E Chiorine, Cl ..o _.... . ol ... Trace.
B Fluorine, Fl ... ... i, 0.10
g Iron disulphide, FeS, (S=0.08) .. ..o cooittiturnttt oot 0.15

-

B Specific gravity=2.907 at 24° C.

B This analysis shows the composition of a large lava flow as nearly
p2s a single well-selected sample can be expected to indicate the average
f a seemingly homogeneous terrane, and probably indicates also about
fthe average composition of all the recent lava discharged from the
inder Buttes.
of meeting present needs but of furnishing accurate data for' use in
future discussions of voleanic phenomena.

It was made with much detail, with the view not only
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28 SNAKE RIVER PLAINS OF IDAHO. {BULL %

The rock analyzed, as is shown by its composition and also by it}
physical and mineralogical characteristics, is a typical basalt, with!
perhaps a slightly higher percentage of silica than is normal to such;
rocks. The ratio of acids and bases present, as I am assured by Prof. |
E. D. Campbell, of the University of Michigan, an expert metallur-
gist, is such as to favor easy fusibility. From analogy with the com.
position and behavior of the slag produced in iron smelting furnaces,
the fusing points of which are known, the rock would probably melt
at about 2,250° F., and yield a highly liquid product, which on
cooling would pass slowly from a liquid to a solid state through an
intermediate highly viscous condition. This opinion was expressed by
Professor Campbell without a knowledge of the physical character-
istics of the lava, and serves to increase my confidence in the deduc-
tions made from field observations in reference to the highly liquid
condition of the lava when extruded and its slow passage through an
intensely viscous condition before final consolidation. The gradual
change from a plastic to a rigid state was no doubt prolonged, owing
to the slow rate of cooling incident to a large mass of fused material,

e et

S

but this is not of necessity the sole cause. In this connection it may {

be suggested that the ready fusibility of a lava is not entirely depend-

ent on the presence of a high percentage of basic material, as is com-

monly stated, a basic lava usually being considered easily fusible and
an acid lava (one rich in silica) refractory; neither does the hehavior
of a rock in this respect depend necessarily on the fusibility of the
individual mineral present, as claimed by J. D. Dana, but rather on the
ratio of the constituent acids and bases. With lavas, as with furnace
slags, an excess of either acid or basic material might produce difficult
fusibility, while an intermediate condition in which the acids and bases
were adjusted to one another in certain definite ratios would produce
an easily fusible compound. In the case of furnace slags, as 1 am
informed by Professor Campbell, the time required for the passage
from a liquid to a solid coundition, or the time required for the material
to “‘set,” is regulated not only by the rate at which heat is lost, but
by chemical composition. Slags rich in silica pass from a liquid to a
solid state, or set much more quickly than basic slags, the conditions
favoring the escape of heat being the same. Applying this principle
to molten lavas we would expect highly acid lavas to congeal more
quickly than basic lavas, even though their temperatures at the time
of extrusion and other conditions were the same. As is well known,
this agrees with what is found in nature, since streams of acid lavas

have frequently come to rest and terminated with precipitous frontal
slopes on steep gradients, which has not been ohserved in the case of
basic lava. To be sure, this is not a crucial test, since the acid lavas
in general require a greater degree of heat to cause fusion than the
more basic varieties, and on reaching the surface may not have been
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liquid. but only viscous, and indeed in some observed instances nearly

wolid. The quicker setting of siliceous than of basic slags suggests

also a reason why the surfaces of acid lavas are so frequently broken
. and consist of masses of angular fragments, without the smooth, oval,
! nd flowing forms that hasic lava frequently presents.

SURFACE FEATURES.

All of the recent lava streams about the Cinder Buttes, as previously
stated, are similar in their general characteristics, but when examined
in detail they present interesting variations in surface features, not
only in individual streams, but in different portions of the same
stream.

In general. the lava at a distance of from 5 to 10 or more miles from
it« place of emergence is less vesicular than at the summits of the
conduits from which it came. The reason for this is, evidently, that
the steam occluded in the molten rock had greater facility to escape
when the Java flowed far than when its journey was short. More
than this, the lava first extruded from a vent and now found at the
distal extremity of the stream it formed flowed much more rapidly
than that which came later, either because of a higher temperature
and consequently greater liquidity, or by reason of larger volume.
To these two alternatives a third may be postulated, namely, a varia-
tion in the composition of the lava, which caused it to become viscous
near the close of the discharge without a diminution of temperature.
While analyses of the lava that flowed far have not been made, the
physical appearance of the distal and proximal extremities of the
streams do not suggest a difference in composition, and this third
alternative can seemingly be disregarded. Between the remaining
hypotheses there is an easy choice, namely, that the rate of flow of
the lava diminished without a decrease in the initial temperature.
This is evident, since if the rate of flow had remained essentially the
same from the beginning to the close of a discharge, and the lava had
hecome viscous toward the end of an eruption, it would have acquired
a corresponding increase in depth near its source, and if as viscous as
the lava now remaining at the summits of the conduits was hefore
hardening, it would have been piled high above the opening from
which it was extruded. On the contrary, we find but a slight increase
in surface gradient on ascending any one of the lava streams near its
source. All the evidence indicates that the volume of the lava toward
the close of an eruption gradually diminished until the outflow ceased.
The Jast Java to reach the surface cooled and hardened without lateral
motion.

These considerations have a bearing on the theories of the causes of
voleanic eruptions. Of these there are two that have claimed special
attention. One is, in brief, that steam is the main motive power
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which causes lava to rise, and the other that the lava is forced to the:

surface by pressure on the reservoirs from which it is derived. In
the lava streams among the Cinder Buttes, there is no evidence of 4
diminution in the amount of steam occluded in the molten rock
toward the end of an eruption, but rather the reverse, if account is not
taken of the greater freedom of its escape from lava that flowed far
as compared with that which cooled without motion, the lava at the
immediate source of a streamn being, as already stated, in all cases
highly vesicular, and in part even highly scoriaceous. There is thus
no reason for assuming a decrease in steam tension within the lava
itself. On the other hand, the hypothesis that there was a gradual
diminution in the pressure on the lava still remaining below the sur-
face meets all the requirements of the facts observed. There stil]
remains another alternative, namely, that the supply of material ina
condition to be extruded gradually diminished. This condition need
not be considered at this time, however, as it does not seem to havea
bearing on one’s choice between the steam and pressure hypotheses.
The facts now to be observed indicate that the decrease in the rate of
flow was due to decrease in volume, and that the more slowly moving
material retained its steam and gases so as to become highly vesicular,
while that which flowed far congealed to a more compact rock.

On the rate of flow, or, more definitely, on the ratio of rate of flow
to rate of surface cooling, depend certain marked contrasts in the
resultant surface features. When motion was slow and continued
after the lava had become viscous, the stiffened crust was left with
either a generally smooth, flat surface, or acquired oval, stream-like
ridges, bulging mounds and dome-like swells, while the crust formed
where motion was more rapid or had continued after the surface had
passed to a rigid condition became broken and the blocks were variously
displaced and heaped up so as to produce excessive roughness. These
two leading varieties of surface features correspond with what Dana¢
has termed pahoehoe and aa in the case of the lavas of the Hawaiian
Islands. His description of what may be termed the generic charac-
teristics of these two strongly contrasted lava surfaces is as follows:

Lava streams are of two kinds. (1) There is the ordinary smooth-surfaced lava
of volcanoes. It isthe pahoehoe of Hawaii, the term signifying ‘‘having a satin-
like aspect.”” The surface of the lava shows, by the fine and coarse flow lines over
it, that it cooled as it lowed. Through one means and another the surface is usually
uneven, being often wrinkled, twisted, ropy, billowy, hummocky, knobbed, and
often much fractured. * * * The streams have sometimes a firm, glassy exterior
half an inch or less in thickness. \When lava overtlows from a boiling lava lake it
carries along a surface scum 1 to 3 or 4 inches thick, which is a glassy scoria, usu-
ally easily separable from the more solid and chief part of the lava stream.

The crusting over of a stream while it is still flowing, owing to contact with the

air above, results in the leaving of empty tunnel-like caverns, which are sometimes
hung with stalactites.

aJ. D. Dana, Characteristics of Volcanoes. New York, 1890, p. 9.
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(2) The other most prominent kind of lava stream is the aa. The aa streams
nave no upper flow-like surface; they are beds of broken-up lava, the breaking of
«hich occurred during the flow. They consist of detached masses of irregular
shapes, confusedly piled together to a height sometimes of 25 to 40 feet above the
general surface. The size of the masses is from an inch in diameter to 10 feet and
mere. The lava is compact, usually less vesiculated than the pahoehoe, not scoria-
eong; but exteriorly it is roughly cavernous, horridly jagged, with projections often
a foot or more long that are bristled all over with points and angles. In some cases
ragged spaces extend along planes through the large masses, like those of the exte-
rior; but in these, as in other parts, it is evident that the agency was tearing and
upploughing and cavity making in its action, and not vesiculating.
Pualochoe.—The lava surface having the charaeteristics included
under the term pahoehoe occurs especially near the sources of the
lava streams, and in some instances continue for several miles down
their courses, and in certain cases are not entirely absent even at their
distal extremities. The leading features are broad, generally smooth
swells and stream-like ridges with eonvex surfaces, which cross each
other as if braided together, but begin and end indefinitely. Some
one has compared the appearance of such confluent outflows of lava to
amass of giant slugs, crawling over each other. The simile is cer-
tainly suggestive. Slow motion of many, generally parallel, hut occa-
sionally diagonal and recrossing streams, from 2 or 3 to 10 or 15 feet
in width, united into a single generally flat sheet, with perfect pres-
ervation of form in their central parts, convey some idea of the gen-
eral uppearance of muach of the pahoehoe about the Cinder Buttes.
The origin of the peculiar and highly characteristic pahoehoe surface
i« due to the flow of viscous lava, which in consistency resembled
asphaltum or pitch. The onward motion was not a continuous flow,
a~in the case of thoroughly liquid substance, but the surface and front
of the advancing stream stiffened and bulged upward, and the more
thoroughly molten material within broke through the tenacious but
“ull plastic surface portion and advanced as a well-defined stream for
perhaps a few yards or rods, and in turn stiffened at the surface and
“\panded on account of pressure from within and halted with a curved
front bulging outward. These slow-moving, viscous streams crossed
ene another, but became more or less thoroughly intermingled. This
manner of progression, accompanied hy many variations in detail,
auhe plainly seen on the congealed surfaces now remaining. especially
t-ar the sources of the lava stream.

While the curved and swelling forms so characteristic of pahoehoe
“ilaes ave apparently smooth when seen from a distance of a few
“«d~ or a few yards, they are rough to the tread, and on close examina-
“wnare found to be braided over with low ridges and string-like forms
* bning or bordering shallow depressions, as is well shown on Pl
MU~ -l The origin of this coarse lace work on the surface of lava
bl cooled slowly, becoming highly vesicular before. its sluggish

-
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motion finally ceased, is easily explained. Where the lava cocls
without moticn, the vesicles once occupied by streams are spherica o
nearly so. Where the lava cooled and stiffened while still slowly £ .
ing, the vesicles are elongated. In such instances one may frequentl
find cavities which were drawn out until the wall at the top becan
exceedingly thin and was finally ruptured, the material that forme
it spreading and leaving an elliptical blister-like depression. Much i
the lava with extended cavities has the appearance of molasses candy
that has been pulled until it became fibrous. When motion continued
after many of the vesicles at the surface of the lava had become
ruptured, the material forming the elevated boundaries of the numer.
ous blisters was extended into long, sinuous ridges, and the surface
assumed the appearance shown in the photograph referred to. Thi-
process took place not only at the surface, but at intervals within
the mass, as the lower part continued to tlow after the surface had
stifféned and ceased to move; or what seems to have been frequently
the case, successive layers, each a few inches thick, acquired different
rates of motion, increasing with depth, owing to increase in plasticity.
so that the surface portion of a sheet became more or less completels
fibrous throughout a thickness of several feet. ‘

Corrugations and arches.—The wrinkling of the surface of a lan
stream after it became stiff and viscous, owing to the flow of the more
plastic material beneath in the manner well known in the case of many
recent lava streams, is abundantly illustrated about the Cinder Buttes.
where several novel variations of the process were observed.

The simplest corrugations occur on nearly flat or bulging pahoehoe
surfaces, and appear as a series of concentric ridges an inch or two
high, with a flat space perbaps 3 inches wide between them. The
corrugations number possibly 10 and possibly 50 individuals. They
are drawn out into the form of balf an ellipse, or appear as a con
centric series of parabolic ridges, which are highest and best defined
at the front, where the curvature is sharpest, and which fade at the rear,
where the figure is open. These series of ridges are sometimes 10 or
20 feet in length, are sometimes gently curved, but more frequently
are long drawn out and reveal the course of a narrow, sluggish stream. |
Where the motion was greater the spaces between the ridges became |
narrower and curved downward, forming small troughs or synclines.
Frequently the ridges adjoin one another, and are even tightly com
pressed and inclined in the direction of flow of the plastic material
beneath, as is illustrated by the photograph reproduced in Pl XIII, 3
and . That a flowing motion occurred in nearly solid lava which was
vet capable of yielding to a strong force slowly applied is shown by the

fact that in some instances the surfaces of the various layers distinguish-
able in the folds are smooth and polished, having, in fact, the color and
appearance of highly burnished blue steel. This polish implies that
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the lava was nearly solid at the time the motion producing the folds
took place.

Not only simple but compound ridges were frequently formed in
the manner just stated. In the case of the compound ridges it is
spparent that a congealing of the surface, accompanied by the forma-

' tion of a series of small wrinkles, was followed by the stiffening of a

thicker layer as cooling progressed. This thicker sheet in turn be-

_came wrinkled, the larger folds carrying on their surface the smaller

‘wrinkles, similar to the occurrence of small waves on the surface of

_slarger one. In these instances, also; the larger folds are frequently

‘inclined forward. Still other complexities occur, as when after a
series of simple or compound wrinkles had been formed the direction

_of the underflow changed and a new series of wrinkles and folds was
" produced which cross the earlier series diagonally.

k- The corrugated like the adjacent unwrinkled portions of the pahoe-
_hoe surfaces are blistered, as explained above, by the breaking of the
‘thin surfuces of steam cavities, and cord-like ridges produced by the

- elongation of the material between the shallow depressions. In such
‘instances the ridges between the blisters were still more elongated and

frequently pass from side to side over the curved crest of a fold, pro-

“ducing elevations that suggest the appearance of the thread on a screw.

' The ridges are parallel, however, and not spiral.

" Selecting other examples to illustrate the series, we find that many
folds rise sharply from the general surface to a height of 10 to 20 or
more inches. In these instances the sides of an individual fold are

- compressed, while the top may be expanded, so as to Teveal in cross
~section much the appearance of the end of a railroad rail, as is shown

PLXIV. At times each member of a series of ridges of this nature

18 inclined forward in the direction of flow. The expansion of the

-~ summit portion of a fold of the nature just referred to is the first in

.. geries of changes that produced surprising results. The next varia-

ion is where the stiffened crown of a fold has separated from the

+.More plastic material in its inner portion and been torn away from it,
eaving a hollow space, as is shown on Pl. XIV. The expanded sum-
its of such ridges are long, hollow tubes. A still greater movement
esulted in the formation of larger folds, in which the hollows are 6 to

10 inches or more in height and 3 to perhaps 5 inches across, as is

Shown on PL. XIV, B. The inner surfaces of these hollow folds pre-

ent the appearance produced when a high viscous substance is pulled

under, as, for example, when a loaf of bread not completely baked is
roken apart. In these instances the inner walls of the'cavities are

Xceedingly rough, presenting numerous sharp ridges and projecting
ints, and are frequently crossed by rods and filaments of brittle

e h‘la, which are small in the center where most elongated and expand

-~ Where they merge with the walls. This appearance is imperfectly
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shown in the illustration just referred to. All the forms mentiong A
above, from simple corrugations or ropy forms, as they are ﬁ'equpnﬂy
termed, up to hollow folds 20 or more inches high, occur in abundaney
especially near the sources of thé lava streams. It needs no Argume,
to convince the visitor to the Cinder Buttes that various forms Werg
produced by the subsurface flow of the lava, which caused its highk}
viscous surface to become corrugated and folded. The most intere ot
ing fact is the tearing away of the nearly rigid crust from the mog
viscous portion below and its upward bending into hollow folds. Iy
all these instances the direction of the force acting on the stiffened]
but still yielding crust was horizontal and slowly applied. Variation,
in the results dependent on the degree of rigidify of the crust, ity
thickness, the rate of motion, etc., are numerous. |

“In all of the examples thus far referred to the cruzst was only 1 or 2
or perhaps 3 inches thick and still plastic and yielding to a slowly;
acting force. Instances are also numerous where the crust was 2 or 3

oy

feet thick, but still not brittle, and was pt[ssed.up into folds that apg

6 to 10 feet high and perhaps 15 or 20 feetjacross at the base. ¢ Ridges
of this nature form a characteristic featurg of the topography of the!
lava surfaces, and frequently have caverns beneath them through whieh;
a person can walk with freedom. The sides and roofs of the caverny
still sufficiently mobile to flow after they were formed. The roofs
many instunces are fretted with stalactite-like pendents of congeal ed]
lava. The sharpness of the projections is sometimes blunted by the
subsequent flow of the lava and its gathering into more or less dis<
tinct drops. In one instance 1 found the floor of such a cavern to hed
corrugated for a distance of 20 feet or more, showing that there ha i
been a flow of the lava along it. This occurrence suggests that corry
gation in the case of old lava flows is not a positive indication that sucif
markings belong to the actual surface. k-

The ridges and domes just referred to sometimes have cracks along
their summits parallel with their larger axes, which it will be rememg
bered are transverse to the direction of the force that produced them
In some instances the sides of such a ridge slope sharply, like the rod
of a house, and there is o break on each margin where the descendinf
slope meets the adjacent flat or nearly flat surface. In these cases§

pressure applied to it without breaking, and fracture and displacd
ment resulted. The jower surfaces of these inclined blocks preser
the characteristic ‘‘ pulled dough” forms referred to in the case of b
hollow folds, showing that owing to lateral pressure the rigid ¢ ]
had bcen forced or pulled away from the more viscous materig
beneath. 3
Openings in lava similar to those just described are mentioned b
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J. D. Dana as occurring in the lava flows of the Hawaiian Islands,

nd the explanation is suggested that they are due to the force of steam

r gases generated beneath a still plastic crust. This explanation is
pEnot favored in the instances observed about the Cinder Buttes, although
Bgit night seemingly apply to the larger hollow ridges or elongated
§ domes if they did not form part of a series. The transition from
& imple corrugations to those having cavities in them, and from these
to arches with caves beneath, is complete, and includes also the ridges
Fwith sloping roofs which have cracks along the top. The generation
f steam or gases beneath a crust can not be accepted as explammg
he origin of either the earlier or later members of the series and is
Zannecessary for explaining the origin of the intermediate forms.
at steam may cause arches to rise in the manner referred to by
Dana may be true, but it does not seem to have been the cause of the
rching seen in the lava streams about the Cinder Buttes.
The ridges with caves beneath, as stated, are frequently from 15 to
=20 feet across and rise from 5 to 10 feet above the bordering surfaces;
eir arched roofs are between 1 and 2 feet thick. Still larger swells
n the surface of the pahoehoe lava were observed, but as they were
-unbroken, it was not evident that openings occur beneath them, and
:it is possible they are hardened streams of lava instead of pressure
idges. ’
It is but a step from the larger ridges on the fresh lava streams, -
ust described, to similar but frequently much larger ridges, which
form a characteristic feature of many portions of the older sheets of
nake River lava. The forms referred to are dome-like ridges, com-
only from 10 to 30 feet high, 20 to 70 feet wide, and from 50 to pos-
bly 500 feet long, which are usually cracked open at the top through-
ut their length, the cracks being open fissures, usually 3 to 4 feet wide,
ut sometimes as much as 10 feet (Pl XV). The fissures referred
narrow downward, and the basalt forming their walls is frequently
olumnar, the columns being at right angles to the outer surfaces of
the rldges Where these ‘“ cracked ridges,” as I have termed them in
Y notes, are in groups, as is frequently the case, their longer axes are
early parallel, but this is not an invariable 1'ule. In some instances
the sides of the ridges, instead of forming an arch in cross section,
8 is commonly the case, present flat slopes like the roof of a house,
ith an open fissure along the top. The steeply inclined sides of these
:A-shaped ridges frequently carry well-defined corrugations, which were
formed when the surface of the cooling lava was horizontal.
The similarity between the large ridges on the surfaces of the older
sheets of the Snake River lava and the hollow folds, corrugations,
8te., observed at the Cinder Buttes, leaves no room for doubting that
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the former, like the latter, were produced by lateral pressure in t'
surface portion of a lava flow. The ridges on the old flows are largg]
because they were formed in lava that had flowed far over a nearly
level plain, and had formed thick crusts before they were forced ug
into ridges. As is shown by the small corrugations, hollow ridges§
etc., on the surface of the recent lava flows, there is a direct lelatlo ;

-between the thickness of the stiffened crust that forms as lava coolg

and the size of the arches that may be produced in it by lateral pr ~_
sure. In the case of the old lava flows referred to the crust had becomq
10 feet or more thick before the arching occurred, and correspon 8
ingly broad ridges were produced. When the lava at the surface w :a;.
still sufficiently yielding to be stretched by a force slowly applied, i
was not ruptured, but by far the greatfer number of the large lldgea
are cracked, showing that the surface had become too rigid to ylel
by stretching to the force applied. The extreme case, where the crus {
had become solid, is illustrated by the flat-sided or roof-like ridges. :
“The large ridges and dome-shaped elevations on the surface of thes
older sheets of the Snake River lava have attracted the attention a‘
previous observers. They are referred -té as follows by F. H. Bra
ley:¢ “ Whatever the source [referring tb the lava of the Snake Rlve
Plains], the material had evidently become quite viscid; for, at'some}
points, where it ran over small inequalities of the surface beneath, il
now stands in low mounds, which could not have been the case if
bad been very fluid. That these mounds were not all formed by ag;
undermining and sinking of the surrounding masses, to which some off
them have very properly been referred, is proven by the tapering
shapes of the closely fitting blocks whlch form the arch. But therg
is still room for study.on all these points.” 3
That the explanation suggested in the above quotatlon is not admis
sible, at least in a large proportion, and, I believe, in all the instanceg

" observed by me, will appear, I think, from the comparison with th

more recent forms of a similar nature presented above. Moreover;
characteristic domes and ¢ cracked ridges” occur near Shoshone Fallg}
etc., on the immediate border of Snake River Canyon, where the lavi8
is from 500 to 700 feet thick. In the walls of the canyon, as already
stated, sections of the ridges are exposed, which show that they arg
either hollow arches above flat lava sheets, or else the folds die ou}
gradually below. No clearer evidence could be presented to shov
that they were not produced by viscid lava being drawn over em
nences, even if such an occurrence was known to be possible. 3
In the production of wrinkles, corrugations, hollow ridges, etc., o
just described, we have examples of the changes produced in a stillg

a 8ixth Ann. Rept. U. 8. Geol. and Geog. Surv. Terr., Washington, 1873, pp. 204-205.
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om the flow of the subcrustal lava. Cases where the crust became
pactured have also been cited. All this implies slow cooling and a
padual passage of the lava from a fluid through a viscid to a solid
Bite, accompanied by a gentle flowing motion in the more slowly
doled subsurface portions of the lava streams. Should the crust con-
jal rapidly so as to form a thin or comparatively thin rigid sheet,
file motion still continues, it is evident that it would become frac-
fired and the blocks thus formed variously displaced; that is, an asa
brface would be produced.
B 4a.—The presence on the Martin lava stream of angular blocks of
Raalt frequently united into a coarse breccia has already been men-
Boned. In that instance an example is furnished of a lava stream
aving swift motion, owing to a high gradient. A similar occurrence
iroughout areas of many square miles, where the surface is generally
@vel, may be seen over the lava streams which flowed away from the
'% nder Buttes, and especially in the middle portions of their course.
Jhe areas here referred to have the characteristics included by Dana
gender the term aa.
£ On the great lava flood which spread northward from near the
Borthern base of the hlghest of the Cinder Buttes, but not from the
Jolcano which built that eminence, the breaking of the surface begins
W¥ithin less than a mile of its source, and continues broadening to the
florthward as far as the eye can reach from the most commanding of
She neighboring elevations. The surface of this stream is a chaos of
pugular blocks of scoriaceous lava, which at times are heaped in piles
0 to 15 or more feet in height. In many instances large cakes of
va stand on edge, and are prominent landmarks from afar. The
Ocks of lava sometimes have wrinkled and corrugated surfaces,
Bhowing that they existed as pahoehoe before they were broken and
Blisplaced. In some places, in the midst of a broad area composed of
Hragments, there will be a small tract, usually depressed below the
! vel of the general surface, which is smooth and unbroken and presents
Bhe features due to motion while yet plastlc
g The general explanation of the origin of the aa surfaces, as is well
gSnown, is that a hard crust was formed on the lava while yet in motion,
g Ad that the friction of the still liquid portion beneath caused the crust
g break. The fragments, being in most cases vesicular, were lighter
fhan the liquid lava and were carried along by it. The ana.logy between
cﬁ a lava stream and a river covered with cakes of ice is very close.
B the case of a gently flowing lava stream, like a broad river covered
¥ith cakes of ice, the floated lava blocks are generally, horizontal and
54 ly occasionally turned on edge. When the flow is stronger, as when
Ehe gradient down which the lava progresses is moderately steep, the
£8va. cakes become heaped together and great confusion results. In
Uch instances the piled-up lava blocks resemble an ice jam or an ice

Bull. 199—02—7
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pack on arctic seas. The congealing of a lava stream when covereg'’
with floating blocks of its own dlsruptured crust is similar to thy
refreezing of a river on which there are ice flows 'and ice jams. Th§
submerged portions of the lava blocks are thus united by the harden,f
ing of the liquid or plastic lava in which they are immersed, and ¢
breccia is formed. This second crust, however, is sometimes ruptur
and the fragments of breccia are displaced and tossed about. - &
The fact that in the production of an aa surface a hard crust-is firg
formed, which is ruptured owing to the flow of still liquid lava beneath

it, is again indicated by striations or grooves on the under surface of 3

the crust fragments. These markings are frequently several feetlong

have a width of several inches, and are usually straight. At ﬁrse

glance they resemble glacial scorings, but there is no polishing.

origin of these grooves can be traced to hard fragments carried by thg*
underflow and pressing against thestill plastic lower surface of the floatsy
ing crust. At txmes a ragged kernel or fragment of rock is found at
the end of a groove, showing that at last its motion was arrested audx
stuck fast.

As already suggested, whether a pahoehoe or an aa surface will be,
produced on a lava stréeam is determined by the ratio between rabe‘
of cooling and the rate of motion. But this ratio is not the same for’
different lavas. When a lava sheet cools without motion, neither 9
characteristic pahoehoe nor an aa surface is produced. ‘Many of the3
older sheets of Snake River lava illustrate this; they are mmply plane
surfaces, composed of either vesicular or compact granular basalt 3

The explanation of the origin of aa adopted above was not acceptedd

by Dana,® who suggests that the breaking of a lava crust may be due
to moisture derived from the rocks over which lava flows and leading'¥§

to quicker cooling in certdin areas than in others. Such an occur3;
rence, however, even if proved to exert an influence, seemingly intro-3
duces a variation into a more general process, Wlthout supplantmg
the controlling conditions.
LAVA CAVES. 3
Jdn the production of an aa surface, as already stated, a 'rigi
crust formed on the surface of a lava stream, becomes broken by thej
flow of the still liquid lava beneath. If the crust is of sufficient]
strength, however, not to be broken by the underflow, the lava beneatl
may flow out so as to leave a cavern. As is well known, this has
occurred in many instances. Examples of this class of caverns occur}
in the lava that came from Black Butte, near its source, where it had
formed by its own upbuilding a considerable gradient, but none were
observed intact in the nearly flat lava fields about the Cinder Butbes,

aJ. D, Dana, Characteristics of Volcanoes. New York, 1890, pp. 242-244.
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LAVA CAVES.

Ealthough certain steep-sided depressions are there present which per-
baps represent such caverns, whose roofs and sides have fallen in.
 These sunken areas vary in length up to 200 or 300 feet, and are from
50 to perhaps 70 feet wide and 40 to 50 feet deep. Their bottoms and
ides are strewn with large blocks of their fallen roofs. Lava caves of
ﬂne nature here considered occur at severallocalities in the older sheets
fbnake River lava, but are not known where the Snake River and
g tributaries have excavated canyons in the nearly level sheets. One
s visited by me, on the eastern slope of Notched Butte, about 4
mlles south of Shoshone, and several of large size are reported to
ur about 6 miles northwest of the same town, where lava descended
 from the mountains before reaching the ad]acent plain. The cavern
Fon the side of Notched Butte was entered through an opening formed
by the falling in of a part of its roof. The portlon open to inspection
-8 300 to 400 feet long, 25 to 30 feet wide, and is partially filled with
blocks that have fallen from the under surface of its cover. The
__}Ie1ght of the opening at present is from 6 to 10 feet. In continua-
b.tion of the portion of the cavern still remaining, there is a depression
about 15 feet deep which is crossed at one locality by a natural bridge
formed of a portion of the roof still in plmce
¢~ The interiors of such caverns present various details, dve prmclpally
to the drip of the lava while yet hot and mobile. The falling in of
ﬂle thick roofs of this variety of Java caverns is evidently not in all
mses due to a sudden collapse. The cave referred to, on Notched
¢ Butte, has been enlarged upward by the falling of blocks from the
e under side of its roof, and 1 think none of the onglnal under surface
kof the arch remains. This process continuing, openings will finally
E:be made to the surface, and more or less gradually the entire roof will
,fall. The cause of the dlsplacemen%. of blocks from time to time from
- the roof of such a cavern is difficdlt of explanatlon ‘The only agency
2 = that can be appealed to as generally active is change of temperature,
but this can not be considered as jmportant in caves with roof 20 to 40 -
Eor more feet thick, as is frequent“y the case, until’'openings have been
The temperature of caverns situated at such depths is gen-
’ lly uniform. The only other agency that I can suggest is earth-
ua.ke shock. That earthquakes may have occurred in the region
’Where Notched Butte is situated is shown by the presence of faults
pin the Snake River lava, as will be described later.
. From what is known concerning lava caves due to outflow of still
jiquid or plastic material from beneath a rigid crust, it appears that
_f"~ controlling condition favorable to their formation is a sufficient
k&radient to permit the subsurface lava to flow, but yet not of such
Meepness as to cause a current which would shatter the crust in the
. arlier stages of its formation. A delicate adjustment between rate
cooling and rate of flow is also necessary. The caves should be
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expected to occur where the gradient is gentle, but still sufficient &
insure a draining away of the Jower portion of a lava stream after g
crust too thick and strong to be wrinkled or broken by the frigtion ofg}
the underflow has formed. The underflow must evidently produce g4
current of restricted width, for if broad, the arch left would fail tol
support its own weight and subsidence would occur, probably resultingg
length of the tunnel does not seem to be confined within narrow bonds¥
and it may extend for miles, in the direction in which the lava stream
flows. The presence of the caves is not suggested at the surfs co
unless a sagging of their roofs has occurred. The caves in crosg
section show a flat arched roof resting on vertical side walls and nearly-
flat floors. '
- The formation of lava caves of considerable size by the arching of
a still somewhat plastic lava crust, due to lateral pressure caused by an
underflow, has already been described. Their presence is indicated at ]
the surface by an arched ridge, rising above the adjacent and usuallys
flat surface. Within the caves, as a rule perhaps, the arch of the root
springs from the flat floor and vertical side walls are absent; there®
are exceptions to this, however, and in such instances there hns prob-‘
ably been an outflow of material as in the formation of the variety of
caverns noted above. The roofs are relatively thin from having beein
forced up into true arches, which are more perfect structures from ap}
engineering point of view than the flat-topped roofs left by an out.

their length being at right angles to the direction of flow of the lava-
stream which produced them. - A characteristic feature of the interiors’$§
is the roughness of their roofs, which, as already stated, have the:
appearance which is produced by the pulling apart of a highly viscous}
substance. This appearance is more pronounced on the roofs than on?
the floors, owing to.the fact that the separation took place when the}
nearly solid crust rested on still plastic material below, which settled to3
an even surface. In addition to the ‘‘pulled-dough” forms in thed
roof, there are sometimes pendent stalactite-like masses formed by the3
congealing of lava, which was at first sufficiently fluid or plastic to
drip. 4
There is still another variety of lava caverns due to the blowing outj
by escapmg steam of still liquid or highly plastlc lava through open-§
ings in a solid crust. The chimney-like openings in the paras1
cones described on a previous page are examples of ‘ vertical cav
erns” which have recesses opening from them at ‘their bottoms
The claim that the horizontal enlargements are due to the ca ‘
suggeqted requires confirmation, but the cones built of clots of lavag
scoriaceous bombs, etc., contain far more material than the vertics 4
openmgs within them could have furnished. This is apparent when}
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bis remembered that the vertical shafts are principally in the built-'
5 portions of the *‘chimneys,” and hence the material blown out
pust have been supplied in large part by the horizontal galleries to
thich the vertical shafts lead.

3 n some instances parasitic or ““driblet” cones, are closed at the top
b as to form beehive-like piles. These peculiar structures, built of
ghering clots of lava, sometimes contain circular rooms that are 15 to
3 feet in diameter and 15 or more feet high. Their floors are usually
t and their arched sides and ceilings are hung with pendent masses
lava which cooled as it dripped.

DEPRNIONB IN THE SURFACES OF LAVA SHEETS.

o

% The falling in of cavern roofs so as to produce open depressions in
fthe surface of a lava stream has already been referred to. This has
een a common occurrence on the younger flows, such as those about
the Cinder Buttes, Black Butte, etc. These holes, pits, trenches, etc.,

are- frequently 15 to 20 feet in diameter and 10 to 20 or perhaps 50
: eet deep, but ragged gulfs of much greater dimensions are also pres-.
k4nt, especially on Black Butte. In some instances they are several
mes 83 long as wide, or have a linear arrangement showing that the
bof of a long subterranean gallery has fallen in throughout a-consid-

frable part or perhaps the whole of its length, or else given way in
Bplaces, producing several pits. When the fall of a cavern roof has
goccurred recently its fragments may be recognized in the confused
Bbile of débris at the bottom of the depression left, but more frequently
B quantities of dust or soil have been blown and Washed in, and bushes,
king root, conceal the dislodged fragments.

 In 2 few instances the roofs of caverns have been known to fall,

Bounger lava fields somewhat dangerous. I have béen informed that
_' nly a few years ago, in the portion of the lava flow south of Cinder
iButtes, a team of horses and a wagon broke through a cavern roof and
* prent down with the blocks that fell.
k= On the surfaces of the older lava flows, now mostly covered w1th a
*‘ ne yellowish soil, pits and steep-sided depressions of the nature )ust
esarlbed are rare and seemingly wanting. The reason for this is,
'5 pparently, that they have been filled with wind-borne débris. On the
‘-j urfacesof the older flows there are, however, occasional shallow depres-
gions from a fraction of an acre to several acres in extent which are
f‘ ordered in part or wholly by ridges of lava.

ausformed into shallow, ephemerul pools, of the. variety termed
aya lakes. In summer the water evaporates, leavmg mud flats or
layas. The depth of the fine silt-like material occupying these depres-
ons is known from borings, in one instance, to be about 40 feet. It

And the liability of such an occurrence makes traveling over the .

These depr\essxons are, .
80 many instances, occupied by water during the. rainy seasen and
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~ topographic changes resulted.. The lava, as previously stated,
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thus appears that there are depressions in the surfaces of the old
lava sheets which are analogous to those in the younger lavas, and 3§
probably also of similar origin. - e

MARGINS OF LAVA FLOWB TERMINATING ON A PLAIN.

| ',lj']..‘hé principal variations in the character of the ma.rgins of lay
sheets which expand on a plain are determined by the plasticity g
rigidity of the lava. If the lava is highly plastic, or liquid, it termj)

in such instances it may thin out to a feather edge, only a few inch :
thick, with local extensions here and there, which are highly scori
ceous within and have oval and frequently wrinkled surfaces. Whe}
lava becomes thick and viscous, and especially if blocks formed by thg
breaking of a rigid crust are inclosed by it, its flow is retarded and it§
margin presents a steep slope. In such instances the distal end of
lava stream frequently terminates in a nearly verticai escarpment 2]
to 30 feet or more high. Each of these variations is’admirably illug:
trated about Black Butte, in the valley of Big Wood River, where ig
places the lava advanced onto a plain and terminated in a feather edgg]
of pahoehoe; again, to the northeast of the butte, the side of a lau
flow when seen from below appears asa rugged wall of angular blocki
about 30 feet high. From a comparison of numerous examples whickj
have come under my notice it appears that streams of acid lava usually]
terminate in steep frontal slopes, while basic lavas, if in the conditiog
to produce pahoehoe, have thin margins, and if aa is present, fo
rugged bordering slopes.

MARGINS OF LAVA ;PERMINATXNG AT THE MOUNTAINS.

Where the great southward-flowing lava stream fron: the Cinde}
Buttes met the deeply indented border of the mountains, mteresu_

highly fluid when extruded, and flowed with almost the freedom of
water. On the plain it spread out and formed what may be t@;mgq
lake of liquid rock. ~The western shore of this lake for a distance o
fully 80 miles in a straight line is formed by steep mountain slopd
and presents the general features that would be seen along the sho
of a lake occupying the Snake River Plains. The margm of the lay
is approximately a contour line. The difference in elevation of thf
surface of the lava in a distance of 30 miles is about 1,000 feet. Profy

ably considerably more than one-half of the descent occurs in the first 1k

flow no eye can observe that it is not a perfect plain. The liquid rock
entered the mouths of the valleys in the mountains which open ouf
into the Snake River Plains and extended up them various distances
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pendent on their gradients. Where the ascent was gentle it flowed
gp them 5 or 6 miles before being checked by the rise of the land.
‘z. ridges between the mountain valleys became capes and headlands,
ind the peaks at their extremities were, in a few conspicuous instances,
p wverted into islands. © About 10 miles southwest of the Cinder Butte
e lava was partially checked by a ridge of quartzite projecting well
ito the plain, but crossed it at a saddle and descended as a cascade
Bliout 200 feet high on its southern side. This lateral offshoot of lava
gormed a stream which, at the crest of the cliff down which it cascaded,
§as about 600 feet wide. During its maximum it was 30 to 35 feet
Migher than the surface now remammg, and left a ridge of angular
firagments resembling a lateral moraine on each side of its course.
EBelow the cascade the lava expanded and reunited with the portion of
fthe main flow which went around the end of the cape and extended a
le or more up a lateral valley. An elevation pear the end of the
ge across which the lava flowed was left as an island or a steptoe.
nother saddle, now crossed by a wagon road, about 500 feet farther
fup the crest of the ridge than the lava cascade, was barely reached by
the lava, which, however, did not flow down the southwest slope, but
ngealed after forming tongues of pahoehoe, which had started to -

scend.
e southward-projecting mountain spur south of Carey, islands of

quartzite rise through the fresh black lava.

The wagon road between Carey and Martin follows for nearly the
Fentire distance—about 40 miles in a straight line—the immediate bor-
B der of fresh lava fields, including allits sinuosities. This road, between
fthe two places named, is fully twice as long as a straight line con-
Bvecting them. It enters nearly all of the lateral valleys as far as the
Blava extended, and winds about the ends of nearly all the mountain
gspurs that project into the plain. The highway is held rigidly to this
rcourse—almost a contour line—by the precipitous mountain slopes on
Eone side, and by a wall of rugged lava, frequently 15 to 20 feet high,

Eon the other. In this narrow, trench-like depression some fine mate-
' ial, together with fallen blocks of stone, has served to grade the
2 adway As the Cinder Buttes are approached, the material forming
}5 he roadbed shows a change in character, becoming finer and consist-
Eing mamly of lapilli and volcanic dust. Between the Cinder Buttes

coarqe, scoriaceous lapilli or ¢ einders,” which from its appearance
s been reported to be ‘“natural coke.” The dust and lapilli were
ftlected from the Cinder Buttes during their explosive eruptions, and
¥showered down on the adjacent mountains within a radius of about 10
geMiles, but are wanting on the more recent lava flows. The thick
&ccumulation of dust in the roadway was washed down from the adja-
tent mountain sides.

In a few other instances, between the Cinder Buttes and

fand the nelghborlng mountain the road passes over an extensive bed *
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Where a tongue of lava extended up a lateral valIey it frequently pre
sents a ridge of aa on its immediate border, and, in namerous instan r,
all along its margin there are ridges with open ﬁssures in their cresty
produced by lateral pressure on a thick and pearly rigid crust. #
numerous instances, also, the lava, after entering the mouth of a 1af
eral valley and perhaps extending 3 or 4 miles from the border of thg
main flow, and hardening at the surface, receded, there being an ouf!
ward underflow. In such instances broad shallow basins, with rougl
surfaces, were formed, margined on their border- adjacent to the oldgy
rocks (mostly quartzite) by ridges 10 to 15 feet high. These ridgey
are usually arches, or inclined blocks, produced by lateral thrust, but #3
addition there has been a withdrawal of the lava from beneath thel
floor:of the basins. . The explanation of this phenomenon seems to hi§
that the lava after entering a lateral valley, and cooling so as to form }
crust usually 3 to 5 or more feet thick, receded, being allowed to flo 3
out, because the main lava flow across the mouth of the valley had beeg§
lowered by its onward progress.

In some instances lava streams originating in the mountains, 333

- described on a preceding page, and flowing down lateral valleys beford]

reaching the Snake River Plains, expanded in the broader portions of
their courses, and were later, in part, drawn off by an underflow}
leaving their hardened crusts stranded. An example of this naturg
occurs in the valley of Lava Creek, about 1 mile above Martin. Thj
lava stream which came down the valley of Lava Creek, as alreadf
described, formed cascades in the upper part of its course, but fartheg
down expanded and became about 1 mile wide. About the westery
margin of this broader portion of the lava stream there is now§
ridge consisting of pressure domes and tilted lava blocks, bordering }
broad, flat-bottomed depression. In this instance also there was a with
drawal of the still-molten rock from beneath the rigid crust, the ed g
of the crust being left stranded. The phenomenon bere referred to}
similar to that which produces lava caves by the outflowing of liqui
lava. from beneath a rigid crust, but the area of hardened lava l¢]
unsupported from beneath was so great that it could not sustain §
own weight, and it collapsed and became broken. i
The basins just described might become occupied by water and h§

“be transformed into lakes, but I am not aware of an instance in whi
- this has happened. ~ Apparently the bottoms of the basins are too muf

fissured to retain water, unless a considerable amount of silt we
deposited on them. 4

The encroachment of recent lava flows on the bases of the moun :f .
bas exerted an important influence on the surface drainage. The
entering the mouths of valleys sometimes formed dams, which hd
their waters in check and caused lakes to form. An instance of t§
nature is furnished by Lava Lake, situated at the entrance of
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AGE OF THE LATER LAVA FLOWS.

h VELL]

greek Valley. The eastern wall of this water body, which is about
or 300 acres in area, is formed by a wall of aa and pressure ridges;

western shore is composed of alluvium washed from the mountains.

F When the lava that entered a lateral valley terminates in a thin edge

:h alluvium from the mountains usually extends out upon it, conceal-

pg its actusl margin, and no lake results.

'he reason why more lakes are not present about the border of the

2 va is twofold: First, on account of the small rainfall the streams are

ally weak and disappear in summer, and are unable to form per-

ial lakes even under favorable condltlons, and, second, the lava is

ed and nonretentive.

 As will appear later, the changes produced in the topography where

fthe recent lava flows from the Cinder Buttes meet the mountains

fieem to explain many similar changes, frequently on a far grander

Ficale, produced by the lava flows which came from much older craters.

RELATIVE AGE OF THE LATER LAVA FLOWS.

~ A3 bas been stated, at least six large streams of lava flowed from
fhe Cinder Buttes at a recent date. Among these certain differences
Lin age are readily distinguished. In reference to three of the main
ﬂow, namely, the two most westerly on the north side and the great
stream which was supplied from two sources on the south side of the
buttes, no tangible differences in age have been recognized. Each of
ese three great flows is as fresh as if it had congealed and come to
g.Test but yesterday. The lava appears black to one walking over it,
Ebut at a little distance, and in certain stages of illumination, has a
light-gray appearance as if uniformly and lightly covered with dust.
g That this appearance is due to dust, however, seems improbable, as it
Bloes not reveal itself on close inspection. This surface ‘bloom,”
®whatever its cause, is certainly an indication of youth, as it is absent
n lava flows known from other reasons to be older. These recent
ows are totally bare of soil, lapilli, volcanic dust, etc., and only to a
ight extent have lichens taken root upon them. No posmve evidence
as obtained to show that the dead trees which occur along their bor-
ers in certain instances were killed by their heat. The remnants of
K the craters from which the lava was poured out are tree clothed, and
0n the supposition that the lava outflows xmmedlately fo]lowed the
¥explosive eruptions which built the craters, the lava’is older than the
'i ees, many of which are fully 20 inches or 2 feet in diameter.
A Ithough it is 1mpossuble to make a well- founded estimate of the time
pthat has elapsed since the last eruption, it seems probable that it is no
Eore than one hundred or possibly one hundred and fifty years. g5
k Next older than the three lava streams just referred to, so far as one = "'
fan judge, is a stream which skirts the base of the highest of the buttes B
 its western side and expands on the plain to the southward. This
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was.a strong flow, although smaller than the ones just referred
being of decidedly recent date, and presents remarkable example
large swells and stream-like pahoehoe rldges crossing one anotk;
The lava, although bare and still fresh in general appearance, |
evidently lost the bloow of youth, and its surface shows some indjd
tions of weathering.. The most interesting feature in this connectj@
is the presence on the surface of the smooth pahoehoe swells of a thi
deep-blue incrustation or film of the nature of ‘‘desert varnish.”s 3
thin films designated by this term occur on rocks which are expog
to an arid climate, and seem to be due to the solution by absorbs
water of some of the material forming them, and to its transfg
through the action of capillarity as surface drying takes place, to (&
surface, where it is precipitated. The examples of desert varnij
descrlbed by Gilbert and Diller are of various shades of brown deeg
ening to black, and are due to a film of iron and manganous oxides. I
the present instance the surface film is a strong, deep blue, closg
similar to earthenware colored with cobalt.  The color is a decld
cobalt blue, but, as chemical tests show, is' not due to that met}
Attempts to separate enough of the ﬁlm to serve for analysis ha “
failed, and it may be a physical rather than a chemical phenomeno :
That the color is of the nature of a desert varnish and not due

oxidation as the lava cooled, in a way similar to the changes occur ind
on the surface of steel and other metals when highly heated and allowe}

to cool, is seemingly shown by its presence on exposed surfaces and tf§
upper portions of the sides of fissures and its absence on the wal}
of cavities unless they were broken at about the time the lava ha
ened. The color is deepest near the borders of crevices and becom§
lighter on the surfaces between the cracks. In many instances long
sinuous, stream-like ridges emerge indefinitely on the surface of ti
lava stream, become prominent for a distance of perhaps 10 to 30 fof
and then disappear beneath other ridges or swells formed by similg
local outbreaks of viscous lava. These ridges are covered with a n
work of small shrinkage cracks, the borders of which are deep blue af
the central parts of the interspaces light blue or gray. The appeg
ance of these tessellated serpent-like forms is frequently strikig
Their comparison to scaled reptiles, although fanciful, is suggesti e
of their appearance. In my notes I have termed the lava stream beg
ing these unique forms the Blue Dragon lava flow.

The opposite neighbor of the Blue D-agon Iava flow, or the t B
recent lava stream on the north side of the Cinder Butbes countj
from the west, is not as extensive as the other streams which wi§
northward, although it presents a typical pahoehoe surface fully hil

. amile in length. This stream, although still young, bears eViden

aA term proposed by G. K. Gilbert, and more fully explained by J. 8. Diller in The Eduea
8eries of rock specimens, Bull. U. 8. Geol Survey No. 150, Washington, 1898, pp. 389—391
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paos.i.] RELATIONS OF THE SEVERAL ERUPTIONS. 107
ving been longer exposed to the atmosphere than any of those men-
Bioned above. The smooth swells and ridges are still bare and pre-
Berve all their corrugations, pressure ridges, etc., intact, but their
purfaces have lost their freshness, and a little soil has been concen-
;-, ted in the hollows and crevices. A striking feature of this gener-
iy bare lava surface is the presence upon it of pine trees, which seem
p spring from the naked rock. -The trees, some of which are 20 feet
igh, are gnarled and deformed, showmg plainly in their contorted
Forms that their struggle for existence is severe. In many instances
ghe cracks in which the trees have taken root are so small that they
Bscape notice unless searched for. The trees are impediately sur-
punded on all sides by bare corrugated lava. In some examples a
rises from the intersection of two cracks, where the opening is
% little larger than elsewhere and a little more soil has been caught,
»owmg how persistently the vegetation has sought for a foothold.
‘4 he pines are scattered at intervals over an area of several square
gmiles, being grouped in small groves in the hollows. They extend to
kthe bordering banks of lapilli where, finding less adverse conditions,
& they are of larger size.
The soil gathered in the crevices and depressions of the lava is
gtvidently not derived from the disintegration of the lava itself, which,
" stated, still retains even the smaller details of its original surface
and is bard and black. A surface covering of lapilli and voleanic dust
Eis absent, although the bordering hills are composed of such material,
Ind it is evident that no explosive eruptions have caused showers of
jerock fragments to fall on the lava stream. This is a suggestive fact,
8 the volcanoes a mile or two to the west sent out their great lava
Itreams after the one here considered was formed. The tuff cones -
gfrom which they came, and the widely extended surface sheet of lapilli
l_:d dust on the adjacent mountains, so far as can be judged, must also
kbe of much later date. The reason why the tree-covered lava stream
ﬁscaped receiving a shower of lapilli and dust seems to be that the wind
fearried the material, which was blown out by what must be considered
lhore recent volcanoes, in other directions.
"The soil in the crevices and hollows, in which the pines referred to
%' ve taken root, is apparently composed of ordinary atmospherlc dust
I'Ought by the wmd , & process which is stlll operative.
' - RELATION OF 'nm CINDER BUTTE§ TO OLDER VOLCANIC ERUPTIONS.
% To the east of the tree-covered lava streams described above, still
ther local lava flows are present. Some of these can be readi:y traced
0 the cruters from which they came, but they are now almost com-
" ebe]y soil covered and clothed with shrubs and grass, ‘and in part ‘
BVith trees. About these and extending far beyond the reach of vision,
ven to an observer standing on the highest of the Cinder Buttes, are
e vast plains underlain by still older lava sheets, but now completely
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soil covered over hundreds of square miles. The occasional dome gj
pressure ridges on these older lava flows are black, the edges of i

Poc

fissuTes in them yet sharp, and the corrugations on thelr surfaces ”‘f

A v clearly distinguishable. 1t is evident, therefore, that the soil con :_,

; ing all but their more prominent 1'ugosities is not derived from {§

v g dibintegration and decay of the underlying lava. The nature, mode;
18 origin, ete., of this widely extended surface sheet will be dlScussq
3 ‘ later.

The phenomena connected with Cinder Buttes—which are compa ..
tively small volcanic cones, or fragments-of cones, built of scorigy
lapilli, bombs, etc., by explosive eruptions, and which later sent "
truly immense volames of highly liquid lava, which spread widel
over the adjacent plain, and added another sheet of basalt to thog
previously formed, etc.—are all of recent date, and assist in interprefi
ing the records of the still greater and much older eruptions, wh .3
formed by far the larger part of the Snake River Plains. Additionj
assistance in this same connection is furnished by other but le
remarkable volcanoes, also of recent date, which rise above the surf e
of the same vast lava plamb 3

Market Lake craters.—About 6 miles northeast of the town kno “
as Market Lake there are two conspicuous buttes, which rise fr i
500 to 600 feet above the surroundmg plain.  The smaller of the tw
situated to the north of its companion, shown in PL. XVI, A, has an oy
base measuring, approximately, 1 by 2 miles, in its prmmpal dm g
ters, and at the top is about 3,000 feet across from north to south angs
2,000 feet in a transverse direction. It has a well-defined crater in §
summit, still about 150 feet deep. although containing much matertg
blown or washed from the encircling wall. A secondary crater
stated by Bradley? to occur on the northwest portion of the ma3s
crater, which has a diameter of 200 or 300 feet. The cone is graf
covered and bears a scattered growth of small juniper trees. It
composed almost entirely of yellowish lapilli, now loosely consolida

-into tuff, which is well stratified, as is shown in Pl. XVI, B, and i

both the mward and outward d1p< so common in tuff cones. The be
forming the outer slopes are well exposed on account of wind erosig
and dip away in all directions from the crater’s rim, at angles in gg
eral of about 20°, but flatten near the base, where they appealf
become nearly horizontal. On the inner side of the craters the be
of lapilli are inclined downward toward its.center at angles of f '
25° to 30°.> Contained in the tuff are a few angular masses of sod

aF. H. Bradley: Sixth Ann. Rept. U. £. Geol. and Geog. Surv. Terr., 1873, p. 210.

bBradley suggests that the faterial composing these volcanic cones was deposited in water, ¥
that a lake formerly existed on the Spake River Plains. My own observations failed to con
either of these suggestions. The stratification of the tuff forming the craters is of the same cham
asthat which is known to oceur in many other e¢inder and tuff cones not formed in water, and call
no speeial explanation. No evidence of the presence of a lake on the surrounding plains sin
craters were built has been obtained.

u. S. GE
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“geous basalt and occasionally waterworn pebbles of quartz and of
nse igneous rock resembling diorite. In certain layers of the tuff
fad intimately mingled with small angular fragments of scoriaceous,
algssy basalt, there are large quantities of angular quartz grains
..other fragments, which appear to be feldspar. In some layers
sand grains far outnumber the lapilli fragments, and if the material
g d not occur in the walls of a crater it would certainly be taken for a
5 d of sandstone containing a limited amount of lapilli. The non-"
i camc included material mdlcates that the conduit of the volcano
s opened through coarse gravel, such as Snake River is now spread-
¥ out near at hand, and finer sediments, probably lake beds, con-
gfsting largely of sand.
The moderately compact tuff is sufficiently soft at a depth of a few
&f¥et below the surface to be cut with an ax and has been quarried at an
Eijacent locality on the bank of Snake River for building purposes.
‘m are several houses in Menan built of rough-dressed blocks of
3 stone.
“The plain about the base of the butte is smooth for a distance of
000 to 2,000 feet, on account of the lapilli blown and washed down
Z'n om its sides; outward from this belt, except on the south, where
Ealluvial deposnts laid down by Snake River have modified the surface,
3:4 a rough plain of basalt with only a thin covering of wind-deposited
ﬁaterml in the depressions.
i The crater of the ]arger of the two cones, as stated by Bradley, is of -
-Jomewhat greater size than that of the one just described, but is not
o deep. The two volcanic cones are united at their bhases and are
moubwd]y of about the same age and moderately recent. Although
eomparatlvely young lava flows form the nelghbormg plain, it is not
~llrpparent that either of the volcanoes gave origin to a lava stream.
Hi% Kuna Butte.—Rising from the Snake River Plains about 17 miles
orthwest of Mountain Home, and 7 miles west of Cleft, as indicated
0n fig. 1, is an isolated cmder cone, 230 feet high, known as Kuna
utte, shown on Pl. XVIL. This conical elevation, nsmg from a
B8 rly level and seemingly limitless plain, is a consplcuous object
-2and a prominent and well-known landmark throughout a region several
IIllndred square miles in area.
. The butte is composed mainly of scorie and lapilli, but, so far as
éi.i,* 0 be dlstmgulshed beneath the soil and drifting sand about its base,
2did not give origin to a lava flow. Lava was blown out in a highly
RPlastic condition, however, as is shown by irregular, flattened cakes
EROL highly scoriaceous basalt at the summit, which are 3 or 4 feet
.2 3cross and several inches thick. At the top of the cone there is a
it ®mnant of a once comparatively large crater, the walls of which
&ve now fallen in, and its crest has become rounded and notched by
osion. There is a suggestion of compact lava in a gully on the

“kr o
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northeast slope, and possibly a summit overflow of liquid lava dg 0(5—'“"—_—‘
occur, but the subsequent downwashing of lapilli has concealed ti @ | N
ev1dence in this connection which may formerly bave been present.

From the summit of Kuna Butte four other similar but sma
conical elevations may be seen on the plain to the southwest, at g
tances of 4 to perhaps 10 miles. These appear to be cinder co
marking the sites of once active volcanoes.
® Orater rings near Cleft.—Three miles south of Cleft, and, as ing
cated on the map forming fig. 1, at the top of a broad, low eleva.tl E
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Fi. 1.—Map of crater rings near Cleft. Scale, 1 inch =2 miles; contour interval, 50 feet.
lines indicate stream channels; figures give elevation above the sea.
on the featureless plain, there are two circular depressions with vertig
cal inclosing walls, but without elevated rims. These pits are evidentlg
to be classed as crater rings,“ which are generally considered bt
geologists to owe their origin to volcanic explosions. ]
Each of these rings has a level floor composed of fine yellowish soif
like that covering the adjacent plains, and no crags or solid rock @
any kind occur within them. §
The smaller of the two pits, situated to the west of its compam :
has a diameter, measured across its level floor, of about 800, feet. TH
inclosing cliffs, with conspicuous talus slopes, are 200 feet high,
present the appearance of the wall of a canyon cut in horizonts
bedded sheets of massive and, in part, columnar basalt. The summ]
of the wall of the depression is surrounded, to use an expressive ter}
current 1n the Far West, by a ““rim rock” of black lava. Some#

aJ, W. Judd, Volcanoes. New York, 1881, pp. 170-176.
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0 features may be distinguished in the photograph reproduced in
XVII B.

fhe larger of the pits is less markedly circular than its nelgbbor
, hd about 1,100 feet in diameter at the bottom. Its walls are approxi-
ely of the same height as those of the smaller pit, but less con-
uous. There are two breaks in the rim rock, one on the northeast
8d the other on the southwest, down which a horseman can easily
to the plain at the bottom. About the outer border of the larger

piles of lapilli with indefinite shapes, the higher ones forming
oad hills that rise perhaps 50 feet above the adjacent plain.

'The fact that these circular pits are depressions in a broad plain,
fomposed of horizontally bedded and relatively thick sheets of basalt,
pIndicates that they were formed after the basalt bad cooled and
ardened. The presence near them of considerable but not conspicu-
gus deposits of lapilli—although there are no cinder cones or other
gvidence of explosive volcanic eruption nearer than Kuna Butte, 7
Mes distant—indicates that the fragmentsal material was blown out
«of the pit near which it occurs. The amount of this material in sight,
however is far too small to refill the adjacent depression if trans-
ferred to it; and is absent or concealed by more recently deposjted
'89}1 from about the smaller depressions. The tentative explanation
E St these facts indicate is that two small volcanoes formerly existed
vhere the crater rings iow occur, and probably built cinder cones
“Mimilar to Kuna Butte, and that later explosions occurred, which blew
'=lway the piles of fragments and enlarged the conduits above which
ﬂley have been deposnted This saggested explanatlon, adopted from
the studies of others in reference to similar crater rings elsewhere, is
"" ot entirely satisfactory, however, as in case such explosions as sug-

gare less than 1,000 feet apart, and unless the explosions which pro-

g{lore or less completely filled by‘ the débris from its neighbor. That
g:‘ 2 explosive eruption occurred in the case of the larger pit, however,
24 B evident from the lapilli piles referred to. The only alternative
Ypothems suggested by these depressmns and by others elsewhere,
bome of them several miles in diameter, is that the walls of the volca-
ptoes broke away and fell in on account of the withdrawal of the sup-
ZPorting lava formerly flling their conduits, after the manner in
*r"hlch the great crater-like depressions in the summits of certain
Hawaiian volcanoes are known to have been enlarged.
T Although it is necessary at preqent to leave these crater rings with-
- Out g definite explanation, it is hoped that the facts recorded may

e AN
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and in general a few rods away from its brink, there are irregu- .

Pested did occur, we should expect to find blocks of lava torn from
Wie walls of the condults in the process of enlarging them, scattered.
Over the surrounding surface. More than this, the two circular pits -

g duced them occurred simultaneously, one would be expected to be -
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supplement observations -in other similar instances, and thus asslst
a small way in reaching a proper understandmg of the series of sum]‘"
depressions in volcanic regions in various countries.

OLDER CRATERS AND LAVA FLOWS.
LAVA® CONES.

The occurrence of low cones with immensely broad bases on tj}#

Snake River Plains has already been referred to. These elevati]

are composed almost entirely of lava extruded in a molten and highi#
fluid condition, seemingly from a comparatively small vent, and oy
their height mainly to the cooling and thickening of the lava a
the place of emergence, so asito form the necessary slope down w

it could continue to flow. Asg these mounds or low buttes are distin
from cinder cones, I venture to suggest the name “lava cones.” AN
example of recent date is furnished by Black Butte, described onj
previous page. Their characteristic shapes (PL XVIII) have already}
perhaps, been sufficiently “well described not to require repetitiogy
They occur usually at wide intervals over the Snake River Plain®
especially to the east of Shoshone and to the south of Big Bu r&_'
Owing to their distance apart and the absence of water in the regig "1
whére they occur, only three were visited by me. The most characteg
istic of these is Notched Butte, 4 miles south of Shoshone. This i 15
conical elevation with gently sloping sides, 250 feet high, with a nearg
flat top, but broken so as to present notches when seen from a distan g
The sides are formed of lava sheets in which there are caves due to g
flowing out of still molten rock from  beneath a thick, rlgld crus
already explained. The summit is formed of highly scoriaceous lay
There is evidence of considerable explosive violence at the top in t38
form of scoria in clot-like masses, mingled with thin sheets of vesy
ular lava. Evidently a shallow crater once existed at the summf
A connection between cinder and lava cones is thus shown, and the f

are but extremes of a single process. W hen explosions predomi v
cinder cones were built, either with or without lava flows; and w
the lava predominated a lava cone resulted. 3
Lava cones are evidently more enduring structures than cl
cones, and for this reason perhaps seem to have been the type of y
canoes that furnished most of the old lava sheets now oce ,‘
beneath the Snake River Plains. 4

LAVA BHEETS.
L J

The fact that the Snake River Plains are underlain by lava shys
throughout perhaps eight-tenths of their area is indicated on the
forming Pl. I. The number of sheets can not be even approximaj
determmed but at several localities in Snake River Canyon four )

BULLETIN NO. 108 PL. XVt
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en seen in single vertical sections, with lake beds or other deposits
fiween. The total, however, consxdermg the whole area, is no doubt

gny times this number The various sheets are not of the same

nt, but overlap. The thicker portion of the pile is seemingly in

o broadest part of the basin to the south of Big Butte, but this can

gt be proved, as no canyons exist there, and no drill holes have as

4 been put down. From the mouth of Salmon River westward, the

’ "'hner in which various sheets terminate unequally is well shown.

at is, the lower sheets which extend farther south than the southern

jargin of the surface sheet are exposed in the canyon walls.

The sheets cut through by Snake River are, in general, compara-
x fely thin, the range in thickness being from 20 to 40 feet; but in_
7o deeper portion of the canyon, for about 10 miles below Shoshone
.‘1 Is, about 500 to 700 feet of basalt are exposed, in which the thick-

of the individual sheets seem to be greater, in general, than the
easures just stated, but the various layers are united in such 2 way
g6 to render it difficult to determine their precise number. '
iThe basalt shows considerable variation in its physical condition,
i éing at places vesicular and again compact. Usually, the layers are
."\‘;"i urely jointed and columnar, the columns being vertical, but at
Mmes the columnar structure is pronounced as is shown on Pls. VIII, B,
l!ld IX, A. No doubt some variation in mineralogical and chemlcal
“§pmposition occurs, but enough study has not been given to this phase
- of the subject to permit of drawing general conclusions.

&4
g— LAVA STREAMS THAT FLOWED INTO WATER.
o . :

g: In the north wall of Snake River Canyon, from Bliss upstream to
3 bove the mouth of the Salmon River, there are abundant exposures
Fof the eroded border of a lava sheet and-at certain localities near
5: agerman, of two lava sheets, which present conspicuous contrasts
p0etween the basal and central or upper portions. In these instances,
ﬂnle the upper and central parts of a lava sheet are granular, com-
. pact, or perhaps moderately vesicular, its lower portion is open in
Xture and composed ‘of irregular fragments, some of which are
emely rough on the surface and within are open and cellular,
B8embling somewhat a mass of irregular twigs of glassy lava com-
pressed into a moderately compact mass. This peculiar structure,
Mcapable of being accurately described, and presenting many varia-
ng, is imperfectly shown on Pl. XIV, 4. In many instances this
lerial forms rounded masses resembling a pillow folded on itself, as is
wnon Pl. XIX, 4. The lower surface of such a *pillow” is some-
Hes nearly flat, but more frequently it is concave and when found in
Piace is seen to have taken the form of the upper surface of a similar
488 on which it rests. These folded masses clearly indicate a rolling

Bull. 199—02——58
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- are stated to be commonly from 3 to 5 feet in diameter, but one con:

-portion is-not scoriaceous and- has the appearance of obsidian, especi-

-produced in scoriaceous lava by the expansion of steam or gases con-
. tained in the magma while still hot and plastic, but they are irr egular

~ masses of glas although black within, are nearly white at the sur-§
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up of the still plastic lava. Another step in this process is illustrated

spindle-shaped bodies 6 to 8 inches in diameter and a foot or mop,
long, which in some examples have a scoriaceous core, involved j,
several layers of stony or glassy lava (PL. XIX, B). The concentr,
white lines in this example are due to involved grains of sand. A mop,
pronounced occurrence of the same nature is shown by oval or nearly
spherical bowlder-like masses from a few inches to 2 or more feet ; in.
diameter, which are excessively hard and compact. The inner pop:;
tions of these spherical masses are composed of stony basalt, usually‘?
oontammg kernels of olivine, which are covered with a coating vary:
ing from half an inch-to an inch or two in:thickness, of black -
glassy lava. The outer crust in some places has # smooth, black, gl
tering surface, like bottle glass which while fused was poured ove;]
an irregular surface and allowed to ‘cool quickly. In other place
the surface coating of glass is rough and of a’dull-brownish color,
These balls, together with :the less completely rolled-up pillow-like:
masses, are embedded in a coarse bregcia consisting mainly of irregy.:
lar glassy kernels, but frequently containing also angular fragments'
of compact granular basalt (Pl. XX). The spherical masses.of basalt’
just described appear to be analogous to certain *“lava balls” observed .
by Dana® in lava streams of the Hawaiian Islands. These lava balls‘

tains at least a thousand tons of rock. Even the normal Hawaiiag
examples, however, are larger than the largest specimen seen by e
in the walls of Snake River Canyon. ’

While the upper and central portions of the lava sheets referred to‘
are composed of compact, granular, and frequently columnar basalt,
ususlly more or less vesicular, their basal portions have an open text-
ure, and consist mainly of glassy material. This contrast shows that
the upper portion cooled slowly so as to form what may be termed
normal basalt, while the basal portion cooled quickly. The glassy

ally when examined under a microscope with reflected light. While
this glass is characterlstlcally cellular, the openmgs are not like those,?

cavities due to a force acting from without. The walls of the cavities;
and the rough, glassy offshoots and the extremely irregular branches?
about them are not veswular, but are composed of black glass.

Another instructive fact is that the cellular, excessively irregulary

face. This is due to a thin incrustation which cap not be washed off4
or removed with strong acids. Under a microscope, using 1eﬂected_
light, the incrustation is seen to be composed of white sand grains, §

aJ, D. Pana, Characteristics of Volcanoes, New York, 1890, pp. 16-11, 241,
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partially embedded in the black glass. In many instances, also, the
interiors of cavities are lined with similar material, and at times masses
of sand or clay are completely inclosed in the cellular, glassy lava.
Allof the facts enumerated unite in indicating that the lava while yet
molten entered water and was quickly cooled, hardening to a glass,
and that the steam generated blew the still plastic material into shreds
md excessively irregular branching forms. As the upper surfaces
of the lava sheets are not glassy and do not show the other character-
istics referred to, it appears that the waters which the still hot lava
cntered were shallow. The still plastic material in numerous instances
was rolled or folded into spindle-shaped and pillow-like forms, and
even into spherical and oval balls, the surfaces of which in contact with
water cooled quickly to a glass and the part within developed large
aystals of olivine and other minerals. All stages in this rolling-up
process, from folded masses to complete spheres, are illustrated. The
(ill plastic lava, coming in contact with the sand at the lake bottom,

adhered to it, thus giving the black glass a white surface, and in many -

instances masses of sand and clay became involved in the basal portion
of the flow. The characteristics here accounted for pertain to the
lava which was fluid or plastic.on entering water and was distended
and variously modified by the steam generated, but not shattered. In
other instances the rock was broken into angular fragments and a
hreceia produced. When this occurred it appears that the lava,
although still hot, had lost its plasticity on entering the water and was
fractured instead of being blown into shreds and similar branching
forms.

When a lava stream enters water it is evident that a connected series
of products should be expected, ranging from compact or what may
he termed normal lava to lava that has been shredded, as it were, by
steam explosions acting on it from the exterior, and from normal lava
again to coarse and fine breceia, the controlling condition being the
degree of plasticity or rigidity of the magma. Between basic and
aid lava it is to be expected that the former would be the more apt to
furnish cellular, torn, and ragged masses or be rolled into balls; while
the latter, owing to its less fusibility and greater brittleness when
«lid, would be the more apt to become shattered. '

The coarser breccia observed in connection with the steam-blown
Wsalt in the walls of Snake River Canyon is composed of angular frag-
ments of normal granular basalt, but the smaller fragments are glassy.
The finer breccia resembles closely the tuff formed of lapilli blown
out by steam explosions from voleanoes, but there seems to be a dif-

ference between the two, although I am not sure it can be readily-

nwognized.  Lapilli are characteristically and perhaps always scori-
arcous, while the fragments produced by the contact of hot lava with
witer may not be scoriaceous, and in the case of lava streams that
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have progressed farare normally compact. Either lapilli or the frag.
ments produced by contact of hot lava with water may be glassy, hu
such fragments, at least in the tuff cones of Idabo that have bee
examined, are rare, while in the breccias produced by hot lava enteriny
water they are common.

In association with the lava sheets cut through by Snake River then
are immense beds of fragmental material sometimes 100 to 160 ot more
feet thick, and traceable for several miles, which resemble closely the
tuff about the Market Lake and other craters. In fact, they seem to
have the characteristics of compacted lapilli or tuff, but again simu-
late the fragments produced hy contact of hot lava with water. Iy
which of these two ways the material referred to was principally pro.
duced T am not sure, but incline to the’opinion that in the main it
resulted from volcanic explosions and is a true tuff.

When a breccia is produced, including at times cellular lava and the
**lava balls™ referred to, the interspaces are completely filled with
what was once sand or mud, and the mass is, us a whole, compuct and
essentially impervious to water; but when the cellular and steam-tom
rock occurs, it is open in texture and in a condition to permit of the
flow of water through it. These differences are significant in conner-
tion with the occurrence of springs and in reference to the possibility
of obtaining artesian water. The truly wonderful springs at what is
termed The Thousand Springs (P.. III), for example, pour out of u
cellular lava of the nature described above. Near Hagerman, at two
localities, tunnels or horizontal wells have been excavated in the basl
portion of the lava flow and a strong outflow of water has been obtainedl.

The facts presented above seem to indicate that whenever a lan
stream flows into water there will be steam explosions and a great dix
turbance of the bottom over which the lava flows. Remarkable exan
ples of results of this nature may be seen in the northern wall of Snake
River Canyon, about a mile upstream from the mouth of Salimon River.
and near the Riverside ranch, where the involved and steam-torn lava
and the associated breccia contain fragments of clearly recognizable
stratified clay and masses of sand of all sizes up to 5 or 6 feet in dian-
eter. Other exposures of the bases of lava streams, however, seem to
show that lava may flow over a lake bottom without disturbing itor
producing scarcely any discernible change in it.

An instance of the nature just referred to occurs in the east wall of
the canyon of Canyon Creek, about a mile above its junction with
Snake River. At this locality the rim rock of the canyon is formed by
a lava sheet between 30 and 40 feet thick, which rests on fine, white.
thinly laminated lake beds, of which about 12 feet in thickness are ev
posed. The lava, owing to wind erosion, projects ahont 10 feet beyon
the soft beds heneath, and its bottom is well exposed. The base
the lava is a flat, but moderately rough, surface, composed of cellular.
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IRREGULAR THICKNESS OF LAVA SHEETS. . B 117 :

,g:ﬂJ
basalt while the upper part is granulal and irregularly colum— '
gr. Involved in the glassy material forming the base of the sheet -

ed beneath.  This indicates that the bﬂb&lt ﬂowed into a lake, and at -

wllular by the steam generated. The striking feature of the exposure
s that the soft white lake beds on which the lava rests are not hardened

¥ it with the lava. Some of these features may be 1ecogmzed in the _j *

phobograph reproduced on Pl. XXI.- The only change is a slight =
yellow stain, perceptible to a depth of 5 or 6 inches from the surface -
of the contact downward. This discoloration may have been produced
subsequent to the commg of the lava and due to weathering. =

The characteristics just described occur not at one small exposure ‘
only, but at several throughout a distance of about 600 or 800 feet.
A How a sheet of lava 30 to 40 feet thick could advance over a bed .
i of soft unconsohdated sandy clay, which was evidently covered with
.4 water, without disturbing it in the least degvee, is difficult to explain.
- § Possibly the lava sheet may have advanced by sending out smail thin -
4 streams of liquid rock of too little weight to disturb the beds on which -
they rested, which were later overridden by the main flow, but that -
such was the case is not apparent in the internal structure of the lava
itself. : AR S

IRREGULARITIES IN THE THICKNESSES OF LAVA SHEETS. ... -~ T
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An interesting fact in connection with the lava sheets exposed in
gection in the walls of Snake River Canyon below Shoshone Fallsis -
«§ that in several instances they exhibit conspicuous variations in thick-
:§ ness while their surfaces remain essentially horizontal. The obvioas
i] explanation of th1s is that the surfaces over Whlch the lava flowed were -
irregular. ‘

Examples of the phenomena 1efer1ed to oceur in the north wall of -
Snake River Canyon in the southeast portion of Ada County, where,
{ ssalready stated, the rim rock forming the brink of the canyon, and
. usually having a thickness of 30 to 40 feet, thins to a few feet, and
i§ for a space a mile or more Jongis wanting. The beds of lapilli which -
occur normally below the sheet of basalt rise and protrude tbrough it
{ s0as to form low mounds which rise higher than the adjacent surface
of the lava. In this instance the lava flowed against a hill of lapilli,
probably completely surrounding it, and became thin and finally failed
to cover the lower terrane on account of an elevation on the general
surface over which it advanced.

Again, in the neighborhood of the mouth of Rattlesna.ke Creek
there is a sheet of lava 40 feet thick which for a distance of 2 or more
miles forms a conspicuous terrace on the north side of the canyon.

o basalt are a few small masses of soft, white, sandy clay, like the -

§ s base was quickly cooled to a glass, which was expanded and made. - -

§ ;1d ave undisturbed, the lamina being still horizontal, even to the con- - =
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Farther downstream, just below the mouth of Rattlesnake Creck, U. 8. GEOLOS
this sheet of lava thickens abruptly to at least 175 feet—the rive e Pl
having not as yet cut ‘through its entire depth—and south of the
river it thins abruptly to a feather edge and disappears. This lava sheet
must have advanced over a generally plane surface in which there was
a depression at least 135 feet deep. The depression was filled by the lara
which flowed beyond it, and an essentially level surface was produced.
The lava where it is thin has a glassy structure and bears other eri.
dence of having flowed into water, but where it is thick such charae
teristics are wanting in the part exposed. From the facts observed,it
is surmised that the lava entered a lake, in _the bottom of which there
was a marked depression which became filled with lava, or else flowed
over an eroded land surface the hollows in which were occupied by
water.  Where the lava sheet was thin the changes produced on com-
ing in contact with water affected it throughout its entire depth, but
where it was thick the upper portion cooled slowly and assumed the
appearance of lava which has cooled on land.
" The study of the lava sheets that advanced over surfaces having
hollows or depressions in them has not been carried far enough to
_show whether they entered lakes in all instances or not. Sometimes
the lava rests on waterworn gravel, and this and other facts suggest
that it advanced over a previously stream-eroded land surface and
_entered the valleys where it became thicker in case the depressions
were filled, and also came in contact with the waters of streams. The
results of these two sets of conditions would be much the same, so far
as the appearances to be observed in the walls of canyons subsequently
excavated through the lava and associated beds are concerned. In
the case of a lava sheet entering a broad lake, however, one would
‘expect that the beds beneath it would be fine clays or sand, and in the
case of a lava-filled stream valley coarse gravel and bowlders would
be apt to be present. But such a correlation can not be relied upon
implicitly, since lakes may have broad areas of pebbles and bowlders
adjacent to their margins and bars of similar material extending far
from shore, while rivers may flow through broad valleys floored with
fine flood-plain deposits which are indistinguishable in most ways fron
even the finest sediments of lakes.

CHANGES PRODUCED IN LAVA SHEETS AFTER COOLING.

' OPEN FISSURES AND FAULTS.

- The surfaces of the recent lava sheets about the Cinder Buttes art
~crossed in several instances by open fissures, from a fraction of a0 LAV:
inch to several inches and in some cases a foot or more wide, which
.bave opened since the lava hardened. Possibly these are due to
stresses generated by the contracting of the lava on cooling, but o




VLLY, ¢ 3

‘reek,
river
f the i
t sheet
e was
Je lava
duced;
oroevi-
‘harac-
rved, it
1 there
flowed
ied by i
n com-
ith, but
ned the

having
-:')ugh to
mnetimes

suggest
‘ace and  §
ressions |
ns. The
e, so far
equently
ned. In
1e would
1d in the
rs would
ied upon
howlders
ding far
}1'ed “lth
1vs from

uttes are
yn of an
e, which
- due to
', but at

J. 5. GEOLOGICAL SURVEY BULLETIN NO. 189 PL. XXi

LAVA RESTING ON UNDISTURBED LAKE BEDS, CANYON CREEK, IDAHO.

A

T VI

LB



. .

OPEN FISSURES AND FAULTS

W yoriL] - 119 '
4 ooe locality to the north of the highest of the buttes a block of recent
* ¥ 4ra measuring several hundred feet in diameter has been elevated and
i § darply tilted, thus indicating that movements in the older rocks .
. 4 reneath the recent surface sheets have taken place.
£ 4 Inthe summit of Black Crater there is a gulf, not of the nature of
4 s crater, but of an open cleft, in the walls of which the edges of thin =~
-§ fpyers of lava are broken across and well exposed. This gulf is by == . -
- § wtimate 300 feet across and 100 feet deep, and traverses the summit. -
i § of the butte in a northeast-southwest direction. In its bottom there
. ¥ is black, scoriaceous lava which rose after the fissure was opened, and
. 3 0w forms a pahoehoe floor. This large fissure joins another, or, per-
¥ baps more accurately, two others at its southwest extremity. These *
branching fissures, 20 to 30 feet across, traverse the flanks of the butte
-4 iregularly and in their walls expose admirable sections of the thin-
. § bedded, hlghb scoriaceous lava of which the crater is composed. In -
§ this case it is evident that the crater has been badly shattered, not by
s steam explosion, for there are no blocks of lava or fragments of the
- § nature of lapilli scoria, ete., about the openings, but owing to an over-
4 fow of still liquid lava from beneath, or by an earthquake.
4 Similar open fissures occur also in certain instances in the older
‘g sheets of Snake River lava, and are evidently of recent origin. ‘
At Cleft the surface of the surrounding ‘nearly featureless plain is
formed by a sheet of massive, vesicular lava having a rudely columnar -
structure, which is broken by a fissure having several branches that.
run nearly east and west and can be traced for fully a mile. The
fissure is from 5 to 10 feet wide, and is loosely filled with large
+§ blocks of basalt which have fallen from its side. The blocks rest
against the sides of the cleft and support one another, leaving large
open spaces into which a person may easily descend at least 40 feet, .
and it is evident that the opening is much deeper. The supported
lava blocks in places form a series of floors, beneath which a person - .
can clamber for distances of several hundred feet, as in a long, narrow
cave; light from above being excluded by the roof formed of dis- °
lodged blocks. Other similar open fissures of still greater extent and
depth are reported as occurring about 2 miles west of Cleft. In each
of these instances there has been no displacement of the rocks forming
the walls of the fissures, and to a person standing even a few yards to
one side of a break no suggestion of its presence is visible on the sur-
face of the plain. These fissures are of the same character as those
sometimes formed during earthquakes, but instead of being due to
earthquake shocks, they were produced, I am inclined to believe, by
other causes, and at the time of their formation caused shocks or
.{ vibration in the rocks beneath the adjacent region.
; About 1 mile east of Cleft the principal open fissure changes to a
. 4 fault, the heaved side of which stands on a vertical escarpment of
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basalt from 10 to 25 feet high. 1t trends east and west and can he
distinctly traced for half a mile or more. A view of a portion of this
wall is shown on PL. XXIII, 4. This fault scarp faces south, and the
adjacent portion of the sheet of obscurely columnar basalt that wag

~ broken across, and upraised, has a slight dip to the north. There is
no open fissure at the baseof the escarpment, for the reason, probably,
that the change in the topography produced by the fault caused the
line of fracture to become occupied by a small stream which flows
during the winter or when snow is melting.

The open fissure at Cleft, which changes to a fault when traced east-
ward, belongs to a series of recent faults, which are best displayed in
the portion of the Snake River Plains that lies between 5 and 9. miles
north of Mountain Home and between Canyon Creek on the west and

‘Rattlesnake Creek on the east. The northern margin of this broken

*tract of 0ld lava is formed by the precipitous southern or southwest-

ern border of rugged mountains of rhyolite. In the area just referred
to there are five principal faults, each trending about east and west,
-and presenting steep and in part vertical scarps of basalt facing south.
The heaved block, the broken edge of which forms a bold escarpment,
* looking like a wall when seen from the south, is in each case inclined
downward to the north and maintains a uniform or slightly decreasing
dip to the foot of the next escarpment. The height of these walls
varies from a few feet at their ends to 40 or 50 feet and in several
localities reaches 150 feet or more. The most northerly of the series
* is close to the base of the mountains, and appears in the wall of the
~ canyon cut by Canyon Creek as a broad, irregular cleft. The moun-
 tain face is itself a vast fault scarp, as has already been stated, and it
is probable that a recent movement along this break in the nature of
an elevation of the block forming the mountains has caused the com-
paratively small faults in the lava forming the adjacent portion of the
plain. : )
The displacements to the north of Mountain Home are admirable
~ examples of step faults, as they are termed-—that is, a series of nearly
parallel breaks or cracks—separating the rocks they traverse into long
narrow blocks which are tilted in one direction. The breadth of the
gently tilted blocks in the instance before us is in general about 1,000
feet. The faults are not perfectly parallel, but in some instances unite
or branch, maintaining, however, a general east-west direction, and
generally coincide in trend with the great escarpment forming the
_border of the adjacent mountains. Some of the faults in the basalt
extend east of Rattlesnake Creek, but were not followed in that direc-
tion. On the west the escarpments decrease gradually in height, and
~ in most, if not all, instances die out on reaching a dome-like elevation
in the basalt, described below, throngh which Canyon Creek has cuta
._.narrow, steep-walled canyon.
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OPEN FISSURES AND FAULTS.,

Other faults, belonging to the. series bneﬂy debcrlbed above and
‘gunecting it in a general way with the fault and open fissures pear
 (Jeft, oceur on ‘the west side of Canyon Creek, 5 miles northwest of -
Jountain Home. At the locality referred to there is an 1rregular but
rudely triangular hill, as it would appear on a map, measuring about’.

Jtis bounded by pr ec1p1tous escarpments from 300 to 400 feet high on -
is eastern and southern border. The form of this prominent eleva.-
ton and the character of its precipitous borders facmg eastward and

The elevated tract is composed of stratified basalt, as is shown particu-
- 1irly in its southern escarpment, which is more clearly due to faulting
*q ihan its steep eastern face. The fault scarp on the south side of the
hill dies out when traced westward, but is succeeded by other escarp-
& ments bordering another and lowex hlll the structure of Whlch 13
& obscure.

The fault scarps to the north of Mountam Home are aasoclabed w1th

portion of the Snake River Plains.

South of the locality where Canyon Creek leavea the mountams of

amnar basalt (Pl X, B), there has been an tipward bending of the
sheets of lava so as to form what may be described as half of a low,

the ad]aoent mountains, and also normal to the direction of the small
faults in the basalt between Canyon and Rattlesnake creeks. The

where it is perhaps 3 miles broad, and dies out southward in a dis-

cut in the dome the creek becomes a surface stream and is spreading
out an alluvial fan. The nature of the pressure which arched the lava

1o clear relation to the movements which produced faulting in the

cut the fold near its northern end and was certainly of later date
than the upraising of the arch. Then, too, the longer axis of the
fold is at ught angles bo the trend of the nelghbormg faults, Whlch

g mile on each side, the surface of which is inclined to the northwest. - -

wuthward show that it is an elevated block bounded in part by faults. -

& other topographic forms, due to movements in the ]ava beneath that

thyolite, in which its two principal branches have excavated deep, ‘
faring canyons, and enters a narrow gorge with vertical walls of col- = ..

elongated dome or broad-pitching anticline. The longer axis of this =
elevation runs approximately northeast and southwest, or, in a general
way, at right angles to the great escarpment forming the border of

arching of the basalt is most pronounced at the base of the mountams, :

tance of about 4 miles, where it meets the trmngulal hill referred to
previously. Canyon Creek follows the longer axis of the elevation - .
and has cut a canyon in it which is 150 feet deep adjacent to the moun- -
tains and which decreases southward. On leaving the short canyon.

in the manner just described was not determined. Seemingly it had
adjacent portion of the plain. Relief from pressure in one instance

was obtained by an arching of the strata, while in the other instance:
breaks occurred. Onme of these breaks, however, as noted above,
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would not be expécted it one movement was responsible for each class '

of deformations. . ‘
"The broad gentle depression of the strata beneath the Snake River

Plain, previously referred to as the Bruneau artesian basin, involved
several sheets of lava, which were gently bent in common with the

- associated beds- of lacustral and perhaps in part river sediments.

Further attention will be given this broad syncline in the second part
of this paper. , S ’

- ROCK DISINTEGRATION AND DECAY.

Under the climatic conditions now prevailing, which no doubt with
minor variations have been in continuance for a long period of time,
rock decay is progressing but slowly, while rock disintegration, through
the action of changes of temperature, freezing of water, etc., is much
more rapid. Mountains of quartzite are practically buried beneath
their own débris, the fragments showing but little change: from the
unaltered parent rock. Mountains of granite are still more deeply
sheathed with fragments of their own rock, but in this case much
chemical alteration is manifest. The surfaces of basaltic lava sheets
long exposed are covered with loose, rounded stones, usually of a rich-

_brown color, to a depth in most instances of not more than a foot

or two. Between the weathered stones there isin certain regions,
but not generally, a soft, rich-brown soil that has resulted from the
decay and disintegration of the basalt itself, together with fine dust
deposited by the wind. The amount of decay, however, that even the
oldest sheets of basalt now exposed have undergone is but small

- Many old lava sheets, owing in part, perhaps, to their having been

covered by protecting layers now removed, still retain their charac-
teristic surface markings, such as corrugations, pressure ridges, etc.,
in what may be termed a legible condition. While such markings are
perhaps not an infallible sign that they were formed at the actual
surface of a lava flow as already noted, their presence over large
areas must be taken as evidence that such is the case. Perhaps the
most conspicuous and general change that the exposed crags and rim
rocks of basalt have experienced is due to the action of wind-carried
dust and sand. The rocks usually have a smoothed appearance,
approaching a polish, and their surfaces are characteristically pitted
with small, somewhat shell-like hollows, or shallow depressions, With
smooth interiors. The depressions are probably due in part to the
flaking of the rocks on account of sudden changes of temperature, but
the polishing is to be ascribed to the friction of wind-blown particles.
These surface features, however, are never so conspicuous or well

executed, one may say, as many well-known examples where quartzite,

fine-grained limestone, etc., have been long exposed to the drifting I
v . o } g Bell, Water-su

sands of deserts.
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‘ pra has suffered but slight changes, far too slight in fact to account

; or else but a short exposure of the rock. The first of these reasons'is. 5
§ 10t certainly true, but the second is plamly evident in a 1arge number SR
-4 of instances.

| parison of the Snake River lava with the Columbia River lava is of -

4 previously stated, are of approximately the same geological age as -
& the main mass of the Columbia River lava, but the upper sheets of

W st e

STREAM-CUT LAVA SHEETS.

sosoBLL]

The general conclusion in this connection is that the Snake River

for the presence of even the thin layer of soil that forms the actual
arface over the several thousands of square miles of the lava-floored -
plains. The comparatively slight alterations referred to seem tomean . - -
dther a very slow rate of change in response to atmospheric agencies,

In reference to progress made in disintegration and decay a com-. '

interest. The lower sheets of lava beneath the Snake River Plains, as

the Snake River lava are very much younger than any part of the
basalt included in the Columbia River lava. In harmony with this
conclusion is the fact that the extensive sheets of basalt in southern .
Idaho, although exposed to essentially the same climatic conditions that
exist on the plains of the Columbia, are but slightly decayed; while
the Columbia River lava at many localities and over areas embracing
hundreds of square miles is so decayed to a depth of 40 to 60 or more
feet that it is in the condition of clay, and can be molded in the fin-
gers.® These facts sustain the conclusion derived from fossils, that
the Columbia River lava is far older than the mam portxon of the
similar formation in southern Idabo.

CANYONS AND WATERFALILS.

The streams which rise among the mountains bordering the Snake’
River Plains and flow across them bring silt, sand, gravel, and othér
deposits from their upper courses, and with these have cut deep chan-
pels even in the hard and nearly level lava sheets. The master stream .
is Snake River. As that strong stream lowered its bed the rate of
flow of its tributaries was increased and they deepened their chan-
vels also, but could not cut below the level of the controlling stream.
While the stronger tributaries, such as Salmon and Bruneau rivers,
were enabled to deepen their channels at the same rate as the mas-
ter stream, and at their mouths have essentially the same surface
level as the Snake, and enter it as slack-water streams, the weaker
tributaries, like the numerous creeks in Elmore and adjoining counties,
could not work so fast, and now in several instances enter the master -
stream with swift currents, and have falls near their mouths. The
weaker streams, however, which flow through soft material near their

aThe surface changes of the Columbia River lava are described in the following reports: 1. C. Rus.
sell, Water-supply and Irrigation Paper U. 8. Geol. Survey No. 4, 1897, pp. 57-68; Water-supply and
Irrigation Paper U, 8. Geol. Survey No. b3, Washington, 1901, pp. 42-51.
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mouths, like Bennett, King Hill, and other creeks, have been able t,
keep pace with the down -cutting of the Snake, thch s still working

~ on hard basalt at several localities below the pomt where these trib.

utaries enter.
- The result of the concentratlon of energy in narrow belts at the bot.
toms of the streams has been to dissect the portion of the Snake River
. Plains situated west of American Falls, and to form a great system of
canyons, with broad uneroded and nearly flat areas between. This
- portion of the region furnishes admirable examples of what has been
termed young topography. Within this region, however, where the
" soft lake beds are not protected by a surface sheet of lava, as over

= great areas in the northern portion of Owyhee County, even weak and

~"ephemeral streams have been able to advance rapidly with their work,
and much more mature topographic forms ocecur.

In the broader and most characteristic portion of the Snake River
Plains, lying north and west of Snake River and east of Little

Wood River, the surface is uncut by streams, and is still a vast

“uneroded plain.  This tract, about 10,000 square miles in area, is an
admirable illustration of a new land formed by lava outflows. It has
been left with its original or constructional surface, in part because

- of its actual youthfulness, as measured in years, but it also owes its

- preservation more definitely to the small rainfall, which fails to supply
* the streams coming from the north and west with sufficient water to
- enable them to reach Snake River. This failure is due in part to the
~ open structure of the lava itself, which favors subterranean rather
., than surface drainage. In this connection consideration must be

" given to the fact that the Snake in its upper course is supplied with
- “more sand, gravel, and other material than it can carry across the
‘plains, where its gradient becomes less than in the mountains to the
east, and deposition and the formation of broad alluvial fans and
~gravel flood plains on the surface of the lava are in progress.

As the portion of the Snake in southwestern Idaho, where it flows

over soft sands and clays, is from 2,200 to 2,500 feet above sea level,
it is evident that a sill of hard rock exists lower down stream, which
- 'bas regulated the depth to which the river has been able to deepen its
channel in these soft deposits. Below the mouth of the Payette the
Snake flows through one of the most magnificent canyons in North
America, one exceeded in grandeur of scenery only by the Grand
Canyon of the Colorado. Although this region has not been carefully
~studied and is, in fact, almost entirely unknown to geologists, such

" information as is in hand indicates that a mass of resistant Tock has

been elevated athwart the course of the Snake, and that the task of
'sawmg a canyon through the obstruction is still in progress.

Without wishing to invite the reader to take too comprehensive a view
- of thelater geographical history of the region under discussion, one

vl
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éTREAM-cUT LAVA ’SHEETS S

giver Plains may perhaps be cited:

mabled to excavate a deep canyon. The reason is evidently that owing
oan increase in gradient in the portion of its channel below where it -
is laying aside its load, its rate of flow is 1ncreased and its capaclty for
sork consequently augmented. - S
The scenery of Snake River Canyon presents many varlatlons,
dependent largely on the nature of the rocks cut through and espe-

deepening of the canyon has been retarded by the hard layer and

§ happens that the river in its course across southern Idaho passes from
-4 5 region where lava sheets are thick with but little soft material

3 between them—as, for example, from American Falls to the foot of the
deep, narrow canyon below Shoshone Falls—to a region where the lava ‘"

by soft lake beds. When the stream in its downcutting flowed over
rel in the soft beds encountered and a fall was produced. Such a fall
the thickness of the lava sheet and the depth of the channel below the
cascade. In the main, the canyon of Snake River has been produced

by the recession of a series of waterfalls of the nature just cited, and
the process is still continuing. Each of the falls and raplds in the

i SO

of which a notch of greater or less length has been cut. Where the -

g i
RS A

W3R

descent results; Where ‘the " lava sheet is"thin of composed of “several ==
thin 1ayera of varying resistance, a succession of small leaps ora rapld
is produced, as is the case to-day at several localities.

Falls, the blghest and grandest of all the leaps Snake River makes.

TN Rt S T A

bedded basalt, with a mass of rhyolite beneath.  The surface of the

lower and harder Tock was not a plane,.as are the lava sheets, but is’

irregular, and a series of rapids was probably formed which devel-

oped into a single great fall. The fall has receded about 5 milesin the B
thyolite and at present, judging from the height to which the rhyo-

liteabove the falls rises into the lava, is as high as it will ever become.
As the fall continues to recede it will probably decrease in height, and
when the obstruction that causes it is cut acr o~s, will resume the
characteristics due to thick lava sheets, -

, oﬁler general prmmple Whlch has mﬂuenced the erosion of the Snake i

Snake River, as stated, is spleadmg out coarse deposn;s in the por- .
jon of its course above American Falls, and ‘it may reasonably be -
wked why is it that the same stream lower down its course has been

dslly on the presence or absence of lava sheets. Where alternating, . ~
pearly horizontal layers of soft lake beds and bard lava occur, the S

sccomplished mainly by the Fecession of cascades and waterfalls. It, o

sheets in general become thinner and are separated one from another S
4 s nearly level sheet of basalt to its edge it quickly deepened its chan- -

would recede at a rate dependent on several conditions, but mainly on ,‘

river is due to the presence of a resistant sheet of lava, in the border ~ - -

lava sheet is thick, as at Twin Falls and Salmon Falls, a precipitous

An exception to the rule just stated occurs in the case of Shoshone :

The river is here deepening its channel, mainly through horizontally T
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The principal variations in the topography of the canyon walls, from v. & GEOLOSIC

Shoshone Falls westward, depend on the relation of the lava sheets to

associated clays, sand, etc., interstratified with them. Where the lays
predominates the canyon is narrow with precipitous walls, as in the
portion of its course forabout 15 miles below Shoshone Falls. When
only a thin surface sheet of lava is present the canyon has flaring sides,

- margined above by a vertical rim rock. 1If two or more sheets of lava
are present, with soft beds of considerable thickness between the adja-
cent sheets, two or more rim rocks similar to the higher one will
oceur, their strength depending on the thickness of the lava. Ifa
sheet of lava separated from the highest sheet of the same nature by
a thick deposit of soft beds is present,a broad outer canyon, with
flaring sides, and ‘a summit rim rock will usually be developed, in the

~ bottom of which there will be a smaller, inner canyon. When, as

" most frequently happens, the lava sheets occur only on one side of the
canyon, i. e., on the northern side, the characteristics just referred to,
with numerous variations, are there present, while the other side is
less definitely canyon-like and usually presents less Well defined topo-
graphic forms.

. The slopes formed of soft matenal below the bloken edge of a thin
lava sheet are usually strewn with blocks of lava that bave fallen from
‘above, and may be completely sheathed with such talus (Pl. VII, 4).
The profiles of these slopes are sometimes concave, as when the talus

.is too thin to preserve the soft beds beneath and erosion curves are

. produced, but may be nearly stralo'ht when the slope of the talus is
the predominant factor, or become convex when the material beneath
is resistant and Weather curves predominate.

The broken edges of thick sheets of basalt resting on soft deposits,
especially if the latter are also thick, are apt to break away in larger

* blocks than in the formation of a talus, and landslides result. Excel-

: lent examples of landslides of the nature just referred to occur for

,,,_m__,._,sevcrn}“nules oneach:- sxde of Snake River above-the mouth of Canyon.

Creek. . ,
The principal features of the walls of Snake Rlve1 Canvon described
in the ldst three paragraphs, it must be remembered, are such as are
" most pronounced and become accentuated owing to the prominent patt
played by certain ‘'special conditions, but many other variations oceur
which are not essennally different from those known elsewhere in the

.-~ arid region, except in detail. There is one class of e\:ceptwnal topo-
" graphic forms, however, which becomes especially conspicuous in the
~ wall of the Snake River Canyon, the like of which, so far as I am

_ “aware, has not been observed in other regxons 1 refer to certain

. remarkable alcoves or branches from the main canyon which are not

3 'due to the work of qurface streams - - :
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SPRING-FORMED ALCOVES ON THE SIDES OF CANYONS,

At Blue Lakes, about 5 miles be]ow Shoshone Falls, Where the walls
. i1 o Snake River Canyon are about 700 feet high, and nearly vertical,

4 escept for the talus lodged against their bases, there is a tributary
| anyon- -like alcove in the north wall which is about 2 miles long, and
- .4 bout 2,000 feet across at the top and which heads in a semicircular
7 lmq)hltheater with vertical walls about 300 feet high. There is no
_{ stream entering the alcove from the surface of the neighboring plain,
-] but springs discharging probably several hundred cubic feet of water .
ﬂ per second boil up in the amphltheater at its head.. One of the strik-
4 ing features in this alcove is the small quantity of talus at the bases of

{ the bmdeung cliffs. This is most noticeable in the semicircular
expansion of the alcove at its head. In the view of the Blue Lakes
4 slcove presented on Pl XXIV some of the features referr ed to may

4 be recognized. :
3 On the north side of Snake River Canvon, about 2 mﬂes above the
mouth of Salmon River, which comes into the Snake from the south,
-4 the canyon wall is again nearly vertical and about 300 feet high, and’ -
-1 there are two side branches, known as Little and Box canyons. These -
-4 are similar in all their leading features to the Blue Lakes alcove, and,
- { like it, are lateral openings from the main canyon. They are also
_ .4 vithout surface streams entering them from the plain above. Box

4 Canyon is approximately 3 miles long,and Little Canyon is perbaps a

§ mile less in length. Each of these secondary canyons or alcoves has
vertical walls about 200 feet high. There are comparatively small
talus slopes along their sides and practically none at the base of the
wall encircling their heads. At the head of each alcove there is again
an immense spring. The stream issuing from Box Canyon has a vol-
nme of about 1,000 cubic feet per second, and the stream from Little
Canyon is perbaps one-third as great. A view in Little Canyon look-
ing out into Snake River Canyon is reploduced on PlL. XXTII, B.

Malade River, which is formed by the union-of Big ‘Wood and thﬂ(r’"‘“‘ T
Wood rivers, in recent years has become dry in summer, owing tothe =~ .

demands made on its tributaries for irrigation. The river, asI was =
informed, was dry a few miles below where its two branches unite,
4 late in August, 1901, but on crossing its canyon, where it emerges into
§ Snake River Canyon, I found a roaring stream of clear water 8 feet
wide and fully 4 feet deep discharging by estimate about 3,000 cubic -
feet of water per second. = All of this water is contributed by springs .
in the lower 4 miles of the canyon. The main supply, as I have
been informed by Mr. N. Uhrlaub, comes from a great spring which
{ Tises at the foot of a precipice in the canyon, and which causes a cas-
4 «de in the Malade when water comes from the upper part of its
§ course in winter and spring. The volume of the spring referred to is




. 8
~clear, but has a bluish color and a sllght opalescence, due to ﬁnelj%

feet or more thick. No exposures of the material on which the basalt

" By this process vertical walls without talus slopes are produced. Thig#

1977 SNAKE RIVER PLAINS OF IpP={0. [Bﬂg.x;

reported tohe not less than 1,500 cubic-feet per second. The c:my 3
of the Malade throughout the lower'4 mlles of its course is similar 44> |
the Box and Little Canyon alcoves, but is walls are higher, and dur,
ing portions of each year, and perhaps continuously during certam
years, it receives a stream at its head from the plain above.

"The water flowing from each of the four alcoves just described-

divided white silt-like material in suspension. It is this fact Whlch
has suggested the name for the small bprmg-fed lakes in Blue Lakeg
alcove. . These pools and others fed by springs in and near®the four,
alcoves referred to have white bottoms composed of clean white sanq;
‘which is brought to the surface of the springs themselves. ,

The four side canyons or.alcoves referred to thus have many mmxla,-
features and without questlon have been produced by similar agencieg
One conspicuous feature in each is a sheet of basalt from 200 to 3¢

BULLETIN WO, 198 PL. RXW

rests are known to me, but as the springs are bringing out Whlte 8
and fine white quartz sand it is evident that beds of similar materi
exist beneath the basalt. : n;
The origin of the side canyons which receive no surface _sirea
such as Little and Box canyons and the one in which the Blue Lakes
are situated, is plainly due to the action of the ‘great springs which
come out at their heads. The lower portion of the canyon of
Malade has a like history, modified by the fact that a surface stream g
is also concerned in the work. The great springs undermine the
basalt by removing the soft material on which it rests. Thus blocks
of the usually more or less vertically jointed rock break away and fall"
into the spring, and sooner or later sink into the soft bed beneath, as¥-
the emerging waters remove the silt and sand from beneath them s

w};,
process contmumg, the cliff recedes, leaving a side cut or alcove ing

‘the wall of the main canyon, which becomes lengthened into a laterals.
. canyon. - The process would seem to be cumulative, as the farther thegf

head of a side canyon receded the greater would be the tendency of :
the escaping waters to converge toward it. The marked tendency toz:
an enlargement into an amphltheaber, observable especially at theX
head of the Blue Lakes alcove, is apparently due to this cause.

It is to be expected, under the hypothesis just suggested, that as ths

“head of a spring-formed alcove recedes the wall formed would b

always vertical and kept fresh in appearance by the fall, from time {
time, of portions of its face; while the sides of the older pertion 6 3
the cut produced would become more or less encumbered with talus
The truth of each of these inferences is abundantly sustained b
observation. The precipices partially encircling the great springs k:
the heads of the alcoves visited are not only vertical and either withou§

V. 8. GEOLOGICAL BURVEY
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{. of temperature, freezing of absorbed Water, etc. The conspicuous
- differences resulting from the same process when the conditions are

g varied, so frequently exhibited in the delicate adjustment observable
E throughout nature, are here well illustrated. Under humid climates
f rock solution leads to widespread and frequently deep rock decay,
f and surface terranes are rendered soft and readily crumble. The ulti-
f mate result, so far as most rock species are concerned, is a reddish clay
F or terra rossa.. Under an arid climate most rocks become hard at the

£ surface and not only do not crumble on account of the removal of

& material in solution, bt by its reprecipitation at or near the surface
} are rendered resistant to mechanical agencies, such as the wind, which

: "" tend to wear them away. The colors of the rocks are not generally
. conspicuously altered by this process, and the color of the fragmental

products are such as are inherent to the parent rocks. The soils are
light colored, usually light yellow, and terra rossa is absent.

RECENT SOIL EROSION.

Reference has been maae on a previous page to small valleys in the

% ares underluin by the Boise granite, which are so deeply filled with

débris that they have no surface streams, all of the water that comes

.. to them being absorbed by the unconsolidated material forming their
_floors. The valleys of this description were, up to within about 15 or

20 years, much more numerous than at present. A recent change has
occurred which has caused fresh stream channels to appear in pre-
viously streamless depressions, gulches; etc., and even on hillsides

: formerly completely soil-covered. The change referred to is well
i known to ranchers and others, and is said to bave been begun about

1880. At present there are numerous lateral depressions and gulches,

branching from the larger valleys, which bave fresh channels cut in

their floors and in the sides of the adjacent hills, that are from 10 to

# 15 or more feet deep and a mile or more long, with perhaps several
<. branches, but which previous to the date just given are known to
== have had smooth, unbroken contours. In several instances well-

traveled roads have been crossed by these gullies, necessitating a wide

- detour to get about a steep-sided gulch from 10 to 15 feet deep. It

does not require historical évidence, however, to show that the gullies
* referred to are recent. They are fresh cuts, with nearly vertical walls

E of loose earth, and at their heads begin abruptly. Each rain that

comes is assisting in theif'exténsion and enlargement. At certain
localities, which are unfortunately numerous, cultivated fields have
been cut across by gulches formed during the last few years, which
are still being enlarged. - A photograph of one of these is presented

: on Pl. XXV, .L. One conspicuous result of the more complete drain-
.~ age of valley bottoms by modern rill channels is the dying out of

Bull. 199—02 10
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‘Plains, and its prevention is an exceedingly important problem which 33

" flood plains which are under cultivation, as in the example shown onj

- flow of the water and cause deposition would also lead to lateral perg
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formerly luxuriant meadows of wild grasses : and their replacement by -
sage brush. The rapid erosion in progress is destroying much of the1 "'.‘
finest land in the mountain valleys lying north of the Snake River -

demands immediate attention. ]
The begmmng of this recent erosion is correlated with the introduc-
tion of sheep in large numbers into the country, and is but another 3
phase of the widespread destruction for which sheep raising on a %
large scale is responsible. The cause of the washing is mainly the %
destruction of the once abundant bunch grass b) the close grazing of #
sheep. E: -
It might, perhaps, be thought that if sheep raising could be dlscon.
tinued or properly controlled the destructive washing of the land inci- 3§
dent to it under certain combinations of soil and climatic conditions ;
would be arrested, but the process of erosior once started is difficult 3
to stop, and will continue even if the sheep were removed. Success- 4
ful attempts to check the work of rills where they are rapldlv deepen~
ing their channels have been made by a method that is simple and 3§
efficient. Near the barrack at Boise small dams placed in the streams, §
with suitable precautions against erosion on account of the plunge of
the water, have led to the deposition of gmvel and sand and caused 1t
to form broad fields, which will no doubt in time be cultivated. 3
Under this method, however, erosion still progresses above where the 328
water is ponded and the destruction continues, and will necessitate the %
building of additional dams lower down the stream courses or an 3
increase in the height of those already constructed. Probably the %
best method of checking the work of the rills and brooks is to plant §
trees in them, and especially the planting of cottonwood, willows, etc., 38
in belts across the channels where widest. By systematic attempts of 3
this character much of the damage that threatens can be cheaply and
efficiently checked. >
One resuit of the cutting ot channels through previously completed

Pl. XXV, is the more complete subdrainage of the portions of th
fields remaining, thus necessitating additional irrigation. In manyj
such instances the construction of willow dams sufficient to check the

colation from the streams, which would be equivalent to subirrigatio :‘.-'
The destruction by recent rill erosion is not confined to the upland
valleys, but, by reason of the immense amounts of gravel and sand
swept down to the larger streams, causes them to spread out sheets off
this material on their flood plains, which bury the vegetable mold an -;
greatly impair and even destroy the agncultural value of the land. -

X
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- PART I.—WATER RESOURCES.
INTRODUC'I‘ION

SURFACE AND SUBSURFACE WATER.

, The water supphed to land areas comes from the atmosphere and in
¢ part flows over the surface and in part sinks below the surface. What

relation the surface *“ run-off” shall bear to the underflow depends on
a variety of climatic, topographic, and geologic conditions.

Of climatic conditions one of the most important is the rate at which -

water is supplied. If, for example, the same amount of water is pre-

- cipitated in an hour, as during a torrential rain, that at another time

falls in several hours during a gentle rain, the ratio of the run-off to

. the amount of water sinking into the earth is far greater in the first -

t than in the second instance. The length of the periods between rains,
. rate of evaporation, etc., are also important factors in the process of

dividing the water that reaches land areas into surface and subsurface
portions, but need not be discussed at this time.

Among topographic and geologic conditions of interest in this con-
nection the principal ones are surface slope and the porosity or fis-
sured condition of the surface rocks, including the sheet of rock waste
which generally forms the surficial layer of the land. The degree of
slope varies from vertical to horizontal.- On cliffs and steep slopes

- generally the run-off is large in proportion to the amount of water
“that is absorbed, while on plains there may be no means of surface
escape and all of the water precipitated may sink into the rocks or be

-evaporated. The degree of porosity varies from that of compact rocks,
2 which are practically nonabsorbent, to that of loose soils, sands, etc.,

which drink in all the water that falls upon them. The more compact

g rocks are frequently fissured or jointed and thus afford an easy down-

ward passage for all of the water reaching their surfaces.
In southern Idaho the annual precipitation is small and occurs at in-

E tervals, and a.lthough in. part. descending as torrential rains, a much
i larger portion is furmshéd by gentle rains and by the melting of
f-snow. The climatic condltlons thus favor the absorption of the water
B by the rocks rather than surface rup-off. The same result 1s favored
B 8lso by the presence generally of a thick sheet of porous rock waste,

especially in the mountains and foothills, and by the porous or fissured
gt‘ondmou of the rocks forming the surfaces of the plains. On the
Snake River Plains there is practically no run-off, all the water
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- surface waters. This return is accomplished in part by seepage from

_being by reference to types and with the understanding that more X
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reaching them from the atmosphere not evaporated or ahsorbed by
plants dlsappears below the surface. '
The run-off is contributed directly to surface streams, but these
would be intermittent, flowing only durmg and immediately followmg :
rains or the melting of snow and ceasing to flow during 1nbervemng
periods, were it not for the return to the surface of previously sub-. %

the sides and bottoms of valleys, and in part by springs. The manner
in which water is retained for a greater or less time by porous and %
fissured rocks and rock waste and returned more or less gradually to i3
the surface thus becomes important in the study of both the surface 4§
and subterranean water supplies. It is to the subsurface or subter- 2§
ranean waters that attention is here invited. ;
The water absorbed by porous material, such as constitutes soils,
sand dunes, etc., is in part returned to the surface by passing up-
ward, owing to what is termed capillary attraction, as the surface’
dries, and in part through the action of plants in absorbing water &
through their roots and transpiring it through their leaves. The3g
latter process is an 1mportant adjunct to direct evaporatlon, and ing
densely plant-covered regions the quantity of water so passing into.
the air is frequently greater than that escaping by direct evaporation,
even from freely exposed water surfaces. The water not removed™
by evaporation or by plants is in part retained as soil moisture, and¥}
if there is an excess above what the soil can permanently hold as a film§J
on the surface of the particles composing it, such excess descends orj
moves laterally, under the influence of gravity, to a lower position and}
is available for the supply of springs. Water entering fissures inj
rocks evidently has, in general, greatel freedom to flow than that in3
porous material, and in many instances is also an important source for
the supply of springs. 3
The force which causes subterranean water to flow is the same tha
contlols the movements of surface streams, namely, gravity, but cer-
tain modifications due to difference in temperature, capillarity, etc.‘
fully discussed by ng, will not be considered at this time.

g

SPRINGS.

Four varieties of springs may for convenience be recognized:
namely, hillside, canyon, fissure, and cavern springs, the classificatiol

less intermediate gradations occur between well-characterized e:
ples. In the case of each variety there is a wide range in volume,
minimum in each case being what is termed seepage.

aA highly instructive discussion of the way in which water percolates through porous mate ',
may be found in a paper on the * Principles and conditions of the movements of ground wa.ter, 2
F. H. King, in the Nmeteenth Ann. Rept. U. S. Geol. Survey, Pt. IV, 1899, pp. 50-294. :
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1 which rises beneath hills and is depressed beneath valleys.
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HILLSIDE SPRINGS.

Examples of this type occur where thick beds of porous material,

b such as sand, loose-textured soil, disintegrated rock, etc., occur on
. the border of valleys or form uplands on which precipitation takes
b place and the water percolating downward through the interspaces in '

the receiving layer meets a less pervious layer and flows laterally along

f its surface, becoming more or-less concentrated, and emerges at or
near the base of an escarpment as a stream. The presence of a reten-
 tive layer in the uplands bordering a depression, at a horizon above its
- bottom, however, is not essential.
§ tion is sufficiently abundant the subsoil is saturated below a certain
£ horizon.
. may be saturated from the surface downward, although under certain
F ' conditions there is a lower limit to saturation above the base of the
E porous layer.
£ upper limit of saturation or the ‘‘water table,” as it is termed, sub-

As is well known, when precipita-

During heavy or long-continued rains the soil and subsoil

After the supply of water at the surface ceases the

The water table is not a plane, but an undulating surface,
As water

escapes by seepage, or when more concentrated, as springs, the water

sides.

- table is lowered and at the same time flattens, tending to become a

plane surface where it subsides below all surface depressions. So long
as the water table is above the bottom of a surface depression, such as

 a valley, hillside springs are possible.

These conditions are indicated in fig. 2, which is an ideal vertical
section across a valley with a stream flowing down it, excavated in
porous material.
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F1a. 2.—8ection showing relation of hillside springs to water table.

The water falling on the surface aa penetrates downward, and at a -

b certain stage after the supply ceases the upper surface of the saturated

subsoil may be assumed to have the position 55. At such a stage the
water flows toward the valley along the courses indicated by the dotted
lines and escapes most commonly by seepage, but if concentrated inmore
definite channels forms springs. Should the water table be depressed
to the line cc, the springs would cease to flow and lateral seepage from
the stream occupying the valley would occur. Under these conditions
the surface of saturation is higher beneath the valley than beneath the
adjacent uplands. So long as a stream continues to flow, unless its bed
is impervious, the water table can not be depressed below its bottom.
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When the stream bed is dry, however, as so frequently happens in al‘id P
reglona, the water table may subside below the bottom of its bed, or ;
to dd, and become a plane surface; or, as really

i % .happens for various reasons, may disappear, there ’g
il =0 being no saturated subsoil layer. :
it e Owing to variations in the conditions on which
1 & 2’ the lives of hillside springs depend they commonly

i '«};"‘3 exhibit seasonal variations in volume, and perha.ps

: F also in temperature.

.

CANYON SPRINGB

EEE] Lane veos

Canyon spring: . .

When water disappears beneath the surface of the
land, it may enter pervious stratified rocks and ﬂow =
thr ough them for long distances, finally emerging
where the water-carrying beds have‘been cut across
by erosion or in other ways furnished with openings
through which water may escape from them. One
of the most.common methods by which this result
is attained and one abundantly illustrated in south- 3§
ern Idaho is by the excavation of canyons in nearly
horizontal stratified rocks, some of the larger of
which are water charged. Although at times hav-
ing essentially the same characteristics as hillside
springs, the type here referred to, in numerous con- &4
spicuous examples, depends on markedly different -3
conditions. The water is conducted to a distance g
through pervious beds having impervious floors, %8
and may or may not be covered by impervious lay— 2
ers. meg to freedom of escape even when an §
impervious cover is present, the water is not usua.lly
under pressure except such as results from retarda- §
tion due to friction of flow. There is no storage 3
reservoir as in the case of fissure springs, described 48
below, and if the source of supply fails the springs &
run dry. 4

While the underground courses of the waters sup- §
plying hillside springs are commonly short, being
measured usually by rods, the journeys of the waters §
feeding canyon springs may be long, and in many$
Fio. 3—Section showing 10StANCes are measurable in miles or tens of miles.

conditions favoring  The conditions favoring the occurrence of canyon 3
;:’; pringe ot e gprings are illustrated by the section forming fig. 3,
which, although ideal, indicates in a general way;
the mode of origin of the copious springs in Snake River Canyon,}
which are the type of the class under consideration.
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RuUsSELL] SPRINGS.
At the left of the diagram an attempt bas been made to indicate the
presence of a mountain valley deeply filled with alluvium, beyond
which rises a deeply sculptured, bordering mountain spur. The gravel
in the valley extends beneath the plain, perhaps merging with lake
beds, and forms a porous layer which is underlain by an imper-
vious bed and covered by a lava sheet. This is a special case, to be .
sure, but the beds beneath the plain may be of any nature, the essen-

tial feature being that one of them is so situated as to become water .

charged and to slope toward a canyon which is cut below its base. The

. bed above the pervious layer in the case of the Snake River Plain is
composed of fissured lava, and permits all the water falling on it to have

ready access to the porous bed beneath. In fact the fissured basalt at
times furnishes the pervious bed, being underlain by a water-tight
stratum. Water coming to the exposed portion of the pervious bed
in the mountains descends into it, as does also the water supplied to -
the surface of the plain, as is mdlcated by arrows. Where the pervi-
ous bed appears in the side of a canyon, springs emerge.

The lost rivers of southern Idaho contribute to the support of the :
springs in Snake River Canyon, but this source of supply is augmented
by the precipitation on the adjacent plain. The flow is constant, owing
to the retention of the waters in porous beds, being in part supplied
by hillside springs in the mountains, but the flow is regulated more
largely by the extent of the water-charged beds. In general, canyon

" springs are perennial and exhibit no seasonal changes in volume or -

temperature.

FISSBURE SPRINGS.

If a pervious layer of the nature of those supplying canyon springs
is not cut by erosion, or in some other way furnished with means of
escape for its contained waters, it i3 evident that it may become water
filled. The water at any point in the porous bed will then be subject
to the pressure of water at higher levels, and be forced in any direc-
tion in which an opening may occur. In nature such means of escape
are sometimes provided by fissures. If a fissure leads from such a
reservoir to the surface and the pressure on the water is sufficient, a
fissure sprmg results. . The conditlons which lead to the occurrence of
fissure springs are seldom if ever, exposed so as to be studied in detail,
In many instances it is probable that a

secting fissures. However diverse the conditions, it is evident that the
water which risesand overflows is under pressure, and that a reservoir
is present. By this it is not meant that anything like a cavern neces-
sarily or commonly occurs. . Usually' porous rocks play the réle of a
reservoir. Fissure springs, like all other springs, are dependent on
precipitation for their water supply, but owing usually to the small

-
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size of the conduits leading to the surface, in comparison to the volume
of the reservoir, they are perennial and do not fluctuate in volume or
temperature with seasonal changes. Like canyon springs, those of
the type here considered are supplied from a distance and may exist in
arid regions. They are frequently of common occurrence where broad
sheets of stratified rock have been broken, and especially where faults 4§
occur. Owing to the depth from which their water frequently rises @
its temperature is often high. Springs of this type are common in th
Great Basin, and occur also throughout the similarly disturbed reglonL
about it. In southern Idaho numerous examples are present, as i
shown by the several warm and hot springs known.

CAVERN SPRINGS,

In limestone regions especially, water percolatipg through the*;
rocks, on finding its way initially through fissures and joints, dissolves &
the rocks and opens out galleries. These galleries, such as )
Cave in Kentucky, for example, may have lakes in them, or
may flow freely; in either case a spring is formed where the water §
emerges in a neighboring valley. If a subterranean lake is present it
may supply & conduit with water under pressure, and give origin to a
fissure spring. With or without a lake present, springs in the sides of ;
valleys may be found which simulate canyon springs. Caverns origi
nating in any manner may exert an influence on subterranean drain
age in the ways just suggested. . g

Cave springs are not known in southern Idaho, and further discus- §
sion of the conditions on which they depend need not be indulged in @
at this time. 3

Similar to cave springs are the streams which sometimes gush out §
of glaciers, but these have no connection with the subject in hand. 3

TEMPERATURE.

In all springs the temperature of the water is regulated by the tem
perature of the rocks from which it is derived.

In this connection certain well-known facts may be restated. The
- seasonal variations in temperature in temperate regions extend downd
ward into the earth to a depth of about 50 feet, and at that depth there]
is a horizon of no seasonal variation which has a temperature corre:
sponding with that of the mean annual temperature at the surface}
Below this stratum of no seasonal variation the temperature increas
with increase in depth, at the rate in general of about one degr ,‘
- Fahrenheit for each 60 feet.

Hillside springs, being of local origin and the waters supplying the
not descending deeply, usually have about the mean annual tempers;
ture of the region where they occur. At Boise this is approximatel}§
50° F. In summer such springs are colder and in winter warmer thay
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the air. They may in fact have a temperature even in summer but
little, if any, above that of freezing water, as, for example, where
s soil or the surface sheet of rock waste becomes deeply filled with
fice during winter, which melts slowly during summer, and yields
bnearly ice cold water. Hillside springs supplied with water which
descends to a depth of less than about 50 feet may be expected to fluc-
jtuate somewhat in temperature from season to season, but are not
quickly responsive to surface changes. - Those which derive their
water from a depth of approximately 40 to 60 feet and are of suffi-
cient volume not to be sensibly altered in temperature on nearing the
surface will show no seasonal variation. - Canyon and cave springs
perhaps, as a rule, are supplied with water which has descended more
f than 50 feet into the earth and possibly may have reached a depth’of
- several hundred feet, and their temperatures should, therefore, be
' somewhat higher than the mean annual temperature of the region
£ where they emerge, but they will not be characterized by a high degree
F of heat unless they come from abnormally warm or hot rocks. In the
 typical canyon springs in southern Idaho the temperature is about
k 60° F., or 10° above the mean annual temperature, and shows no
b seasonal variation. In these and other similar instances, however,
E- in which springs are supplied by subterranean drainage, particularly
F- of broad sheets of pervious rocks, there may be some addition of hot
¥ water rising through fissures in the rocks beneath. That is, fissure
- springs may contribute to the supply of subterranean streams in the
* same way that they do to surface streams. :

Fissure springs are supplied from depths ranging from a few
score feet, or even less, to hundreds of feet, and come to the sur-
face with all variations in temperature, from that of the mean annual

2

¢ temperature of the region where they occur up to the boiling point

k for the elevations where they emerge. Those of sufficient volume and

B manifest freedom of flow indicate closely the temperature of the rocks

2 from which they are supplied, and the dépth of their source can thus .
[ be approximately determined, if the rate of increase of temperature
t with depth for the locality is known. The rise of temperature with
' increase in depth below the stratum of no seasonal variation, however,
' i3 not the same in different regions, and may be greatly modified by
¥ local causes, such, for example, as the presence of still hot voleanic
" rocks below the surface. The hot springs in Clover Creek Valley,
" near Blanche, and again the hot springs at Soda Springs, Bannock
i County, Idaho, are situated near volcanic craters that were recently
¥ active, and no doubt derive their heat from hot volcanic rocks at no
g oreat distance below the surface. The temperature gradient beneath
& the Snake River Plains, s indicated by the meager data in hand, is
b above the normal. As will be shown later (p. 173) the wells along the -
g Oregon Short Line Railroad give an increase in temperature of 1° F.
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for each 45 feet below the stratum of no seasonal variation. The ¢qp_
yon springs also, on the supposition that the rate of increase of heay .
with depth is normal, indicate a higher temperature than.would be-.~
. expected from the depth of the localities where they emerge belo'
-the level of the adjacent plains.
Chemical changes, as well as movements in rocks, may also produ(,e %
abnormally high temperatures, which might be imparted to the watey
of any of the types of spr mgs enumerated above, but whlch are m
apt to be felt by fissure springs.
The phenomenon of a hot and a cold spring near each other, whig
sometimes occurs, can be easily explained by reference to the dig
grams given above. A hot fissure spring supplied from a deep sourcg3
ntay evidently occur near a cold hillside spring, the association of t
two bemg simply accidental. 3
There is much that is mberestlng in the chemistry of spring Water
and in the way in which hot springs especially deposit material—mos;
commonly calcium carbonate and silica—on reaching the surface, hyf it
this phase of the study can not be considered at present.

SIMILARITY BETWEEN SPRINGS AND WELLS. £

- Each of the varieties of springs enumerated above is represented b
wells: :
The ordinary wells, especially in humid regions, are supplied b‘
percolation from the adjacent portions of the porous beds they pene
trate, and aresimilar to billside springs. When they are supplied af
a depth of about 50 feet below the surface their temperature, when
inclosed, is approximately that of the mean annual temperature of the]
locality where they occur. The water in them rises and falls with}
variations in the position of the water table, and if the surface of sat;
uration sinks below their bottoms they become dry. Deep wells$
usually obtained by drilling, which penetrate pervious strata in whichj
the water stands at a definite horizon and which in many instances, ag
is frequently stated, can not be lowered by pumping, are homologous
to canyon and cave springs. The water is either not under pressure o
~ not under sufficient pressure to cause it to rise to the surface, and had
-a constant temperature which is somewhat higher than the meatg
- annual temperature of the locality. Artesian wells are essentialls
artificial fissure springs, and have a constant and frequently a hig
temperature.

RELATION OF SPRINGS TO CLIMATE, TOPOGRAPHY, AND GEOLOGY. -
In addition to the fact that all springs are dependent on precipita
tion for their water supply, there is a relation between the amount ¢

water supplied and the topographic and geological conditions Whl

- . determines what variety of spring will result.

‘oT cave springs are possit
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In humid regions the subsoil is. normally saturated below a certam

depth (the water table) and hillside springs are of common occurrence.
t In such regions, also, water is nearly everywhere obtainable by means
p of wells of small depth. In arid regions the subsoil is, as a rule, not

saturated, owing not only to downward percolation, but also to the dry-

.ing of the surface and the passage upward of absorbed water, through
f capillary action; and surface wells are not suceessful and hillside springs
 are practically absent.
§ or cave springs are possible, the control passing to topographic condi-
 tions; that is, the depth to which the rocks are cut by canyons and
- valleys determines whether the water contained in previous strata or
f caverns shall outflow or not.
« of the surface by denudation keeps pace more or less closely with the
- downcutting of stream channels, and deep canyons do not result,

except under certain highly special conditions.

In both humid and arid regions either canyon

In humid regions the general lowering

The valleys, as a rule,
have flaring sides, and are encumbered with débris which tends to

£ mask the presence of springs. Although springs of the type of can-
§ yon springs do occur in wet regions, they are not common or charac-
E teristic.
E crossed by rivers rising in well-watered uplands, deep canyons with
p vertical or nearly vertical walls may be produced, and it is in such
L instances that canyon springs. reach their most typical development.
& 1n alarge section of the arid region, namely, the Great Basin, canyon |
k springs are absent for the reason that the streams are not permitted.
t to excavate deep channels.
% filled or upgraded, and no removal of material from the basin occurs,
except in a small way through the agency of wind, and this is probably
E compensated for by the dust brought in in a similar manner.

In arid regions, however, high above sea level, which are

In the Great Basin the valleys are being

Fissure springs are possible when water exists in pervious rocks

¥ under sufficient pressure to force it to the surface if an opening is pro-
€ vided. Such openings are produced by movements in the earth’s crust,
E and regions not affected by breaks or faults, although water-charged
§ beds may:exist beneath them, are without fissure springs. Fortu- .
f nately the rocks beneath large portions of the arid region have been -
k- broken, axnd the characteristic spr mgs pal ticularly in the Great Basin,
g are due to this cause. '

The favorable result of a combination of climatic,. topographic, and

. geologic conditions is illustrated by the fact that canyon and fissure
= springs are not dependent on the precipitation in the immediate vicinity
. of the localities where they occur, but their waters are conducted
E' underground perhaps for hundreds of miles without loss by evapora-

tion, and may rise in a desert locality and give origin to an oasis. But

¥ for the fortunate combination of conditions referred to, much of south-
§ ern ldaho, in common with nearly all of the arid region west of the
g Rocky Mountains, would be far less suitable for habitation than it
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is at present, and much of it would be practlcalb impassable
travelers.

DEVELOPMENT OF BPRINGS.

above depend at once suggests methods by which their flow may be'
increased, or new springs produced. This matter will be considere
later in more detail, but I may call attention briefly to the self-evident’
fact that to increase the flow of a hillside or canyon spring the prope
method would be to imitate nature and excavate tunnels or horizonta}
-wells. As fissure springs rise through more or less vertical openings
it is obvious that in order to obtain water from subterranean source
where 1t exists under pressure vertical wells must be put down. Such
artificial fissure springs ave termed artescun wells.

ARTESIAN WELLS.

REQUISITE CONDITIONS,

The governing and qualifying conditions pertaining to artesian wellsg
. have been described by many writers, and are noted in a previou.é i
report relating to Idaho,” and need not be repeated here except in af
very general way, to serve as an introduction to what follows.
The presence of water in a pervious stratum is usually dependen

on the exposure of a portion of the bed at the surface, s6 that it mayg
receive the direct precipitation from the atmosphere or be charged by
‘percolation from surface rock waste, seepage from streams, etc. A%
pervious bed may also become water charged by leakage from other]
‘beds, as has- been explained by Chamberlin.? The geological condi-Z
tions which lead to the filling of pervious beds so inclosed that the
water can not escape from them, at least not freely, are various. Thé
conditions most frequently occurring are illustrated by what are known$

as artesian basins and artesian slopes. :

- In an artesian basin the strata containing one or more pervious beds—

we will assume, for simplicity, that but one is present, with a waters
tight bed above and below—have the form of a basin, at some portion}

- of the rim of which the pervious bed comes to the surface and receives
‘sufficient water to saturate it. An illustration of this structure mag
be had by spreading a layer of sand over the interior of a saucer ang
placing another saucer within it, both vessels being in an uprigh
position. If water is poured into the lower saucer until the spa
between the sand grains are filled and a hole is drilled in the botto

al. C. Russell, Water-Supply and Irrigation Papers U. 8. Geol. Burvey No. 54, 1891. Bibliogrs ui
on p. 130-131. :
bT. C. Chamberlin, The requisite and qualifying conditions of aftesian wells: Fifth Ann. R.ept. U

Geol, Burvey, 1885, pp. 125-178.
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fof the upper dish, the water will rise through it. In such an experi-
ment the saucers represent the impervious and the layer of sand
between them the pervious beds in an artesian basin. These condi-
btions are indicated in the following ideal cross section of an artesian
basin, in which the pervious bed 4 is water charged from the rain fall-
bing on its exposed rim and percolates downward until the bed is sat- -
urated to the impervious rocks B. A hole drilled at any point, as D
ror Z, within the basin will permit the water to rise, owing to the pres- -
fence of water at higher levels, and to overflow at the surface, provid-
Fing the elevation where the hole is made is below the level of the .
lowest point in the rim of the basin by means of which the water is
f enabled to overflow. The upper limit of saturation in the pervious
E bed is termed the artesian head. In the diagram this horizon is indi-

| cated by the line C'F, and water will rise and overflow within the basin
at any locality where the surface is below this level.

B A [4

F16. 4.—Section of an artesian basin.

Artesian basins are usually produced by a gentle downward bending
£ of rocks containing alternating beds of pervious material, such as sand
5 or sandstone, and impervious beds, such as clay and shale. There are
' ' many qualifying conditions, however, as has been shown by Lbambex-
- lin in the article referred to above.
; The essential condition which causes water to rise and overflow in
" the case of an artesian well is that it shall be under sufficient pressure.
- In order to insure this condition, however, a complete basin need not

: be present. This is indicated in fig. 5, showing wedge-shaped pervi-
ous beds so exposed at the top as to become water charged and inclosed

¥ below in impervious material. Such an occurrence might be termed

3 an ““artesian wedge.”

.- N F16. 5.—Section of an artesian wedge.

" Jn each of the two illustrations just given the pervious beds are
‘L saturated and the water contained in them is essentially at rest; that is,
hydrostatlc pressure is what causes a portion of the water to rise. In
- order that a well may continue to flow with undiminished pressure, it

P is evident that the supply must be renewed.

. Hydrostatic pressure in a saturated stratum, or reservoirs, is not the

®- only cause, however, by which wells may flow. Another method of
- flow is illustrated by what is known as an artesian slope.
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Water flowing through an inclined pervious hed meets with resigg.
ance due to friction of flow. If the pervious bed is included betwee
two impervious beds, as, for example, in the ideal section shown in fig
6, and a hole is drilled from the surface down to the water-charged

_bhave been enumerated. On the contrary, the only
-attempt here made, is to cite certain well-known J
- principles for use later. ‘ ;

-ity, level land that could be easily tilled is abundant,}
the sunshine is brilliant, the temperature favorable, but the criticald

—

o
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layer, as at x, the friction of flow between 2 and g,
where the water naturally escapes, may be sufficient
to retard the current and cause the water to rise j
the hole and possibly overflow. The reason is simply
that the resistance met by water rising in the holg
drilled at « is sufficiently less than the resistance %}
between # und ¢ to permit it to rise to the surface,
The moving force in this instance, as in an artesian’;
basin, is hydrostatic pressure. This matter has bee
discussed in the report on Nez Perce County, refer
red to above, where reference to other papers on th,
same subject may be found. _ A
" In the case of an artesian basin the pervious layer=
1s essentially a filled reservoir, and the water is at rest
until an opening is made in drilling a well; in thearte
sian slope the water is flowing. These statements, to :
be sure, need to be qualified to be strictly accurate, -
but they express the leading difference referred to
The success of wells drilled so‘as to tap an artesian
slope depends not only on the quantity and perma
nence of the water supply, but on the degree of resist-
ance the water meets with in passing through the
permeablestratum. The greater the resistance within -
certain limits, the higher the water will rise in wells 38
leading to the surface. 9
It is not to be understood that all of the various 38
ways in which subterranean water may be brought §
under pressure so as to be available for artesian wells 3

" AVAILABLE WATER ON SNAKE RIVER j
PLAINS. - 3

The most serious economic problem which con-§
fronts the people of southern Idaho is how to obtain}
water for irrigation and for town and household pur-§
poses. The soil is almost universally of good qual3
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‘nmnuh‘j
Feondition, and the one that controls not only agriculture, but settle-
Rment for any object, is the prevalent scarcity of water. Under these
fconditions, water is more valuable than land. In fact, land, however
well situated and however rich, is valueless for farming purposes -
¢nnless water can be brought to it.

The water available for irrigation may be conveniently classified
funder three heads, namely, surface streams, springs, and wells.
EDirect precipitation, averaging as it does less than 3 inches during the
lgrowing season, is too small to permit successful agriculture without -
Birrigation, except, possibly, in certain localities where the soil is of
“such nature as to absorb and retain the winter supply.

T8

SURFACE STREAMS.

=

Y- The greatest source of water supply for the Snake River Plains, and
'Lthe one first to be utilized, is to be found in the streams which, rising
_in the neighboring mountains, flow to or across them. The quantity of -
. water reaching the plains in this manner and the var ious ways it can be
! most economically diverted and used for irrigation have been investi-
I gated by the State engineer of Idaho,and the conditions existing are
- described and discussed in a series of reports. One of these, the biennial
- report for the years 1899 and 1900, by D. W. Ross, is remarkable for its .
_breadth of view and thoroughness, and will prove invaluable not only
~to individuals and companies directly interested in irrigation, but
< ¢ should serve as a guide to the legislature of ldaho in framing wise
Hlaws to govern the uses to be made of the scant water supply.
%ﬂ The central plain of southern Idaho has an extent of about 20,000
> square miles. The surface streams available for irrigating this great

* tract are Snake River and its tributaries, together with the ‘‘lost
¥ rivers” which fail to reach the main drainage channel. While consider-
= able portions of the plains are rocky and entirely unsuited for agri-
chltule, and other portions, also large, are too high above the streams
i to be irrigated, there remains more good land which can be reached
” i by canals than can be brought under cultivation by the use of the

Awater carried by all the streams during the growing season.

> All of the smaller streams that reach the Snake River Plains from
- either the north or south have been fully utilized, except the Bruveau
E River, which in summer still discharges about 400 cubic feet per second
® into Snake River. The waters of Snake River above American Falls
¢ are largely utilized, about 211,000 acres being irrigated, of which
g about 200,000 acres are in the valley proper. The great waste of
e Water that accompanies the irrigation of this land is forcibly stated by
X Ross In spite of the large demands made on Snake River in the

A

o
. K

- PR

aBiennial Report of the State Engineer to the Govemnr of Idaho for the year 1899-1900; {Boise] 1901,
PP 1-101, 6 plates and 3 maps.
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reached, since water above a certain definite quantity skillfully applied
is injurious to crops, and brings about cumulative difficulties in the .
way -of concentrating alkaline salts in the soils.

Second. The canals and ditches, and in fact the entire practice of
irrigation, should be under the control of a skilled and efficient engi-
neer, in order that water may be applied to the best land in proper
quantity, all of the available supply utilized, and loss by evaporation
and seepage reduced to a minimum.

These conclusions, although sufficiently obv10us in the abstract,

" become painfully apparent to one traveling through even the most

productive portion of southern Idaho. It is safe to say that less than .
one-half of the service is obtained that the waters now flowing through
canals and ditches might render under skillful management. Waste is
everywhere conspicuous. The ignorance, carelessness, and greed of
the people are disheartening to one who endeavors to point out addi-
tional sources of water supply. Obviously the first and paramount °
duty of the people not only in Idaho, but generally throughout the
arid regions, is to employ econouncally the water now available in
surface streams.

An increase in the supply of water flowing through surface streams
during the growing season, as has been pointed out by Ross and others,
may be had by storing the water which runs to waste between the
seasons when it is needed for irrigation. It is in this direction that
the greatest addition to the amount obtainable by diverting streams is
to be expected. For this purpose suitable reservoir sites must be -
available, situated where they can be filled during the winter season,
and where desirable land exists at lower levels over which the water

ean be spread.- This again is an engineering problem of high order,
and one beset with difficulties and dangers Some attempts have
already been made in the direction of storing the winter flow of the
streams, but not always wisely or well, and much more is to be expected.
The cost of such enterprises is usaally great, and it is evident that
many favorable plans will have to wait until increase in population

. and greater demand for farm products justify the large initial expense.

When all of the water furnished by streams during the growing

season has been - judiciously applied in irrigation, and all of the flood
¥ water that it is practicable to store in reservoirs is ‘made available,
~ there will still remain extensive tracts of excellent agricultural land

unprovided for. Besides the need of water for irrigation, there is a

_ great and constantly increasing demand for water for town and house-

hold purposes. With the hope of supplementing the surface supply
attention has been directed to subsurface waters. The chief purpose
of the reconnaissance here reported on was to ascertain, so far as the time
available would permit, what can be expected from this source. The

Bull. 199—02——11
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water supply beneath the surface may for convenience be comulolu]
under two separate headings, namely, sprmgs and wells.

SPRINGS.

“The water reaching the surface from subterranean sources through
natural conduits within the area embraced in the Snake River Plains
forms canyon springs and fissure springs.

. tically absent, and cave springs are unknown.

CANYON SPRINGS.

Springs of this type occur on Snake River principally between Sho-
shone Falls and the mouth of Bruneau River, where the stream has cut
-deeply into the lava sheets and associated sedimentary beds across
, which it flows. They are confined to> the northern side of the river
-for the reason that the geological conditions on which their existence
depends are not present on its southern side. Although much use is

Hillside sprmgs are prac-. «

now being made of these springs for irrigation, far more water is sup- - 2

plied than is utilized, and the vast source of power they furnish is

entirely unemployed. More than this, by excavating horizontal wells
or tunnels the water may in numerous instances be made to flow at
localities where it will be of greater service than at present.

" An attempt to indicate the value of the numerous springs that gush
from the north side of Snake River Canyon in their order from Sho-
- shone Falls westward is here presented, but their full importance can

only be determined by a detailed survey.

At Blue Lakes the water issuing from large springs situated prin-

“cipally at the head of a side alcove opening from the main canyon is,
as already explained, utilized for the irrigation of extensive orchards,
which are highly productive.

Below Blue Lakes to the point where the surprisingly great outflow of
water occurs at The Thousand Springs, adistance of about 18 miles, there
are a few small ranches, which are watered from springs. Although
this portion of the canyon was seen by me only from above, I judge
there are a number of localities where the water supply could be
greatly increased or made to issue at a higher level, and thus be of
greater service than at present.

This means that not only the flat 3

i}

Sy f e
W ol

. land due to deposits from the river can be irrigated, but also much of 38

the rough talus slopes.

be fully developed.

The most remarkable springs of Snake River Canyon begin about 3
2 miles above where the Salmon River comes in, and extend west- 4

ward to Bliss, a distance of about 18 miles. Throughout this po

~.

The planting of trees and vines, not in straight 3
rows, but here and there amorg the fallen blocks of rock, must be 3
practiced in order that the great possibilities of the canyon may
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-used to irrigate several small ranches.
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tion of the canyon springs occur in large numbers, and many of them
are of great size. :
led to the existence of Box, Little, and Malade canyons has already
been referred to. From a locality about 1 mile up the canyon of
Snake River, about the mouth of Box Canyon, numerous springs gush
out at various elevations up to about 220 feet. - 1t is prohable that all
of the water issues from a single pervious stratum beneath the rim

rock which sharply defines the brink of the canyon, and in descending = - -

through the abundant talus appears and disappears perhaps several '
times. The position of the highest line of springs is plainly marked -
by the upper limit of vegetation. Half a mile below the mouth of
Little Canyon, near the level of the river at its lowest stage, an
immense spring of wonderfully clear water of a delicate bluish
color rises through a bed of clear white sand, and for this reason is -

"named Sand Spring. This great spring is situated in a slight reentrant

of the canyon wall, which indicates the nature of the beginning of a
spring-formed alcove. '

Opposite the mouth of Salmon River, springs which come to the
surface from beneath a lava sheet which has been weathered back from
the canyon wall about half a mile have been diverted and are now
A picturesque fall which these
waters make in descending into the canyon is known as the Snow Bank.
This is the east end of the truly marvelous Thousand Springs, where
in the space of about half a mile countless streams of water gush out
from the canyon wall, in part at an elevation of 185 feet, but decreas-
ing when traced westward to about 75 feet. The aggregate discharge
of these springs is estimated to be 20,000 cubic feet per second. The
springs show no seasonal variation. Their temperature is 62° F.
The water comes from the cellular basal portion of a lava sheet which,
as previously explained, was in part shattered and in part *‘shredded”
by steam explosions, and descends over a cliff composed principally of
compact volcanic lapilli. The immense water power that could be
easily utilized here awaits development. Only a small fraction of the
water pouring out and descending in picturesque, foaming cascades is
now utilized for irrigation.

A novel plan for raising a portion of the water to the plain above,
where there is a great tract-of fine land available for irrigation, has
been attempted by the Idaho Hydraulic and Pneumatic Irrigation

" Company, of which Mr. A. Ferguson, of Hagerman, Idaho, is chief

engineer. The leading features of the plant, now nearing completion,
is a large completely inclosed iron tank, or air separator, resembling
a steam boiler, situated at the base of the cliff, into which, near its base,
water is conducted from about 180 feet above by means of a large iron
pipe or penstock. The water escapes from the tank in part through a
standpipe connected with it near its bottom and rising to a height of

The astonishing volume of the springs which have -
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about 40 feet, and in part through a smaller pipe leads from the tank,
also near its base, to the summit of the canyon wall. The operation ot
the plant is this: The water in rushing down the penstock carries air
with it, which separates in the tank and rises to the top, where it is
under the pressure of the water in the large escape pipe, 40 feet high.
The air pressure thus obtained forces water up the smaller pipe lead-
ing to the top of the canyon wall. This pneumatic engine, if such it
‘may be termed, is claimed to be automatic in its operations, and there-
fore economical when once installed. It has not as yet been put in
actual use so far as irrigation is concerned, although it has heen made
to discharge a strean} of water on the plain above where it is situated,
and its efliciency remains to be demonstrated.

Near the western end of The Thousand Springs water emerging at
an elevation of about 75 feet on the canyon wall has been conducted
across the river by Mr. . A. Heron, in a pipe 12 inches in diameter,
supported on a %-inch wire cable, which rests on crossed timbers
planted in the river's bottom. The penstock leading to the pipe has
a fall of 40 feet and delivers about 600 cubic feet of water per second
on the south bank of the river. About 300 acres of land are under
irrigation. An instructive experiment in connection with this plant
was made in attempting to use a pipe placed on the hottom of the
river. It was found, however, that air carried into the pipe by the
water rushing down the penstock supplying it collected in the pipe at
its upward bends on the river’s bottom and caused it to rise and break.

Just below The Thousand Springs. Snake River makes an abrupt
bend to the south, returning again to its westward course ahout 7
miles farther downstream. On its southern side the viver is cutting
into & prominent bluff of nearly white sand clay and on its northern
side it is bordered by a large body of land, which, for the most part. has
a gentle slope. This *“ Hagerman bend” contains by estimate about 14
square miles, nearly all of which can be irrigated from springs. - The
northern wall of the canyon continues westward from The Thousand
Springs, and does not follow the bend of the river, for the reason that
the stream, after having cut through two or more upper lava sheets
and a thick layer of sand and clay below, discovered a southward-
dipping sheet of lava which deflected the current toward its left bank.
. At the base of each of the two upper sheets of lava strong springs
- pour out and are extensively utilized for irrigation. They emerge,
however, at too low a level to be available for use on some of the
higher terraces, and to obviate this difficulty in part two tunnels have
been excavated in the lava with remarkably successful results.

One of these tunnels, on Dan Jones’s ranch; about 2 miles north-
east of Hagerman, is 140 feet long, and discharges about 5 cubic feet
of water per second. A second tunnel, about 100 yards eastward, is
approximately 200 feet long and delivers about 4 cubic feet per second,
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Each of these tunnels is in the open-textured basal portion of a lava
flow, and the water rises through fissures or other openings in their
bottoms. This fact shows that water exists under some pressure in
rocks below the floors of the tunnels. The water has a temperature
of 62 F. and issues at a horizon approximately 60 feet helow the
level of the surface of the plain to the northward. '

Large springs occur at several localities from Hagerman to Bliss.
In fact, there is what may be truthfully termed a continuous chain of
springs along the north side of Snake River Canyon from about 2
miles above the mouth of Salinon River westward to Bliss. Included
in this series are the springs of Little and Box canyons, Sand Springs,
the Snow Bank, The Thousand Springs, the numerous springs and the
two flowing tunne]s near Hagerman, und a large number of strong
springs between Hagerman and Bliss. ‘

These springs issue from at least four, and perhaps more, strata.
Those in Little and Box canyons and Sand Spring come from a stratum
consisting largely of fine white sand which is overlain by a thick sheet
of lava. The large springs supplying the Snow Bank come from above
this same stratum of lava and from beneath a higher sheet, the margin
of which has been weathered back from the canyon’s border. The
Thousand Springs issue from the lower portion of the lava sheet, over
which the water supplying the Snow Bank cascades. This lava sheet,
when traced westward to the end of The Thousand Springs escarpment,
declines somewhat rapidly, the true dip being to the southwest, and
passes beneath the agncultural land at Hagerman Bend. That the
stratum is water charged is shown by a large fissure spring at the base
of a small fault which supplies in part a'creek flowing eastward and
emptying into Snake River about a mile above Salmon Falls. This
fissure spring, as well as the passage of the water-charged layer which
supplies The Thousand Springs, beneath Hagerman Bend, is strong
evidence that artesian wells would be successful if put down near
Hagerman, and probably at any locality in Hagerman Bend. The
depth of the water-charged layer is not great, but increases from the
northeastern portion of the bend toward the southwest. A test well
put down at Hagerman to a depth of 500 or 600 feet would probably
vield flowing water.

The lava sheet in the escarpment to the north and northeast of
Hagerman is higher in the rock series than the one supplying The
Thousand Springs. It is probably the same one from which the water
flowing over the cliffs at the Snow Bank emerges, but in the inter-
vening space, about 3 miles in a straight line, has been weathered far
back from the canyon’s brink, and was not followed in the field.
While the springs downstream from Hagerman ali the way to Bliss,
including the great springs in Malade Canyon, may come from the
same layer that furnishes the water at the two tunnels described above
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and the large springs in their vicinity, a detailed study would perhaps
show that two or more water-charged layers are present. Before the
relation of all  the springs can be accurately determined and the best
way to develop them pointed out it will be necessary to have an
accurate topographic map of the regiomn.

In the bottom of Snake River Canyon near Bliss the water- charged
stratum which supplies the springs upstream passes below the level of
the river, on account of a gentle westward dip, and springs are rare
for a distance of about 40 miles. The reason for the general absence

-of springs in this section of the canyon is not only the greater depth
of the layers which yielded water near Hagerman, the continuation of
which to a considerable distance west of Bliss, however, is not
positively known, but also the deep dissection of the portion of the
plains lying north of Snake River. So far as I am aware, springs

_are absent or nearly so in Snake River Canyon between the mouth

of Kinghill Creek to a locality several miles below the mouth of

Rattlesnake Creek. North of the river in this section creeks, about
eight in. number, have cut deep canyons, which would prevent a

water-bearing stratum above the level of the main stream from con-
ducting its waters to the Snake River Canyon. It is to be expected,

]udgmg from the topographic and geologic conditions, that small

springs occur in the canyon of the lateral streams, such as Alkali,

Cold Spring, and Bennett creeks. but as to the fulfillment of thlb

predication I am not informed.
West of the mouth of Rattlesnake Creek, and near the point where

- Canyon Creek joins Snake River, large springs again occur. In that
region there is a broad, uneroded plain leading from Snake River
Canyon to the mountains north of Mountain Home. The canyon of
Canyon Creek is short, and does not furnish an exception to the state-
ment just made. For a distance of about 2 miles or more above the
" mouth of Canyon Creek soft sand and beds of gravel occur beneath the
lava forming the upper portion of the canyon wall, and strong springs
come out of the talus slopes and landslides encumbering the portion of
the canyon’s border below a prominent rim rock. Theae springs appear
at a horizon about 500 feet below the top of the canyon, and have a tem-
perature of 69° F., or about 7° F. higher than the water of The Thou-
sand Springs. T be water of some of the springs referred to is used for
the snccessful irrigation of orchards. Far more service could he
obtained from the springs, however, by tracing up the water that
emerges through talus to the horizon where it issues from a pervious
stratum, and excavating horizontal wells, By this means a larger
volume of water could be had, and at such elevation that it could he
used over a much larger area than is at present possible.

Canyon springs occur again, below the mouth of .Canyon Creek, in
the southeastern portion of Ada County. at Chapman’s Ranch. They
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discharge somewhat less than 2 cubic feet persecond, and are now used
for irrigation. Other similar springs are near, but are not utilized.
These springs come to the surface through talus and above a stratum
of vellowish lapilli. Their temperature is 69° F. An excellent
opportunity is here furnished for excavating horizontal wells, and
there is an abundance of land near at hand suitable for irrigation. It
is safe to sayv that not only the springs at Chapman’s ranch but the
neighboring spring a few hundred yards to the east could be developed
%0 as to vield 'nuch more water than they now deliver. ,

The portion of Snake River Canyon from Chapman’s ranch westward
to the Idaho-Oregon boundary has not been visited by me, and what
the conditions are in respect to the presence or ahbsence of canyon
springs is unknown. .

In Bruneau Valley, near Hot Spring post-office, a number of large
hot springs come to the surface and are utilized for irrigation. The
temperature of one of these is 109° F.  Still more remarkable springs
occur from 5 to 6 miles up Hot Spring Creek, where its canyon is
narrow. One of the springs has an estimated volume of 4 cubic feet
per second, and a temperature of 109° F. While the high tempera-
ture of these remarkable springs suggests that they come from deep
fissures, no other evidence that such is the case was obtained during
my hasty visit. The canyon or valley in which they occur is fully 1,000
feet deep. and there is little doubt but that they are of the canyon-
spring type, but for the most part they rise in the bottom of a canyon
instead of issuing from its sides. In places, however, as on Hot Spring
Creek, they gush out from the canyon wall at an elevation of approx-
imately 100 feet above its bottom. These springs, although developed
to some extent by vertical borings, as will be described more fully
later in connection with the records of other artesian wells, can easily
be made to vield far more water than they do at present.

The marked success that has attended the excavation of the two
horizontal wells near Hagerman, and also the concentration of the
outflow of water secured by a similar method at The Thousand Springs, .
is highly encouragmv to the hope that a great development of the
canyon spring described above may be attained.

There need be no hesitation in concluding that results similar to
those just referred to may be had at a large number of localities.
Wherever a canyon spring appears, there is an opportunity to increase
its flow and in many instances to obtain water at a higher level than
it now comes to the surface, for the reason that the water usually
issues from talus and the true source is concealed. The main difficul-
ties are the clearing away of the fallen blocks of stone that encumber
the lower portions of the canyon walls, and the discovery of the edge
of the water-bearing stratum. In some places the murmur of the
water in flowing through the talus will assist in doing this. Where
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such a guide is absent, pits should be sunk at various horizons, begin-
ning where the water is known to be present and extending up the
canyon walls until the outerop of the supplying layer is discovered.
In some instances it will be more economical to begin at the top of a
talus slope, above a spring, and clear away the stones in a descending
direction, thus avoiding the danger of working at the bottom of a
loose mass of débris. ;

When the precise horizon at which tunnels should be excavated is
learned, it will serve to indicate where other similar excavations in the
same neighborhood should be made, but such deduction can not be
carried to a distance, for the reason that the lava sheets exhibit great
and frequently abrupt changes in thickness. As previously explained,
while the surface of a lava sheet may be horizontal, or essentially so,
for many miles, its bottom may be markedly irregular. Another
suggestion which may be of value is that the water escaping into a
canyon from its walls flows over the surface of animpervious stratum.
If, then, a bed of clay or compact lapilli (which in Snake River Can-
yon is usually dull yellowish, with black glass-like grains) is encoun-
tered in excavating, it is evidence that water, if present, will occur at
the summit of the bed.

It need scarcely be mentioned that where fissure springs occur low
in a canyon, and even in the central part of a flat-bottomed valley, as
they do at times, the escape of the water being perhaps through fis-
sures of small depth, vertical instead of horizontal wells must be exca-
vated ov drilled 1n order to increase the flow. Some assistance in
reference to choosing a location for a horizontal well, method of devel-
opment, etc.,-may be had by consulting a previous report¢ relating to
the Columbia River lava, and associated formations.

FISSURE SPRINGS.

Fissure springs are not abundant in the portion of southern Idaho
examined by me, and, so far as can be judged from the report of
others, are of rare occurrence throughout the entire extent of the
Snake River Plains. The Boise Hot Springs, situated on a fault 43
miles east of Boise, are of small volume, and have a temperature, as
stated by Lindgren in the Boise folio,’ varying from 120° F. to near
the boiling point. The belt of faulting on which these springs are
located, extends for several miles in a southeast-northwest direction,
and near it and about midway between the springs and Boise artesian
wells, described later, yield a large volume of water with a temperature
ranging from 75° to 170° F.

About 8 miles northeast of Mountain Home. a mile south of the
8 S JU—

al, C. Russell, Geology and water resources of Nez Perce County, Idaflo, Water-Supply and Irriga-

gation Paper No. 54 U. 8. Geol. Survey, 1891.
b Geologic Atlas U. 8., iolio 45.
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line of displacement which defines the junction of the Snake River
lava with the rhyolite of Mount Bennett, there is a small group of hot
springs, rising through lava. For the sake of brevity, I shall term
them the Mountain Home hot springs. Their combined discharge is
ahout 2 cubic feet per second and their range in temperature is from
103° to 167° ¥. The water from this group of spnnvs forms Hot
Spring Creek, which tlows to Bennett Creek.
Small springs, with a'temperature of 131° F., occur at the 11ght or
.southern banks of Snake River, about 4 miles above the mouth of
Salmon River. The water rises through recent alluvium deposited by
the river, and the true orifice from which it comes is not visible.
Most probably there is a fissure in the solid rocks beneath the alluvial
floor of the valley. A small warm spring, known as Poison Spring,
occurs in the canyon of Salmon River, about 8 miles above its junction
with Snake River Canyon. '

Near the head of Little Valley, about 9 miles west of Bruneau, there
is a small hot spring, which rises through soft, white lake beds (prob-
ably sediment deposited in Lake Idaho) which has a temperature of
101° F. Five drill holes, put down to a depth of 40 feet in the imme-
diate vicinity of this spring, resulted in a marked increase in the out-
flow. The discharge is now about one-half cubic foot per second.
The wells are not cased, and there is reason to believe that largel holes,
with proper casing, Would lead to a greater discharge.

In reference to the development of fissure springs, the fact should
be borne in mind that the water in most instances rises through nearly
vertical cracks, and may not have great freedom of discharge. When
the water rises through stratified sedimentary beds or lava sheets, the
chances are that there is great lateral dispersion or leakage, only a
small part of the discharge that comes from the more deeply seated
portions of the fissure actually reaching the surface. In general,
fissure springs are similar to uncased artesian wells, but owing to
probable irregularities in the fissures and the many chances they are
exposed to of becoming clogged, it is to be presumed their surface
outflow, in many instances, can be increased.

In the case of each of the warm or hot springs mentioned above,
to which may be added a mud spring situated northwest of Moun-
tain Home, and on the Overland road midway between Dry and
Canyon creeks, there 1s no doubt that an increase and possibly a
great discharge can be secured by drilling vertical wells. Such wells
should be put down within a few feet of the springs, and continued, if
practicable, to the depth indicated by the temperature of the spring
water unless success is attained at less depth. In the case of Mud
and Mountain Home hot springs the pioneer drill holes should be put
down to the south of the spring in each case, and about 50 feet from
it. The reason for this is that most probably these springs are sit-




i i b - e i

-

170 SNAKE RIVER PLAINS OF IDAHO. [RULL 199,

uated on faults, which incline downward to the south at a high angle
in reference to a horizontal plane. The depth to which it would be
justifiable to coutinue drilling in the case of the Mountain Home hot
‘springs, as indicated by their temperature, is about 5,000 feet. This
is on the assumption that the temperature gradient in the Snake River
lava is one degree for'each 45 feet, as indicated by the wells along the
Oregon Short Line Railroad. This assumed gradient will no doubt
be found incorrect when more observations are available, but it prob-
ably indicates the minimum depth to which drilling would have to be
carried to reach the stratum from which the water rises in the spring
referred to. There is, however, a chance that an open fissure that
will yield an abundant supply of water will be struck at less depth.
The drill hole-put down for the purpose of developing these and other
similar springs should be at least 6 inches in diameter, and thoroughly
cased, to prevent all possibility of an escape of water on the outside
of the casing. In-seeking to develop springs in this manner when
water, even in small amounts, of the same temperature as that rising
in the spring is encountered, it will probably be desirable to explode a
charge of dynamite in the hole with the hope of so shattering the rock
that a free communication with the cracks through which the spring
water rises may be obtained. '

It is scarcely necessary for me to urge that efforts should be made
to develop the Mountain Home hot springs, since there is abundant
land near them which could be irrigated. 1t may be found, however,
that they are of more value for bathing purposes, or even for furnish-
ing warm water in Mountain Home, than for irrigation; but even if
these demands are not assured, there is sufficient justification for their
development. for irrigation purposes. The conditions at Mud Springs
are less favorable than at the Mountain” Home hot springs, but are
sufliciently promising to warrant a trial.

- In brief, I may state that wherever warm or hot springs rise on the
Snake River Plains an attempt should be made to enlarge them and
to prevent their waters from escaping by percolation. DBy this 1
mean that an open pipe should be provided in which the water may
rise, in place of the fracture provided by nature, and that the space
between the outside of the pipe and the inner surface ot the bore hole
at the bottom of the pipe should be packed so as to prevent leakage.

This suggestion is made with the understanding that the pipe has heen

put in place after all necessary tests have been made for the purpo:e
of discovering precisely where the water enters the bore hole. The
lower end of the pipe should be just above that locality.

A spring developed in the way suggested, when a surface flow of
water is obtained, becomes an artesian well. Probably in most cases
of thiy nature, however, the water does not come from a well-defined
artesian basin or artesian slope, hut from irregular and what may be
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termed accidental fissures. A fissure spring may, however, be due to
the leakage of either an artesian basin or an artesian slope, and is at
least a sure indication that water in a subterranean reservoir of some
kind exists under sufficient pressure to force it to the surface. In an
arid region every such indication should .be tested in case the. water
can be utilized.

Three miles north of Mountain Home, and at an elevation of about
110 feet above the town, there is a spring known as Bennett Spring,
near which a drill hole 6 inches in diameter has been put down to a
depth of 50 feet, all in basalt. The casing of this well is defective and
water riges both within and around it, as well as from natural opznings
near at hand. At the time of my visit, August 2, 1901, this imper-
fectly developed spring was discharging about one-half cubic foot per
second. The temperature of the water was 55° F.  From the assunied
temperature gradient given above the depth from which the water rises
is judged to be about 225 feet. The water is not only cool, but, so far
as one can judge by tasting, is of excellent quality. Mr. Bennett, the
owner of the well, informed me that it flows continuously, but that the
supply decreases in summer; other persons have stated that it some-
times becomes dry, and expressed the belief that it is fed by seepage
from the Mountain Home reservoir or its feeding canal. In reference
to this last statement, I would say that the natural conditions indicate
that an escape of water has occurred for many years, and that most
probably the spring is due to a weak discharge of water from a shal-
low fissure.

On account of the favorable location of the Bennett Spring, the excel-
lence of its water, etc., it is highly desirable that an effort be made to
increase the flow. The present drill hole should be tested in order to
learn how much water it will deliver when all leakage is stopped, and
then deepened to at least 225 feet. By suitable tests the most favor-
able water-bearing horizon could then be determined, and, if desir-

“able, the rocks at that horizon should be shattered by an explosion of

dynamite. With the information thus gained, if favorable, several
other holes should be drilled within a radius of 200 feet of the present
well. It is not improbable that this spring can be made to yield suffi-
cient water for the present needs of Mountain Home.

WELLS.

For convenience, we may classify wells as, first, surface or earth
wells, deriving their water by percolation from the surface sheet of
rock waste, usually shallow and represented by the ordinary house
wells of humid regions; second, rock wells, usually deep, penetrating
the unaltered rocks beneath the surface sheet of rock waste, if any is
present, and obtaining from pervious strata water which may be under
some pressure, hut which does not rise to the surface; and third, arte-
sian wells, from which there is a surface overflow. :

»
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SURFACE WELLS.

On the Snake River Plains ordinary surface wells, such as are com-
mon in humid regions, are seldom possible. Where streams coming
from the mountains have spread out flood plains or alluvial fans sur-
face wells, however, are sometimes successful, the water supply being

-furnished by the outward percolation from the streams themselves and.

not by direct precipitation on the adjacent surface. Such wells are
situated, for the most part, in canyons and stream-cut valleys. Their
depth is regulated by the height of the surface at the locality chosen
above the bed of an adjacent stream. '

A modification of the process just referred to is to be seen where
water is spread over the land for purposes of irrigation. In such
instances a part of the irrigation water sinks below the surface and
may saturate the subsoil. When the soil and subsoil are porous a
large amount of subsurface water is stored more or less permanently
in this manner, and furnishes a supply for surface wells. On isolated
ranches wells fed by surface water from irrigation are not] perhaps,
objectionable, but when towns are supplied in this manner a serious
disarrangement of sanitary conditions results., One instance of a
town which depends on shallow surface wells for water for household
uses, and where the adjacent gardens and fields are irrigated, is fur-
nished by Mountain Home. This town has a population numbering
about 550; many of the houses are surrounded by gardens and orchards;
the subsoil is gravel; there is no sewerage system; shallow cesspools
are numerous and mostly in an insanitary condition; numerous stables
and poultry yards are present, and the surface is flooded from time to
time for purposes of irrigation. The water, after standing on the
surface, in part percolates downward into the gravelly subsoil, which
is underlain by an impervious stratum, and which is penetrated by
wells ranging in depth, usually, from 15 to 20 feet. A more insani-
tary arrangement could scarcely be devised, yet Mountain Home is a
typical example of many communities in the arid region. Strange as
it may seem, practically no attempt is made in the majority of these
towns to insure sanitary conditions. ‘ -

As previously pointed out, ordinary surface wells are analogous to

Jhillside springs.  As the subsoil in arid regions is not saturated by

direct precipitation, hillside springs are absent, and sarface wells are
not as a rule practicable. .

ROCK WELLS.

The conditions which favor the occurrence of canyon springs also
insure the success of deep wells which reach a water-bearing stratum.
In the Snake River Plains, where deep borings have been made, water
has generally been obtained. It is usually under pressure, so that it
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rises some distance up the drill holes. Reference is not here made to
flowing wells, which will be considered later. .

Examples of wells which penetrate the stratified deposits beneath
the Snake River Plains are furnished by those drilled by the Oregon
Short Line Railroad between Pocatello and Caldwell. A list of
these wells, with their depth, has been kindly furnished by W. H.
Bancroft, vice-president and general manager of the Oregon Short
Line Railroad. The height to which the water rises and the tempera-
tures recorded arve from observations made by Mr. Scott Turner.

Well records along Oregon Shorli Line Railroad.

Location of well, Total depth. D;gigr‘?f _ Temperature.

. ) I Feet. Feet. Degrees F.
WAl ol i 250 el
Minidoka. .. ... .. { 425 375 55
Kimama. .. .o i 325 265 56
OWIRZA . oottt ] 401 341 | 54
BUSS o | 483 | -+ 430 70
Cleft e e ; 450 . ...... i3
Bisuka ... I 390 i
Owyvhee .. .. . ... ... ..l 600 ! 530 70
Y 003 o P : 380 e e
R0 40 o N l 114 40 61.5

|

The success of these and other deep wells is good assurance that
water can be had over large portions of the Snake River Plains if
pumping can be resorted to. Near canyons the depth at which
springs appear in their wells or bottoms indicates the depth at which
rock wells would be successful, but the springs must, in most
instances, be on the same side of a canyon as the site of the proposed
well.  If no springs occur in the canyon, wells located on the adjacent
plains must be continued to a horizon below the canyon bottom
before water can be expected to flow into them. Owing to irregular-
ities in the thickness of the lava sheets, no accurate prediction can
be made as to the depth to which a well should be carried at a distance .
from canyon springs, but in general can perhaps be assumed to be not
less than 300 or 400 feet. It would not be surprising if in the broad
plain tract, in the central part of which Big Butte is situated, rock wells
would be successful at a depth less than that just stated, or from 150
to 200 feet, but no tests have heen made to show the truth of this
assumption,.

An instructive result, based or the temperature of the water in the
wells in the above list, is that the increase in temperature with depth
is greater than the normal. As indicated by the data given (but
not including the well at Nampa), the temperature gradient beneath
the Snake River Plains is approximately 1° F. for each 45 feet below
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the stratum of no seasonal variation. This high rate probably indi-
cates that the lava sheets have not as yet completely cooled, but in
part the abnormally high temperature may be due to fissure springs
rising beneath the lava, and contributing to the water supply of canyon
springs and of rock and artesian wells. '

ARTESIAN WELLS.

A considerable number of artesian wells in northern Idaho are now
flowing, but data concerning only a portion of them have as yet been
procured.

BOISE.

Included with an account of several artesian wells situated in the
Boise quadrangle, and described by Lindgrven in the Boise folio,” are
those which supply Boise. These are located near the immediate
border of the Snake River lava and are highly suggestive as to the
possibilities in other similar situations.

There are two groups of wells near Boise—one in Hull Gulch, 14
miles north, and the other about 2 miles east of the c¢ity. The first
group consists of eight wells, six of which are reported to he 400 feet
deep, and one 619 feet, but some changes were made during the
summer of 1901, the results of which are not at hand; their combined
flow is about 670 gallons per minute. The water is cold and of good
quality. The second group consists of three wells, ranging in depth
from 394 to 455 feet, which discharge about 530 gallons of water per
minute, having a temperature of 170° F. This water is conducted to
Boise in pipes and extensively used for heating purposes, baths, ete.
Other hot wells are loéated in the same vicinity; they are described in
the Boise folio.

The unique water supply of Boise, consisting of both hot and cold
water, furnished by tlowing wells at small expense, makes it highly
. important to learn whether similar conditions exist near other towns.
The only other town similarly situated in reference to geological condi-
tions is Mountain Home, some statement concerning the water supply
of which has already been made. and to which more attention will be
given later.

’ BRUNEAU VALLEY.

In the upper portion of Bruncau Valley there are three flowing
wells, each 24 inches in diameter, which. together with the numercus
hot springs of the same region briefly described above, show that an
abundance of water exists at a moderate depth under sufficient pres-
sure to cause it to rise to the surface if openings are provided.

On W, N, Roberson’s ranch, about 2 miles north of Hot Spring
post-office, and on the west side of the valley, a drilled well having a

aGeologic Atlas U. §,, folio 45.
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depth of 240 feet delivers about 7 gallons of water per minute, having
a temperature of 109° F. This well is within a few feet of a large
hot spring having the same temperature, the flow of which was not
diminished when the well was drilled. The elevation of the surface
at this point, by aneroid, is 2,750 feet. The section passed through,
as reported from memory by Mr. Roberson, 1s as follows:

Section 2 miles north of Hot Spring post-office.

Feet. iInehcs.
Light-colored sandy clay (lake beds) . .w. .. ... i, 236 ......
Granular black layer, like basalt (voleaniclapilli?) ... ... ... ... .. ... 10
Blue clay ..o 4 ...
Black lava .. ..t iee e e Lo{e)
Total depth, about. ... ... .l 210 10
aSeveral,

The water is used for household purposes and for irrigation.

Nearly opposite the well just described, on the east side of the
valley and at an elevation approximately 50 feet higher, a well drilled
to a depth of 230 feet, on land belonging to Mr. A. H. Pence, resulted
in a small surface flow. . :

On Mr. B. Whitson’s ranch, situated on the eastern side of the val-
ley, about 3 miles north of the two wells just mentioned, where the
surface elevation is by aneroid 2,750 feet, a well 700 feet deep dis-
charges about one-third cubic foot of water per second. The temper-
ature is reported to be 90° F.

These three wells derive their water from different depths,and seem
to indicate that water under- pressure exists in at least three discon-
nected pervious layers, or else that a source of supply more deeply
seated than has heen reached by any of the drill holes vet made charges
porous beds above it through fissures. The abundance of hot springs
in the same vicinity apparently favors the latter hypothesis.

As will be shown helow, the artesian wells in Bruneau Valley are
within the border of a large structural basin, which it is convenient to

designate the Lewis artesian basin.

LITTLE VALLEY.

Near the head of Little Valley, 9 miles west of Bruneau, thereare five
flowing wells, which range in depth from 150 to 215 feet, each drilled
with a 24 1nch bit, and poorly cased. The water is of good quality;
temperature 1s about 67° F. The flow varies somewhat with seasonal
changes, being greatest in winter and spring and least in summer and
fall. In most instances the pipes have become clogged and the dis-
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charge is small. One of the stronger of these wells deliversin August
a gallon of water in seven minutes, and is said to discharge about a
gallon per minute in winter. Neighboring springs have various tem-
peratures, ranging from 56° to 59° F.

These shallow wells, some of which began to flow when a depth of
60 to T0 feet was reached, are in a broad, deeply alluvial-filled valley
and evidently depend for their water supply on an alternation of per-
vious and impervious beds in the alluvial deposits. The source of the
water of the several cold springs is, no doubt, the creeks which flow
from the mountains southward, but the wells must be supplied from
a deeper source.

Little Valley is situated within the Lewis artesian basin, and at a

lower level than the surface at the flowing wells near Hot Spring
post-office, in Bruneau Valley, but the wells referred to above do not
furnish a test of what may be terméd the true artesian condition.
_ The partially developed hot spring in the upper portion of Little
Valley, described above, is about a mile east of the shallow artesian
well just referred to, and presumbly derives its water from a deep
source.

ROCK CREEK HILLS.

In the valley of Rock Creek, about 3 miles south of Rock Creek
post-office, Cassia County, on Mr. E. M. Crockett’s ranch, a 6-inch
well put down in 1899 has a depth of 275 feet. The water rose at
first to a height of about 20 feet above the surface, but owing to leak-
age due to imperfect casing has since ceased toflow. The water stands
about 3 feet below the top of the well.

Half a mile south of the Crockett well, on Jones Brothers’ ranch,
two wells drilled in 1899, each 6 inches in diameter, imperfectly cased,
now discharge about 2 cubic feet of water per second. The temper-
ature is about 75° F., but was not measured. One of them is 90 feet
deep, and the other, 3() vards distant, 115 feet deep.

The three wells on Rock Creek are situated in a deep canyon-like
valley among hills of stratified rhyolite, where the rocks have been
considerably disturbed. No structural artesian basin is definitely
known to be present, but further study may show that this region is
an extension eastward of the Lewis artesian basin. Springs are
numerous in the same region and supply Rock Creek, which flows
throughout the year to below Rock Creek post-office, where its water
is all uqed for irrigation.

The geologic condltlons in the Rock Creek Hills are closely similar
to those in the rhyolitic mountains to the north of Mountain Home,
where springs are also abundant, and the success of the wells drilled
at the former locality suggests that equally favorable results should be
expected on Long Tom and Syrup creeks and about Mount Bennett.

In the neighborhood of the Rock Creek Hills several borings have
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neen put down, with various results.  More or less definite reports con-
cerning them are here presented:

At Rock Creek post-office a 6-inch drill hole 300 feet deep failed to
reach water under sufficient pressure to cause it to rise to the surface.
Water stands about 40 feet below the top of the well and is pumped.
The well is imperfectly cased, and no adequate tests of the pressure of
the water have been made. It seems probable that if this well should
be properly cased a surface flow would result.

Near Dry Creek, about 10 miles east of Rock Creek post-office, and
about one-half mile from the foothills to the south, a drill hole, situ-
ated near a warm spring, is reported to have a depth of between 200
and 300 feet, and to discharge a small amount of warny water. Judg-
ing from reports, this well is on the Snake River Plains, where the
surface rock is basalt.

About 4 miles west of Rock Creek post-office, on the McMullen
ranch, near the horder of the Snake River Plains and adjacent to the
Rock Creek Hills, a 6-inch well, 50 feet deep, is reported to discharge
a small stream of warm water. About 10 miles farther west what
is known as Wild Horse well is said to be 75 feet deep and to furnish
a small supply of warm water. _

Of the several flowing wells in and about the Rock Creek Hills, I
was enabled to visit only the three on Rock Creek, but the success of
these and the surface discharge from the others referred to is evidence
that water exists under pressure beneath a region many square miles
in area. Whether or not there is a continuous water-charged stratum
in this region at a moderate depth beneath the surface is not demon-
strated, but the facts in band are such as to justify a thorough test.
1t is highly desirable that the well at Rock Creek post-office and also
the wells cast and west of that locality should be continued downward
several hundred or possibly 1,000 feet, in order to determine positively
the actual conditions.

There is a vast amount of fine land about the Rock Creek Hills, and
the indications are that artesian water can be had for the irrigation of
a considerable portion of it.

UNSUCCESSFUL WELLS.

In addition to those places at which the flowing wells briefly described
on the preceding pages were obtained, attempts have been made to
obtain flowing wells at various other localities, principally, so far as 1
am, aware, on the northern border of the Snake River Plains. Thus
far these attempts have all been unsuccessful.

At Shoshone, a well was drilled in 1890, with the hope of obtaining
flowing water for town purposes, to a depth of 280 feet, all in lava,
but no water was reached.

Bull. 199—02-—12
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At Gooding, 16 miles west-of Shoshone, a drill hole is reported to
have been put down in 1890 to a depth of 155 feet, which, after passing
through lava, entered clay; water rose to within 110 feet of the sur-
face. Again, one-fourth mile south of Gooding, a drill hole 185 feet
deep passed through lava and entered clay; whether water was reached
or not, was not learned.

At Lee’s ranch on Slater Creek, approximately 25 miles northwest
of Mountain Home, and near the northern border of the Snake River
lava, a well put down in the bottom of the small valley cut by the
creek, has a depth of about 85 feet, but failed to reach water.

At Howe, on Little Lost River, a well drilled through lava to a
depth of 200 feet reached water under sufficient pressure to cause it
to rise 25 feet or to within 175 feet of the surface. The casing of the
well is defective, and to what height the water would rise if proper
care were taken in making a test is not known.

IMPERFECT CASINGS.

The inferences to be drawn from the several artesian wells and
unsuccessful borings referred to in the past few pages are by no
means so instructive as they would be if the pressure of.the water
met with in most instances were known. So far as I am aware, none
of the artesian wells now flowing and none of the wells in which
water rose some distance but failed to reach the surface are properly
cased. Lack of care in this respect has caused failure, or but trifling
returns, where a strong flow of water can be easily and cheaply
obtained. The methods employed to prevent leakage in artesian wells
are hrietly described in my report on Nez Perces County, already
referred to, and in several of the books and papers cited in it, but can
not be repeated at this time.

LEWIS ARTESIAN BASIN.

From near the mouth of Clover Creek westward, at least as far as
the eastern boundary of Ada County, the Snake River lava and asso-
ciated sedimentary beds have been hent into a broad, gentle down-
ward fold or syncline, the longer axis of which has a nearly east-west

trend, and pitches very gently westward. The strata forming this -

basin underlie the plains both north and south of Snake River, and
judging from what is known concerning the way in which the forma-
tions were deposited, or poured out as molten lava, the pervious
beds, if any are present, are in a position to be charged with water
from the mountains hordering the portion of the Snake River Plains
referred to on the north and south. These conditions are such as
produce artesian basins, and, so far as can be judged from the observed

facts, this basin should yield flowing wells, providing the requisite sue-

cession of pervious and impervious beds is present. The only direct
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r evidence we now have on this point is the meager records of the drilled
well in Bruneau Valley. The wells referred to show not only that
pervious beds occur beneath impervious beds, but that water under

t sufficient pressure to force it to the surface is present. Several hot
l springs also suggest the same conclusion.
My judgment, based on all the facts accessible, is that the Lewis
t artesian basin is of large size and well worth careful testing by means
r of the drill. The extent of the basin west of Elmore County is
3 unknown, and the assumption that it is a closed basin and reaches the
Idaho-Oregon boundary is based on a general knowledge of the geology
1 of southwestern Idaho and the fact that Snake River below Weiser
t is flowing over impervious rocks older than the Payette formation.
o As to the height to which the water will rise in the artesian head,
v the only basis for judgment at present is the surface elevation at the

flowing wells in Bruneau Valley. None of these wells, so far as I have
been able to learn, are tightly cased, and they probably do not show
the full height to which water would rise under more favorable con-

d ditions. By aneroid measures, the artesian head shown by the wells in
0 Bruneau Valley is, as previously stated, at an elevation of about 2,750
r feet above the sea. The method of measuring by means of aneroid
e barometers, the only one I was enabled to employ is, as is well known,
h defective, and the elevation just given may be a hundred feet in error.
A} With the assumed height to which water will rise, artesian wells may
g be expected to be successful at any locality west of the mouth of Clover

Creek at least as far as the eastern boundary of Ada County and the
s southward prolongation of that line across Owyhee County, where the
¥ surface elevation is less than 2,750 feet. The land which is below
n this level is situated in the canyon of Snake River in Bruneau and
Little Valley. So far as can now be judged, there ix no hope that
water under suflicient pressure to rise to the surface of the plains
hordering the canyon and valleys just named, is present, but this is a

18 matter that should be determined by experiment.

o- In order to test the predictions based on geological structure, ete.,
1- . & pioneer well should be put down, with all the well driller’s skill that
st can be commanded, at the most favorable locality, and a careful record
is kept of the strata passed through. It is unnecessary to add that the
d pressure of each water supply reached should be accurately measured.
- Favorable places for such a test well occur at several localities in the
13 vicinity of Snake River, between the mouth of Clover Creek and the
T east boundary of Ada County and in the lower portion of Bruneau
18 Valley. 1 would name, especially, Glenns Ferry and Bruneau. In
15 the absence of accurate topographic maps, it is impossible to state at
d what depth water should be reached, but what is scarcely more than a
& guess places it at between 500 and 700 feet.. The demand for water

't . is so great, however, and the conditions, so far as can be judged from
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a hasty reconnaissance, are seemingly so favorable, that the people who
are interested in the development of this region can well afford to
continue drilling to a depth of 1,000 or 2,000 feet, unless water is sooner
reached. To make a complete test, drilling should be continued until
the Snake River lava and its associated lacustral beds are passed
through. Beneath these formations it is probable that the drill will
strike either granite, rhyolite like that which forms Mount Bennett and
the Rock Creek Hills and which appears also at Shoshone Falls, or
quartzite. When the drill reaches rock like any of them, or some
other rock clearly distinct from the Payette formation or the Snake
River lava, the possibilities for obtaining artesian water will have
been exhausted. Deep drilling is also justified for the reason that
the sheets of lava which supply the great springs in the vicinity of
Hagerman dip gently westward, as may be seen between the mouth
of Clover Creek and Bliss, and pass beneath the region included in
the Lewis artesian basin. As the continuation of a lava sheet after
it disappears from sight is uncertain, it can not be said from definite
evidence that the open, water-charged lava sheets referred to have a
wide extent west of where they dip beneath the level of Snake River,
but there is a possibility that they extend far and are abundantly water
charged. The manner in which the sheets of basalt in the western
portion of the Snake River Plains vary in thickness is an important
matter in reference to the search for artesian water, but one concern-
ing which no predictions seem possible. This and other qualifying
conditions can be discovered only by the use of the drill.

SHOSHONE ARTESIAN SLOPE.

.

Judging from surface elevation and the nature of the rocks exposed
in the north wall of Snake River Canyon between Shoshone Falls and
Bliss, the strata of lava, associated lancustral deposits, ete., beneath the
plain to the south and southwest of Shoshone slope from the moun-
tains toward Snake River. Coupled with this fact is the marvelous out-
pouring of water from the north wall of Snake River Canyon hetween
Shoshone Falls and Bliss. This water, althongh no doubt supplied
in part by precipitation on the surface of the Snake River lava, comes
mainly from the mountains to the north. The great springs referred
to are fed by lost rivers and by the water which disappears by percola-
tion on the northern border of the Snake River lava sheets. There ix
thus evidence of a strong underflow beneath the iava plain to the south
and southwest of Shoshone. TFor these reasons I venture to term the
region referred to the Shoshone artesian slope, although the name
will be justified only when the drill demonstrates that the water is
under suflicient pressure to cause it to rise to the surface.

The nature of an artesian slope has already been explained, and
persons familiar with the conditions existing in the triangular area,
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containing some 400 squave miles, having Shoshone, Bliss, and Sho-
shone Falls at its corners, will, I think, agree with me in the conclu-
sion that they are sufficiently favorable to the hope of obtaining flow-
ing water to be deserving of a thorough test. The rise of the water
in a hole drilled in the covering layer of an artesian slope depends on
the friction of flow in the water-bearing layer below the site chosen.
The less pérvious the layer, down to a certain indefinite limit, the
higher the water will rise with a given slope. In the case of the per-
vious beds beneath the ‘‘Shoshone triangle™ there is a remarkably
free passage for the water. On the other hand, the volume of water is
great, and this perhaps more than counterbalances the adverse condi-
tion resulting from freedom of natural escape, and favors the hope
that water would rise to the surface if drill holes properly cased were
put down. There is the same necessity for an impervious cover to
the water-bearing stratum in an artesian slope that there is for an
impervious layer above the pervious bed in an artesian basin. 1In the
‘* Shoshone triangle™ the covering bed, as indicated in Snake River
Canyon, is hasalt, but above the lowest known water-hearing bed
there are at least three strata of lava, and sedimentary beds may occur
between these. The presence of such beds has not been proved from
observation, but the fact that the water forming the springs along
Snake River comes from three separate pervious beds is sufficient
evidence that practically impervious rocks occur between them.

I have dwelt on these probabilities at some length in order to place
the reader who is familiar with the ‘‘ Shoshone triangle” in a position
to judge for himself whether the chances of obtaining flowing water
are sufficiently good to warrant making a test.” In my judgment it
would be worth while to put down a pioneer well to a depth of T00 or
1,000 feet, at a distance over 6 miles from the brink of Snake River
Canvon, anywhere in the triangular area referred to where broad tracts
of fine land occur. The locality chosen should be at as great a distance
as possible from elevations like Flat Top and Notched buttes, which
indicate the position of old volcanic vents.

POSSIBILITY OF OBTAINING FLOWING WELLS IN ALLUVIAL DEPOSITS.

As has already been stated, the border of the Snake River Plains
is covered in part by alluvinm brought down by streams. from the
adjacent mountains. There is reason for believing also that similar
deposits were formed from time to time between the successive erup-
tions that furnished the Snake River lava. In such alluvial deposits
generally an alternation of pervious and impervious beds occurs.
The pervious beds have in a general way the shape and associations
described on a previous page under the term ‘‘artesian wedges.”

The conditions here referred to may be expected to occur at any of
the localities where streams flowing from valleys in the mountains
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emerge onto the border of the Snake River Plains. In order to form
‘““ artesian wedges” of suflicient size to be of value as a source of water
supply, the alluvial deposits need to be of considerable extent and
thickness and to occur at the mouths of valleys down which there is a
considerable flow of water. These conditions are best fulfilled, so far
as I have been able to learn, where the valleys of the *“Lost River
country ” open out on the Snake River Plains. In the lower portions
of the valleys through which Big Lost River and the similar streams
as far to the northeastward as Beaver Creek emerge onto the plains,
the conditions are such as to warrant the drilling of wells to a depth
of at least 500 feet in the hope of obtaining flowing water.

In the valleys just referred to there are deep accumulations of allu-
vium and fine examples of alluvial fans. At the mouth of each lateral
gorge along the sides of these valleys there are local alluvial fans, which
unite with a similar deposit in the main valley. The bottoms of the
valleys of Big Lost and Little Lost rivers, Birch Creek, ete., are
occupied by immense compound alluvial fans which extend far out
onto the Snake River lava and there expand widely. Similar alluvial
deposits were no doubt formed during the intervals between the erup-
tions that spread out the Snake River lava, and such deposits beneath
the surface lava sheets and interbedded with the subsurface sheets
are in a position to become water charged. For these reasons it seems
worth while to search for water under pressure on the border of the
Snake River plains, adjacent to or in front of the entrances of the
lateral valleys referred to. One such attempt has already been made
at Reno, as has been stated, and water under pressure was discovered,
which did not rise to the surface. This test, however, was imperfect,
as the drill hole was not properly cased, and, although counted a failure,
is really encouraging. It is not to be expected that water will rise
through a hole 200 feet or more deep drilled in the Snake River lava,
unless it is properly cased, for the reason that the lava is largely
cellular, broken by joints, etc., and would allow water to escape
laterally.

Another similar locality, but less favorable than those just referred
to, where the conditions hold out some hope that lowing water may be
obtained, is at Mountain Home. At that place there is a broad
alluvial fan laid down by Canyon and Rattlesnake creeks, which may
contain an alternation of pervious and impervious beds. The condi-
tions are not especially favorable for charging the pervious beds if
such are present, with water, but the urgency for a water supply at
Mountain Home is such that tests of the artesian conditions beneath
and in the vicinity of the town should be undertaken. I venture to
recommend that a row of borings he made at intervals of 1,000 feet
along an east-and-west line passing through the northern portion of
Mountain Home. Each of these borings should be continued until
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solid black lava (basalt) is reached. This will probably be at a depth
of 150 or 200 feet. If such borings are unsuccessful, one of them, near
the town, should be continued until the sedimentary beds, such assand,
gravel, clay, ete., presumably occurring beneath the highest sheet of
lava, are passed through and the drill enters the next lower lava sheet.

No one can predict with certainty what results will follow such a
series of tests as is here recommended, but there is a chance of success.
Other suggestions in reference to a water supply for Mountain Home
may be found on pages 171 and 172.

PROBABILITY OF THE PRESENCE OF WATER BENEATH THE EASTERN PORTION OF THE SNAKE
RIVER PLAINS,

The Jargest track of waterless country in Idaho is comprised in the
portion of the Snake River Plains lying to the north and west of Snake
River, above Shoshone Falls. This region, measured roughly, is from
150 to. 170 miles long, and from 30 to 50 miles wide, and within it there is
but one perennial spring—the one at Big Butte, which discharges about
one gallon of water per minute. A portion of the northeastern mar-
gin of this immense tract, it is hoped, can be watered from storage
reservoirs on Henry Fork, but by far the greater part is beyond the
possibility of irrigation from surface streams. In reference to sub-
surface water but little that is encouraging can be said.

The portion of the Snake River Plains here referred to is floored
with lava, which was poured out from many vents, and is still in essen-
tially horizontal sheets. The rocks are not cut by streams so as to
form canyons, nor are there other exposures by means of which the
character of the strata beneath the surface can be judged. One can
only surmise what the subsurface conditions are from analogy with
the somewhat deeply dissected western extension of the same forma-
tions. This analogy and the general principles pertaining to the man-
ner in which broad basins may become filled or partially filled with
alluvial deposits, lacustral sediments, and lava flows favor the assump-
tion that beneath the broader portion of the Snake River Plain (as, for
example, between Kimama and Big Butte), there is a succession of lava
sheets and sedimentary beds. The lava, although in part in broad
sheets, consists mainly of local lows which overlap and are probably
relatively thin. Thicknesses of from 50 to 150 feet are to be expected.
The sedimentary beds, if laid down as alluvial deposits, will be thick-
est about the border of the basin and will thin out and become finer in
texture toward their center, and, if deposited in lakes, will.be thicker
in their central part and become thinner and coarser in texture toward
their margins, there merging with alluvial deposits. From these con-
siderations it is to be expected that an alternation of pervious and
impervious beds is present. The rocks, however, have not, so far as
the surface sheets are concerned, been bent into a basin shape, and
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there is no evidence of the presence of an artesian basin.  While the
surface is essentially level, the few measurements of elevation avail-
able indicate that there is a descent of approximately 25 feet to a mile
from the region of Big Butte southwestward. Under favorable sub-
surface conditions this would produce an artesian slope which might
yield flowing water on drilling.

The presence of such an artesian slope has been tested in part by
wells along the line of the Oregon Short Line Railroad at Wapi (250
feet), Minidoka (425 feet), and Kimama (325 feet), which fail to furnish
flowing water, but yield a supply that is raised by pumping.

As may be judged by the statements of probabilities made above, it
is almost impossible to obtain data by means of which a judgment ean
be formed in reference to the chances of obtaining water in the region
referred to. The evidence is negative and so far as it permits one to
form an opinion does not favor the hope that flowing wells can be
obtained. While there is but little if any hope of ohtaining artesian
water, it is probable that ¢ rock wells,” that is, wells in the solid rock
but not flowing wells, drilled to a depth of from 300 to 500 feet, would
reach water. As there is an immense tract of excellent grazing coun-
try in this portion of the Snake River Plains, it is probable that it will
be found practicable to establish cattle ranches there, the necessary
water supply being obtained by pumping from rock wells. There is
a report current among stockmen and sheep herders who visit the
region lying southwest of Big Butte in winter to the effect that
flowing water comes to the surface at one locality. This report is
well worth investigating, for the reason that a single watering place
in such an immense pasture would be of great value.

CONCLTUSION,

My reconnaissance led to the following general conclusions in refer-
ence to the future development ot southern Idaho:

1. The surface water supply at present available is largely wasted,
and can by proper economy be made to yield two or three times the
service now obtained from it.

2. Every effort should be made to divert and utilize surface streams.
In this connection, it is evident from the work of the State engineer
and from personal inspection that it is practicable to use for irrigation
the entire summer flow of all the streams reaching the Snake River
Plains. /

3. The next largest source of water supply after the flow of the
streams in summer has been fully employed is by means of storage
reservoirs. The sites of such reservoirs have in part been indicated by
the State engineer and the hydrographic division of the United States
Geological Survey.

4. Drill holes should be put down at the localities suggested on a
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previous page for testing the artesian conditions in what has be.een
termed the Lewis artesian hasin, and also in the probable artesian
slope lying southwest of Shoshone as well asin the ** Hagerman bend.”

5. At Mountain Home the Bennett well should be developed and drill-
ings made in the alluvium on which the town is situated. The Moun-
tain Home hot springs can also be developed and their water piped to
the town if desired. Drill holes put down along Syrup, Long Tom,
and Rattlesnake creeks in the mountain portions of their cour-es
would serve to increase the flow of these streams. Storage reservoirs
are possible on these same creeks. Where Canyon and Rattlesnake
and other similar creeks leave the mountains, the escape of their
water by percolation can be checked in some instances by putting in
dams reaching to the solid rock beneath the alluvium.

6. Every fissure spring in southern Idaho is a warrant that water
under pressure exists beneath the surface, and in many instances these
openings can be made to deliver a greater flow than at present.

7. On the broader portion of the Snake River Plains, west of Black-
foot and elsewhere, rock wells are possible, but flowing water is prob-
ably not obtainable.

8. It is self-evident that there is but little if any use in attempting
to put down the test wells suggested, unless the work is done by a
skilled and conscientious driller, under the direction of a competent
engineer. Each water-bearing stratum should be tested in order to
determine the pressure under which the water exists, and the quantity
available.  Fucl well should be properly cased.

Flowing wells supplied by artesian basins or ‘‘artesian wedges”
should be closed when the water is not being used. The reason for
this is that the supply is being drawn from a reservoir that is not
inexhaustible. Flowing wells, however, supplied by artesian slopes,
and those which are essentially developed fissure springs, should be
open continuously in order to keep the artificial opening clear and also
hecause the water will otherwise escape by natural openings and no
economy would result from closing the drill holes.

9. Lastly, it is painfully apparent that the control of the water sup-
ply, both for irrigation and other uses, and the sanitary inspection of
towns and of isolated houses, should be placed in the hands of a compe-
tent engineer. While this suggestion is perhaps in a measure imprac-
ticable, as the private ownership of water is not likely to be relin-
quished and people will claim the privilege of living as they choose
even though the death rate is higher than it should be, yet the present
waste of water is so great and the prevalent ignorance or disregard of
the laws of health so general that centralization of control or general
education of the people is imperative.
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Desert varnish, formationof.. .. .... 143.144
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Diller, J. S., examples of desert Valnl:h
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Drill holes, suggestions relative to.._.. 154185

Dry Creek, artesian well near. featuresof 177

" Dunes.sand, occurrenceand featuresof. 140-bi1

Dust from Cinder Buttes, characteristics

w5
21
' E.

East Butte, character of _......_ ... ... 16
compositionof. . ... ... ... .. 45
elevationof . ... . . ... . ... 31
location and featuresof. ... _. - 3438
plate showing . PR 34
shapeof. .. .. .. ... 38
slopes of, characterof ._.............. 36
vegetationon....____ .. ... .. 38

Endlich, F. M., reference to veport by.._. 46

F.
Faults in the region, occurrence of .. ... 748,
119-121
Faunaof theregion._._____.____ ... . 24
Ferguson A., estimate of volume of The
Thousand Springs by ... 20

referenceto ... ... ... ...
TFissure eruptions, hypothesis of ... __..._
Folds in rocks of southern Idaho, o

| rence of ... ... ...
Forests in the region, occurrence of_ ... 2022

Fortieth Parallel Survey, reference to
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Fossils of the region, speciesof.______.___ 57
Tertiary (Miocene)age recorded by.. 15

G.

Geikie, A., quoted as to origin of Snake
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! Gieologicstructure, relation of springs o 154136

Geology of theregion_____....._ ...
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Gold in the region, occurrence of __._ ... 32 Kinghill lava stream. featuresof .. ... [
Gooding, well drilled at, unsuccessful.... 178 = Kuna Butte. featuresof _.__._.... ..... 109-110
Granite, occurrence, character, and out- plate showing _ ... ... ... ... 110-
cropsof ... ... 15,39-42
: : . L.
Great Basin. canyon springsin, reason for
absence of ..o 155 Lacustral conditions. summary of . ot
fissure springs in. occurrence of ... 152,155 Landslides. occurrence of ... .. -1
Lapilli, characteristics of .. ___......____.. 475
H. stratified, plate showing ... _....._... 108
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showing. ... .. _...__._.... 146 disintegration and decay of .... 122-123
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Little Canyon, spring near mouth of, fea-

turesof __.._.. ... 163
springs in, source of _......_. . 165
Little Canyon Creek, featuresof. _.._._._. 69,70
Little Canyon lava stream, features of _. 89-70
Little Lost River, featuresof ___.._.__.... 130
well drilled on, unsuccessful....._.... 17
Little Valley, artesian wells in, features
of ... 175176
fossils obtained in..._.... 56
hot spring near head of, e&tures of .. 169
Little Wood River, deflectionof ___._.____ 133
Long Tom Creek, quartzite in hills at
headof ... .. . ... ... 45
Lost River country, mountain ranges in,
characterof _...._........._... 47
resemblance of southeastern Idahoto. 16

Lost rivers, occurrence and features of . 130-133
Lucas, F. A., determination of fossils by. 56

M.
McMullen ranch, artesian well on, fea-
turesof __. ... ... ... 177
Malade River, featuresof .__... 12; 128,132-133
Mammoth Cave, reference to.___......._. 152
Market Lake Craters, features of_ .. 37,108-109
lapilli in, stratified, plate showing ... 108
lava near, plate showing pressure
ridgein ... ... ... .. 04
plate showing ___. ... ... . _.__..... 108
Martin lava stream, featuresof _.__..__.. 63-69
Medicine Lodge Creek, features of .. ... 130
Mesozoic rocks in southeastern Idaho, oc-
currence of ...._... ... ....... 49
Miningin theregion ... ... _...._.... 2
Middle Butte, location and features of... 34-38
elevationof.____._ ... ... ... ... 34
slopes of, characterof. ... ....__..__ 36
vegetationon.__. . .. ... ... .. 35-36 :
Minidoka, wellat, depth and temperature
of ... ... e e 173
Mora, wellat,depthof______... .. ______ 173
Mountain Home, Canyon Creek Canyon
near, plate showing wall of. .. 64
faunltsnorthof. __ ... . ... ... ... 120
featuresof ... . ... 172
flowing water at, possibility of obtain-
13 11 Y 182-183
hot springs at, suggestions relative to
developmentof_......_.._..... 170
populationof ... ... ... ... ... 32,172
springs near, featuresof..... .. 168-169,171
wells of. characterof ........_._..... 172
Mountains in southeastern Idaho, gen-
eraltrend of _..........._.__.. 4647
Mountains surrounding the region, rocks
of . 39
Mountains visible from the region, char-
acterof . __ ... . ... 17
Mount Bennett rhyolite, character of ... 42-43
Mud Lake, featuresof . ..... ... ..._..... 130
N.

Nampa,wellat, depthand temperatureof 173
Newell, F.H..field workunder directionof 13

North Fork of Snake River, features of. 134 |

Notched Butte, cavern on side of, features
[ S 99

Page
0. lLl .
Oregon Short Line Railroad, wells along,
featuresof . _......_. [ b3
wells along, temperature of 153-154
Owinza, wellat, depthand temperatureof 17
Owyhee, wellat,depthand temperatureof 173
Owyhee Mountains, granite in, occur-

renceof . . ... 2
lava in, occurrenceof . ... . .. ... ____ 71
P.
Pahoehoe, Dana’s descriptionof ____ .. ... N
Pahoehoe near Cinder Buttes, occurrence
and characteristics of . ___.._._ 91-92
Paleozoic rocks in central and southeast-
ern Idaho, occurrence of . .__.. 49
Payette formation, occurrence and char-
acterof ___ ... ... ... ... 50-51
Payette Lake, formation and ﬁllmg of .- 13
Payette River, irrigation from.. . ___ ... 160
Peale, A. C., reference to report by . ... 6
Pence, A. H., artesian well on property
of, featuresof ....._.___....._. 175
Physiography and geology of the region. 13-146
Pocatello, populationof_ __...... ... __.._. 52
Poison Spring, locationof .________._. .. 169
Population of Idaho..__.....__ R 33
Populations of towns in Idaho._ 2
Portneuf River, upgrading of . _ 133
Precipitation, mean annual. ... 18
run-off influenced by rate of ... __.._. 147
Pre-Tertiary rocks, occurrence and char-
acterof . . . _ ... ... 3049
Q.
Quartzite, occurrence and formation of . 15,45
R.
Railroads in theregion....._ ... ... 33

+ Rainfall. See Precipitation.

Rattlesna.ke Creek, Snake River Canyon
below mouth of, plate showing. 24
springs near mouth of, occurrence of. 166

Residual soils, occurrence of ._.___ .. _____ 141
Rhyolite, occurrenceand character of . 15,42-45
Roadsof theregion. ... ... . ... __... 334
Roberson, W, N., artesian well on ranch
of,featuresof . __.._.. . ... ... 174175
Rock Creek, rocks in hills drained by,
characterof _......._ ... ____. 44
well at, featuresof___.__. .. ... 1%
wellsand springson.._........_____... 44
Rock Creek hills, artesian wellb in. de-
turesof _.._.._ . ... .. .. 176-157
Rocks, porosity of. run-oﬁ mﬂuan( ed by. 147
Rocks of the region, characterof ... ... 117
disintegration and decay of . ._.... . 122-123
Ross, D. W., reference to report by ...... 159
Run-off and underflow, conditions influ-
encing relations of _.___...._ 147-148
Russell, I.C., reference topapersby. 158,158, 168
S.
Segebrush (drtemisia tridentata), occur-
renceof ... e
St. Anthony, population of ...... e 32

St. John, Orestes, reference toreport by. 16
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Sand Spring, featuresof ... . ... 163 { plate showing view of, below mouth
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Scenery in southern Idaho, attractive- | plate showing view of, near Hager-
messof ... ... .........10-21 ‘ MAN .o e 24
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of o o 58 | section of, below Glenns Ferry. __.... 55
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run-off influenced by .. .... ... .. _. 147 map showing approximate extent of,
Snake River, area on each side of, char- in southernIdaho........__... 13
acterof - ... ... ... 16 occurrence, extent and character of.. 59-66
canyon of, characterof ._.... ... _.__ 54 relation of, to Columbia River lava.._. 50-61
course, character, and discharge of._. 25-26 remnant of, on Kinghill Creek, plate
gold along, occurrenceof .. _...._..... 32 showing .. . . . ... ... . 60
gravel flood plain of, characterof._.. 30 plate showing pressure ridges in, near
lowering of bed of, resultsof....... 123-124 BigButte ._..............._.._. 94
North Fork of, featuresof .__...__..._ 134 plate showing pressure ridge in, near
rocks forming prominent mountains Market Lake Craters _._....._ 94
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PUBLICATIONS OF UNITED STATES GEOLOGICAL SURVEY.

[Bulletin No, 199.]

The serial publications of the United States Geological Survey consist of (1) Annual

Reports, (2) Monographs, (3) Professional Papers, (4) Bulletins, (5) Mineral
Resources, (6) Water-Supply and Irrigation Papers, (7) Topographic Atlas of
United States—iolios and separate sheets thereof, (8) Geologic Atlas of United
States—folios thereof. The classes numbered 2, 7, and 8 are sold at cost of publica-
tion; the others are distributed free. A circular giving complete lists may be had on
application.

The Bulletins, Professional Papers, and Water-Supply Papers treat of a variety of
subjects, and the total number issued is large. They have therefore been classified
into the following series: A, Economic geology; B, Descriptive geology; C, Syste-
matic geology and paleontology; D, Petrography and mineralogy; E, Chemistry and
physics; F, Geography; G, Miscellaneous; H, Forestry; I, Irrigation; J, Water stor-
age; K, Pumping water; L, Quality of water; M, Methods of hydrographic investi-
aations; N, Water power; O, Underground waters; P, Hyvdrographic progress reports.
This bulletin is the nineteenth number in Series B and the eighteenth in Series O,
the complete lists of which follow. (B = Bulletin; WS = Water-Supply Paper.)

SERIES B, DESCRIPTIVE GEOLOGY.

B 23. Observations on the junction between the Eastern sandstone and the Keweenaw series on
Keweenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 124 pp., 17 pls.

B 83, Notes on geology of northern California, by J. S. Diller. 1886. 23 pp.

B 39. The upper beaches and deltas of Glacial Lake Agassiz, by Warren Upham, 1887, 84 pp.,1pl

B 40. Changes in river courses in Washington Territory due to glaciation, by Bailey Willis. 1887,
10 pp., 4 pls.

B 43. The present condition of knowledge of the geology of Texas, by Robert T. Hill. 1887. 94 pp.

B 53. The geology of Nantucket, by Nathaniel Southgate Shaler. 1833. 55 pp., 10 pls.

B 57. A geological reconnaissance in southwestern Kansas, by Robert Hay. 1890. 49 pp., 2 pls.

B 58. The glacial boundary in western Pennsylvania, Ohin, Kentucky, Indiana, and Illinois, by
G. ¥. Wright, with introduction by T. C. Chamberlin. 18%0. 112 pp., 8 pls.

B 67. The relations of the traps of the Newark system in the New Jersey region, by N, H. Darton.
1890. 82 pp. .

{ B 104. Glaciation of the Yellowstone Valley north of the Park, by W. H, Weed. 1893. 41 pp., 4 pls.
B 108. A geological reconnaisance in central Washington, by I. C. Russell. 1893. 108 pp., 12 pls.
B 119, A geological reconnaissance in northwest Wyoming, by G. H, Eldridge. 1894, 72pp., 4 pls.
B 137. The geology of the Fort Riley Military Reservation and vieinity, Kansas, by Robert Hay.

1896. 35 pp., 8 pls.

B 144. The moraines of the Missouri Coteau and their attendant deposits, by J. E. Todd. 1896. 71
pp., 21 pls.
B 138. The moraines of southeastern South Dakota and their attendant deposits, by J. E. Todd.

1899. 171 pp., 27 pls.

B 159, The geology of eastern Berkshire County, Massachusetts, by B. K. Emerson. 1899. 139 pp.,

9 pls.

B 165. Contributions to the geology of Maine, by H. 8. Williams and H. E. Gregory. 1900. 212 pp.,

14 pls.

WS 70. Geology and water resources of the Patrick and Goshen Hole quadrangles in eastern Wyom-
ing and western Nebraska, by G. I. Adams. 1902, 50 pp., 11 pls.

B 199. Geology and water resources of the Snake River Plains of Idaho, by 1. C. Russell, 1902, 192
pp., 25 pls.
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SERIES O, I,'.\'I;ERGROL'ND WATERS.

WS 4. A reconnaissance in southieastern Washington, by Israel C. Russell. 1897. 96 pp., 7 pls.

WS 6. Underground waters of southwestern Kansas, by Erasmus Haworth. 1897. 65 pp., 12 pls,
WS 7. Seepage walers of northern Utah, by Samuel Fortier. 1897. 50 pp., 3 pls.

© WS 12. Underground waters of southeastern Nebraska, by Nelson H. Darton. 1898. 56 pp., 21 pls.

! W8 21. Wells of northern Indiana, by Frank Leverett. 1899. 82 pp., 2 pls.

WS 26. Wells of southern Indiana (continuation of No. 21), by Frank Leverett. 1599, 64 pp.

WS 30. Water resources of the lower peninsula of Michigan, by A. C, Lane. 1899. 97 pp., 7 pls.
WS 31. Lower Michigan mineral waters, by A. C. Lane. 1899. 97 pp., 4 pls.

WS 34, Geology and water resources of a portion of southeastern South Dakota, by J. E. Todd. 1900,

34 pp., 19 pls. '

; WS 53. Geology and water resources of Nez Perces County, Idaho, Part I, by I. C. Russell. 1901. 1
86 pp., 10 pls. !

WS 54, Geology and water resources of Nez Perces County, Idaho, Part II, by I. C. Russell, 1901. ‘

87-141 pp. !

WS 55. Geology and water resources of a portion of Yakima County, Washington, by G. O. Smith.
1901. 68 pp., 7 pls.

WS 57. Preliminary list of deep borings in the United States, Part I, by N. H. Darton. 1902. 60 pp.

W8 59. Development and application of water in southern California, Part I, by J. B. Lippincott.
1902. 95 pp., 11 pls.

WS 60. Development and application of water in southern California, Part II, by J. B. Lippincott.
96-140 pp.

WS 61, Preliminary list of deep borings in the United States, Part 1I, by N. H. Darton. 1902. 67 pp.
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