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GEOLOGY AND GROUND-WATER RESOURCES OF 
THE SNAKE RIVER PLAIN IN SOUTHEASTERN 
IDAHO 

By HAROLD T. STEARNS, LYNN CRANDALL, and WILLARD G. STEWARD 

AlJSTIU..CT 

The part of the Snake River Plain above King Hill, Idaho, is about 250 miles 
long and has a general eastward trend. This region and the alluvial valleys im
mediately tributary to it contain about 16,000 square miles. The principal cities 
In the region are Pocatello, Idaho Falls, and Twin Falls. The discharge of the 
Snake River at King Hill averages about 9,000,000 acre-feet a year. 

The chief purpose of the investigation here recorded was to obtain data regarding 
the 8ource, movement, and disposal of the ground-water 8upply of the lava plains 
that occupy most of the region. By assembling and correlating numerous well 
records obtained in this and related investigations, tied together by a 8ystem of 
levels, it has been possible to prepare a map of the region showing contours of the 
water table. This map (pI. 19) shows the direction of movement of ground water 
In all parts of the region and hence largely indicates the source and disposal of 
the water. As the altitude of most places in the region is known, this map 
makes it possible to predict the depth necessary for a well to obtain water. The 
total annual ground-water supply of the Snake River Plain is here estimated at 
4,000,000 acre-feet, of which only 0. small part is now utilized for irrigation. One 
rcsult of the study is the conclusion that, in order to conserve this supply, it i8 
desirable 60 far as practicable to confine future irrigation development to the south
east side of the Snake River above Milner, so that the seepage water may return 
to a stretch of the river where it will be available for reuse. By heeding this 
hydrologic condition more land can be irrigated with the remaining available 
wat.er supply than will be possible if the water is used on the northwest side of 
the river, because most of the return flow from the northwest side enters the river 
at too Iowan altitude to be used again. 

The geology of the region in its relation to water supply has been studied with 
care, and much new information of many kinds has been obtained. One of the 
principal results of this study is the conclusion that the exceptionally large 
springs ,"ong the canyon of the Snake Rivcr owe their existence to the fact that 
the modern canyon intercepts a Beries of roughly parallel former canyons of the 
river that are now filled with especially permeable lava and hence serve as chan
nels for ground water. The coves present where many of the springs emerge are 
thought to have been formcd to some degree by Bolution. Light is thrown on 
other peculiarities of the hnhavior of ground water in basalt by a study of the 
exceptionally well e:otposed and very recent volcanic area of the Craters of the 
Moon National Monument. 

The losses and gains in different stretches of the Snake River are estimated OD 

the basis of available stream-flow records. An inventory of the water srpply of 
the plain and its tributary vallcys is made. The Bprings in a.nd near the Sna.ke 
River Plain are described, and 0.11 available records of their discharge are tabulated. 
Many of the heretofore unpublished ground-water conditions in both thc plain 
and the tributary valleys are summarized. 



2 GROUND WATER OF SNAKE RIVER PLAIN, IDAHO 

INTRODUCTION 

LOCATION AND AREA 

The Snake River, the largest of the tributaries of the Columbia, is 
the drainage channel for the greater part of the State of Idaho. The 
South Fork enters southern Idaho from its source in Wyoming and 
contributes an average annual discharge of nearly 5,000,000 acre-feet. 
Henrys Fork, which rises in Henrys Lake and derives its waters chiefly 
from sources in Idaho, contributes an average of fully 1,250,000 acre
feet annually. Below the junction of the two forks the river takes 
first a southwestward and then a westward course through southeast
ern Idaho. In addition to the surface stream, a great quantity of 
water percolates underground, largely through the system of ancient 
channels of the Snake River that are now filled and covered with 
permeable lava, and reappears in many large springs in the canyon 
of the river above King Hill. The total discharge of these springs 
amounts to about 4,000,000 acre-feet a year. At Weiser, where the 
Snake River leaves southern Idaho, it has an average annual discharge 
of about 13,000,000 acre-feet. For more than 200 miles north of 
Weiser it forms the boundary between Idaho and the neighboring 
States of Oregon and Washington, and after receiving the inflow from 
the Salmon and Clearwater Rivers and from tributaries in Oregon 
and Washington, it leaves Idaho at Lewiston, where its average annual 
discharge is about 40,000,000 acre-feet. Plate 1 shows the major fea
tures of the topography of this part of Idaho. The waters of the 
Snake River have aptly been called the lifeblood of Idaho. The river 
with its tributaries furnishes water for irrigating about 2,000,000 
acres of land in this, State. 

This report deals with the part of the Snake River Plain above the 
town of King Hill and with the valleys immediately tributary thereto. 
According to the official definition by the United States Geographic 
Board, this plain comprises the broad valley of the Snake River, which 
has a rather gently rolling surface mainly underlain by Snake River 
basalt and related sediments, beginning near the towns of Spencer, 
Kilgore, and Ashton, in northeastern Idaho, and extending south and 
west across the entire State to the point where the valley narrows 
sharply in the vicinity of Huntington, Oreg. In the region covered 
by this report the Snake River Plain is about 250 miles long, averages 
70 miles in width, and CO\Ters about 12 ,500 square miles. The tribu
tary valleys, whose conditions are described in this report, cover an 
additional area of about 3,000 square miles. The principal cities in 
the region and their population, according to the census of 1930, are 
Pocatello, 16,471; Idaho Falls, 9,429; and Twin Falls, 8,787. As 
shown in plate 4, the region is traversed by two main lines of the 
Union Pacific Railroad , one extending westward and one northward 
from P O('1111'1l 0 , 81'\'1'1":11 hr:ll1('h li nl'!" ('01\1\1' ,' 1 wilh (h{'~('. two mllin 

3 
GROUND WATER OF SNAKE BIVER PLAIN, IDAHO 

pURPOSE AND HISTORY OF THE INVESTIGATION 

The main purpose of the present investigation was to determine the 
direction of movement of the ground water in the Snake River Plain 
above King Hill and the respective amounts of water contributed to 
the great underground reservoir by seepage from the Snake River and 
tributary streams, from precipitation on the plain itself, and from irri
gation water that percolates below the root zone. Efforts were made 
also to .ascertain where the water lost from certain stretches of the 
Snake River returns to the river and the time involved in the passage 
of this water underground. The geology of the region was studied to 
show the occurrence of the ground water and the geologic structure 
that affects its movement. (See pIs. 4, 5, and 6.) To determine the 
direction in which. the ground water is moving in different parts of the 
region, the position of the water table (or upper surfa.ce of the body of 
ground wa.ter) was found by measuring the depth to the water level in 
as many wells as possible and by connecting the reference points at 
the wells with a network of levels. From these data the contours of 
the water table given in plate 19 and the lines showing depth to ground 
water in plate 18 were drawn. All reliable records of wells were as
sembled and studied to determine the changes in the water levels in 
the wells as a result of differences in precipitation and irrigation devel
opment. Dye was used in open cuts and in wells to show the rate of 
ground-water movement. The movements of ground-water crests 
through certain areas were studied for the same purpose. 

The investigation was begun by the United States Geological Survey 
May 1, 1928, and was under the generlll direction of O. E. Meinzer, 
geologist in charge of the division of ground water. It was conducted 
in cooperation with the Idaho Bureau of Mines and Geology and the 
Idaho Department of Reclamation. The North Side Canal Co., the 
Twin Fa.lls Canal Co., the Minidoka and Burley irrigation districts, 
and the Idaho Power Co. cooperated financially through the Idaho 

Department of Reclamation. 
During recent years investigations have been made by private and 

governmental agencies relating in large part tp the ground-water con
ditions of this region, but practically none of the results of these inves
tigations have yet been published. One of the main tasks of the pres
ent investigation waS the assembling and interpretation of the data in 
the unpublished reports on these investigations. 

Mr. Crandall, now district ('ngineer of the United States Geological 
Survey at Idaho Falls, spent about 15 years investigating the duty of 
wat.er, canal losses, and ground-water conditions on the North Side 
Twin Falls tract and in the Big Lost and Little Lost River Valleys. 
Much of his work is published here for the first time. He is the author 
of the text concerning losses and gains in the Snake River, the inven
tory of the water of tribu tary valleys, and the inventory of the surface 
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and ground waters in the Snake River Plain above King Hill, except 
the part relating to the economic use of water and portions of the text 
relating to consumptive use of water by crops, which were written by 
Mr. Steward. Mr. Crandall is' joint author with Mr. Stearns of the 
text describing the vruleys of the Big Lost, Little Lost, Big Wood, 
and Little Wood Rivers. In addition he wrote tho part relating to the 
climate n.nd the rate of flow of the ground water. He compiled most 
of the discharge measurements of the big springs in the Snake River 
Canyon. 

Mr. Steward was responsible for the immense task of collecting, 
assembling, and checking all well data. In this work he was assisted 
by H. O. Haight, L. H. Perrine, John McDonnell, J. H. Boone, B. D. 
Alvord, Jr., and L. T. Burdick. Mr. Steward gn.ve much valuable 
advice, based chiefly on his long experience in studying ground-water 
probleIDB during the 20 years he was a member of the United States 
Bureau of Reclamation engaged largely in research problems in Idaho. 
He is also author of the text relating to ground water on the Minidoka 
project and part of that on the South Side Twin Falls tract. 

The ground-water conditions on the Bln.ckfoot-Fort Hall and Aber
deen-Springfield tracts were in part described by Mr. Haight. In 
addition he collected many of the trees and wrote much of the section 
on tree rings in relation to climate, although all three authors contrib
uted to this section. He aided also in the preparation of the illustra
tions and in many other ways. C. L. Gazin contributed the data 
regarding fossils in the Hagerman loke beds. M. N. Short, formerly 
of the United States Geological Survey, examined the thin sections of 
the rocks in this region, and prepared a brief report on them which was 
utilized in this paper. 

J. L. Saunders, of the United States Geological Survey, compiled 
the base maps and plotted the well da.ta. on them. This was a diffi
cult task because the well records for each project had a different 
datum-a condition which required the adjustment of all measuring 
points to the sea-level datum of the United States Coast and Geodetic 
Survey. . 

Prior to this investigation Mr. Stearns spent most of 1921, 1922, 
and 1923 and parts of 1925 and 192G in geologic field studies in and 
immediately adjacent to the region covered by the present report, 
and all pertinent results of his work during this period arc incorpo
rated herein except for the Soda Springs n.nd Mud Lake areas. Mr. 
Steams wrote all the text not specifically credited above to his collab
orators. In connection with the present investigation, from 1928 
to 1930, he mapped in detail the geologic formations along the canyon 
of the Snake River between King Hill and a point 10 miles downstrea.m 
from Blackfoot in order to determine the relations of the older Pleisto~ 
cene and Tertiary rocks, which in the grenter part of t.he region are 

_. 
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hidden under a cover of later Pleistocene basalt and of loess. Because 
of the lack of adequn.te bn.se maps for areas at a distance from the 
river, this work was confined to 0. strip generally less than 2 miles wide. 
All aV'ailable geologic datil. are incorporated in generalized fashion on 
plate 4 and those portions of,the canyon of the Snake River whose 
geology cannot be adequately shown on this sma.ll-sca.le map are 

represented in plates 5 and 6. 
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SURFACE FEATURES 

SNAKE RIVER pLAIN 

The Snake River has its source on the Continental DiV'ide, in the 
southern part of Yellowstone N atiooal Park. It flows southward 
through Wyoming for about 75 miles, enters Idaho, and at Heise 
emerges from its mountn.inous headwater area, into the great Snake 
River Plain. A short distance farther downstream it is joined by its 
major tributary, Henrys Fork. which (lrains the upper part of the 
Snake River Plain. This plain extends for more than 300 miles 
entirely across southern Idaho, roughly along the arc of (\ circle. The 
Snake River flows nea.r the southern boundary of the plain, a posi
tion that hn.s been forced upon it by lava flows, which cover the region 
between the present. river I1lld the northern edge of the plain and which 
have displnced the stream from its n.ncient channel it~ the axis of its 
\' ,llir y . P hlr. 2 !'I IOws thr lorn.lity \\'hrrc the river enters a cn.nyon cut 
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-in the lava at Milner. The canyon becomes deeper westward until 
near Twin Falls it is bounded by precipitous lava cliffs about 600 feet 
high. The Snake River continues in a. canyon nearly to King Hill, 
a. distance of about 90 miles. The topography of the region is il
lustrated by the relief map, plate 1. 

Irrigated lands adjoin the river on both sides, extending for a distance 
of 10 or 12 miles and leaving the major part of the uninhabited plain as 
a grent curved segment between the irrigated sections on the south and 
the mountains that border the plain on the north. Although this 
region presents from afar the appearance of a great level valley floor 
it has been built up by successive lava flows from numerous v('nts 
within the valley itself. Its topography is determined by the source 
and extent of these lava sheets and not by erosion, except that, the 
Snake River and several tributary streams have cut deeply into it. 

Though vegetation in one form or another covers much of the area, 
the desolate black lava flows, the drifting white sand dunes, and the 
bleak, bare lake beds serve to impress upon the traveler the desert 
character of the country. Throughout many square miles in the 
central part of the plain water can be found only in the ice Caves in 
the lava flows or at some stock well at which the water is pumped 
hundreds of feet. With the increase in the area irrigated on the plain 
the people inhabiting the area have come more and more to refer to the 
irrigated part of the plain as the "Snake River Valley." About. 
1,000,000 acres is now under irrigation in "the valley," and not a 
small part of it lies hundreds of feet above the Snake River, on the 
surface of the plain. In the section of the report treating the irrigation 
development it is convenient to use the term "the valley" to refer to 
irrigated parts of the plain. 

The altitude of the Snake River at Heise, where the stream first 
emerges from the foothills, is about 5,000 feet. At King Hill, about 
250 miles downstream, the altitude is 2,500 feet. The stream thus. 
descends at an average rate of about 10 feet to the mile. About 50() 
or 600 feet of this difference in altitude between Heise and King Hill, 
however, is concentrated in falls at Idaho Falls, Amcrican Falls, Twin 
Falls, Shoshone Falls, and other plo.ces, so that the twernge grade of 
the stream exclusive of these falls is about 8 feet to the mile. The 
altitude of the plain into which the river canyon is incised ranges from 
5,100 feet n.t. Ashton to 3,200 frrt ncar IGng Hillll lld Iwcrages about 
4,400 feet.. 

BUTTES 

The genernlly flat appearance of the plain is relieved by several 
buttes, ehief nmong which are Bi~ Southern Butte, West Twin Butte, 
and Enst Twin Butte, which stand prominently above the general land 
surface about 30 miles northwest of Blackfoot. Big Southern Butte 
rises 2.350 feet above the surrounding- plain. It is raIled hy the 
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AIRPLANE VIEW OF SHOSHONE FALLS ON SNAKE RIVER SIlO'l'l'I"'G THE MASSIVE AI\'OE5l'fE FLOW TIIAT FOII~IS TilE FALI.<;. 

Tit,. r"u" ;,rc cJr~' hecauee the entire flnw of tflc ri,'er 1181 been diverted (or irri#ation . The (tOwer pllull nn the left utilize ... 11 the flpr i l1~ "'"Iller MIIlI return IIm\- IIIlIl rC01cht li the rl,'cr hdo" \I Hurf . 1'11010 hr 
l' . ~. " flI)" :\ tr CoqJl~. 
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"Be-ah Car-did" (great stay), referring to its permanence. 
be seen from points over 100 miles distant. East Twin Butte 

about 1,100 feet and West Twin Butte about 800 feet above the 
plain. 
are many lower buttes scattered over the lavn plain, all of 

unlike the three just mentioned, are extinct basaltic volcanoes 
4). Among these may be mentioned Notched Butte; Sugar Loaf 

south of Shoshone; Big Cinder Butte, in the Craters of the 
'Moon National Monument west of Arco; and the Menan Buttes, near 
'Roberts. Besides the cones that are prominent enough to have been 
individually named, there are innumerable minor elevations that can 
~e discerned if the surface of the plain is viewed against the sky line. 
!these features rise to heights of 100 to 300 feet, but their bases, 
commonly 4 to 6 miles or more in diameter, are so broad that their 

~,:!5iopes merge gradually into each other or into the surrounding plain . 
. minor elevations are also volcanic vents, and from those now 

,<;2'm,sible as well as from many others buried by later eruptions, vast 
~I~uantities of highly fluid lava formerly flowed in all directions. 

FALLS OF SNAKE IUVER 

~ .. There are many falls along the Snake River, some of which are Inrge 
, e.nd spectacular. However, so much of the water is being used for 
irrigation that many of them are dry in the summer. The locations 
of most of the fnlls and principal rapids are shown on plu.tes 4, 5, and 
6. Shoshone and Twin Falls are by far the Inrgest. The former is 200 
feet high and results from the superposition of the river on the Shoshone 
:Falls andesite as a result of displacement from its former channel by 
\ 

;the Sand Springs basalt. The fall at a period of low water is shown 
,in plate 7. Twin Falls is caused by the river's tumbling over a massive 
~ed of basalt 120 feet thick (pI. 3). The other falls along the Snake 
~iver within the region studied are 45 feet or less in height. 
\: 

.t 
, I 

TRIBUTARY STREAMS 

~ Many perennial streams, of which the largest are the Blackfoot and 
'Portneuf Rivers, flow into the Snake River from the south, but between 
the mouth of Henrys Fork, in the extreme northeastern part of the 
nrea, nnd the mouth of the Big Wood River, near Bliss, in the south
Western part, a distnnce of about 250 miles measured along the stream, 
the Snake River does not receive a sin!;le surface tributary from the 
north. The draillage area north of t.he plain is occupied by lofty 
'mountains which rise to altitudes as great ft.S 12,500 feet and the run-off 
from whieh forms many streams that sink at the north edge of the lava 
plain . Part of this run-off Rows beneath the lava sheets near the 
mouths of the valleys through the gravel deposits whic.h were laid 
down by the ancestral tributary strollms and which underlie or are 

3G60-3S--2 
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interstrA.tified with the lavas, and a J}art passes through the lavas 
fill these ancient valleys. The flood waters usually form shallow 
or lakes in deoressions on the surface of t.he Snake Ri ver Plain, 
wbich tbtl water not lost hy evaporation sinks to the deep 
wnter table. Big Wood and Little Wood Rivers are the only s 
that succeed in crossing the lava plain, principally because of the 
favorable topography along these rivers ana tJ1e narrowness of 
part of the belt of lavas that separates tbe mountains from the 
River. 

CLIMATE 

TEMPERATURE 

The mean annual temperature of the Snake River Plain cast 
King Hill ranges from 41 ° F. at Ashton (altitude 5,100 feet) to 50° 
Bliss (altitude 3,270 feet). In parts of the mountainous areas 
the plain the mean annual temperature is probably lower. A 
showing the mean monthly and annual temperatures at 16 sta 
on the Snake River Plain is given below. 

Rtalion 

.'rco ............ 
Blar.kfoot ........ 
Boise .. .. ........ 
Bub!. .••••••••• • 
Burley .. ... . .... 
Caldwell .••.••• 
Emmett ......... 
Fort naiL .. .... 
Olenns Ferry .... 

?d~'::'~n/.ils~::::: 
Mackay ......... 
Milner Dam .. .. 
Oakley . ......... 
Rupert ...... . ... 
Twin Falls ...... 

Mean ......... 

Temperature, in southern Idaho (0 F.) 

[From records of the U. S. Weatber Bureau) 

b .. ~ 
~i 

.. 
;:- " t .J> 

.c>' d ~ a ~~ .. " 
.t:I g, ""'d " D ~ '§. >. .. >. S 

~!; c .. .. " c. 

" " ~ ~ " :; " .. .., ... -c: .., .., < '" -- ------ -- ---- -- --
.. --.--- 14. 8 20. 1 29.9 36.3 58.9 61.1 M.O 64.0 M. 7 

32 21 , 9 26. 5 38.9 44.9 53.2 61.6 65.3 66.1 56. 5 
65 29,4 34. 9 42. 7 50. 4 57. 1 65. 3 .2. 9 71.8 61.9 
21 28.0 33. 3 40. 1 48. 1 55.8 64. 3 72.9 66. 2 60. 2 
II 27, 3 32.3 38.8 45.6 55.9 6t3 72.5 69.0 59. 5 
24 28. 7 35.4 43. 2 50.6 57.4 65.3 73.1 68.8 60.7 
22 20.3 3Il. 3 44. 0 51.5 58.8 67.0 75. 1 72. 6 63. 3 
u 21.2 28.6 36. 2 44. 4 53.4 61.8 69,9 66. 4 57. 0 
20 27.7 35.5 44.0 50.7 58.9 69.0 78.5 74.6 62.6 
19 24.2 29.2 39.0 46.7 55.2 63.3 71. 4 68.S 58. 8 
34 111. 6 23.4 33. 6 44. 4 63.0 eo. 5 68. 5 :J 56. 8 

·"· " is 17. 2 20. g 31.0 41.8 ~U ,59. 4 67. 2 55.3 
27.1 31.0 39. 8 47.0 61. 7 70. 0 69.5 r.o.4 

35 28. 6 31. 8 38.7 46.2 53.11 62.4 70.7 69.2 59.4 
22 25.5 30.7 38.6 46.6 M.7 61.9 70. 9 67. 7 58.1 
23 27.S 32. 4 39. 5 47.2 Mo9 62.4 70. 6 67.9 58.9 ----- "- --------------

25.7 26.2 31. 5 39. 6 47.4 55.6 63.7 71.7 68. 9 59.8 

• Menn of Burley and Rupert. 

.8 .. .. 
~ a .J> 

A 8 
g .. .. .. u 
u 0 .. 
0 Z A 
---- --

44.8 31.6 lR.6 
45.4 34.5 22. 8 
61.1 41.0 32.1 
49. 6 39. 6 28.4 
48.4 38.0 27.7 
50.3 39. 5 30.7 
52.2 40. 8 30. 2 
46.4 35.0 23.4 
49.8 39. 3 28.7 
48.1 37.4 25.7 
45. 11 43.5 22. 2 
44.6 31.0 19. 6 
48.6 • 37.8 26.4 
49.2 38.8 28.7 
48. 4 37.7 26.5 
48. 3 38.0 27.9 
------

48.7 38.6 27.2 

II . 
a .. 
1i ., 
>< --
U. 
44-
62. 
49. 

1 
1 
I 
2 

48.1 
50.1 
62.4 
45.1 
61.8 
47.1 
44.0 
42.1 
47.' 
48.2 
41.4 
47.' --
48. 3 

At Ashton the average date of the last killing frost in the spring is 
J ulln 7 and that of the first killing frost in the fall is September II. 
At Bliss the dates are ~iILY 10 and October 4. July is the month of 
maximum temperature, the mean for that month ranging from 71 0 at 
the lower altitudes to 63 0 nt the higher altitudes on the plain .• lanuary 
is generally the month of minimum temperature, with a range in the 
menn temperature from 28° to 18° at different stations on the plain. 

Like other continental interior nreas of fn.irly high altitude, the 
Snnke Hiver Plni ll l lns n 1111'g'c dnily rnllg-n of tprnprrat.urc. The c1if· 
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between the mean daily maximum and mean daily minimum 
t 200 during the winter and about 38° during the summer, but 

much greater variations are experienced. The sum
are chn.racterized by hot days and cool nights. Now and then 

temperature is 100° or more for a few days at a time., and it has 
, .. .::;. .. "hed a maximum of 106°. On account of the dryness of the n.tmos

however, the daytime heat is less oppressive than it is in more 

.r .. .,.·'\.. 
,.-"'- .... I).....~ 

"}. 

zs 0 2S 5OMi\e~ 
! ' I • \OtoI5.nc:hes 

FIOURE I.-Map of southeastern Idaho sbowlng distribution of prcclplrotlon. Areas wltbout patt.rn 
have an averege annual proclpltatlon of more than 15 Inches • 

humid regions, and as the clear summer nights allow rnpid radiation 
from t.he heated land surfn.ce, the temperatures become comfortably 
cool shortly after darkness falls. During the winter the temperature 
frequently falls below zero and has dropped as low as 40° below zero 
at the entrances to some of the tributary valleys. In ordinary winters 
the minimum temperature reached on the plain is from 10° to 20° 
below zero. In the small nrea within the Snake River Cnnyon below 
Twin Fulls and including the IIagermn.n Valley the temperature at. all 
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times is noticeably higher than on the adjacent uplands, doub 
because of the sheltered location and lower altitude of these lands. 

PRECIPITA.TION 

Precipitation on the Snake River Plain ranges from an annual 
age of less than 9 inches in some areas of the north-central and 
parts to about 14 inches in some of the eastern, southern, and 
eastern areas. Toward the mountain areas that contain the 
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FIGURE 2.-Average montbly Precipitation on tho Snake RIver PlaIn, Idabo. 

waters of the river on the northeast and east, the precipitation 
creases, exceeding 20 inches at high altitudes. 

The general distribution of the precipitation is shown in figure 1. 
Records are lacking to show the precipitation at high points between. 
the tributary vallcys, hence there n.re probably local arcas of higher 
precipitation than are indicated Oil this map. Unlike many other' 
semiarid regions, the Snake River Plain is favored with a fairly uni
form distribution of precipitation throughout the season, as shown by 
figure 2. The relatively high precipitation during the spring and 
early summer is probably in large pllrt of local origin and supplied 
by the reprecipitation of the moisture evaporated from the melting' 
SIlOW fields in the foothills and mountains during thesc months .. 
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records of precipitation in the upper part of the plain are 
available for the years prior to 1891, but the average annual pre

~1)ito.tion at American Falls, Ashton, Blackfoot, Idaho Falls, Oa.kley, 
pocatello, six stations with long-time records, is shown in figure 3 

INCHES OF' 
PRECIPITATION RUN-OFF IN MILLIONS OF ACRE-FEET 
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together with the discharge of the Snake River at Neeley, corrected 
for storage hold-over at Jackson Lo.ke and American Falls during the 
.yea.rs of record. The table on page 12 gives the mean monthly and 
annua.l precipitation at these and other stations for years of record 
from 1891 to 1927. 

The yea.rs of high precipit.ation from 1'906 to 1917 constituted the 
period of great development of dry-farm wheat lands on the Snake 
Hi\' "r PI :li n ""I'f'ri:)llv north of tohe Snnkc River between Idaho Falls 
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and Minidoka. Most of these lands have been abandoned since 
owing to inadequate rainfall and it would thus appear t.hat an 
age annual precipitation of about 15 inches is essential to 
dry farming in this region. 

Mean monthly and annual precipitation, in inche8, at stations in the Snake 
Plain and tributary areas, 1891-1917 

Station 

AlbIon ••• ••• 
Almo .••••••••• 
Abt>rdeen .••••••• 
American Falls •• 
Area ..••••••••• 
Ashton •• •••••• 
Blackfoot •••••••. 
Bliss • . .. •••••• •. 
Duh!.. ••••• •• 
Burley . .• ••••. 
Fort Hall ••.•• • 
Gooding .••••• • 
Halley •. ••••••• 
Ha.loton •• •• 
Hollister •. •.•• . •. 
Idaho Falls •. 
Inrln •.•••••• 
Jerome •.•••.•••. 
Mackay ..• •. • . 
Martin .•. •••• . 
Mud Lake . ..••. 
Oakley . ••••.•. 
Pocatollo ••• ••• 
Richfl .. ld .•.••• 
Rupcrt. •...••.. 
Shoshone .•..•.•. 
Sprncor . . . . .• •• • 
SprinJ:fin1d . . .. . . 
Sugar . .. . •. _. ___ _ 
Twin FRlls ... . . . 
Wrndcll . •.•...•• 

Average .••..•. 

The stream run-off reflects in a general way the fluctuations 
precipita.tion from year to year, but the relation is not 
probably in part because precipitation at the stations within the 
is not always an index to precipitation on the headwa~r area.s, 
which the stream run-off is principally supplied. The 
generally takes the form of snow during December, January, 
February, and at the higher altitudes often also in November, 
aDd even April. The snow cover during the winter ranges from a 
inches to severa.l feet or more at different places and in different 
sons and often melts during warm weather in the winter, particu 
nt t.he lower altitudes. The deep snows in the high mountains 
during May, June, and July and then form the source of the 
supply that is used for irrigation in the valley. 

The mean relative humidity at Pocatello averages about 50 percBlU 

for the year, with a da.ily range from 25 to 60 percent during the 
mer and 70 to 80 percent during the winter. The average 
velocity at Pocatello is 8.8 miles an hour, nnd the recorded maximum 
58 miles n.n hour. 

13 
G1<:OGRAPHY 

EVAPORATION AND TRANSPJltATION 

of evaporation from water surfaces have been obtained at 
stations in the region, principally in connection with studies 

from reservoirs. Some are records from floating lake pans, 
from pans of the standard class A type of the United States 

Bureau. The annual evaporation as disclosed by these 
ranges from less than 3 feet to about 6 feet, according to the 
aod type of the evaporation pan. The accompanying tables 

total evaporation- that is, the sum of the measured loss plus 

r-Tainfall. l'Eao'MB 

records of evaporation during 1916 are available for 
in Jerome County. Beginning in 1917 records were' obtained 

a standard class A Weather Bureau land pan in an irrigated 
pasture in the vicinity of Jerome, in sec. 18, T. 8 S., R. 17 E. 

roeridiao. Evaporation data at Jerome, 1918-17 

(Altitude 3,780 feet. From reoords of North Side canal Co .• Jerome) 

E .... poratlon (Inches) 

Month 

........... ~~~\~~~~~~~~~ ~~~ ~~~ ~ ~~~~~~ \ 

Mesnslr 
tempera· 

ture 
(0 F.) 

Preclpl· 
tatlon 

(Inches) 

Land paD 
6 feat In 

diameter. 
top nusb 

with ground 

~. \ ." \ .W\ 69.9 .4t 7. 00 

68.2 .00 6. 3S 

59.8 .00 5.07 

M.6 .H 25. 62 

= 

Evapora· Wind velocit& 
tion 

Pnn 27 

5. !Ill 
4.95 
4. 00 
3. 36 

IS. 11 

tempera' Preclpl· Weather Mean air \ \ from \1. S. 
I ture toUon Dureau 

(miles a mont) \ Mean 

To of :U~~~~~y :zo.foot \ Ground (percent) 
Mouth (0 F.) (Inches) class A 

pBD 
build. 8urface 

1111 

2.43 
1.34 
.00 
• 09 
.00 
.54 
.00 

(Inches) 

4. 23 \ ..•••. 
6.40 •..• •• 
Q.17 •••••• 
8.:ID •.•••• 
7. 0.1 
3. roo 
2.40 

0. 82 3.'~ 16.5441. •• ···· · · · , 
1. 37 9. 39 6.1127 
1. 15 S. 92 " OliO 
.42 10. 17 ',040 

~~mber ••... . ...••••......•••••.• "". :~~ t~ !:~ 
. •• .•.••.•• •. \ 00. 4 \ • \l6 2. 13 4,730 
.. . ..... . . .•. 36. 0 .42 1. 41 6.4:ID 

46 
48 
SI 
56 
68 
67 
72 
69 
72 

• • ••••••• ••• •••••••••••• • ••••• !Ill. 6 . 54 . ,Q 4.766\ ••.•.•••.. \ ---- ----~ ... _.. n •• 5.041 •• .••.••.. b~ -
I For rli ll mnnth 
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14 GROUND WATER OF SNAKE RIVER PLA!N, IDAHO 

Evaporation data at Jerome, 19J8-.e7-Continued 

Month 

1919 Janunry ______________________________ __ 

r:~:~":_~::::::::::::::::::::::::::: ___ _ 
ApriL. ____ _ 
May _____ __ _ 
lune. __________ ____ . ____ __________ _ 
luly ___________________________________ _ 
A ugust _______________________________ __ 

~~~b!'r~:::::::::::::::::::::::::::::: November _______________________ _ 

Mean air 
tempera-I Preclpl-

ture tat!on 
(0 F.) (Incbes) 

0.39 
1.47 
1.21 
.69 
.05 
.00 
.00 
.00 
.70 
.92 
.97 

Eva!>O!'I\' 
tlon 

fW!~·e~ · I----;----
Bureau 
class A 

pan 
(Inches) 

Top of 
2()'foot 
build-

ing 

Total or av~:------------------1 61.1 I 6-4{) I 63. OG 1 6.6;61 1·99II1~ 
February ____ ___________ • __ • ________ • ___ 
Mar~b __ •• _________ • ___ • __ • __ • ________ __ 

U:!I:.::::::::::::::::::::: ::::: :::::: 
June __ • _ •• ___ ••• _ ._. _ ••••••• __ ._ •••• July. __________________ • ____ • _______ • 
AU(ll1!<t. _. ____________ • _______ • _____ • 
September ___ • __ • ____ • ___ • __________ • 
October .. ____ •••• __ • __ " • ____ • __ • 

Total or average._. ____ • ____ • ____ ., 64.61 6. 37 1 41. 82 1 6. 008 1 1.1580 I 
== ~====--

1921 

~ml:-: ::::::::::::::::::::::: : ::::::::: lune .... ___ ••• __ • _ •• ___ • __ _ • _., ___ ., __ __ 
lely .• __ • ____ .. _. __ • __ .. __ ....... ____ . .. 
August . _____ . .. __ ..... __ ". __ __ • __ • __ __ 
September ______ • __ • __ •••••••. __ ....... . 
O~tobcr .... _. _ •• __ • _. _ ...... __ •• ••• •• . _. 

,-.. -_ /-.-.. 1 ,::::":':':::::1--'-::"':::"1:'::":':':: 
Tot,1 or average ...... __ ...... __ __ 

1922 

~:~I.-_~::::::::::::::::::::::: : ::::::::: 
June._._ ...... _ ...... ____ •• _ .... _ •• _ •••• 
July .. ______ • __ . __ .... . ____ .. ________ . __ 
Augu~t . • __ __________ • ______ .. .. ... " __ • 
September ... _ .. _ ... , __ ." __ •• _ ...... __ • 
October ....................... .. ..... .. 

Total or 8ve: __ ..... ____ • __ .... , eo. I I 4. 721 31.851.:.:=:::.:.:1 1.463 I 

u..~.:~::: : ::::::::::::::::::::: :::: .. _ 
June ... ______ • _____ ............. __ .. __ .. 
July. _ . . ...... ____ • __ • ____ ..... . ____ .. .. 
August_ . _."." _. ___ _ .• _ .... ____ ... .. 
Reptember __ •• _. ___ ____ ._ . • _., _. , 
October .. _ .. _._ .... _ .... __ .• _._ "_" 

Totel or average .. __ .... __ ... __ 

1924 

U:;I_:~ ::::::::::::. ______ .. __ 
June __ • _ .... _ .". ____ ..... _'" _ ...... _ .. 
July .. __ .............. __ .. . 
August. _ ......... __ ..... .. 
sePtember .. _. ____ • _____ ... ____ •• _ ..... _'~I __ .0_21 U81~1~1''''''~ 

Total or average..... . . It':l a u. . - --

, PRrllyestimated. 

GlWGRAPHY 
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Evaporation dq.ta at Jerome, 1918-.e7-Continued 

Month 

1926 

........ ..... .. . -.-.. -.. ---
-_ . . . ....... .. .. 

Mean air 
tampa .. · 

ture 
(0 <' .) 

114. 3 
76.8 
69 7 
60.4 

Preclpl· 
taLion 

(lnchos) 

0. 70 
. 41 

1.17 
.35 

Wind "e!oclty 
(miles a month) EvU~ra. \ 

class A l!O-loot \ Ground \ (percent) 

from U. S. Menn 
Went-her relative 
Bureau Top 01 hemiditv 

pan build· surlace 
(Inches) Ing 

7.87 
8. 114 1--.... ·--·1 
7.12 
4. 16 

644 
479 
683 
601 

____________________________ \-=-=-1_1 1-1-1-

___ ______ __________ _________ ~I-I 1-1---1-

verage evaporation at Jerome, 1917-£7 from U. S. Weather Bureau ClaS8 A 
evaporation pan· 

Mouth 

(Records Irom Nortb Side Cnnal Co., Jerome) 

RelnLlvo 
bumid· 

Ity 
(percent) 

Menn 
temper' 

ature 
(0 F.) 

Precipi
tation 

(inches) 

Wind velocity 
(mil~s a month) 

20 leet 
abnve 
ground 
surlace 

Grouml 
surlaco 

..--_ .. ------- ....... -- .. ---_ .. ---
5,925 
5.414 
5.-124 
6. g7{ 
6,253 
4,33~ 
. . 432 
4.736 
4,699 
4,7114 
6,420 
4,766 

2.721 
1.814 
1.073 

, --1--1-----=-1-1---
It QIit .'_llU I ........ :. I, 

PIONEER nUUOATION DISTBICT 

977 
8!l8 

1.016 
1.142 
2.320 

and transpiration datil. are available for the Pioneer 
district, near Caldwell, in Canyon County. Pan A was a 

tank 4 fect square and 3 feet deep, set about 2 fcet 
the ground in a swamp and surrounded by water frGm 0.3 to 0.4 

i ' 
" 
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16 
GROUND WATER OF SNAKE RIVER PLAIN, IDAHO 

foot deep. The space within the pan Was planted to cattails or 
which grew abundantly in the surrounding area, The pan Was 
with water twice a week to maintain conditions similar to those in surrounding swamp. 

Pan B was of the same dimensions as pan A. It Was set in 
ground about 2.8 feet, in a water-logged area, and was filled with 
to the same level as the surrounding ground. In the pan were 
strips of blue grass about 8 inches wide, with intervening 8-incll 
of bare soil. The water level in tho pan was maintained from 1.5 
feet below the surface by menns of pipes that supplied the water 
beneath, so that it rose in the soil from below, as under ordinary 
conditions in water-logged areas. 

Pan C was a standard Weather Bureau class A evaporation 
4 feet in diameter and 10 inches deep, set on 0. platform of 2- by 
planks resting on the ground. 

Evaporation and transpiration in t.M Pioneer irrigation district, 4 mil" ,oUl~1 
CaldweU, Bme Valley, Idaho I 

Date 

1918 
June 12-30 . .. ............................ . 
JUly . . . ... . ...................... . 
AUgust . ........... . ............. . 
September ......... . . . .................. .. 
October ...... . ... . ...................... .. 

[Altitude 2,370 feet) 

Mean 
temper· 
ature 
(0 F.) 

Preclplta· 
tlon 

(lncbes) 

Evaporation and trans. 
plratlon from soU 
(Inches) 

Pan A Pan B 

Tbe period .... .. .................... / 6G.7 /---Z-33-1 43. 561 •••• J 
1919 

tf;;~.~~~ ~.:::: : :::: : : : : :::::: : : :::::: ... 
June ......... . . . .......... . .......... .. 
July ......... . ....... . ... ...... . . .. 
AUgust . . ..... ...... . ........ . . ... .. .. ... . 

~~~~r~:::::::: : ::::::: :::::: ::::::::::: 
Tbe period......... I . I . _. I 

6. 1. 74 
30.68 68. 68 

1 Steward. W. O., and Cotrln, M. H., Experiments COnducted tosho,," the comparatlvo evaPOlltlon from 
swamped araas In the Pioneer Irrigation d istrict" : U. S. Bur. Reclamation unPubllsbed report, Bolse,Idabo,' " 1920. 

XIl.NEJl 

Recor-ds of evaporation have been obtained at Milner, in Twin 
Falls County, in sec. 29, T. 10 S., R. 21 E. The land pan at this 
point is a st.andard class A Weather Bureau pan surrounded by bare 
uncultivated soil. The lake pan is 4 feet in diameter and 10 inches 
deep, floated on a raft in Milner Lake. 

GF.OURAPHY 17 
Evaporation at Milner I 

[Altitude 4,200 (oot. From reCllrd. o( Twin Falls Canal Co. I 

Month 

Monthly 
me8D 

tempera· 
ture 

Co F.) 

Preclplta· movement 
Evaporation Cinches) I Wind 

tion . per montb 
(Inches) I Land FI~~ng Cmlles) 

1927 
.. _- ............ .. ......... ---_.-

u •• _ ......... :::::::: :: :::::::::: :: ::::::::: 
.. . --------- .-.. _ .. _-_ .. _------.. -- .. ---.. '" .. -- .. _ .. ----

4. 63 
6. 24 
8.48 

10. 60 
8.09 

4. 02 
6. 70 
7. 27 
0.20 
7. 20 
6. 69 
4. 11 OG'iOliOr ............... .... .. .. .. .... --... .. 61.2 .48 3.71 

2,790 
2,~0 
1,832 
1,631 
1, 016 
1,247 
1,569 
2. 124 

.. ........... ____ ... 1 _.y .• ~ 6. 31 

67.0 8. 23 48.37 U.28 1,893 
···-mlter .......... • ...... • .... --·· .. •• .. • 42. 2 1.08 I. 41 I ............ , 

, M . ~ _ __ ... .. __ .. __ _ .. __ • 

. {:;~::::::::::::::::::::::::::::: 

months .boWD In tbe table tbe lak&". :l8n remits at tbls .tstlon arc blgber tban the 
some undetermined cause. Tbe land·pan results are believed to be more reliable 
tbose (rom tbe lake pan. DUring tbe period (rom Dec. I, 1927. to Mar. 17, 1928, 

(rozen and received preclpltatloo o( 1.65 Inches, mostly 10 the rorm o( sno.... When the 
melted, on Mar. 17, 1928/ the amount or water remaining 10 tbe pan Indicated a total evapo
I, 1927, o( 0.71 Inch. Tnls rrsult may bave been affected by snow blown In or out of tbe 

STBllLmo 

, Records of evaporation were obtained at Sterling, in sec. 33, T. 
4 S., R. 32 E., adjacent to the American Falls Reservoir, in Bingham 
County. The land pan was a standard United States Weather 
Bureau class A evaporation pan resting on a frame of 2- by 4-inch 
planks fully exposed to sun and wind nnd surrounded by bare ground. 
The lake pan was 4 feet in diameter and was placed on a small raft 
chained within a larger raft near the west shore of the American Falls 
Reservoir near Sterling. 

Evaporation at StllrliTl{1 I 

[Altitude 4,400 root) 

Montb 

~~f;:.~~: : :: ::::: ::::::::::::::::: :::::::::: ....... . 
~:~~iif_ii~~::::::::::::::::::::::::::::::: 

Mean 
tempera

ture Co V.) 

~21 61.8 . 
69. 1 
M.D 
55. 2 

57.0 
68.8 
64. 2 
58.0 
4.~. 8 

Preclplta· 
tlon 

Cinches) 

1.

80

1 
• 28 
.11 
. 7~ 

I. 43 
f'lf i I 

.78 

.45 

. 10 

.13 

. 47 

Land pan 

7. 96 ..... ....... 
10. 95 7. 73 
13. 03 g. 7~ 
9.83 7. 70 
6.65 4. 78 
2. 6C 2. \I 

51. 01 32. 04 
~= 

9.90 7. 37 
II. 76 8.48 
11.00 7. 01 
6. 87 4. 78 
2.40 1.58 

58. 8 1.93 41. ~3 30. 10 
Total or maan.... .......... ........... . A .\merican ~'aI15 lleservoir: 

I Nev.-pll . T . R" Rc~r~Rtion or wnlpr rpsources . . o\meriC'.an Jo'nl1s Basin anu 
Un"uld i·. hf'd f('pl ... . to ('.Olll 111 ittoo or N ill t! . \\"n l c r n l~ tr ic t 3ft , I t'~7 - 2S . 

if: ,i ! . 
I ' 
I , 

Ii 
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AMERICAN FALLS AND MICHAUD 

Records of evaporation were obtained at American Falls 
Michaud, in Power County. The pans at both places are 
United States Weather Bureau class A land pans, situated ad] 
the American Falls Reservoir. The American Falls pan is in 
T. 7 S., R. 31 E., and the Michaud pan is in sec. 1, T . 6 S., R. 
Both pans are surrounded by uncultivated ground and 
4,400 feet above sea level. 

Evaporation at American FaUs and Michaud I 

(Altitude 4,400 (eatl 

Month 

1928 
J n De •••••••• •• • ••• • •••••••••••••••• • • 
July •. •••• ••••• • ••• •••• ••• • ••••• • •••••• 
A Ul:Ust . •••• ••• •••• ••• • ••••• ••• • ••••• 
September ••••• • ••••••••••••••••• 
Octobu 1~17 ..... . .............. . ... . 

Total or average •. ••• •• •• • ••••••••• 

Mean 
tempera· 

turo 
(0 F.) 

67.0 
68.8 

~.2 1 58.0 

~ 
158.8 

American Falls -Preclplta· EV8POra· 
tion tion 

(Inches) (Inches) 

1.49 9. 60 
. 63 1l.48 
.25 11.04 
. 21 7. 12 
.60 2. 60 

3. 08 41. 74 1 2. 47 

, Newell. T. R., Segrej!'atlon 01 water resources. American FBlls Basin and Amerlenn Fal b 
Unpuhl isbed r~pls . to Committee of N ino, Water D istrict 30, 1927- 23. 

)fUD LAKE REGION 

Evaporation and transpiration records have been obtained at 
Lake, in Jefferson County, and are included in the report on 
region.1 

SUMMARY OF EVAPORATION LOSSES 

It is well known that evaporation as measured by land 
even by Boating lake pans is greater than the evaporation from 
water surfaces. 2 In the following table the figures for the 
months are based on measured evaporat.ion from the lake pans 
Milner and American Falls, multiplied by a coefficient of 90 
to give reset'voir evaporation losses, and those for t.he winter 
on the Jerome records for evaporation from ice and snow Sll 

Compllted average evaporation and I08s/rom large water sur/aces in. 
plain 

Month 

1anuary .. . ..... __ _ 
Fchruary ._. __ __ .. _ 
MarCh __ •. __ ••. _ .. _ 
April.. __ . _ .. __ _ 
May .. __ .. __ ... _ 
1 UIJ(L ____ ___ __ • • • __ 

July. 

r+ indicates gain) 

EvaporB-/ I'reciPite_/ Net gain 
tion tion or loss 

(inches) (inches) (inches) 

0.52 
. .'111 

2. 15 
ell! 
S.70 
6. 67 
6.88 

1.19 
1.05 
. QI 

1.04 
I. 4 .~ 
.91 
. 60 

+0. 67 
+'49 

-1. 24 
-3. 32 
-4. 25 
- S. 76 
-7. 28 

.\Ionth 

August ... _ .. . _ .... . 
September •• • .•• •. . 
October. __ .. . ... .. 
November •. _ •• 
December·· ___ · ___ I ___ - 1 __ _ --_/_ 

The year . .... 

, StMrns. fT. T ., Bryan, T,. L., and Crandall. L ., Oeology nnd wa ter resource.. of t he Mud (,ake 
liloho' U S. Oeol. SU" 'ey Water-Supply Paper 8 1S (in I"."") . 

, .. \ TIl .'N' (-, vii ":,'c TrRI1" . \' 1,1 pn. 1\ , ::!tJi . I 'l~, 

GEOGRAPHY 19 

OF EVAPORATION AND TRANSPIRATION ON PRECIPITATION AND STREAM 
FLOW 

amoWlt of water lost by evaporation from reservoirs and 
and evnporated from the irrigated land is not necessarily a 

of watcr to tho region. It has long been recognized that 
to from the ocean rcceive a considcrablc part of their pre~ 

from water lost by evaporation from the land.3 On account 
topography of the Snake River drainage basin the prevailing 

southwest winds carry a part of the moisture that is evap~ 
on the Snake River Plain to the mountainous headwater 
the east side of the basin. There, on account of the greater 
the moisture of the ascending winds is in part precipitated 
reappear as stream flow. 

'I'REE RL"lOS m RELATION TO CLIMATE 

~-,;,"''''Od for which records of precipitation, stream flow, and other 
are available in the Snake River Plain is relatively so 
a study was made of tree rings in an endeavor to obtain 

of climatic conditions prior to 1868, when records of precipi
first started in Idaho. 

studies of trce rings in their relation to climate made by 
4 have demonstrated that, although there are many factors 

'tend to affect the forma.tion of these rings, precipitation has so 
an influence that it is safe to assume that tree rings form 

VAuuate measure of the rainfall. He finds a 70 percent corre~ 
between tree~ring growth and rainfall in a dry climate, and 

closer agreement if the degree of conservation of moisture can 
into account. Although data from a considerable number 

in a given region greatly increase the accuracy of the con
by permitting allowance for variable factors, Douglass' work 

that study of even a single tree gives results of con-
reliability provided it grows fast enough.s 

only native tree that has a wide distribution over the Snake 
Plain is the juniper, which occurs generally wherever the annual 
'tation exceeds 13 to 14 inches. This is somewha.t unfortunate 
present connoction, as Douglass 5 found that in Arizona juniper 

satisfactory than some other kinds of trees, particularly 
pine. The native junipers in Idaho usually do not live to be 

than 150 to 200 ycurs old, especially whcre rooted in soil ; if 
largely in lava rock they have a longcr life, smaller annual 

~dth, more heartwood, and less tendency to decay. Several 

S., Climatic laws. p. 82. 1924. 
A. E., Climatic cycles and tree growth : Carnogio Inst. Washington Pub. 2Il9, )919. 
A. E., A method 01 estimating ra inlall by the growth 01 trccs. in Huntington, Ellsworth. The 

lIS lUustrBle.l ln ar id Amerlm : Cartlegie Inst. Washington Pub. 192. p. 109. 1914. 
A. E .• Some aspecls of the uso 01 the Bnnual r ings of trL'CS in climatic study: Smithsonian 

Ann . Hept • Hln. 1'. nil . 
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specimens were found that ranged from 350 to 600 years old 
one, in the Fifield Basin, grew for 1,GOO years before finally 
victim to a farmer's need for fuel. Several pines from 300 
years old were found near tho edge of the valley, where the 
merge intp the adjacent foothills . 

In all 20 specimens were cut from different trees scattered 
Snake River Plain . (See pI. 8.) Pertinent data regarding 
specimens follows: 

1. Craters of the Moon. Limber pine. Taken from Craters of the 
National Monument, Idaho. Cut by Harold T. Stearns in 1926. Tree 
when specimen taken, having been killed by lightning about 2 years 
Needles still hung from the branches. Grew in a crack at the edge of a 
lava flow where there woulq be a tendency for a little water to accumulate 
snow to linger. The rock is so permeable that rain and melting snow would 
away rapidly. 

2. Massacre Rocks. Juniper. Taken 10 miles west of American Falls, 
on the north side of the Snake River, near the place commonly known as 
sacre Rocks." Cut by Harold T. Stearns and W. G. Steward in the fall of 
from a living tree. Grew on a high lava bluff overlooking the river. The 
is partly covered with blow sand, and many juniper trees are growing 
Moisture is retained in the blow sand, which fills the lava cracks, for 
periods than it would remain, where not so much fine sand or soil is 
Center of tree decayed. 

3. BlaCk Lava. Western juniper. Taken from a point about 12 miles 
of Idaho Falls, Idaho, in the Fifield Basin area. Cut by Steve Krolik 
living tree and hauled to his ranch in the NEY. NEY. sec. 26, T. 2 N., R. 36 E., 
the winter of 1927 or 1928. Specimcn cut from trce by W. G. Steward in t 
spring of 1929. Conditions surrounding the place where this tree stood are . 
known except that it was cut on the bare lava beds. 

4. Fifield. Western juniper. Taken from the bare lava beds about 15 
southwest of Idaho Falls. Idaho, in the Fifield Basin area. Cut by Steve 
from a living tree and hauled to his ranch, in the winter of 1928. 
sawed from tree by Harold T. Stearns, W. G. Steward, and H. G. Haight in 
spring of 1929. Grew in a crack at the mllrgin of a lava ridge. By far 
oldest and best specimen of juniper known to have been taken in Idaho. 

5. Woodville. Western juniper. Taken about 12 miles southwest of 
Falls, Idaho, in the Fifield Basin area. Cut by Steve Krolik from a dead tree 
hauled to his ranch in the winter of 1927 or 1928. Specimen taken from 
W. G. Steward in the spring of 1929. Conditions surrounding the place 
this tree stood are not known except that it was cut on the bare lava beds. 

6 . Wapi I. Western juniper. Taken 20 miles due west of American Falls, Idaho~. 
Cut by W. G. Steward and H. G. Haight in October 1931 from a living 
Grew at foot of la\'a ridge and approximately at central western edge of a 
of junipers estimated to cover 160 acres. Would receive benefit of drifted 
Lava very broken and permeable. Seepage would carry any rain or melting: 
snow away rapidly. Center of tree decayed. 

7. Wapi II. Western juniper. Taken 20 miles west of American Falls, Idaho: 
Cut by W. G. Steward and H. G. Haight in October 1931 from a living tree. This: 
tree grew about 150 feet west of Wapi I, farther from the foot of the ridge. Center 
of tree decayed. 

8. Wapi II. Western juniper. Unpolished. 
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Ill. Western juniper. Takcn 20 miles west of American Falls, Idaho . 
. G. Steward and H. G. Haight in October 1931 from a living tree. 

stood 200 feet southwest of Wapi I , farther from the foot of the high 
that encircles this grove. Conditions same as described under Wapi I. 

of tree decayed. At the time these specimens were cut, a few posts had 
from this grove by nearby dry-farmers. Late in the fall of 1932 most 

trees in this grove had been taken for fuel. 
11.

12
. Graham Canyon. Mountain mahogany. Taken 4 miles west of Almo. 

is called locally "Graham Canyon." Cut by W. G. Steward and H. G. 
in November 1931 from living trees. Grew on a steep hillside of decom-

rock with a slope to the southwest. Would retain little moisture. Rings 
specimens could not be counted or measured, except for short discon

periods, because of an overlapping or blurred growth. 
Minidoka. Western juniper. Taken 24 miles west of American Falls, Idaho. 

,by Viggo Christofferson and Lars Larsen in December 1931 from a living 
Grew in the center of a small grove of juniper trees on silt-covered lava 
.t was sheltered by a high lava ridge. 

Almo. Pinon. Taken in Graham Canyon 4 miles west of Almo, Idaho. Cut 
G. Haight and H. G. Haight, Jr., in October 1932 from B. living tree. Grewon 

:':':.nuthwest slope of a steep hillside of decomposed rock. This slope Is exposed 
hot summer sun, and little moisture would be retained. Rain and melting 

would no doubt run off rapidly. 
Cedar Creek. Western juniper. Taken on the south rim of Cedar Creek, 2 
below Cedar Creek dam and about 8 miles southwest of Roseworth, Idaho. 

decayed at center. Cut by H. G. Haight and Stella Perrine Haight in 
1932 from a living tree. Grew on a rock shelf 12 feet below the top of 

rim of Cedar Creek Canyon, which is about 200 feet deep at this point. Partly 
protected and subject to some snowdrift. Otherwise in a decidedly dry loca
tion. The only tree for miles around except those in the bottom of the canyon. 
I: 16. San Jacinto I. Juniper. Taken 14 miles southeast of San Jacinto, Nev., on 
Trout Creek. Cut by H. G. Haight and H. G. Haight. Jr., in October 1932 from 
a.living tree. Decayed at center. Grew on the top of a high rocky ridge over
looking Trout Creek. A large number of junipers in this vicinity. Three selected 
(~m the decidedly unfavorable location. No place to collect or hold precipita
tl9n and at the mercy of the winds and temperature. 
·}' :17. San Jacinto II. Juniper. Taken 14 miles southeast of San Jacinto, Nev., 
lili Trout Creek. Cut by H. G. Haight and rr. G. Haight, Jr., in October 1932. 
~ tree killed by fire and decayed at center. Grew on the steep side of a rocky 
'gUlch about 600 feet southeast of San Jacinto I. 
~ . 18. San Jacinto III. Juniper. Taken 14 miles southeast of San Jacinto, Nev. 
Cut by H . G. Haight and H. G. Haight, Jr., in October 1932 from a living tree. 
Slightly decayed at the center. Grew in a pass between two higher ridges. Stood 
'apart from the other trCC8. About three-quarters of a mile southwest of San 

Jacinto I and II. 
19. Bliss. Sage brush. Taken about 8 miles northwest of Bliss, Idaho, nenT 

the Elmore County linc. Cut by H . G. Haigt.t ill October 1932fromalivingshrub. 
About 104 years old . This is one of several samples that have been gathered for 

Study in the future. 
20. Blue Lakes alcove. Western juniper. Taken 5 miles north of Twin Falls, 

Idaho, on the north side of Snake River Canyon and the south side of the Blue 
Lakes Cove. Cut by H. G. Haight and Stella Perrine Haight in October 1932 
Cram a lhing tree. Decayed at center. Grew on a large shelf 60 feet below the 
main rim of the Snake River Canyon and on a sharp lIose of rim rock that projects 



" ATlm OF SNAY(E RIVER PLAIN, IDAHO 

" Ilyon proper and the Dlue Lakes Cove. This Was 
t his dry rocky shelf. Conditions are anything but 
,dy, 

Il\structed by W, G, Steward and H. G. 
(,i1c ring widths of all thc specimens. The 
Il'dwood piece grooved for runners; a steel 
,\d with 20 threads to the inch; a l2-inch 
r-level recorder, divided into 10 equal parts, 
,d into 10 equal parts; an indicator point; a 
hich is connected to the threaded rod and 

rs , a specimen board to which the specUnili 
'li ntersunk screws driven in from the under 
:'or holding magnifier; a three-legged 
:g" glass with eyepiece of heavy brown paper 
of the upper lens and an auxiliary lens with 
he lower surface fitted into and hE'ld betw .... ~ 
; a. small light attached to the magnifier 
('. tor, which throws light onto the specimen 
I a counter attached to the outside center 
','volu t.ions. 
dva.nometer, the total ring widths were 
lod for a selected number of specimens and 
plet.te 8. The specimens were selected for 

',d ll, locality, nnd frcedom from distorted 
, of the Fifield juniper (pI. 8, specimen 4), 
" Ilgth, affords a basis of comparison with 
ill the other trees examined began their life 
th period, as indicated by the Fifield 

,': n. larger growth in 10-year periods during 
, t 100 years. Several, particularly specimeD/J.i 
steadily decreasing growth with advancing 
ill considerable part from other causes than 

'11 in growth of nearby trees is shown by 
representing growth of trees within a few 
Icr. 
l'Ct of erratic growth records of individual 
~rowLh during the early yeatS of the life of 

' ~l'nm showing mean ring width of the 
800 years was prepnred (pI. 8). In p 
13 and 14 were excluded because their 
drecLed to a great extent by causes other 
wth records prior to 1640 A. D. were .. . 
1(' to early age growth of some of the lSV tl""""': 

"ipitlltion at Boise, the only station adj 
Il ~-timc preeipitatioll recoro, and the rl 

~ ~ 

§ ~ § ~ § 

~ ~ 

~ ~ 

~ ~ 8 
" 

8 
~ § 

.r: o 
,S 
c: 

'" '+-o 
(f) 

.r: 
c: 

.21 ·-rl:l-~-P" _Ir I f"1Y'~ 

\ . .. , ..... I """ "" " " ""'1""11""1'1\111111'11 11ti2j 
o m ).( $< ~ ~ a .:~;' .... I~ 

>- '" ~ - - , " , • . ,t:£} 
9 1 I I \ i · .. 

.! 5..--
,S 
.r: 4 

1lE MI' II I '" l j: } .' , ' .... ... >;.' 
""""!"""""""I!! "I" "'} : 10',' 

0
1 

. ~ ~ \ " .. S< ~ '" .... ' .. . 
~ ~ ': ' , ." '~ . ;'-4.r- ', 1 •• __ I 

31 h ,,'1' :,. ~ ', I , II ' I 

2 

0 .. 

§ § ~ § ~ 

] Mean annual run-off of 
d> 1,1 S R' M ti nake Iver at oran 
4: 

16~ .. 
] 14 Mean annual pre-

~ 12 cipitation at Boise 
10 

,S .r: 
.r:°3~---.-------r--:----~---.,..,.-i 
~.S 
e lij 2f---j= 
~o I Mean ring width, specimens 
t~ I - ' - - I, 2, 4, 6, 7, 9. 15, 16, and 20--jf-,--...,....,H 
CC 
Q)O>O.. Q Q ' 
I--!B l!; lIS 

>- - -

I 

oCRAPH SHOWING WIDTH OF RINGS IN 11 TREES FROM THE SNAKE RIVER PLAIN AND A GRAPH OF THE AVERAGE RING WIDTU 
OF 9 TREES IN COMPARISON WITH PRECIPITATION AT BOISE AND THE FWW OF SNAKE RIVER AT MORAN. 

3660- 38 (Face p. 22) 



' ATER OF SNAKE RIVER PLAIN, IDAHO 

\nyon proper and the Blue Lakes Cove. This was 
his dry rocky shelf. Conditions are anything but 
,dy . 

,nstructed by W. G. Stewnrd and H. G. 
the ring widths of nll the specimens. The 
trdwood piece grooved for runners; a steel 
t~d wi th 20 th rends to the inch; a 12-inch 
'-level recorder, divided into 10 equal parts, 
,d into 10 equnl parts; an indicator point; a. 
'hich is connected to the threaded rod and 
rs; a specimen board to which the specUne: 
llmtersunk screws driven in from the under 
for holding magnifier; a three-legged 
19 glass with eyepiece of heavy brown paper 
of the upper lens and an auxiliary lens with 
the lower surfnce fitted into and held be 
.; n. smnlllight n.ttnche.d to the mRgnifier 1\!J1l ~ 
.(' t.or, which t.hrow!'; lir:ht onto the specimen 

J , . " j I I . ~ 1 . •. •• • • j ll " of 

~ 

~ § 

F' · 
,· Irli' 

. ",!~ • .' W ATIlB-8UPPLY PAPma 714 PLATm 8 

41 ·1 til, I I 

: I' i~ I I _t~t\11 ~ j l Is~m~n 3 t J.I J I 
[I 'PPr1 I JiEQD1~~lli'J .... 

L: '1; .. ..1" :Ulh 1 . 1 .1 1 ·1. 1 .1 I I I J 

.~ 0 ~ § ~ . ~ : : . ~ ;::;~;~~B:'<~ § . §. § ~ .. ~ § ~ ~ ~ 
.... ' ;" ...•. , .. " '" . '.' ;'.;. " "' ~ ?t' 
o 10 ... - " ,' 

i :, ,l~"; " ... 
'·r,·.':;'· ,~ ;$':' men 6" 

. 5 

t 
~ 
~ 

6 

':I 

" o! '. ;;", •. ~:: (.r .... 

: ,:::>' ', ::.~) '.. . .. . .: ': ~[U'lil 
::. t' :. ' ·" ':' ; .~ · '0" . ' ; .. I ' r ·I~" .. . .. , o:-t'~ . (' . 4 .... . ; ' • ' . ' • 

: :~l;~~:f<;,~::;f ;,:.::': ;': ." '. ;:.~.' ,~:u f" . - ; ,-: .: 
4 

:: ~~J:~:~Jd"~@'¥\h;'~';<'i ,," 
, :': ' ~ '. :'.:' ' :t ~ ::-, 

; 'I t'I 'i i ', 'I"til~ f ·'I,I'I,'11 

or:~J;;~3fi l~ 
o ~ 

!l! 
9> 

§ ~ ~ ~ § 
L: 
0 8 .S; 

, 
c: 

'" 7 .... 
0 
en 6 L: 
C 
~ 5 
.S; 
.r= 4 

! 3 1;0 

iB 2 
>. 

r n In 

Specimen 14 n J ) I II~ 
III l I 

~ fJU l L 

~ rJ --

h~ 
- . 

IU 
C: 
Cl> 
I-

II. "'11111 ' 11 o '-;:-~ _--LU.U.U.J.ll.ll.I.l.J.ull 

4~ § § ~ ~ 
,I ___ ~ __ .L~~iten 16

1 _ ~ .1 

nf'1 



I 

. 1 

I:' 

• ,I .. f · • I : .~ .. ~ ~ 

.1 . '1 ':-'. . , • f . ' 
.' , 

Ii ' 
~ (j 

I ' t! !. 

" , ~ -" 

. i 
.-- ' \ . 

t ·· 

i 

1 
I 
! 

I 
I 
I 

\ ' 

GEOGRAPHY 23 

River at Moran, above irrigation diversions, for years of 
records. The precipitation and run-off trends are in sub

agreement. The precipitation record and the mean ring
both show a general downward trend from 1870 to date, 

the two records do not always show the same relation between 
decades. 

to the mean ring-width diagram (pI. 8), the decade 
was less favorable than any similar period during the last 

although many of the individual tree 'diagrams (pI. 8) show 
less favorable than that of 1920-30. 

SOIL 

half a million acres of the Snake River Plain consists of bare, 
fissured lava with practically no soil covering, and a still 

consists of lava with a scant covering of wind-blown soil 
in depth from only a few inches to a foot. Considerable. 

of the region, however, are underlain by soils of good depth, 
6 to 8 feet . 

that covers the lava plain between the river and the 
on the north is a fine loess, consisting essentially of minute 

of quartz \,,-ith slight amounts of calcium carbonate as a 
material. The loess originated chiefly as dust blown by the 
westerly winds from the lake beds to the west, but some of 

WI1.S derived from the alluvium of tributary streams and from 
ejecta. Its slow rate of accumulation is indicated by the fact 
most recent lava flows in the region, probably not less than 

old, are still free of soil. Only the cracks in their surface 
of some desposits of wind-blown material. 

rule the soils in the region are fertile and are very productive 
Several studies of the soils in the region have been 

the borders of the plain, near the mouths of tributary streams, 
the Snake River, occur extensive gravel deposits which yield 

. road-surfacing material and gravel for concrete. In this 
particularly in the section of the main river channel from Black
the mouth of the Big Wood River, near Bliss, appreciable 

Geology and water re'lOurces 01 the Snake River Plains of Idaho: U. S. Geol. Survey Bull. 
1902. 
E., Soli survey olthe Blackfoot area, Idaho: U. S. Dept. Agr .• Dur. SoUs. Field Operatlona, 
I, 1904. 

0 .. aud P,'torson, P. P., Soil sur,'ey 01 the Portneur area, Idaho: Idem. 1918, pp. I-52, 1921. 
l". 0., Baldwin, Mark, Kern, A. J., and McDole. G. R., Soil surveyor Minidoka area, Idaho: 
PP.859-902, 1928. 
Mark, and Youngs, F. 0., Soil sur.oy 01 the Twin Falls area. Idaho: Idem, 1921, pp. 1367-1394, 

O. R., Oeography, geology, and minerai resources or the Fort Hall Indian Reservation. Idaho: 
Survey BUll. 713. p. \18, 1920. 
E. 1-1 .. BDd Thompson, J. A., Soli surveyor the Jerome area, Idaho: U. S. Dept. Agr., Bur. 

IDd Soils. !Cr. 1927, no. 16. 
8660-~.~ _ _ ~ 
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quantities of gold are found, and extensive placer-mining Vpt"8.r.l,. 

were carried on in Cormer years. The gold is so fine, however, 
recovery proved difficult, and the placers were abandoned. In 
years, however, attempts to obtain gold from these placers have 
renewed. Above American Falls the irrigated lands on both 
the river have soils that are mainly of alluvial origin. 

South of the Snake River, from a point near Pocatello to a 
beyond King Hill, occur extensive lake beds, in places more than 1 
feet thick. Except in a few favorable localities the benches 
lain by these lake beds are not readily susceptible of irrigation 
of their topography and height above the river. 

Residual soils formed by the decay of the underlying rocks 
some extent in the mountains bordering the Snake River Plain, 
the basalt that underlies most of the plain is relatively so 
origin that it has not disintegrated sufficiently to make any apprecl 
contribution to the soils of the region. The basalt eroded from 
Snake River Canyon has contributed only in minor degree to 
alluvial deposits along the river except at the downstream 
former lava dams as in Hagerman Valley or near King Hill. 

In a few areas shifting material consisting mostly of quartz 
forms the surface soil. Most prominent is the sand-dune area 
the Birch Creek Sink and the Big Bend Ridge. In this area migra 
sand hills attain heights of 100 feet or more and cover many sq 
miles. From Wendell southward to the Snake River Canyon the 
is mainly silt or fine sand, on the whole well adapted to cuI 
under irrigation. There are small areas of shifting "blow sand", not ' 
adapted. Similar areas of blow sand occur locally in other 
From King Hill eastward isolated sandy knolls rise 10 feet or 
above the plain and support a sufficient cover of vegetation to 
shifting of the sand. 

CROPS AND VEGETATION 

Irrigated lands on the Snake River Plain produce a wide range 
diversified crops common to the intermountain region, among 
the staples are alfalfa and other hay crops, wheat, oats, barley, 
tatoes, corn, beans, sugar beets, garden vegetables, and some tree 
bush fruits. The largest acreage is in alfalfa. Of the principal 
potatoes have yielded the highest average acre value. Much of 
hay and grain crop is used locally for stock feed. Crops entering 
interstate commerce include potatoes, onions, beans, clover, 
grains, alfalfa seed, peas, and head lettuce. Along the borders of 
plain and in the tributary valleys up to the zone where frosts are 
to occur in any month of'the year, irrigated areas are devoted 
to the growing of alfalfa, native grasses, small grains, and 
vegetables. 
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of the uncultivated area of the plain supports considerable 
vegetation, some of which is valuable for grazing. Sage

(Artemisia tridentata) predominates and lends 0. dusty-green hue 
landscape. At the lower limi ts of rainfall the moisture naturally 

for plant growth is so little that practically desert condi-
prevail, and the natural growth includes transition desert shrubs, 

rabbitbrush is the most conspicuous. At the higher limits of 
0. considerable undergrowth of grass is associated with the sage. 

the rainfall is from 15 to 25 inches a year the natural vege
consists principally of the Idaho and wheat bunch grass and 
that furnish excellent spring, summer, and fall range. Grain 

principally wheat, have been raised without irrigation on large 
of this type. 

AND WATER-BEARING PROPERTIES O~ THE 
ROCKS 

SUMMARY 

Snake River Plain is commonly regarded as a structural de
DreB8lUn that has been filled mainly by Pliocene and later basalt and 

volcanic rocks which are locally intermingled with sediments. 
'Subsidence continued intermittently until Pleistocene time, so that 
the older rocks filling the depression are down-warped in varying 
Clegrce and locally broken by faults. The basalts covering the surface 
Of the plain are nearly all Pleistocene and Recent and they are prac
tically undisturbed. This great mass of volcanic rock, about 95 per
cent of which is in the area described in this report, is termed the 
"Snake River basalt."s In numerous places on the borders of the 
plain rhyolitic flows and pyroclastic and related rocks emerge from 
beneath the basalt. Locally there is evidence that simila.r rocks ex
~d well under the plain. Estimates as to the age of the rhyolitic 
~ks by different authors and in different localities range from early 

. Pliocene to late Oligocene. This wide range in age assignment results 
~ part from inadequate data.. It may well be, however, that expo
sUres in different parts of this large region, even though broadly similar 

, in lithology and stratigraphic relations, may record eruptions at ma
terially different times. Beneath the Tertiary strata in the nearby 
mountains lies 0. complex aggregate of sedimentary rocks of which the 
oldest is generally of pre-Cambrian age, and the youngest is either 
Carboniferous or Mesozoic. The youngest are extensively exposed 
in the mountains bordering the plain. These rocks are locally inter
bedded with and intruded by igneous rocks of several different kinds 
and ages. 

• RIIIMII, I. 0 ., op. cit., p. 69. 
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Volcanism and deformation have thus played dominant parts 
development of the present Snake River Plain, although locally 
erosion by the Snake River and its tributaries, as in the Snake 
Canyon, and wind action, as in the Mud Lake region, have had 
able effects. These diverse processes, the results of which can 
be evaluated in detail only in certain small areas, have, in a 
way, produced a great basin floored with relatively impermeable 
and filled with a variety of materials, many of which are readily 
ated by grqund water. The many streams issuing from the 
tains and the Snake River itself provide a large supply of water for 
filling of the partly enclosed underground reservoir thus created. 
volcanic processes are inherently catastrophic, intermittent, 
regular, their results in this region have introduced many 
ties into the behavior of the ground water. Consequently, 
pecially thorough understanding of geologic details is required in 
nection with the study of problems of water supply. Over large 
of the Snake River Plain the lack of stream incisions renders it 
possible to examine any but the most recently formed rocks, so 
many local details are undecipherable. It so happens, however, 
most such areas are of relatively small agri('.ultural value, and 
stretches of them are unsuited for cultivation of any kind, so tha.t 
incompleteness of knowledge in regard to them is of compara.tivel' 
minor economic importance. 

The salient features of the geology of the Snake River Plain 
shown in plate 4. This map is based primarily on data gathered 
H. T. Stearns during the present study and related investi 
For areas not covered in the course of these studies, mainly along 
mountain border, other data, principally in published reports of 
United States Geological Survey and the Idaho Bureau of Mines 
Geology, have been utilized. The mapping of the northeastern 
tion of the area shown in plate 4 is based on a geologic map of the 
Lake region, one of the parts of the plain studied in especial d6~ 
to be published elsewhere.' The geology along the canyon of the 
River from a point below Blackfoot to King Hill was mapped in det<ltl
and those sections of the canyon along which the data obtained 
too complex to be . adequately portrayed in plate 4 are shown 
larger scale in plates 5 and 6. 

The first of the two following tables is intended to aid in 
the outstanding features of the stratigraphy of the Snake River 
The second table summarizes the stratigraphy along the part of 
eanyon of the Snake River that was studied in detail. 

• Btearns, H . T., Bryan, L. L .. and Crandall, Lynn, Oeology aDd water rasources 01 tbe Mud 
r8ilon,ldabo: U. B. Geol. Survey Water-8upply Paper 818 (In press). 
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atratigraphic section of the Sna~ Riller Plain east of King HiU, Idaho 

Geologic unit General cbaracter 
yy a=·oearlng 
cbaracterlstlcs 

Llgb t-colored wind·blown 
Generally above tbe water 

sand. consISting cblelly of 
table. Wbere tbe loess 

round quartz gral03 and 
lies In the wne 01 satura-

some particles 01 ash. 
tlon, It Is so line-grained 

Dune sand and loess \ 
Tbe loess Is somewbat In· 

as to be relatively 1m-

(not dlstlngulsbed In 
termlngled wltb soil. 

permeable. Exte03lve 

m~plng Irom tbe 
Dunes are rare' except 

deposits In such sltua· 

r It covers) . 
locally, as In tho area east 

tiona commonl), act 83 

01 Mud Lake, but loess 
conllnlng or perching 

covers mos t 01 tbe Snake 
bed8. Dune sand In tbe 

RI ver Plain to depths of 
zone of saturation carrle3 

about 10 leet or less. Still 
water but generally 

In (lrocess of lormatlon. 
causes trouble In drnUnr 
by runnIng Into tbe well. 

Tbe landslides lorm bum-
mocky topograpb~, main· 

I 

ly In canyons, and tbe Unimportant wltb relation 

Landsllde3aDd talus. 
talus forma aproD3 at tbe to water because 01 tbe 
loot of clilb. Both con· amall alze 01 Individual 
slst largel)' 01 Jumbled masses. 
blocks 01 rock. bey are 
mapped only alo~ the 
canyon 01 tbe Snake Iver. 

Band aDd gravel derived 
Irom tbe erosion 01 pre- Commonly contalna con· 

y ...... "' ...... 1"" I ..-. "" ... ""',., slderable water at ahal-

38Ft
arated 

from 0 der deposlt.a, conllned to the 
low depths, but because 

aillvlum on the ama)\ recent llood plalna It OCCUEles ama)\ areal " 

maps) along preaent stream chan- Is 01 ttle value aI ' a 
• nels. Locally contal03 souroe of water suppl)': 

unlosslllzed bones of mam· 
moths and extinct bison. 

Frosb black basaltic lIows 
A)\ tbese reoent laVal Ue 

and fragmental deposits 
above tbe water table. 

associated witb them. 
Tbeyare very permeable 

Tbe nows consist 01 about 
and aerve as iotake areas 

Black basalt and associ· I equal amounts 01 as and 
lor ground·water re-

ated lragmental de- r.aboeboe and are free 
cbarge. Locally tbey 

posits. ' rom covoring 01 so)\ or 
contain pools of water In 

loess. Tbe lava In the 
caves and crevices, de-

Craters 01 the Moon Na· 
rived from melting Ice, 

tlonal Monument Is tbe 
which are valuable 83 
watering plaoes In tbe 
dDWto"t 

'----I Local I 1------Floors most of the tributary 

youngest 01 all. 

.1.' 
11'::' 
.,:. 

;~, . 
J, 
Jf:( 

~IeIaLooene. 

Older alluvium (not 
differentiated from 
younger alluvium In 
mapping). 

Lake beds. 

valleys as well as tbe can· 
yon of tbe Snake River. 
Consists of sand, gravel, 
and locally boulders. DIf· 
fers from tbe younger al· 
luvlum chleOy In lying 
topograpblcally bigber on 
terreoes. In numerous 
plaoes contains bones of 
e1esbants, camels, slotbs, 
~~~!!d~' as yet scarcely 

Largely clay and silty clay. 
Loca)\y sandy where 
stream deposi ts are In· 
cluded. In part at least 
as young as the older al· 
luvlum. but io part In· 
terOogers with rleistocene 
basalt, mostly made up of 
lIows blgb In tbe sequence. 
Loca)\y Interbedded v;\tb 
basalt and tuff. Dlstln· 
gulsbed on I y oear Terre
ton, Market Lake, and 
American Falls . 

A good water·bearer wber
ever tbe topograpblc situ· 
atlon Is aultable. Com
monly contelD3 water at 
sballow deptbs. 

Yield water to wells only 
In tbe local sandy per1.B, 
mostly nearly Imperme
able. Intercalated basalt 
lIows are permeable and 
locally cause springs. 

'! 

! 

0\ 
'I 
!' 

Ii 



l' 

28 GROUND WATER OF SNAKE RIVER PLAIN, IDAHO 

Generalized rtratigraphic .ection of the Snake RilleT Plain elUt of King HiU, [, 
Continued 

Geologic age 

Plelatooeoe-Oon. 

Late Pleistocene 
and posslhl:v II)
caII:v earl:v Recent. 
In part contem· 
poraneous with 
Pleistocene sedI· 
mentl lilted 
above. 

Earliest Plebtocene.1 

Geologic unit 

Pr&-Wlaoonaln claclal 
deposita. 

Youncer basalt lIows 
and related cones. old· 
er than the black lava 
listed above (not ev· =where dlsUn. 

ed Cram the "Ider 
OWl). 

Basalt 110m. 

General character 

The ool:v deposits of ,!Iaelal 
origin mapped wltbID the 
reelon are those near Ash· 
ton. Outwash plains 00-
car near IaIaod Park and 
In Camas Meadow • . 
Th_ consbt of bedded 
sand and gravel. common· 
Iy overlain b:v gumbo cla:v. 

Malol:v basaltic lava. Flows 
are loca1Iy mantled hy and 
Interbedded with loess and 
soU. Man,. of the huttes 
on the plain, some of 
which are composed of 
clnden are the source of 
th_ dows. Along. the 
can:von of Snake River 
aeveral members have 
been dbtlngubhe-:l . 

Tuft and unconsolidated 
lapUlI Interbedded with 
basalt. Mapped onl:v In 
and near Menan Buttes. 
western Madison Count:v. 

Blue and gra:v basalt. with 
and without feldspar and 
ollvlnephenocrysts. Dom· 
Inantly pahoehOe; contalos 
numerous caves. Thin 
and restricted loess and 
clay beds locally Inter· 
calated In the basalt. 
Most of the lIows orlgl oRte 
from deflnlte cones north 
of the Snake R iver. Bnd 
some flll old trlhutarles 01 
the river. 1 ------1 Uncontormlty·---I -------~ 

Sedimentary beds at several 
horizons. older than the 
Pleistocene basalts. Main· 
Iy cla:v. slit. and sand. 
with local gravel deposits. 
In part consbt of reworked 
tuft. A little basalt and 
tuft Intercalated locally. 

Pliocene and Plio
cene(?). 

Lake beds and other 
sediments. 

Some of the beds contain 
Pliocene vertehrato fo .. i1s. 
The age of others Is less 
pfecbel:v Ilxed hy their 
relations to other forma· 
tiona. Mapped near Med· 
Iclne Lodge Creek. In 
Clark Count:v. and at 
several pl&ee3 along the 
can:vonofthe Snake River. 
especlall:v In Hagerman 
Valle:v. I 

...... ·_ .......... ·-1 I Maloly blue. black. brown. I---------:'j 

Pliocene. Basalt and related vol· 
eanlc rooks. 

and greenbb weathered 
hasalt. Some tu IT Rnd 
other pyroclastic rock< and 
locally a little Intercal. ted 
cla:v and gravel. 1 ..,.; 

-------:1 uncontOrmlt,.·- 1 Granito and relatod porphy. 

Mlocene(?) . Intrusive rocn. 
rites. which cut the Challis 
volcanic rocks In Blaine 
and Butte Counties and 
m9Y be the sources of some 
of the rhyolitic lIows. 
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,tratigraphic section of the Snake River Plain elUt of King HiU, Idaho
Continued 

GeologiC unit 

Flows and related rocks. 

General character 

Include the ~Ied "rhyo
litic rocks" and also the 
Challis volcanics (Oligo· 
cene?) where that forma· 
tion has been traced Into 
the regions here dlseuSSed. 
MalDl:v latltlc. rh:volltlc. 
and andesltlc lIows, with 
large amou nts of p:vroclas
tic material commonl:V 
welded and locally hasalt. 
Within this region the age 
Is not positively Ilxed, U· 
~pt tbat the beds are 
ev~r:vwhere older than the 
contiguoUs basalt lIows of 

Water·bearlng 
cbarecteNtlcs 

Not ver:v permeabla, except 
where Cractured. 

the Snake River Plain. I 
:;.:. 1 Great uncontormlt:v·-I-----------i----------The 8I!dlmentar:y and In· Relatlvel:V Impermeahle, 

truSlve rocks that compoll! except where tractured. 
tbe mountaina and doubt- Form the oontalnlD& 
1888 underlie the Snake walla of the rrronnd ..... ter 
River Plain below tbe reaervoin of the Snake 
Tertlar:v volcanic' roou. River PlaID. 

.tratigraphic Ilection of the rocks along the Snake RiIIeT bettDUn King HiU 
and Blackfoot, Idaho I 

Formation 

Wendell Grado 
basalt. 

Minidoka ba· 
salt. 

Sand Springs 
basalt . 

ness 
(Ieet) 

2H: 

30% 

&O(),J: 

General cheracter 

A dense black olivine pahoehoe 
basalt with a soil cover too thin 
for farming . It covers many 
square miles neer Wendell and 
b lator than the Soake River 
Canyon. because three branches 
of thl. flow cascaded over the 
rim at Hagerman Valley. 

A vesicular hlue pahoehoe hasalt 
containing tlo:v crystals of 011-
vine and feldspar and thlnl:v 
covered with loess. It overlies 
allUVium at Minidoka Dam and 
crops out for 5 miles along the 
north shore of Lake Walcott 
Reservoir. It displaced the 
Snake River to the south. 

A prominent pahoehoe lavallow, 
which entors the Snake River 
Can:voo near Sand Springs. 
From this plaoe It lIowed down· 
stream lor at least 14 miles and 
b now preserved as lava benches 
along the river. It IIlIs a former 
deep canyon 01 the Snake River 
from Paul to Sand Sprinp. 
(866 pI. 9.) On the upstream 
sldt 01 this lava dam were de
posited the nurloy {.Rke beds. 
which underlie tbe Minidoka 
project and are overlain by the 
Mi nidoka hasalt. 

Water.bearlnC characterlatlcl 

Very permeable but lies 
above the zone of satura.
tion. 

Ver:v permeable and C8I18I!II 
leakage from Lake Walcott 
Reservoir. 

Ver:v permeable and l18fVea 
as Il channel for the move
ment of ground water 
under the North Side 
Twin Falb tract. Many 
of the large _Iprinlll ere fed 
b:v It. Below Thousand 
Springs water b found In 
the bottom of the basalt 
except where It forma 
Isolated small benchea 
along the Snake River. 
T hese henches do not con· 
taln water. The Burley 
Lake beda are In part per· 
meable. but water does not 
move throuCh them fast 
enough to prevent drainage 
problems on the Minidoka 
prnJpct. 

formation along Snake River b underlain b:v a local erosional unconformity but superposition 
table docs not necessarll,. mean superposition In the n • .ld . 
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30 GROUND WATER OF SNAKE RIVER PLAIN, IDAHO 

Dela.iled stratigraphic 8ection of the rocks along the Snake Riller between K 
and Blackfoo!, Idaho-Continued 

Oeologlc 1118 Formation ness 
(feot) 

Bliss yolcanlcs. I lOO± 

McKinney ba· I 600± 
salt. 

Tbouaand 
Springs ba· 
salt. 

Malad basalt. 

Madson basalt. 

American Falls 
lake beds. 

lOO± 

400± 

200± 

15O± 

Cedar Butte ba· I 200± 
salt. 

Oeneral cbaracter 

Form dikes, a cone, and allow. 
Tbe dikes are dense, narrow, 
and sbort, and the cone Is 
composed or comminuted ba· 
saltic glass and black cinders. 
Pillow structuro aDd fragmental 
glassy porpbYritic lava cbarac· 
terize tbe lIow. Phenocrysts of 
olivine and feldspar occur In a 
glassy brown groundmass free 
rrom pyroxene. It crops out at 
numarcus places for 7~ miles 
downstream In the Snake River 
Canyon below Malad River. 

A decidedly porphyritic graylsb· 
black pahoeboe basalt contain· 
Ing pbenocrysts of fresb green 
olivine Bnd long laths of plagio
clase. It covers an extonslve 
area nortb or BILo;s and displaced 
partsofthe Big Wood and Snake 
Rivers between Bliss and King 
Hill. 

An olivine basalt occupying a 
burled canyon of tbe Snake 
River north of tbe present one 
and sballower. It is IUlpd wltb 
tubPs, and open contacts occur 
between sucre.o;slvc layers. 

A black basslt containing feldspar, 
olivine, and pyroxene. It nils an 
ancient canyon of the Soake 
River north 0/ tbo present 
one. Sumclent soil rl'Sts on its 
surface to make good farm land. 

An extremely /lne grained black 
basalt in places very evenly 
jointed. It IIlIs a former canyon 
eltber of Snake Rlv8r or Big 
Wood River carved 10 tbe 
Hagerman lake beds. 

Bull' eveo·bedded clay and sand, 
only partly consolidated. Near 
tbe tcpoccur local pebbly looses, 
and about GO feet below tbe top 
tbere Is a 6-foot bed ollamlnated 
basic twr. The deposits chango 
northeastward Into coarser sedl· 
ments. Between American 
Falls and Oibsoo Butte along 
the nortb side or the Snake 

~t!:~~ ~J'~m~cr~~ft!~~ 
lied with the sediments. 

An aphanitic bille pAhoehoe basalt 
with fresb gr',,'n olivine pbeno
crysts. It "Am med and dis· 
placed tho Snake River ncar 
Massacre Rocks And now forms 
Imposing clifTs along tbe Snake 
River and Lake ChanT,el. Its 
surface Rupports considerable 
vpgetatlon. 
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stratigraphic section of the rocks along the Snake Ri/IeT between King Hill 
and Blackfoot, Tdaho-Continued 

Formation ness 
(foot) 

Early undUler· 
enUated be- I 500± 
salts. 

General character 

Blue and gray basalt lIows, gener· 
ally containing pbenocrysts of 
olivine and feldspar and coyer· 
199 most of tbe Snake RIYer 
PlaiD and forming a considerable 

~~; 0{ot~1'.7~:le reld:re~::~°:O 
feet In tblckness. They contain 
numerous caves and are pre
dominantly paboeboe. A rew 
thin aDd local loess beds are 
rou nd Intercalated In tbe aeries. 
Tbe undlfrerentiated basalt 
shown In plates 6 and e orlgl· 
nated cblelly from cones on the 
soutb side of tbe Snake RIYer 
and In places lUis ancient trlbu· 

Water·bearIDg charaoterlltlCl 

Tbese lIows are valuable 
aqulrers of soutbern Idaho. 
Almost wltbout exooption 
water Is round In tbem at 
dlll't'l'ent depths, depend· 
Ing upon tbe deptb to tbe 
InterCalated or underlying 
Impermeable beds. 

tarles or the river. 
Erosional unconformlty.1 /----------

Nearly level and partly consoli· 
dated buff to wblte clay and sUt 
beds wblcb In most plBCel oon· 
taln a gravel cap 20 reet ·tblck 
and In some plaoes pebbly 

Hagerman lake I 600± 
beds. 

Banbury 
volcanics. 

Raft 
lake beds. 

ROCkland 
Valley 
basalt. 

300± 

200:1:: 

250:1:: 

leoses and sandy beds near the 
top. Along a considerable part 
of the Snake River Canyon 
between Salmon Falls Creek 
and King Hill tbere Is a tbln 
Intercalated basalt lIow 200 feet 
below tbe top, or a basaltic tull 
bed at about tbe same altitude. 
Near the moutb of Salmon Falla 
Crook a bed or diatomite 20 feet 
thick occurs only a little above 
the tufT bed. Tbe lAke beds 
contain in places well·fosslll,cd 
bones. of mammals and Dumer-
ous frcsb· ... ater sbells. 

Extensive outerops of tbls basalt 
occur Along the canyon walls be
twoon Salmon Falls Creek and 
Blue Lakes. It Is dark brown 
but commonly bas a greenlsb 
bue. Its color Is due lalge1y to 
weatberlnc, and even In a band 
specimen It Is easUy dlstln· 
gulshed by Its Iron stains from 
any younger basalts. Tbe lIows 
arc massive and contlnuoUl. 
Closely associated with It Is tbe 
tufT of tbe Riverside Ferry COne. 
A tone pJa08 a bed of pebbly 
alluvium containing a rossll 
camel bone was round Inter· 
stratilled wltb It. 

Partly ooosoUdated bull'-oolored 
beds of clay, slit, and &and, gen· 
erally In lenticular form and In 
places ftlled wltb concretions. 
Weather to a brown landy 
lOAm and are eroded In to round· 
cd rolling bills except alolll( the 
~ oake River, wbere they form 
II t('rraoo. 

Series of even·bedded blue and 
black basalts that sbow COn· 
slderable weatberlng. Inter· 
calated wltb tbem Is at least 
one bed of clay 15 reet tblck. 
All are tilted about 4° NW. 

The aed\mentary parts ot tbe 
series are Impermeable and 
poor aquifers. but the Inter· 
oaleted basalt contallll 
water and glveu!se to land· 
sUdes, aegmeots of It IlIdlng 
on tbe saturated clay be
neatb It durlnC wet perio(\S. 

A relatively poor water bear· 
er, but uumercus seeps 
bave Issued from It slnca 
irrigation started on some 
or the land above It. In 
lOme places It forms the 
basement or tbe great un· 
dergronnd reII8"olr or tbe 
Snake River Plain. 

Contains water In small 
quantities except wbere It 
torms benebes above tbe 
water table along the Snake 
River. 

Permeable but bas not been 
studied BUlIIclent1y to 
determine Its water·bear
Ing value. 
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Detailed stratigraphic section of the rocks along the Snake Riller between 
and Blackfoot, I daho-Continued 

Geologic acel Formation I n~ I o enerel cbaracter 
(reet) _ 

Massacre Rocks Is a neck or reeder 
or a rormer large cone composed 
chiefly or pyroclastic debris and 
a rew Ia VB flows . Tbe cindery 
tuft Is eIposed ror a distance or 
11 miles upstream rrom Mas-
aaere Rocks aloDl tbe Snake 
River bu t tor only 2 miles down- Tbe coan;er tul! aDd 

Massacre stream. It Is well consolidated are I 
volCBDlcs. and Is red to brown. In places less 

It contains angular rragments or and Mary 
the underlft/ng older rorme- Springs issue 
tlons. Fau ting bas ~atly baaslt member. 
disturbed this series. T ere is 
One ~istent lIne.gralned blue 
baRa t flow 23 tset thick at tbe 
base or tbe series underlaJn by 
6 Incbes to 2 reet or partly baked 
\oess lIOiI. 

Pliocene (T) I-Local.--I--I 
(lower Well-defined sequence ot rhyolitic 

PlioceneT). tutIs crops out at dltrerent rwlaces 
along the Snake River be sen 
American Falls and Masaacre 
Rocks. Tbe seQuence rrom tofc 
to bottom consists or red relslt c 
welded pumice tI Inches thick, 
welded obsidian tnl! 21 reet 
tblck containing spherulites 

Eagle Rock tul!. I 35: I and Iitho~bysae; black com-
minuted g ass only partly COn-
solidated at tbe bottom. grad-
Ing upward into a bardened dull 
ob~idlan tuft 4H reet tblck; 
banded gray to wblte tut! or 
IInc texture 9 reet thick. In 
places pisolitic. The whole was 
evldcntly laid down In rapid 
succession by a series or ex-
plosions rrom tbe same volcano. 

Flesb·colored to brown lacustrine 
Neeley lake 

1100: 1 
deposits consisting ~rtly or 

beds. reworked tufts. Even y bedded I Relatively 
aod commonly saody In texture. 
Tbelr base is not exposed. 

Red and black andesltic water· 
worn pebbles aod boulders 10-

Mloceoe (T) I Pillar Falls mud I to:%: 
termlogled witb compact asb 
aod soli. Tbe top rew Inches is 

(upper flow. baked by the overlying baaslt. 
MloceneT) . Fills the irr~rltles In tbe 

Erosional unoonCormlty 
underlying an eslte. 

Black and ~urple glassy por· 
Sbosbone Falla I :m:I: pbyrltic co umnar Jointed or 

&Iaty andesite; weathers elnk. I Impermeable. andesite. b brown. On It Is 8 dar 11011 
about 1 root tbick. 

Not Isolated outcrops or blue and bntr Paleozoic. I CarbonlCerons. I meas· ured. compact limestone. 

ROCK FORMATIONS AND THEIR WATER-BEARING 

I'RE-MlOCENE ROCKS 

The pre-Miocene rocks in the mountains bordering the Snake 
Plain include a great variety of sedimentary and igneous rocks. 
are alike in being thoroughly consolidated and, in comparison 
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the younger rocks of the plain, poorly permeable. Except 
.. faults and other fractures, they appear everywhere to be unable 

water with sufficient readiness to have any material 
on problems of water supply ~n the Snake River Plain. 

MIOCENE ('/') ROCKS 

GENEllAL CHAllACTU 

the mountains on both sides of the Snake River Plain there are 
quantities of lava and associated pyroclastic rocks, for the most 

'ma.terially older and more silicic than the basaltic flows that 
most of the plain. Part of the rocks of this character north 

plain belong to the Challis volcanics.1o In most places the 
volcanics are dominantly latitic and andesitic, with basalt 

abundant and considerable rhyolite high in the formation. In 
places clastic beds composed dominantly of tuff are associated 

the flows and locally make up a large part of the formation. The 
of this character distinguished on plate 4 are those near 

of Pass Creek, in the Lost 'River Range. The small mass 
have been brought to its present relatively low altitude by 
Most similar beds are beyond the area mapped. The total 
of the formation is commonly several thousand feet and 

over a mile. Fossils from beds high in the sequence in Custer 
Lemhi Counties, according to unpublished studies by R. W. 

indicate that the Challis volcanics here are of late Oligocene 
Miocene age. This tentative assignment accords with the 

and structure of the formation in Custer, Blaine, and 
Counties and adjacent areas.n 

the borders of the Snake River Plain and in scattered ex
within its area, there are large quantities of dominantly 

volcanic rocks, in part belonging to and in part probably younger 
the Challis volcanics, which may for convenience be grouped as 

(1) rhyolitic rocks and are thus shown on plate 4. Most 
who have described portions of the region have loosely 

to these rocks as "rhyolite." Some have applied such local 
as "Mount Bennett rhyolite", 11 "Owyhee rhyolite",13 

"Tertiary late lava" H to portions of the group. Although a 
·JWll.SJ.derable part of this lava is correctly termed rhyolite much of it 

C. P .• Oeology aDd oro deposits of tbe Seatoam, Alder Creek, Little Smoky, and Willow Creek 
districts. Custer and Camas Counties, Idabo: Idabo Bur. Minee and Oeology Pampb. 33, p. 2, 

C. P ., Tbe geology and ore deposite of lIOutb-central Idaho: U. S. Oeol. Survay Pror. Paper
Rtlnn\ 

1. C., op. cit., p. 42. Piper, A. M., Oround water ror IrrIgstion OD Camas Prairie, Camas and 
lea. Idabo: Idabo Bur. Mines and Oeology Pampb. 15, p. 8.\192tI1. 
V. R . D., Igneous geology or soutbwestern Idabo: lour. Oeology, vol. 311, DO. e. pp . .'IM-6Ql, 

V. R . D ., A geologic reconnaissBnceor Clark and lelrersoD and parts or Butte, Custer. French, 
and Madison Counties. Idaho: Idaho Dur. Mines and Oeology, Pampb. 19, pp. 33-38, 1m. 
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is actually quartz latite 16 or has even more calcic composition 
differs little from that of many flows in the Challis volcanics 
that formation was originally described. Few of the many 
exposures of the rhyolitic rocks in and bordering the Snake 
Plain exhibit direct evidence as to their age other than the fact 
they are all probably older than the Snake River basalt, the 
bulk of which is regarded as Pliocene or later. In the few 
which the Challis volcanics have been traced to the vicinity of 
plain it has been found that the rhyolitic and associated beds 
to the upper part of that formation. 11 On the other hand it is 
able that some of the rhyolitic flows are as young as Pliocene, 
for the region mapped on plate 4 evidence in support of this suggestUl 
is at present scanty.17 There is reason to believe that some, at 
of the rhyolite southeast of the Snake River may be as young . 
Pliocene. It appears from Mansfield's descriptions 18 that this 
lite has different· relations and is probably much younger than 
Challis volcanics. It may be that some of the rhyolitic rocks 
north are similar in relations and age. In southern and southWAAfJIII 
Idaho the rhyolitic rocks are tentatively regarded in the most 
reports 10 as Miocene or Pliocene. 

In relation to ground-water problems the different rhyolitic 
related rocks are mainly of interest in elucidating structure. 
presence at any locality is evidence that the base of the basalt flows 
the Snake River Plain has been reached. The rocks 
except where much fractured, are not readily permeable and in 
places are so situated that water for irrigation has been sought in 
In the region south of the canyon of the Snake River, where 
rocks dip northward and contain intercalated tuffaceous beds, 
locally also contain water under artesian pressure. 

In areas studied during the present investigation nearly all 
non basaltic volcanic rocks are mcluded in the Miocene (1) 
rocks, as the term is here used. The basalt of Big Southern and 
Twin Buttes has geologic relations akin to those of the Miocene 
rhyolitic rocks ai:J.d consequently may be grouped with them. 
the other hand, the rhyolitic Eagle Rock tuff is regarded as 
than most of the Miocene (?) rocks. Available data regarding 

II Kirkham. V. R. D., op. cit. (Pamph. I ~l . Anderson, A. L., Geology and mineraI I1l8Onrl* of 
Qassla Couoty, Idabo: Idabo Bur. Mines dud Geology Bun. 14, pp. 60-66, 1931. SteanI3, H. T ., 
and water resources of the Mud Lake regioo. Idabo: U. S. Geol. Survey Water·Supply Paper 818 (In 
Also unpublished data by C. P. Ross. 

II Ross, C. P ., op. cit. (Pampb. 33). p. 23. Abo unpubllsbed data. 
n Stearns, H. T ., Volcanism 10 tbe Mud Lake area, Idabo: Am. lour. ScI., 5th aer., vol. 11, p. 361, 
\I Mausfleld, O. R., Geography, geolo~y, and mineraI resources or part of soutbeastern Idaho: 1 

Oeol. Survey Pror. Paper 152, p. 119, 1927; Geography. geology, and mlneralresources of tbe PnrtnoufG_ 
rangle, Idabo: U . S. Geol. Survey BuU. 803, p. 42, 1929. 

II Klrkbam, V. R. D., Igneous geology of soutbwestern Idabo: lour. Geology, vol. 39, no. S, tip· 
1931. Aodenon, A. L., op. cit., p. 66_ 
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areas of Miocene (1) rhyolitic rocks studied in connection with 
and related investigations are summarized below. 

RHYOUTIC ROCKS m AND NEAll THE MUD LAKE REGION 

rocks, chiefly welded tuffs, but containing subordinate 
of agglomerate, andesite, latite and basalt are extensively 

in the Centennial Mountains, the southern part of the Beaver-
Mountains, Big Bend Ridge, Juniper Buttes, and smaller neigh

hills. These rocks have been described elsewhere.20 As these 
may in part interfinger with overlying sediments tentatively 

to be Pliocene, the flows may also be of this age. Whatever 
exact age they have the same general relation to the basalt of 

as the rest of the Miocene (1) rhyolitic rocks. Kirkham II 
'bed similar flows on both sides of the valley of the Little 

RHYOLITE OJ' BIG SOUTJIDN B11TTB 

great buttes in the lava fields between Arco and Blackfoot 
proIninent landmarks. Big Southern Butte, about 5 miles in 

, the largest of these masses, reaches an altitude of 7,658 feet 
rises nearly 2,500 feet above the Snake River Plain, 21 miles 

il'iutheast of Arco. 
butte is composed of basaltic and rhyolitic flows of different 

The main mass is a light-c.olored porphyritic rock contain-
large quartz crystals, which was identified megascopically as a 

The bulk of the material is glassy or pUIniceous and 
accumulated as explosive debris on the summit of a volcano. 

.crater formerly existed, it has been completely dissected by eros-
The summit is made up largely of huge blocks of white pumice 

which are a few obsidian bombs. Some of the obsidian is 
In places beneath the coarse ejectamenta beds of white 

and agglomerate crop out. 
·ear the mouth of the largest gulch that drains the north side of 
butte there is a playa that formerly contained water throughout 

of the year. Prior to the drilling of wells this playa was the only 
hole between the Fort Hill BottoIllS and the Big Lost River, 

for many years all stage roads led to. it. More recently a stock 
has replaced the old stage statioll, and the OWDer has developed 
a third of a second-foot of water by tunneling into the alluvium 
mouth of the gulch. When visited in 1921, the tunnel was 532 

long and reached bedrock. Water from the coarse alluvium 
into the tunnel through most of its length. The water is 
about a mile to a small reservoir . After stock and domestic 

II . T ., Dryan, L. L., and Crandall, Lyon, Ooology and water resources or tbe Mud Lake 
Idabo: U. S. Oeo1. Survey Water·Supply Paper 818 (In press); Volcaoism In tbe Mud Lake area: 

, . • lour. SCi., ~th ser., vol. II . pp. 360-362, 11126. 
" IOrkham . V. R. n . ~ p cit. (Pamp h 10)' pp _ 33-38. 1927. 
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requirements are met, the surplus is used to irrigate a small 
alfalfa. The tunnel simply recovers the underflow of the 
The fact that most of the water was encountered near the 
of the alluvium and bedrock indicates that the water recovel'l 
following the old bedrock surface. The success attained in 
gulch suggests that similar developments might be made at 
mouths of other gulches around the butte, but is is doubtful 
drainage areas of the others are large enough. 

In ascending the gulch above the tunnel a porphyritic basalt 
taining phenocrysts of feldspar and olivine was found. . It is 
weathered and appears to be of the same age as the rhyolite 
truded from the same crater, although this could not be 
established. Farther up, the narrow gulch opens into an 
theater that may have been originally a crater. In this 
theater occurs a remnant of an asymmetric basaltic red c.inder 
The feeding dike of aphanitic basalt can be traced down the side 
gulch from benea.th the cinders. The · fresh character of this 
and the associated pyroclastic ma.terial, together with its topogra~ 
position, shows that it is much younger than the weathered 
ritic basalt described above. A bed of aphanitic vesicular 
flowed northward over the rhyolite from this cinder cone. It is 
detached from the cone by erosion. This eruption is 
younger than the rhyolite and seems to be associated with 
the older basaltic eruptions of the plain. However, as the flow 
been removed by erosion from the side of the butte it must be 
than the late basalts encompassing it. The topographic rela 
the flow and cone to the gulch suggests that the amphitheater 
crater and that the basic eruption took place prior to the 
of the crater by erosion. 

TIlACBYTI OF BAST TWIl'l BUTTK 

The Twin Buttes rise above the lava plain 15 miles northeast 
Big Southern Butte. They are about 4 miles apart. The 
Twin Butte, locally known as East Butte, rises about 1,100 feet 
the plain, and its light color forms a strong contrast to the o,l1M'nllnt: 

ing dark lava fields. 
The beds of trachyte, pumice, and obsidian of which the butte 

composed dip about 30° S. and strike east. The trachyte, \ .... hich 
the most abundant, has phenocrysts of glassy feldspar (mainly 
clase) and a few of quartz, in a fine-grained white groundmass 
posed mainly of orthoclase. The butte is deeply eroded, like 
Southern Butte, and on the south side an alluvial fan 
southward for nearly a mile. No vestige of any crater remains 
the summit, but the character of the rocks indicates that they 
mulated near the top of a volcano. Inclusions of porphyritic 
in the t.rnr.h:vte show t.h n t. n 11 t hr In'l"ns ('If t.his ('vrII' \nrl' nnt hi t"hI -v 

.'IHI'LA NE VIEW OF nocl\. IlE NCIl UOIIDEIII :"G DOTII SlOES OF S:"'AKE RI VEII ",,0 FORMI:"" 
:\ o le the ,aping pl1 r,. ltel t:1"ack:f. of incipienl \amt 1llic.J(u in the has. II ulons Il u~ rim nr tltl: ("a" ~' " 
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The butte is much older than the encompassing basalt 
from a distance appears to surmount an elevated plat-

Butte may be an eroded fault block of silicic lava, but 
of its structure its lava flows appear to belong to the same 

as those in Big Southern Butte. 

BASALT OF WEST TWIN BUTTK 

Butte or Middle Butte rises nearly as high above the 
Twin Butte and lies about 4 miles west of it. The butte 

entirely of basalt that dips 10° S. and has well-defined 
ting. A thin section examined by Mr. M. N. Short 

abundant feldspar, olivine, and pyroxene, with a little 
partly recrystallized brown glass. Abundant· calcite has 

and replaced the glass. The minerals are all very 
the texture of this basalt, like that of most of the 

described below, is ophitic, the coarser, more abundant 
nearly colorless pyroxene give it a distinctly different 
The abundance of calcite is another distinctive char-

plausible t~eory to account for this single block of tilted 
above the surrounding basalt fields is that of differential 

a range made up of acidic and basic lavas. The southerly 
beds in both East Twin Butte and this one suggests that a 

seveml miles long was uplifted and tilted to the south 
eastward trending fault, but faulting is not essential to 

Subsequent erosion of this block, followed by the erup-
basalt, left the two buttes as "kipukas."~ The presence 

inclusions in the trachyte of East Twin Butte and the ancient 
on Big Southern Butte show that here as elsewhere basalt 

~lpanied the silicic eruptive rocks. 

SHOSHONI FALLS ANDBSlTB 

~oshone Falls andesite is a massive porphyritic vitreous mass 
thickness. It has an exposed thickness of about 200 

a typical outcrop of it is shown in plate 7. Both Shoshone 
Pillar Falls owe their origin to the resistance of this rock 

as compared with that of the weaker ancient basalts 
from the falls. A specimen from the foot of the Perrine 

examined under the microscope by Mr. Short, who has 
it as follows : 

consists of large tabular crystals of oligoclase and andesine in a 
that is composed of a mat of tiny feldspar laths in a brown glass. 
phenocrysts rea.ch 5.0 millimeters in length and are proportionately 

in other specimens. Magnetite grains ranging from 0.'1 to 1'.0 milll
diameter are fa.irly common. 

Is denned ns 80 islnnd or older rock in 8 '.va now. 
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Most of the andesite is massive, with numerous large 
shaped vesicles, whose size is increased by weathering. 
platy and exhibits flow structure. Along its upper contact 
is black and glassy. 

The andesite is exposed along the Snake River only from 
of Twin Falls downstream as far as the Perrine ranch, a 
6 miles by river. (See pI. 5.) It terminates so abruptly 
as to suggest the possibility of faulting, but a thick flow of 
position might well come to rest with a similarly steep 
abundance of' glass, especially near the top, and the 
flow structure suggest that this rock is a flow, although the 
at hand does not preclude an intrusive origin. The base 
andesite is not exposed. . The rock is separated from the 
rocks by an erosional unconformity. A Lateritic soil at least 
thick was formed on its irregular surface before being covered 
next succeeding formation, the Pillar Falls mud flow. The 
is megascopically similar to the rock in Mount Bennett,23 30 
the northwest. 

In the Twin Falls Cemetery well in the SEXSWX sec. 14, T. 
R. 17 E., the basalts of the plain were passed through at 270 
below which was 23 feet of boulders, probably the Pillar Falls 
flow . From 293 to 750 feet the well is in hard rock except for 
streaks of clay 2 to 3 feet thiclc A fragment of rock recovered 
the well is typical Shoshone Falls andesite, and a specimen of 
so-called clay at 600 feet is a brown greasy material resem 
cherrucal deposit of some sort rather than clay. This 8-inch 
reported to have yielded only about 45 gallons a minute at 270 
This well indicates that the andesite extends southeast 
3 miles farther than mapped and if all the rock below 293 is 
Falls andesite then it is more than 450 feet thick. 

PILLAll FALLS MUD no w 

From Shoshone Falls downstream the Pillar Falls mud flow 
on the eroded surface of the Shoshone Falls andesite. U 
from these falls basalt rests directly on the andesite, indicating 
the mud flow was either local in occurrence or else was removed 
erosion prior to the eruption of the basalt. The latter hypothesis 
favored, because the mud flow is also absent from some of the 
points of the andesite downstream. The mud flow was not 
entiated from the andesite in plate 5 because its outcrops are 
only in the vertical walls of the canyon, and hence in the horizuJ.J~ 
plan of the map their area is neg-ligible. Furthermore, this materi~ 

• RUS38II. I. c .. Geology and water resources or tbe Snake River Plain or Idaho: U. B. Oeol. SurveylJlll. 
IDV, p. 44, 19()2. Piper, A. M ., Oround water ror irrlg.r1on on Camas Pralrl~, Camas and Elmore Conntlll. 
Idaho: Idabo Bur. Mines and Oeology Pampb. 15, p, 8 [19261. 
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have no important bearing on the occurrence of ground 

d flow consists of well-rounded gravel and huge boulders 
in diameter composed of silicic extrusive material in a 
of sand, ash, and soil. The lack of sorting indicates 

material was deposited by a stream overloaded with Ash 
from a volcanic explosion. In the exposure examined angular 

blocks were absent, indicating that the source of the ash 
nearby. Some of the soil on the underlying andesite is 

with the mud flow. The 'upper several inches of the 
is dull gray to red as a result of baking by the overlying 

In a few places the mud flow is sufficiently consolidated to 
but in other places it is easily removed with a pick. Rus
apparently the first to note it, although the underlying 

was described earlier by King.26 
at some time subsequent to the eruption of the Shoshone 

a deposit of 8sh was spread widely over the surrounding 
Torrential rain concurrent with or following shortly after 

shower swept the incoherent material off the slopes in amounts 
IlS to form a pasty flow of mud, which shoved or floated 

movable in its path. The soil on the andesite shows 
'considerable tllnc intervened between the eruption of this lava 
its covering by the mud flow. On the other hand, the absence 

of basalt in the mud flow indicates that it wa.s probably 
before the episode of basaltic eruptions, which began in 

Pliocene time. As the break at the top seems greater than 
at the base the mud flow is tentatively assumed to be of Miocene 

than Pliocene age. 

IlHYOLITIC 1l0CKS SOUTH OF SIUD JUVD 

the area between the canyon of the Snake River and the southern 
of Idaho and extending as far east as the Malta Range there 

~ large areas of rhyolitic rocks, most of which have been studied only 
ip;,reconnaissance fashion. In the course of the present work these 
tgeks were seen in many places but not mapped. 
~:The valley of Salmon Falls Creek above the dam that forms the 
reservoir is carved in silicic lava and associated pyroclastic materiaL 
Farther north these Miocene (?) rocks are largely covered by later 
beds. Near Castleford a silicic layer 25 feet thick, possibly a welded 
tuff, is exposed beneath the Pleistocene basalt. Under this layer is 
6 to 8 feet of reddish soil , which in turn rests on massive rock, probably 
&II andesite flow, with an exposed thickness of 100 feet . 

• RnssaJI. I. c .. op. cIt., p. 43. 
·XInc, ClarenDa, U . B. Oeol . Expl (otb Par. Ropt ., vol. I, pp. 6G3-603, 1878. 
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Still farther downstream at a point a third of a mile 
Salmon Falls Hot Spring in sec. 31, T. 8 S., R. 14 E., an 
bearing on the relation of an andesite flow to the Hagerman 
and the Banbury volcanics occurs. Although this flow is 
not the same one as at Shoshone Falls, probably it has essen 
same age. At this point on the east bank of Salmon Falls 
60 feet of platy andesite occurs with its bottom going 
level. Above it is 30 feet of bedded sand and clay with the 
of clay baked red by an overlying weathered basalt flow 50 
vesicular at the top and typical of the Banbury volcanics. 
this basalt is 30 feet of lake beds. The basalt dies out on 
side of the canyon and in that side the andesite is overlain by 
of lake beds which are capped with a later basalt. The 
east bank appears to have flowed from the north and east 
andesite from the south. The andesite terminates about 
south of the hot spring. Its contact with the overlying 
not exposed but one gets the impression it ends either in 0.. 

margin or by erosion, rather than by faulting. However, it is 
here as it was not at Shoshone Falls, that the andesite 
Hagerman lake beds and Banbury volcanics. 

Near the heads of Deep, Cottonwood, McMullen, Rock, 
Creeks, successively farther east, occur thin widesprea.d 
fluidal pink rhyolitic rocks with glassy tops, apparently largely 
tuffs, and intercalated ash beds. This series of rocks dips 
along the border of the Snake River Plain is apparently much 
by faulting, with the down throw generally to the north. 

Similar rhyolitic rocks continue eastward into the valley 
Creek. Here Piper 28 distinguished early Miocene (1) 
late Miocene (1) lacustrine beds with "intercalated and 
of rhyolitic lava." 

Rhyolitic tuff and lava flank Marsh Creek, the next 
east, on both sides. On the west these beds rest on 
quartzite. Near the mouth of the valley the tuff is quarried 
locally as building stone. The ridge on the east, which 
this valley from that of the Raft River, is composed chiefly of 
and obsidian with here and there a white tuff bed capped by a 
ent glassy rhyolite. The mountains east of the Raft River V: 
least on their east side, contain volcanic rock;; of several kinds 
on Paleozoic sedimentary beds. Presumably the volcanic 
to be correlated in part with those farther west. From this 
east and northeast rhyolitic, andesitic, and related flows 
clastic rocks continue to be exposed at intervals. Most of 

.. Piper, A. M., Geology and water resources of tbe Ooose Creek BasIn, Cassia County, Idaho: 
MInes and Geology Bull. 6, pp. 2&-36, 1931, 
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by Mansfield 27 and were not closely examined during 
work. The information available indicates that the thick 

of rhyolitic rocks, and associated beds west of the Malta 
originally thinned out rapidly immediately to the east 
or else has been largely obliterated as a result of subse

The silicic volcanic rocks in the area between the 
and the vicinity of Pocatello dIffer somewhat m appearance 

from those to the west. 

SOURCES OJ' RHYOLITIO AND RELATED ROOKS 

of rhyolite and associated volcanic rocks in and on the 
the Snake River Plain is much greater than can be accounted 

vents in this region. Within the region examined there 
cone near Fort Hall 28 and several near the Blackfoot Reser
no other cones that appear to be suitable sources for the 
va are known. Indian Creek Butte 30 in Clark County 

being a cone, as formerly thought, may consist of a hill of 
blanketed with welded tuff. 
the vents from which these silicic volcanics issued may be 

the copious Pliocene and later basalt flows. The 
that one of the major sources of the silicic flows was a 

volcanoes extending from the Yellowstone National Park 
along the axis of the Snake River Plain a.ccords with the 

within this region, although it is supported by little direct 
It is clear from the descriptions which follow that the 

and Pleistocene basalts locally attain an aggregate thickness 
1,000 feet, and the maximum thickness is probably much 

Even this minimum figure is sufficient, espec.ially if some 
is made for erosion and possible dOlvn-warp prior to the 

eruptions. to account for the burial of rhyolitic cones of con
size. Kirkham 31 has presented evidence tending to show 
the west end of the Snake River Plain the bottom of the 
that was filled with Tertiary beds may perhaps now be as 

20,000 feet below sea level. However, his evidence of down
the area studied is chiefly based on the dip of the silicic vol

he considered as flows. Because many of them are welded 

O. R., Oeograpby, geology, and mInerai resources of tbe Fort Ball IndIan Reservation, 
Oeol. Survey Bull. 713, pp. 57-61, 1920: Oeography, geology, and mIneraI resources of part of 
Idaho: U. S. Geol. Survey Prof. Paper 152. flP. 1I~130, 1927: Oeograpby, geology, and minerai 
tbe Portoeuf quadrangle, Idaho: U. S. Oeol. Survey Bull. 803. pp. 40-01;. 1929. MansfleJd, 
Ross, C. S., Welded rbyoUtlc tutTs In southeastern Idabo: Am. Oeophys. Union Trans., 

1935. 
. R., Oeography, geology, and minerai resources of tbe Fort Ball IndIan Reservation, 

Survey Dull. 713, p. 72, 1920. . 
O. R., Geography, geology, aDd mlueral resources or part of 50utbeastern Idaho: U. S. Oeol. 

152, p. 362, 1926 . 
T., Volcanism In tbe Mud Lake area, Idaho: Am.Iour. Sci ., 5tb aer., vol. II, p. 382, 1926. 

V. R. D., Snake RIver downwarp: Jour. Oeology. vol. 39, no. 5, pp. 473-479, 1931. 
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42 GROUND WATER OF SNAKE RIVER PLAIN, IDAHO 

tuffs their dip may have resulted from the topography on which 
fell and not on subsequent tilting. 

The differences in the character of the rhyolitic rocks in 
parts of the region accord with the concept that they came 
separate vents arranged more or less parallel to the axis of the 
rather than that they flowed widely from a single area, such 
Yellowstone National Park, where rhyolitic flows are abundant. 

Whether or not the buried volcanoes suggested above f 
some of the flows, evidence is rapidly accumulating 33 that 
are many intrusions in the mountains of south-central Idaho 
are of suitable age and petrographic character to have been the 
of a large part of the lavas older than the basaltic flows of which 
Snake River Plain is built up. Some of these intrusions in the 
Creek 33 and Alder Creek U districts are shown in plate 4. N 
others, some of which are much larger, are exposed in the mount .. ; 
farther north and west.as Erosion has been so active in this 
region since most of the intrusive rock now exposed became 
at depth that any original connection with surface flows has 
eroded away or otherwise obscured. Recently Ude1l 36 has 
that there are in the Muldoon mining district, Blaine County, 
far from t.he border of the Snake River Plain, two lines of vents ' 
craters which he regards as the sources of much of the Chll.llis 
canics of this locality. He further finds that there are in the 
district granitic and other intrusions comparable in age and ch 
to those above referred to, and that some of the rhyolitic dikes 
are materially younger than the granitic masses. This accords 
the concept, expressed above, that the rhyolitic flows of the 
may be of more than one age. 

PLIOCENE ROCKS 

OCCUIUUINCB AND CHARACTU 

Over most of the region mapped on plate 4 rocks as old as 
if present, are deeply buried. Locally, at the base of the Co;,mo;,uu .... : 
Mountains, along the canyon of the Snake River and in and 
Hagerman Valley, rocks are exposed which may, with 
degrees of certainty, be referred to the Pliocene, Some of these 
lacustrine and fluviatile deposits, most of which contain fossils, 

II Ro". r. . P .• Mesozoic and Tertiary granitic rocks In Idaho: lour. Geology, vol. 38, no. 8. pp. r,s2-B84, 
e92-1iQ~ . 19:!8. .~nderson. A. L., Geology and ore deposits of the Lnl'a Creek district, Idaho: Idaho Dur. 
Mines and Geology, Pam ph. 32. pp. 21- 25. 1929. 

" Anderson. A. L .• op. cit. (Pamph. 32), pp. 21-25. 1f 
,. Ross. C. P .• Geology and ore deposits of the Seafoam, Alder Creek, Little Smoky, and WUlo .... creet '. 

mlnlog districts. Custer and Camas Counties, Idabo: Idabo Bur. Mines and Oeology: Pamph. 33. pp. 
13-14, 1930. 

.. Ross. C. P .• Mesozoic and Tertiary granitic rocks in Idaho: lour. Oeology. vol. 3e. no . 8. pp . 682-e84. 
1928 . 

.. Udell. Ste ... art. The geology of the Muldoon rnlnin~ district. Rlslne County. Idaho: Idaho Bur. MID. 
and (1eolo~y Pnmph . - (in preparation). 
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thoroughly diagnostic collections have been made only in 
Valley. More or less closely associated with the different 

units are beds of basalt and other volcanic rocks whose 
iO<7nI.J!UAV position (so far as determinable) and degree of weathering 

that they are of approximately Pliocene age. It appears from 
summarized below that in the region here considered Plio

make up a relatively small part of the great mass of beds 

;n,nlat.ed subsequent to Miocene time. 
units have been mapped for whose age positive evidence is 
but whose relations suggest that they are mainly older than 

tely recognizable upper Pliocene rocks and younger than the 
(1) rocks above described. These rocks are here grouped 
pliocene (1) and are described below. All but those in 

County lie along the Snake River from American Falls to the 
.. ~A .. of the Raft River, and they are considerably disturbed by 

and in general dip northward, away from the foothills. 
Rockland Valley basalt and Raft lake beds appear younger than 

rocks but older than the upper pliocene. They are therefore 
as middle (1) pliocene. The Banbury volcanics and Hager

lake beds may on stratigraphic and paleontologic grounds be 
assigned to the upper Pliocene. 

LOWE)t PUOCENE (?) )tOCKS 

TERTIARY SEDIMEN1' S IN CLARK COUNTY 

considerable area in the vicinity of Medicine Lodge Creek in 
j,~rth~ester~ Clark ~ounty is co.vered b! fanglomer~te and kind:~d 
1Jlatenal which overlies and may m part mterfinger wlth the rhyolitlc 
;tlows so abundant in this area.3? Most or all of these deposits are 
:~eam-laid, and they are evidently but little younger than the 
~yolitic flows of ,the vicinity. Pieces of thoroughly fos~ilized camel 

'~ne from a well m the gravel were regarded by J. W. Gldley as sug
~estive of pliocene age. The sediments have therefore been tenta
J!tively referred to the Pliocene, although if the rhyolitic flows should 
~~rove to be as old as some of the similar flows in other parts of Idaho 
~:ihese sediments may likewise be pre-Pliocene. 

NEELEY LAKE BEDS 

In the bluffs of the Snake River nenr Neeley, 5 miles southwest of 
American Falls, a series of lake beds has an exposed thickness of 100 
feet, but its base is concealed, hence it must be thicker. (See pI. 6.

38

) 

These beds consist of flesh-colored to brown sandy lacustrine deposits 

II Stearns, H . T" Bryan. L. L .• and Crandall, Lynn. Geology and .... ater resources of the Mud Lake 

tec!on. Idaho: U. B. 0801. Survey Water·Supply Paper 818 (in press) . 
.. The geology on this map wllS originally plotted on a U. S. Bureau of Reclamation map. In replotting 

~n tbe ne .... U. B. Geological Survey base the geology was adjusted to Ilt the new base. and tbla may have 

Clven rise to errors. 
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composed partly of reworked and subaqueously deposited 
presumably accumulated behind a lava dam. The 
even-bedded and dip 3°_5° N. except where disturbed by 
They are sufficiently indurated to form steep bluffs wherever ha ,Te been eroded. 

Although this formation is coarser than some of the other 
beds it is Dot SUfficiently coarse to yield much water. No 
known to derive their supply from this formation, and no 
springs issue from it. 

EAGLE ROCK TUFF 

The Eagle Rock tuff, named from Eagle Rock, near American 
is exposed at the base of the American Falls. The follOwing 
was measured at this place, the type locality: 

Section 0/ Eagle Rock tuff on north bank 0/ Snake River at American Fan. 

Red felsitic tuff containing feldspar crystals 2 to 4 millimeters Fed 

in length - - - -- - - - --- - - -- -- - - -_ _ __ __ __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ O. 6 
Welded rhYOlitic obsidian tuff containing spherulites and 

lithophYB&e. Some of the lithophysae are 3 inches in di-ameter_____________________________________________ 20.8 

Even-bedded coarse blaCk ash, composed of shards of rhyo_ 
litic glass. The top layer is compact and breaks into dull 
obsidian fragments and grades downward into ash that can 
be readily removed with a knife_ - --- ___ _ _ _ _ __ _ ___ _ _ _ __ 4. 5 

Even-bedded gray to white rhYOlitic ash, in places pisolitic_ _ 9. 3 

35. 2 
The follOwing descriptions are based partly on microscopic by M. N. Short: 

The top bed is a fUsed rhYolitic tuff which contains large crystals of 
and Owes its red color to the numerous minute hematitic inclUSions. The 
foot bed of obsidian tuff next below is le88 thoroughly fused. It contains a 
rounded Crystal fragments of microcline and oligoclase but with these 
is entirely gla88y. The rock lacks joint planes and shrinkage cracks and 
an unusual appearance because of the honeycomb structure prOduced 
lithophysae and the weathering out of the spherulites from the matrix. In 
where hollow spherulites or lithophysae predominate over the tiny aym 
SPherulites the matrix is pink. Small subangular obsidian pellets also 
out between the spherulites, and in these localities the matrix is ea.sily remo 
with a pick. The next lOWer bed at the type locality is a compact dark-gray 
vitreous tuff, which consists of light-brown rhyolitic glass (refractive indeI 
1.497) whose structure indicates welding and fl owage. At another exposure 
along the Oregon Trail this bed is even more compact and megascopically gives.. 
no indication of its fragmental structure. The white ash in the lOwest bed differs. 
from the ash in the top bed only in its unconsolidated character. It consists . . 
of fragments of glass with only a few scattered grains of fcldspar. 

This formation has a uniform thickness except where eroded. Its 
component beds are so similar in composition and so closely com-. 
pnrnble ns t.o indieate that they followed One nnot.her in rnpid SlICCI'S-
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came from the same volcano. The presence of pisolites in 
Suggests subaerial deposition. The absence of cross-bedding 

iDlination indicates that the beds were formed from ash showers 
appreciable sorting by wind or streams. Wind-blown soil 

of the formation if deposited soon a.fter the ~uff accumula.ted 
,wuicate that these rocks were laid down on dry land. 
formation has been recognized only in the canyon walls along 

River. Beyond it is buried by younger formations. It 
for seyeral miles along the river southwest of American Falls. 

west side of Rockland Valley, about 12 miles south of American 
is an exposure of white consolidated pumice and ash 100 

which may correspond to the white ash of the Eagle Rock, 
Feet 

American Falls lake beds 

tuff 

Neeley lake beds 

Flamu: 4.-LocaI unconformity between the Neefeylaite bedl! and the Eagle Rocft tatr. 

its greater coarseness and thickness here may be due to its being 
the source. The pumice at this particular exposure weathers 

_ and is filled with cavities. 
On the west bank of the Snake River in the NWY. sec. 22, T. 8 S., 
30 E., a slight variation occurs in the thickness of the beds. At 

place a small mound a few feet higb in the Neeley lake beds is 
':nvAl'lain by the white and black ash beds retaining their usual thick

and conforming to the surface of the mound. The obsidian 
above the ash thins sufficiently in passing over the mound to 
its upper surface level. Consequently on top of the mound there 

only about 4 feet of obsidian tuff, as compared with about 18 feet 
each side. Above the obsidian tuff is the usual thin bed of red 

~uff and a few inches of soil containing scattered red basaltic cinders. 
,On top of the soil rest the American Falls lake beds, which are much 
younger and which are described below. Figure 4 :;ltows the relation 
of the obsidian to the underlying tuff and lake beds. These relations,' 
coupled with the texture of the obsidian tuff, indicate that the frag
ments composing the tuff were molten when they fell and conse
quently coalesced into a mass sufficiently fluid to adjust itself to minor 
topographic irregularities. This suggests distribution as a hot 
avalanche or nuee ardente, os at Mont Pelee in the West Indies in 
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1902, or like the hot sand flow of the Valley of Ten Thousand 
in 1912. 

MASSACRE VOLCANICS 

In the center of sec. 6, T. 9 S., R. 30 E., is a group of 
dense basalt. They are named ":Massacre Rocks" becauRA '.' 
the Indians massacred an emigrant train at this point. 
represent the denuded feeder of an 8.ncient volcano. 
<iistribution and coarseness of the pyroclastic rocks from 
suggest that in comparison with similar less dissected cones 
regions, the original cone here may have been a thousand feet 
high and perhaps several miles in diameter. Its explosive 
.and flows were spread over more than 20 square miles. The 
-of this volcano, which are here named the "Massacre 
are much older than the other basalts that now form the 
-on the north side of the Snake River opposite the historic 

The volcano was mainly explosive during its history, for the 
ash, cinders, and bombs greatly predominate in quantity 
lava flows. A few blocks of basalt, spherulitic obsidian, 
limestone torn from the underlying basement are intermi 
these fire-fOlllltain deposits. The beds are brown, red, or 
color depending upon the state of oxidation of the iron 
them. They are all consolidated and readily distinguished 
underlying Eagle Rock tuff. In general they dip away from 
Rocks, but many of the beds have been tilted considerably 
-sequent faulting. In the SWX sec. 21, T. 8 S., R. 30 E., a 
bed of cinders crops out about 20 feet above the northwest 
Snake River. It contains numerous red concretionary balls 
tically pure calcite as much as 4 inches in diameter. 

Beds belonging to the Massacre volcanics are exposed at . 
-on both banks of the Snake River upstream from Massacre 
as far as Eagle Rock, a distance of about 11 miles. (See pI. 
this place they are cut off by a fault. Downstream they are 
to a point only IX miles from Massacre Rocks, where they are 
down out of sight. 

In the SWX sec. 22, T . 8 S., R. 30 E., on the south bank 
river, which there makes a right-angle turn to the northwest. 
fire-fountain deposits are in contact with the underlying Eagle 
tuff. A similar contact can be seen on a neigh boring island 
river. Here the deposits rest on 4 feet of loess soil containing 
rock chips derived chiefly from the red felsitic tuff, which 
only 1 foot thick and lies on the spherulitic obsidian. This 
shows that sufficient time elapsed between the obsidian flow and 
eruption of the Massacre volcanics to form deep soil and also that 

.. FeDDer, C. N., Tbe origin and mode oCemplaoemeot 01 tbe great tul'l deposit of tbe Valley 01 Teo 
sand Smokes: Nat. Oeog. Soc .. CODtributed Tecb. Papers. Katmal ... r .. 00 1. pp . 70-74. 1023 . 
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took place on dry land. In places thin layers of basalt, 
erupted from the Massacre Rocks volcano, cap the fire

deposits and are interbedded with them. The prominent 
rises about 500 feet above the Snake River in sec. 5, T. 9 S., 
is capped with weathered porphyritic basalt that may have 

this vent. 
flow from the Massacre Rocks vent makes a prominent 
the highway just northeast of the mouth of Rock Cleek, 
T. 9 S., R. 29 E . A few thin flows interspersed with the 

__ not been differentiated on plate 6. Although these 
thin where exposed, they are close to the source, where 

'was extremely liquid and was flowing down the cone slope. 
they may represent the upper ends of originally extensive 

north bank of the Snake River near the foot of American 
Boil above the obsidian is overlain by a fine-grained blue 

25 feet thick. This flow caps the rhyolitic tuffs for 5 miles 
except where it has been removed by erosion. As it 

'the sa.me stratigraphic position as the Massacre volcanics, 
been erupted from the Massacre Rocks vent. 

JoUDDLE (1) PUOCiNi BOCKS 

ROCKLAND VALLEY BASALT 

west side of Rockland VaHey even-bedded basalt flows 
in the deep, narrow canyon of Rock Creek. In sec. 8, 

R. 30 E ., about 250 feet of these lava flows is exposed. The 
the usual columnar jointing and are all of the pahoehoe 
are considerably weathered, and their state of decom

readily distinguishes them from the adjacent later basalts 
the Snake River Plain. The uppermost flow near the 

of Rock Creek is 40 feet thick and rests with apparent con-' 
on light-colored clay beds 15 feet thick, which in turn 'overlie 
Although the lavas do not exhibit subaqueous phases, 

evidently lllid down at about the same time as the lake-bed 
These clays appear to be playa deposits, hence they may 

dry when the lava covered them. This suggestion receives 
... ·aupport from the fltct that the clay beneath the 40-foot lava 

not baked red near the top by the basalt. 
the north end of Rockland Vallcy most of the lavas are buricd 

deposits. The lavas extend toward Table Mountain, a high 
to the south, and it is possible that the vents lie in that direction. 
lavas appear to have been tilted gently to the. northwest. 

the Massacre Rocks cone was too high to be covered by 
for no remnants of them overlie the tuff; hence the cone was 

a kipuka during the lava floods. 
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The total thickness of the Rockland Valley basalt may be 
somewhere in the Rockland Valley. The driller of the 
well 5, about 40 miles west of the mouth of Rock Creek, 
the bottom of the well 647 feet of basalt, which occupies the 
graphic position of the Rockland Valley basalt. (See p. 50.) 
basalts are poured out over the land as semifluids, a Bow 
1,000 feet thick at an outcrop, where it fills an old canyon, 

. mile away the same flow may be absent or be only a few feet 
The notable variation in thickness of basalts fr0m place to 
contrasted with the relatively uniform thickness of 
deposits, may involve considerable errors in correlation and 
causes some of the great difference in the logs of wells drilled 
a small area. 

In spite of its extensive weathering, this basalt is fairly 
and several domestic wells probably derive their supply from 

RAFT LAKE BED8 

Lake.beds, here named the "Raft lake beds" (pI. 6),'extend 
(rom the mouth of Rock Creek along the south shore of Lake 
as far as the mouth of the Raft River. The bed's in this fOlwa,w 
appear to have uniform thickness when seen in any one exposu~ 
but individual layers are traceable for only short distances. 
beds are buff to pale yellow and consist of partly consolidated 
sand, caliche, and gravel. At the mouth of Fall Creek lens-shlip~ 
beds of coarse gravel and hardpan are plentifully intercalated ' 
them. Nodular concretions, as much as 10 inches in length, 
characteristic of the beds, but tuffaceous beds are uncommon. 

Near the mouth of Rock Creek the lake beds rest On the Rocklaiij 
Valley basalt. A small outlier of them is seen in a depression iri 
Massacre volcanics a mile northeast of this creek, on the south 
of the highway, and possibly another occurs beneath the Cedar 
basalt on the north bank of the Snake River near Bonanza Bar, 
the mouth of Lake Channel: In the Rockland Valley thes~ 
form rounded hills covered with rich brown soil that is extensIve 
dry-farmed. At the head of Fall Creek, in secs. 27 and 28, T. 9 
R. 29 E ., a basal conglomerate of the formation crops out and 
eludes talus blocks from the adjacent Paleozoic limestone. The 
rest unconformably on ancient limestone in sec. 9, T . 10 S., R. 28 E. 

The Raft lake beds are about 200 feet thick nenr Fall Creek, and 
there they also rise about 200 feet above the Lake Walcott Reservoir. 
At the Raft River, 8 miles to the west, they rise only about 50 
above the reservoir. Their surface also rises gently toward the 
southeast and forms a plateau cut only by a few ephemeral streams. 
The plateau is capped here and there by gravel deposits, which 
probably nre the alluvial fans deposited by similar ephemeral streams 
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to the ancient lake. The whole formation has been tilted 
northwest, so that the bed's dip in this direction about 5°. 

form a precipitous bluff along the Lake Walcott Reservoir, 
one time they evidently extended much farther north into 

River Plain. Although these lake beds were possibly 
by the Snake River, they may be terminated on the north 

eastward-trending fault or series of faults . 
presence of several warm springs in sec. 19, T. 9 S., R. 28 E., 
at the base of the bluff, suggests faulting as the cause of the 

ilArDooent, but similar bluffs have been carved by the Snake River in 
lake beds in many places. Furthermore, the under

Massacre volcanics and possibly even the Raft lake beds crop 
the north bank of the Snake River, and if a fault terminated the 

beds the tuffs should have been carried down out of sight. The 
lake beds end abruptly on the east side of the Raft River, beyond 

they have been removed by erosion and replaced by recent 

exposures near the mouth and from well records farther south, 
of the Raft River Valley, under a cover of alluvium, seems to be 
with Raft lake beds. Warneke's well, in the NEXSE}~ sec. 32, 
S., R. 27 E., is reported to have penetrated 48 feet of gravel and 

remained in fine-grained stream and lake deposits to its bottom, 
'8 depth of 800 feet. A composite sample from the cutting dump 

that the last materi.al drilled was arkosic sand. 
T. 15 S., R. 24 E., 6 miles dtie south of Almo and 5 rods from the 
River, the Oasis Oil Co., of Burley, started a well for oil. Ac

r:20rding to the log furnished by A. T. Wilcox, of Almo, this well is 375 
deep and below 5 feet of soil penetrated gravel and sand, with 
clay. 
Raft lake beds are younger than those in the adjacent valley of 
Creek, described by Piper 40, because they overlie instead of 

the rhyolite, and they are quite different lithologically. 
I'Jl-ccording to Anderson il, however, there are on both sides of the Raft 

r Valley sedimentary beds which are capped by and locally inter
ted with rhyolitic flows. He maps these rocks only in the range 
of the valley and in a small area south of Almo but notes their 

Bence in small exposures in numerous other localities, particularly 
;be~e ath the rhyoli tic flows of the Mal to. Range. 

I
,;; City well 5 at Burley is 1,115 feet deep and between 255 and 468 

.-~eet below the surface penetrated 213 feet of lake beds with some basalt 
; hove them. The driller's description indicates that these beds are 
';:p robably the Raft lake beds, because they occupy the proper strati
.1:----
,: .. Piper, A. M ., Geology and water resourcos 01 the Goo.o;e Creek Rasln, Cassia County, Idabo: Idaho Bur. 
:lhnllS and Geology Bull . 6, pp. 27- 31 , 1923. 

"Anderson, A. L., Geology Bnd mineral resources or eastern Cassia County, Idaho: (clabo Bur , MiD83 
' l!Id Oeolo~y Dull . 14, pp , 3:;-~4 . 1931. 
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/!mphic po!;ition, Benen.t.h the bke heds is 647 feet of bn.sil.lt 
tions ill which indicate that it mlty comprise nearly 50 sepn.rut~ 
The slIrflLce of the In.ke beds slopes llbout 18 feet t.o the mile 
from the mouth of Fttll Creek to the mouth of the Rnft River, 
is nbout 30 miles due west of the Rdt River. If this same 
main tnined these beds should lie abo\l t 550 feet below the 
Blirley instead of 255 feet. A faul t on the west side of the Hurt 
is postulnted on pai"e 106. If this f:l.lIl t moved ngain Sll bsequcllt 
deposition of the In,ke beds it would account for this diflerellee 
feet . 

The lithology of the Raft lake beds points rather concl . 
shallow-wnter conditions during most of the lake's existence. 
higbly probable tha.t these sediments were laid down behind 0. 

dam in a depression thnt was fed by mountain streams, which 
certnin parts of it at· diflerent times during the year, and that the 
escnped through the dam or wns evnporated. That is, the beds 
formce! in a pbyn rnther than It lake, although in exception 
years a temporary lake may have e:-,,'lsted. Many of the 
sediment.nry beds tllltt have acc.uml1lated in different places in 
Idaho were formed under similar conditions . 

The Raft lake beds are, ns n whole, poor water benrers. 
perenninl springs except the \\'ILrm sprin~s mentioned above ure 
to issue from them. HO\l'r\'('l', \\ dis drilled about 200 feet into 
hn\'C obt.ained domestic supplic~. The beds in the Burley 
supposed to belong to t.his formn tion did not yield nppre('iahle 
of water. 

UPPER PLIOCENE ROCKS 

R-\ Ii Rul!\' \'OLC ,~NICS 

Flows .-The Bnnbury Yo\cnnics, 'nnmed from the thick 
!lenr nanhury Hot Springs, in sec . 33, T. 8 S., R . 14 E. (see pI. 
extend from the Perrine rn.n eli , in se(' . 28, T. 9 S ., R . 17 E., nt an 
tude of 3,250 fee t nho\'e srn. lenl, do\\"n the Snake Ri\' er 63 
the vicinity of Kinl! Hill, Itt. nn alt itudr of 2,500 feet . They crop 
fltirly continuo ll sly ns a series of c\,(~Il-hcclded massive busnlt flows 
300 feet thick. Bnsnlt he.lon~illg to this formation extends up 
Fulls Creek u.\so. 

The ba.salt of this format.ioll, \\,herr\'8r it is exposed, \\'enthers 
d:trk bl'O\\ I I . " r t(' 1l \I ith 1\ g rC'r ll i"" i: '·:I "t . By this r,o) n!' fwd it:; 
softn ess it. j" l'(' ltd il:," l: i " ti ll ~! lI i s lt(' d from the ,Yollnger hard bill e 
t.hat locnll.\' lie in juxttlpositiol\ \\ ilh it.. A fo ssil bone (specimcn ~-~ 
colleeted fWIll I). hed of gra\'rl alld sand 30 feet thick and of flllVIS ",. 

o ri~'6n, hull\\:1..Y helo\\' tl'll' rim of tit t' so uth canyon \\'11.\1 of the S.~~ 
Hin\r in t\: r S\\' J, ~\"E ;~ ~r('" n, T . !) S., R. 15 E., nne! illt('r~Lra~ 
\\"ith t.il e lhllh ul'\' \"(llrn l ; i(' ~ , \\; ' '': idl' llt i{lpd t,y.1. " ' . nidle\' iL!' the tibia 
"r ;1 I:I I'!': '· (' ;11: )1 ·1 '11 1' " i il )l ' 1' l ' I,·i - I .... '· III ' "I' " li ,'II' PI II' ;I.~ I' , 1 ~ " " ; It1 ~r, these 
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rc illt illlid ('1 .\ ' l ~ss(l('iat('cI with the overlying hlkc beds, wh il' h 
n In,((\ l'liocene fossils, their age is {ixed \I ith ('oll!;idel'u.bl(' ('( ' ('

,),11(' hottom of til e hll,su.it series W/LS not obsC'rved. '1'1,,· filet 
t,110 hltsaits ('rop (lIlt at l1 higher altitude to the enst than to the 
tn

a
" II ll d lie t.o t. heir being ~r,ntly dowllwnrped toward the w(' ;; t or 

'r 'hn\'ing ItCclIIl1l1iated in n greater thickness in olle end of the 
thnn ill L\J e othel' . That. these lavas were not spread Illlifol'llliy 

tho ('ntire Imsin i,; ll.ttcs tcd by the lorll.1 variations in them. 
Non

r 
t.he crossing of Snlmon Falls Creek knov.'n as "Castleford" ll ie 

1')' vo\e:mics rest on and are back-filled against an abrupt fn,ce 
ltiioccne (n Invil., pro\mbly n.ndesite. The Banbury volcanics arc 

exposed nbout three-qunrters of a mile south of a hot spring in 
31, '1'.8 S" R. 14 E., and continue to !l. point a few yards north of 
spring, where they are abruptly terminated apparently by fi fault 
brought into contnct with the upper part of the Hagerman Il1ke 

flows of this formation are massive, and such openings as exist 
largely filled with soil ns 0 result of weathering. Consequently 

they ure less permeable than most other ba.salts, and only small 
IIIPplics of \I'ater have been obtained from the forma.tion. One ex
ception OCClirs on the Twin Falls project, where a drainage tunnel 
,bout 100 ynnls long in Lhis formation developed about 1 second-foot 

or wo.Ler. 
Riverside Ferry cone.- Ou both sides of Snll.ke River at t.he old 

Riverside Ferry m secs. 20 and 29, T. 8 S., R . 14 E., are cliffs 125 feet 
high exposing steeply dipping bedded dark-gray and reddish-black 
cinders and thin layers of weathered brown basalt typical of a dissected 
cone. It is cut through by the Snake River, but erosion has not yet 
bared the feeder, as at i-.lnssacre Rocks. The gravel, older ,basn.lt 
blocks, and porcelain-like fril.gments of baked clay hurled out during 
\he eruption and <ieposi ted wit,h the cinders indicnte that these rocks 
underlie the cone. The tuff exposed at Thousand Springs, l }~ miles 
dovt'Ilstream, is probll.bly from this cone. Some of the flows in the 
adjacent Banbury bll.sll.lt nppear to have originated at this vent. The 
cone deposits are cut off by a steep erosional unconformity on the 
north side of the river and overlain by the Sand Springs basalt. On 
the south side of th e rivrr thr cinders are in juxt.aposition with lake 
IC<lillll'llt s possihl .v I1.S :L (' ,·,; nlt. of fll.ulting . They l1.I'e not expos, ·d on 
the en~ t Imll k of :-;n >i.kl' l{l \"l' r "outil of n ox CtLllyon . 

Because the dl'po,.; its from I~iverside vent fOl~m an integml part of 
\he Bnnbury \'obl.nies thrre elln be little doubt tlmt individlltd ('ones 
werc the source of p:trt , if Tlot n.l\, of the Banbury basnlt. The ('l!a.r
aeterof thc llepo~its from this l'oncsuggests that it formed benelL t,h the 
lI'a!.ers of n. Inkr . Tli l' t u ll's from this cone arc not difTerentintrd on 
plate :i fr" llI t h (' \'. :1,111 " 11'\' l' ;l ..: ;d t . bll t t'h(' ('nTH' is ;: Ii()\\'n hy a !',rpal'll"!.' 
..,~ l • • 
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HAGERMAN LAKE BEDS 

The Hagerman lake beds rest on the Ban bury 
prominent bluffs along the Snake River in Hagerman 
in plate 10, A. They comprise a series of white to 
solidated clays and silts, and are named from the fine 
valley. Intercalated with the fine sediments are a few 
and basic tuffs and flows. Some of the clay beds are 
near the mou th of Salmon Falls Creek a 20-foot 
occurs in the series. A gravel bed 20 feet thick, laid 
was drained, forms the capping member. The beds 
zontal, and dips of only 2° to 3° were recorded except 
the beds had been disturbed by landslides. They are 
Melon Valley, north of Buhl, for many miles to the 
and only a small part of them is included in the area 

The top of the Hagerman lake beds reach an altitude 
feet, and because of the practically undisturbed conditiull 
it is judged that this altitude represents approxima 
shore line of the lake. The types of sediments indicate 
was more persistent than the playa lake in which the 
were deposited. Nevertheless, the character of the vert""h,;; 
and of the beds containing them, described below, shows 
was not submerged by a lake throughout the time during 
Hagerman beds were accumulating. Some of the beds 
laid , and others appear to have been formed in a swamp, but 
almost exclusively in the upper part of the section. 
four lava flows were intercalated in these sediments in this 
the long time in which they were being laid down. 

A flowing well that was drilled to obta.in hot water for 8 

on the' north side of the highway near the center of sec. 7, 
11 E., about half a mile east of ICing Hill, penetrated 970 feet . 
beds, and the log is given below. 

DriUer's log of well at King Hill 

IF.. B. Hughes, driller. AltItude 2,5hO reet) 

DOIIMers 80:1 ssod (n ... t surface w~tc r at 70 root) .. . . . . ... . .... .. . ... .. ............. .. 
Cln y .. .. .... .. .. .. .. .. ... ..... .. . .. 
lIard rock . . . ... . . . ...... . .. .... .. .. 
C lay .. ... .. ...... ..... . . . . . . . . .. . . . . .. .. .. . . .. ................. .. .................. .. 
Clay aDd SIIndrock (small I!ow of about 15 gil lions a minute' over casing at 351>-360 

reat; temperature no F .) ........... . .. ....... . ... ... ........... . ........ . ....... .. 
Sandrock (large 1I0w olAbout 100 gallon.' a minutt' , at 45O-l80 reet; temperature 78° F .). 
Hardr~k . .. . .. .. ..... .. .. . . ... . ... . .. .. .. ...... .. ......... .. . ...... .... . .......... . 
Sort sandrO<'k (Dow or about 200 galloos a mloute , at 68<H100 reet; temperature 83° F.) . 
Boulders aDd shale ... .. .. ...... .. . .. .. . . .... .. .. .. ...... .. .. ...... ..... ........... .. 
Clay and boulders (last water at 82!H!40 reet; 1I0w or about 300 ga\1on~ a minute;' 

temperature 92° F .) . . .. . 

, Driller's est imates of fl ow a ll belie"en to be too great. 

WATER-SUPPLY P.\PEIt ,i4 PLATt: 10 

l'OSU It F. I N THE nAGERMAN LAKE BEDS ON THE WEST SIDE OF SNAKE 
RIVER ,('; IIAGEIIMAN VALI.EY. 

BASALT CO NTA INING TALUS nLOCKS OF A FORMER CLIFF (al AND OVEIl U IN 
II \, VI T Il EOliS \ 'OLC,\ :-/ IC S.o\ :" D (hl ,' I' D OLDElt ALL U\ ' IUM (el. 
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started in alluvium, and the hard rock struck at 150 feet 
intercalated basalt. The basalt at the mouth of Clover 

in plate 5 is evidently eroded completely away at the 
The bed of hard rock 40 feet thick that is reported at 590 

basalt, is the only other interstratified lava to R. 

970 feet. The mouth of the well is about 2,550 feet above 
; hence the drill penetrated to an altitude of 1,580 feet. It is 
from the log that sediments similar to the Hagerman lake beds 

tered to a depth of 690 feet, but the boulders and clay for 
~"mmg 280 feet are difficult to interpret. The log of this well 

a greater thickness of lake beds at King HilI than is exposed 
lll'Arman Valley. 

Pliocene age for the Hagennan lake beds is indicated by 
vertebrates that have been found in the bluffs along the 
of the Snake River near the town of Hagennan. Stearns 

I ~Jlu.uting for fossils heard that Elmer Cook, a farmer living in 
had some fossils in his yard and was shown the source by 
Recognizing the importance of this rich fossil deposit, 

excavated several hundred pounds and sent a representative 
to the National Museum in 1928. He suggested that some

sent to make further excavations. Parties from the Smith
Institution under Dr. Gidley in the next two summers and under 
Boss in 1931 obtained a large quantity of fossil material from 

wcality. The grea.t bulk of the collection consisted of horse 
and was uncovered in a quarry located on a hill in the NW}{ 

16, T. 7 S., R. 13 E., about 30 feet below the top of the lake series. 
equid material has been described by Dr. Gidley as Plesippus 

IIMnensis 42 and includes a large number of skulls, lower jaws, and 
skeletal parts. Much of the material was disarticulated, but 

nearly complete articulated skeletons are included in the 
and also some articulated limb and vertebral portions. 

f 'lWsMnensis represents a stage between that of the typical Pliocene 
tiJiohippus and Pleistocene Equus. The Idaho form was noted by Dr. 

to be more advanced than the P. simplicidens of the Blanco 
l~atlOn of Tesas and P. proversus of the upper part of the Etche-

of California, suggesting a closer relationship to Equus. 
environmental conditions indicated by the fauna from the 

quarry are described in the following quotations from 
second report 403 on his explorations in Idaho: 

[the quarry deposit] is evidently the remnant of a stream-channel deposit 
up of cross-bedded layers of coarse and fine sand with occasional pebbles 

here and there patches and lenses of almost pure clay, forming a part of the 
!ontally laminated beds of the Idaho formation [Hagerman lake beds of this --.•.• GI.1Iey. J . W., A new P liocene horse rrom Idnbo: lour. MammaIOIty. vol. II, no. 3. pp. 300-303, 1930. 

~ Gidley, J . W ., Continuation or tbe fossil borse round·up on tbe Old Oregon Trail : Exploration! and 
d Work Smlthsoo lan lost . fn 1930, pp. 33-40. 1931. 
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rcportl. The bone deposit was eVidently at the time of its {ormation a 
springy terrane, perhaps a drinking place for wild animals in a semiarid 
where water holes were not abundant. * * * Springs and swampy 
tions are indicated from the fact that there are in the deposits the 
frogs, fish, swamp turtles, beavers, and other water-loving animals, and 
abundant evidence of vegetation, as shown by remnants of COarse grass 
leaves, and even small pieces of wood. * * * In the lower stratum of 
deposit the sand is heavily stained, and many of the fossil bones are 
and stained with light accumUlations of bog iron. 

The bed that yielded the fossils is a light-yellow partly consoli 
cross-bedded sandstone, capped with a layer of clean gra.veI. 
the sand is tightly cemented in large irregular lumps by either 
careous or limonitic cement. The limonite points to boggy 
tions, suggestive of swampy water holes and shallow ground 
The conglomerate contains mostly water-worn gravel of red and 
da.rk colors derived chiefly from the silicic extrusive rocks that 
out in the mountains to the south. Most of the pebbles in the 
are less than 3 inches in diameter. 

The hill in which the fossils occur has been subjected to erosion, 
30 feet of light-yellow loess, which has accumulated since the 
was drained, caps the gravel on the adjacent plateau. 

In addition to the forms mentioned above as obtained from 
quarry, this and other localities in the vicinity of Hagerman ha 
yielded remains of mastodon, camel, peccary, sloth, cat, otter, haros," 
I1quatic birds,45 and a rodent of the muskrat group. The presence of 
the otter, the muskratlike rodent, and aquatic birds adds materially: . 
to the evidence indicating the environment suggested by Gidley. 

Considerable silicified wood has been found along Clover ' Creek 
near King Hill in these same lake beds. The fOllowing invertebrate _ 
fossils, identified by W. C. Mansfield, of the United States Geological, 
Survey, were collected by Stearns from a highly fossiliferous sandstone .• 
mem ber of the Hagerman lake beds along the King Hill canal s,t 
large siphon about 5 miles upstream from King Hill: 
Goniobasis taylori (Gabb) I Latia dalii White 
Lithasia antiqua Gabb Sphaerium sp. 

Besides these fossil shells, large fresh-water clam shells that evi
dently belong to the Unio family were noted along the canal road 
farther upstream. All these fossils indicate that these beds were laid 
down in fresh witter. 

The interstratified basalt members of the Hagerman sediments are 
shown in plate 5. They occur as relatively thin basalt flows of 
remarkable continuity, indicating extreme fluidity at the time of 
extrusion. The lower contact 'zone is conunonly stained yellow to 

" OaliD. C. L .• Fossll bares (tom the late PlIoceDe o( souther a Idabo: U. S. Nat. Mus . Proc., vol. 83, DO. 2976. PP 112-121, 1934. 

" Wetmore. Alexander. PlioceDe bird remaiDs rrom Idaho: SmithsoniaD Misc. Coli .. vol. 87. DO. 20 (Pub. .1~:?,<; 1 . JIll I · 12. 19.1~ 

. ., 
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brown and usually consists of conuninuted and fragmental 
lava. The flows are considerably jointed and in a few places 
into "pillow" lava, or bllUs of lava surrounded by a vitreous 

8. common feature of subaqueous basic flows. In places these 
rcaIated volcanic beds are tuffaceous, especially near the mouth of 
'Salmon Falls Creek and near Bliss. Both lava and tuff occur 

in the Hagerman lake beds, indicating that the tranquil 
of this lake were not often disturbed by volcanic eruptions. 
upper basalt layer in the Hagerman lake beds in the NW X 

8, T. 6 S., R. 13 E. (pI. 5), consists of 30 feet of columnar-jointed 
weathered pahoehoe with the upper part showing the usual 
tal parting planes and vesicles. Nothing is present to indi-

a SUba(lUeOUS origin. About half a mile to the southeast the 
is only 10 feet thick and rests on 12 feet of horizontal thin 

basaltic tuff. Some layers of the tuff contain lapilli and 
sand-sized particles, but foreign ejecta are scarce. This tuff 

to that in the t~ff craters of Oahu, Hawaii, and may have 
from phreato:.magmatic blasts.·a The ba&alt pinches out a 

distan.ce southeast of this point and the tuff gets thicker. This 
and lava indicates a vent not far away. 
deposit perhaps indicating a vent .is exposed in the SE X sec. 20, 
S., R. 13 E., but it is certainly unlike any volcanic deposit either 

8. vent or elsewhere known to Stearns. It crops out along the ditch 
~;ad in the south side of the river in an exposure about 200 feet high. 
n is a decomposed dark-brown crumbly mass containing strea.ks and 
~all balls of dense hard basalt intermixed with chunks of clay and 
{treaks of agglomerate. The latter consists chiefly of weathered . 
1· < ' • 

11l!ier basalts, and no andesite or quartzite fragments were noted. 
:f.he whole deposit is overlain by 6 feet of laminated buff clay, which 
~ distorted and so badly jumbled that its significan«e could not be 
d~termined. The whole mass dips to the northwest. To the south
~t is another great mixture of rocks mapped as a landslide (pI. 5). 
'Perhaps both have the same origin. 
} The Hagerman lake beds are in general so impermeable, because of 
.tJteir fine texture, that water occurs only sparingly in them. Most 
.~f this formation is traversed by canyons, hence precipitation falling 
·on. its outcrop appears as surface run-off. Perennial springs discharg
ing over a few gallons a dRY do not occur, and small perennial seeps 
are few and far between. At the west end of the Twin Falls South 
,Side tract these beds are saturated with irrigation water and yield 
water. rather high in mineral content. The Banbury hot well, de
SCribed on page 167, obtains its water from ' tuff and basaltic flows, 
intercalated with the lake beds. Wells penetrating the Hagerman 

II Stearns. n. T ., aad Vaksvik, K. N., Geology and ground·water resources or the Islaad or Oahu, HawaII: 
!la .. ai! 1)cpt . Public Lands, ])iv . Hydrograpby, Bull. 1. pp . Hi- l7. 1935. 
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lake beds will be unsuccessful for the most part, but if 
enough they will probably find sufficient supplies from . the 
members or the interstratified basic tuffs and lavas. One of 
of the Oregon Short Line Railroad at Bliss, after penetrating 
of Pleistocene lava and clay, entered the Hagerman lake 
obtained a good supply of water at 517 feet. At 235 feet 
water was struck in the clay for drilling, but the main 
obtained from sandy layers between 456 and 470 feet. The' 
rose to a level 350 feet below the top of the well. The well is 
to 422 feet and on October 17 and 18, 1917, was tested with a 
pump and yielded 80 to 100 gallons a minute. The drIl.W.,rl" 

during this test is not known. 

PLEISTOCENE ROCKS 

OCCUJUUU'lCB AND CHARACTER 

All the volcanic and sedimentary materials that were laid 
the Snake River Plain from the end of the Hagerman epoch 
end of the deposition of the older a.lluvium are assigned to the 
cene epoch. (See table, pp. 27-32, and pI. 4.) The lava flows, 
make up by far the greater part of the Pleistocene rocks, 
further subdivided roughly into early and later groups, each 
comprising the products of numerous eruptions. Available 
not permit differentiation of the flows in the greater part of the 
partly because, in the absence of dissection, the youngest flows 
each locality tend to conceal those previously erupted. The . 
paro.tively excellent exposures along the canyon of the Snake 
between Blackfoqt and King Hill have permitted the distinctlOn' 
11 local Pleistocene formations which for the most part corre.qnti: 
in age with the younger group of basalts. These are, named in 
of decreasing age, Cedar Butte· basalt, American Falls lake beds 
intercalated basalt, Madson basalt, Malad basalt, Thousand 
basalt, McKinney basalt, Bliss basalt, Sand Springs basalt, 
lake beds, Minidoka basalt, and Wendell Grade basalt. Their 
tribution is shown in plates 5 and 6. Similar local subdivisions of 
Pleistocene sequence have been made in the Mud Lake region 
elsewhere. 

SOURCES OF THIIRUPTIONS 

The principal vents from which the Pleistocene and later 
issued are shown on plate 4. Altogether about 300 vents are 
and probably about 400 occur in the entire plain. M.ost of the 
not shown lie in the desert between Idaho Falls and Kimama, 
reconnaissance through this area. on the few existing roads i 
that only about a third were mapped. Except for the cluster in 
Craters of the Moon and the group north of St. Anthony, the 
are mther evenly distributed. No definite rift pattern is 
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here and there short cone chains occur. The vents that 
the recent black lavas have not been differentiated by a 
symbol on plate 4 because generally their close relation to 

lavas is evident from their position. However, a few of the cones 
and stand like islands in the areaS of black lavas. About 

the Recent cones are shown on plate 4. 
the foothills along the north side of the Snake River Plain, 

cones 50 to 200 feet high predominate. Over most of the plain 
number of the vents are broad lava domes, each usually 

100 feet high and with the related flows covering an area of 
30 square miles. The broad dome is capped by a sma.ller dome 
has slightly steeper slopes and is genera.lly about 50 feet high. 

: craters in the domes are usually absent, and in many places 
suggestion of a crater rim was left when activity ceased. 

spatter cones 10 to 50 feet high occur in some places, but beds 
tuff indicative of explosive eruptions are rare. The lava 

the surface through fissures or tubular vents and welled out 
and profusely. Unlike most volcanic cones of the central-vent 

all these cones had only one period of activity. When 
activity was resumed in the neighborhood of one of these 
new opening poured out lava, usually only a short dis-a 

away. 
obvious that the copious flows in the region must have inter-

with drainage greatly and intermittently through a long period 
. Several examples of such interference are described in 

t parts of this paper. The present channel of the Snake 
. through most of the region here considered lies close to the 

~ea.stern and southern margin of the plain, a position which leads 
inference that many of the Pleistocene vents were so situated 

eruptions from them forced the river to shift in this direction 
of remaining more nearly in the median portion of the plain, 

presumably it originally flowed. The fact that many of the 
Pleistocene flows now recognizable lie in the southern part of the 
supports the concept that later lava came largely from vents 

north and thus covered the older 'flows there. The early lava 
the Snake River west of the Minidoka Dam issued in large 

cones on the south side of the river and from buttes near 
0. short distance north of the canyon. The fact thll.t the streams 
reach the plain from the north now have no channelways con

them with Snake River also constitutes evidence in favor 
concept. It would seem that when the major drainage pattern 
region was originally established these streams must have been 

tributary to the Snake River. 
is direct evidence that flows from cones to the south tended 

y to shift the channel northward also , Examples arc known near 

~ .' 
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Yale, in the Raft River Valley, and also in the South Side Twin 
tract. 

WATER IN THE PLEISTOCENE BASALT 

The basalts of the Snake River Plain are in general very pennAA1 
and their usefulness as aquifers is indicated by the large amo 
water discharged from them in the form of springs between King 
and Milner. In 1902 these springs discharged about 3,900 
feet, and in 1918, as a result of irrigation, they had increased to 
5,100 second-feet. Wells that have penetrated the water 
these basaltic areas, almost without exception, yield abundant 
of water for domestic and municipal use, with but slight 
Yields of more than 50 gallons a minute for each foot of 
-are not uncommon, and yields of more than 500 gallons a 
each foot of draw-down are recorded. The Ralph Raumaker 
Ilear Hamer, is about 50 feet deep, and the draw-down is only 
inches when the well is pumped with a 5-inch centrifugal 
diseharges about 450 gallons a minute. The Pleistocene u ..... GlI.tI i 

fresh, and the cavities in them are as a rule open. The openings 
allow ground water to move through the lavas are the clinkery 
tacts of one flow with another and the vertical joints or shrink.ai 
~racks that characterize these flows. The open spaces in 
!basalt through which water can move, exclusive of those due to 
disturbances of the rocks, are listed in approximate order of 
as follows: 

- Large open spaces at the contact of one lava flow with another or of a 
flow with the underlying formation. 

.;J - Interstitial openings in cinders, aa, and subaqueous lava formed 
deposition. 

'3 --Open spaces in joints formed' by shrinkage of the basait in cooling. 
'i -- Tunnels and caves produced by liquid lava flowing out from under a 

crust. 
S- -Vesicles and cavities due to the expansion of gases during the cooling 

lava. . 
, --Tree molds, resulting from lava surrounding a tree and solidifying 

tree has burned away. 

The upper crust of a lava is generally rough and broken 
of movement within the flow after the crust has formed. 
by another lava flow never completely fills these irregularities. 
sequently many openings, some of which are extensive and 
of holding or transmitting large quantities of" water, occur 
successive beds. Beds of cinders are not extensive in the Snake 
Plain and occur chiefly as buried cones. Drillers often report 
cinders in drilling, bu t generally they refer to beds of red douglWl 
masses that lie at the bottom of a lava flow or to the fragmental 
of aa lava. Aa lava flows are the most permeable of the lava 
This brecciated rock produced by granulation of the lava stream 
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is, prior to weathering, probably the most permea~le rock 
on the face of the earth. The blocks are rough and angular 

resemble talus. They cover an appreciable area of the Snake 
Plain, and drillers report the aa clinkery lava in wells. 

ueous lava, of which the Bliss basalt is typical, differs con
from aa bu t is also brecciated and permeable. In many 

where lava flows rest on older sediments they exhibit a sub
phase at the contact. Thousand Springs and most of the 

large springs in the Snake River Canyon issue from basal t 
type. Cinders, aa, and subaqueous basalts, because of their 
tal character, yield readily to weathering and hence are com-

the first to become watertight with age. 
tubes are common in the Snake River Plain, and it is through 

of ramifying tubes that the pahoehoe type of lava was dis
from the vents. On relatively steep slopes these tubes arEt 
after the flow stops, and the lava drains out of them. SomEt 

tubes are as much as 50 feet in diameter and several thousand 
long. The Sand Springs basalt, whieh is about 300 feet thick 
. Thousand Springs, contains many open tubes. Lava tubes are 

Utltimes encountered in drilling. Steams was lowered on the drilling 
into the new Idaho Falls city well, near the mouth of Willow 
to examine a cavity about 8 feet in diameter that was struck 
100 feet below the surface. In the J. A. Melton well, west of 

Lake, a lava tube full of water was encountered. Large tubes 
of water were also encountered in the Wilkinson and Cox drainage 

on the South Side Twin Falls tract. . 
t cracks due to shrinkage of the basalt at the time of cooling 
from a fraction of an inch to several feet in width and in general 

nearly vertical. They are useful in the transmission of water from 
lava flow to another one below and doubtless are the means by 

irrigation water in many places percolates readily downward 
depths. The Goyne sump, in sec. 10, T. 9 S., R. 23 E., 

as an outlet for drainage water on the North Side Minidoka 
ect. It is about 100 feet deep and 8 feet in diameter, and a.ll 

the upper few feet is in basalt. About 22 second-feet of water 
sink continuously in this pit, but when 25 second-feet is a.llowed 
ter, the pit fills up, because its transmission capacity has been 

Wells drilled into the lava on this project and near Roberts 
been used successfully for drainage. The fact that many of the 
drilled in basalt blow and suck air with changes in barometric 

is further evidence of the connected systems of cracks and 
that occur in these lavas. 

and cavitres caused by the expansion of gases during the 
of the lava are usually disconnected, and hence water canno~ 

readily through them. N enr the top of a lava flow these vesicles 
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are commonly so numerous as to give the crust a spongy 
and this part is generally more permeable than the main 
flow. Drillers frequently state that this spongy lava 
volumes of water. The spongy or vesicular lava is in fact 
not the source of these large yields, however, but its presence 
that the drill has passed from one flow to the top of ano 
water is obtained largely from the open spaces at the con 
lava beds or from the numerous joint cracks which occur at 
of the flow rather than from the vesicles. 

In places where lava flows have entered forests tree molds 
mon and form an appreciable amount of the voids in the 
Craters of the Moon National Monument there are 
areas where tree molds are plentiful, and molds full of water 
encountered in drainage tunnels on the Twin Falls tract. 
if the Snake River Plain was nearly treeless during the 
of the lava flows, as it is at present, it is not likely that tree 
sufficiently numerous to be very useful in the movement 
water. . 

In small areas in the valley water in the basalts is 
impermeable beds of clay and loess, of sufficient extent 
slight artesian heads. This condition occurs in the . 
Lake, where there are flowing wells with large discharge 
specific capacity. 

A somewhat similar artesian condi tion has been developed!1 
areas in the Aberd~en-Springfield and Twin Falls South 
as a resl!-lt of irrigation. In the Twin Falls South Side 
wells have proved effective in the drainage of swampy 
wells, like those at Hamer, have low head but yield abunulWl! 

Dike systems and sills have not been recognized in any of' 
developments except at Bliss Spring, although they must 
parts of the Snake River Plain. From the wide 
vents and the absence of dikes in the walls of the Snake 
they are probably too scattered to affect the circulation of 
~~. . 

The l"ate of flow of the water through the basalt is 
the geologic structure. Thus in the Twin Falls South 
which lies from 50 to 300 feet above the Snake River, 
bordering the Snake River Canyon, swampy tracts have 
through irrigation, whereas on the opposite side of the 
also irrigation water is applied in large amounts, there 
no seeped areas and the water table lies far below the 
conditicn h interpreted as being caused by loess beds on 
side, which are intercalated with the lava flows and 
artesian wedges, whereas on the north side these loess beds 
cut through by former channels of the Snake River. 
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were later filled with permeable basalt and now form 
wedges in which no loess occurs. The Sand Springs basalt 
such a canyon, and from it issue many of the largest springs. 
north side is favored with natural drainage channels, but 
River has never cut a channel farther south than the present 

vicinity of Twin Falls. This means that the South Side 
of these lava-filled canyons through which ground water 

away from' the project. Furthermore, a study of 
and water table indicated that the greater part of the 
Plain from Big Bend Ridge, near Ashton, to King Hill 

these ancient canyons through which the ground water 

at which the water moves through the basalt is difficult 
because it varies from place to place according to the 
of the lava, the geologic structure, and the hydraulic 

daily records of the flow of Blue Lakes Spring in sec. 28, 
7 E., from 1917 to 1920 afford a basis for estimating the 

Ilvement of the ground water tributary to it. The contour 
water table (pI. 19) shows that the water that supplies 

passes under Wilson Lake and the First Segregation of 
tract at Hazelton. There is no irrigated area between 

liSAO'rA,,:ation and Blue Lakes, and therefore a time interval 
travel between the two points can be determined by 

the observed flow of Blue Lakes Spring with fluctuations 
hence the seepage loss of water on the North Side 

the amounts of water in Wilson Lake, which loses at a 
when containing much storage water.'7 The records of 

and of storage in Wilson Lake are plotted by 15-day 
plate 11. During the early part of each irrigation season 

drops rapidly, with corresponding decreases in percola
On the other hand, there is an increase in losses during 

from increased irrigation diversions. Records are 
for Wilson Lake during the winter. 

increase in diversions and lake storage during the 
May 1917 is clearly reflected by the increased discharge 

Spring during the first part of August, 3 months later, 
plate 11. The time between the average of the summer 

rsions in that year nnd the corresponding peak in the 
Lakes Spring in 1917 was about 3~ months. A simila.r 

in 1918. In 1919 the time between the seasonal 
2 months. That yea.r, however, was one of deficient 

causing deliveries to the First Segregation to be less 
average in normal years, hence contributions to the 

Success and failure of reservoirs In basalt : Am. Inst. Min. Met. Eng. Tech. Pub. 215, 
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water table from irrigated lands were very small. The ~6asOnA 
flow of Blue Lakes Spring in 1919 Was about 3 to 3~ mon 
than the peak at Wilson Lake, and probably the fluctuations 
year reflected the ground-water contributions from Wilson 
much greater extent than the contributions from irrigated 

The large amount of water diverted through the canal 
October 1919, after the canal had been dry for a month, 
the increased flow at Blue Lakes Spring 3 months later. (See 
The time between the peak diversions in 1920 and the maxirnllnl 
of the spring was about 3~ months, although the period 
canal Was dry in the later part of September 1920 could be 
only 3 months later at Blue Lakes Spring. 

It thus appears that the time interval between seasonal 
about 3~ months but that sudden large increases in the MnbiJ;.i 

to the water supply require only about 3 months to 
Wllson Lake and the First Segregation to Blue Lakes 
point half a mile south and 1~ miles west from Ha.zelton is 
~enter of ground-water contributions from the First Segregatioil: 
the Wilson Lake region. This point is 15 miles east of Blue 
Spring. Thus about 3~ months is required for the ground 
move 15 miles. The average seasonal rate of movement of 
water between the two points is therefore about 750 feet a 
whereas under certain conditions it apparently travels about 
a day through the same permeable basalts underlying this area. 

The altitude of the water surface in the town well at 
3,836.2 feet on July 2, 1917, whereas that of the outlet of the 
that supplies Blue Lakes is about 3,300 feet. The difference 
water surface between the two points, 16% miles apart, is 
536 feet, and the average slope is 32.5 feet to the mile. It 
from the ground-water contours of this section on plate 19, 
that the water table from Hazelton toward Blue Lakes has an 
fall of only about 20 feet to the mile, which in 16~ miles would 
to 330 feet, or about 206 feet Jess than the total difference in 
between the water table at Hazelton and that at Blue Lakes. 
drop in the water table of 206 feet is probably concentrated in a 
distance above the springs. The springs are about 160 feet 
than the Snake River and about three-quarters of a mile 
making an average fall from the spring outlet to the river of 2 
to the mile. If the ground-water cascade of which Blue Lakes 
is the outlet continues on this gradient it would thus extend for 
a mile in an easterly or northeasterly direction before reaching _ 
main underground flow, which is moving westward under the 
north of tho Snake River. 
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of the relatively rapid rate of ground-water 
is afforded by the fact that the ground-water con
than 600,000 acre-feet annually from the North 
each year as underground run-off without causing 

in the water table under the project. The average 
in the water table amounts to about 6 feet, resulting 

irrigation water, but each year the water surface 
to practically its former level, which is several 

the ground surface. 
of Clear Lake outlet, the only spring beside Blue 
which daily records are available, is shown by plate 

recorded at the Clear Lake gage do not afford 
the rate of flow, because the irrigated area that 

e water that emerges at this point extends for many 
'~and is not localized enough to indicate the source of 
" . The low How of this spring in 1919 was caused by 8. 

supply for irrigation, but the failure of the spring to 
920 as it was in 1917 and 1918 is probably due to the 

the Jerome Reservoir in the fall of 1919, part of the 
that reservoir evidently having contributed to the 

Lake. 
UNDIFFERENTIATED BASALT 

of the flows throughout the Snake River Plain 
early Pleistocene group, but in many areas these are 

beneath later deposits, and in others it is im- • 
the available data, to distinguish definitely between 

In the Mud Lake region, and to some extent else
relimoUS to glacial and other deposits and the degree of 

that most of the Hows in the vicinity of the present 
of those grouped as Recent black lava) are as 

Pleistocene, and some are poSsibly Recent. Along the 
between the Minidoka Dam and King Hill the flows 

ted basalt" on plates 4 and 5 are older than 
Hows described individually. Upstream from the 

the basalt thus grouped includes flows both younger 
those downstream. 
ne flows in general nre readily distinguished from the 

by their comparative freshness . In most outcrops of 
basn.lt weathering has penetrated less than an inch. 
is commonly gray to black, fine-grained, and vesicular, 

exposures has small feldspar and olivine phenocrysts 
the unaided eye. Most of the Hows are pahoehoe, whereil.s 
the Recent black lavas are all.. One of the few nn flows in 
overlies the American Falls lake beds north of American 
t.l " I'-: ]'(' I" lw;: I n Il l n Inl,cr Plristoccnc flows . Samples of 
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GROUND WATER OF SNAKE RIVER PLAIN, 

drill cuttings taken at intervals of 1 to 5 feet in the ' 
dry hole north of Minidoka, were examined by I:l. l' 
the results given below. Drillers' logs of other wells 
the region show broadly similar variations in the ChaNIn •• 

Log 01 YarneU well, north 01 Minidoka 

8011 consfstlnr or loess and wlnd·blown qUartz sand........................ . I 
Blue baaalt. red at base. contaInIng oil vine crystals 1 to 3 mllllmetel'3 In dl;'-';':'.::"" 

Vesicular at top and base or eo ....................................... . 
Loess 1'011 .... . .... '" " •• , .............................................. '" Blu~ hasalt 110 ... wltb phenocrysts or ol1vlne and reldspar. Tbe uppenoost a 

most 3 reet are comPDSed or red vesiCUlar lava __ ............... __ ....... .. 
Loess 8011. baked red...................................................... . I 
Reddlsb-brown basalt. eblUl«lng down ... ard Into extremely dense basalt • __ ".::., .... 

and 72 reet and at the ba.se or the 110 ....... hlch Is vll.<lcUIar __ .......... . 
Dlue-black basalt 110 .... with veslrular rock at 88 to 94 rt'et. Number or 01 
' Kreatly Increases In densest part or 110 ....... hleb Is at lIS reet ..... . ................. :.1 
Wlnd·blo"'n 8OU __ .............................. . ......................... . 
Blue baaalt con~ small amount or ollvlne and extl'l!mely dense at 110 

~~g;~lg~~~I::::::: ::: ::::::::::::::::::::::::::::::::::::::::::::::::::: ... --.. :1 
Wlnd·blo ... n IIOU ................................ .. .......................... . 
Brownlah·blue basalt, WIth abundant olivine discolOred by weathering ..... .. 
Wlnd·blown 8011 ............... . ....................... __ ••••• __ ............. . 
Reddish vesicular olivine basalt except ror dense rock at 173 reet.. ................ .. 
Wlnd·blown IIIIL ...................................................... __ ......... .. 
GraY·blue ba. .. lt, WIth ollvlne and clear reldspat Cl'}'lltals In abundance and a dense 

ab'eat at 182 to 194 reee. At 107 reet tbe cuttings change to red vesicular rOck. Indica. 
tlve or base or 1I0w. __ ...... ........ .. ........... ... ............................. .. 

OliVine basalt ... Ith only a thin vesicular band at top and bottom .......... __ .. .. 
Wlnd·blo"'

n 
sand .............. ......... . .. . ................. __ ......... '" ' .. . 

Blue basalt, extremely dense In lo ... er 15 reet; evidently bottom or hole is ncar 
bottom or the 110 ... but not quite through it .... ............. __ ............ . 

This well, if continued deeper, will encounter 
drilled to discover gold ore, which, of course, does 
bedded with the basalts as the driller believed. 

Individual Bows are commonly 10 to 75 ~ect thick, 
Bow piles up in a preexisting drainage channel its 
abruptly increase. In the early lavas exposed in the 
canyon beyond the Minidoka Darn local thickenings 
such fills are relatively small. The aggregate thickness 
Bows exposed in this vicinity is 600 feet. Northwest of 
a well 1,050 feet deep failed to reach rock recognizable as 
cene. In Laidlow Park, a short distance south of the 
Moon National Monument, a well penetrated 918 
before reaching the older silicic lava. It is probable that 
of the central part of the Snake River Plain the 
aggregate fully 1,000 feet in thickness. 

SEDIllEl'i'TARY BEDS I~ Till LAVA 

Loess and clay are intercalated in the Pleistocene flows. 
places, as near Trail Springs, there is also some 
canyon of the Snake River these materials are especially 
near the new Twin Falls bridge. The sedimentary beds 
where thin a,s compared to the basal t. Some nre thick 
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of quiescence of considerable length between 
products of any single eruption covered only a small 

and meanwhile soil accumulation continued undis
The thickness of an individual loess bed depends 

~ea.rness to a source of supply than on the time interval 
For example, only a short distance west of the 

extensive outcrops of incoherent lake beds have long 
to the wind. During the time required to accumulate 
on lava in this vicinity only an inch or two will prob-. 

on the basalt 50 miles to the northeast. In spite 
of this sort it appears to be broadly true that the 

of cover of loess soil on a given area of basalt 
the age of the flows. On this basis it is postulated, for 

. ',the basalt south of the river near Twin Falls, which is 
covered by deep soil, is materially older than that 
in the same locality, where numerous areas of 

and most of the soil is comparatively thin. 
masses of sedimentary material, so thick or axten

can be separately mapped, are associated with the 
Each of these masses that has so far been recog

on succeeding pages. 

PLEISTOCENE FORIUTIONS ABOVE THE CANYON OF SNAKE JUVKIl 

LAVA FILLS 

displacements of the Snake River and its tributaries 
have caused it to aggrade behind the dams thus caused, 
through these dams, and to build accumulations of 

distances beyond them. The local formations dis
along the present canyon of the river and described 

have all resulted more or less directly from such 

River before displacement by the Sand Springs basalt, 
was flowing in a basaltic canyon 500 feet deep with 

walls. The' in flowing lava was pahoehoe basalt that 
volume from a cone on the north side of the river. 
first spread laterally on the plain above, but when 

reached the north rim and cascaded into the canyon it 
built up a lava 'delta. The sudden change in grade of 

on which the lava flowed accelerated the draining of the 
leading from the vent and tended to make this the 

Thus, from the time the lava began cascading into 
the flow tended to cease spreading laterally, and most 

flowed toward the canyon. 
canyon lava fills in this area are impressive because of 
nnd thickness they do not ordinarily represent greater 
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66 GROUND WATER OF SNAKE RIVER PLAIN, IDAHO 

outpourings than occurred elsewhere on the plain. 
V-shaped lava fills were formed. 

As some of these lava fills are 50 miles long and 300 to 500 
thick, it is obvious that they must have retained much heat. 
as elsewhere 48 this was doubtless accomplished by movement of 
lavas through tubes of its own construction beneath an insula 
crust. In all localities where the Snake River was displaced 
flow filled the canyon at tho original point of entry and then because 
of topographic control spread along it, chiefly but not excluFi .... "l..:. 
downstream. The lava rarely extends more than a fraction 
mile on the south side of the canyon, except where it fills 
valleys owing to the easier escape down the canyon. 

In all places studied in detail the lava had completely OOllterAt ... ,t 
the preexisting canyon for several miles. Then it had become 
fined between the walls of the canyon for a few miles and stn~""A.:I 
The Sand Springs flow, for example, obliterated the Snake 
Canyon for 50 miles downstrea.m beyond its point of entry and 
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contact was available for the disruption of the lava. As the
gradient of the water moving through the lava dam was 

somewhat steepened by the damming effect of the debris 
by the steam explosions at the downstream margin and by 

progressive widening of the dom, the water table in the lava dam 
have risen simultaneously with the accumulation and cooling 

the lava, so that it may have been fairly close to the hot lava at 
times. 

use of the narrowness of the canyon, the newly created lake 
smnll storage capacity, hence it may have overflowed even while 
eruption was in progress, unless leakage through the dam with the 

effect of steam explosion was sufficient to dissipate the inflow. 
agencies, however, could not have sufficed to dispose of the 
of so large a river as the Snake during prolonged eruptions. 

fact, a dam 50 miles wide and only a mile across would. be entirely 
'" .. "' .... t from any known engineering structure. As the dam was 

10 miles farther down. The ends of the flows are not now exposedllJr;' 

the- seepage, instead of following a few well-defined 
must have built up a water table with a fairly uniform 

from the surface of the impounded lake to the toe of the dam .. 
except where they are cut through by the Snake River. They 
generally about 20 feet high, or the same height as if the flow hnd 
spread out on the plains, even though the lava fill upstream may 
500 feet thick. 

During such an accumulation of lava in t·he canyon, especially in 
the early phases of an eruption, the margin of a flow advancing 
upstream was continually entering ponded waters and producing': 
local steam explosions. One such explosion is definitely known tO ~ 
ha ve formed a cinder and ash cone more than 200 feet high. 
of the products of these explosions were later buried'by the SeWIIltl!UIII. 
deposited behind the lava dam i hence they are seldom found. 

It is not unusual to find lava severnl miles upstream from 
point where the flow entered the canyon. The downstream 
of such a flow was accompanied by many activities and changes~ 
The following hypothesis is offered to account for the pillow lava 
glassy brecciated pahoehoe at the base of the lava fills"~ Where 
stream bed was underlain by saturated gravel or other 
materials the lava that flowed over such wet ground was commw 
or brecciated by steam explosions. This extrcmely permeable phas6 
of the pahoehoe made the dam start leaking at the outset. The leak
age was continually available for minor explosions and for the forn1~·~ 
tion of pillow lava at the downstream margin. To a less extent 
same permeable material is found at the contact of the lava with the 
canyon wall, apparently because steam rising in most places along , 

.. SteArns. H. T .• Oeolo~y and water resourcell of the mldelle Descbutes River basin. Oreg.: U. S. aeoC 
Survey Water·Supply Paper 637. pp. 14~14G. 1931. . 

• , ~I""rn~ . n . T .. Orl. ln or tile IAr~o 5prln~s And tbeir alcoves .Iong the Snnke River In soutbern Ida1JO: 

At the moment of overflow the great volume of water in the SnaKs 
was sufficient to establish a course along the southern margin 

the Dew lava flow until it reached the point where the lava no. 
filled the canyon. At this point the water tumbled back into. 

former course and formed a cascade on the surface of the lava 
until the end of the flow was reached, where it again returned ta

grade in its prelava channel. The river was influenced by 
i.ItIMO'I'aphic irregularities near the margin of the lava and at some

did not follow that margin ver~ closely. For example, it. 
uu:shed a course half a mile to 5 miles south of the Sand Springs 

fill from the lake it created near Burley to Shoshone Falls. 
it again returned to the edge of the lava, which it followed ta

on Falls Creek and then reentered its former canyon. 
On the irregular surface of the lava fill the river took a meandering 

that soon becllme estn.blished. As the downcutting proceeded 
A\lJlInants of the fill were left first on one side of the river channel 

then on the other as detached benehes. While the new channel 
being established there was doubtless considerable leakage into 
la.va. In at least one place this leakage was sufficient to give. 
to large springs at the toe of the dam. 

the Snake River was displaced by lava flows and had taken 
new course it faced the greut task of draining the lakes so formed 

of resuming its former grade. While the outlets of the lakes 
being cut .uown the debris carried by the river was settling in 

quiet waters behind the IM'a dams. In some of the lakes this 
process of sedimen tn.tioll W!lS IllOl'r rapid t.han the cutting, so that the 
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lakes filled with silt before the outlets were appreciably red 
In others, where the new course was in relatively weak lake beds 
one abutment of the newly formed lava dam was in lake beds 
the outlet was reduced so rapidly that there was time for only a 
veneer of gravel to form in the lake bottom. Thus, the texture 
the lake sediments would be dependent in some measure upon 
size of the lake and the weakness of the dam. 

While a lava-dammed lake was being filled with sediment and 
outlet lowered, the Snake River actively aggraded its bed at the 
of the dam. The river cascading down the dam with il. gradient 
some places as much as 150 feet to the mile, loosened huge blocks~ 
lava and rolled them to the toe, where the sudden tlatteaing of 
grade made them drop. The jointing in basalt permitted 
plucking, so that water-worn boulders 5 to 12 feet in diameter 
common. During the early stages the debris accumulated 
enough to form a steep fan overlapping the toe of the dam and 
ing a mile or more downstream. With the tlattening of its 
and the subsequent reduction in quantity of debris supplied, 
river ceased to build its fan and began to destroy it. The 
velocity of the river at this stage permitted only the smaller mar.e~lj 
be removed, and the large boulders are left ~ a residual concentrll 
much like that seen at hydraulic placer mines. Spectacular 
of boulders formed in this way can be seen in Hagerman Valley 
nenr King Hill. They resemble the. coarsest of morainal 
The alluvial fan near King Hill was only partly reworked by 
river and now forms steeply sloping alluvial terraces tha t 
the river. Boulder deposits of this type served as valuable 
criteria in determining the location and number of the pla.ces 
the Snake River had been ousted from its channel by lava. Such 
of boulders occur at the mouth of Rock Creek in connection 
the lava dam nt American Falls, and there are several 
o('currences in Hagerman Valley (pI. 12, A) and near King Hill. 

Where a lava fill, such as those described above, has been 
removed through reexcavation of the canyon, its former presence'/ 
commonly recorded by benches composed of residual masses of 
fill clinging to the canyon walls. Similar topographic forms, 
can be produced in other ways. Where a series of essentially flat 
of different degrees of resistance to erosion is cut into by a 
bench of somewhat similar appearance commonly results. 'Where 
canyon of the Snake River is cut in basalt alone, the flows are of 
nearly equal resistance that only a single conspicuous example of 
type of bench was noted. This bench commences near Milner 
where it is so small as to be hardly noticeable. It-increases in 
in a short distance downstream, and between Murtaugh and ShosDVlj 
Falls is a conspicuous topographic feat.ure on both sides of the 
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pI. 9.) The part of this bench abovo Shoshone Falls lacks the 
surface commonly characteristic of a youthful intracanyon 

Good exposures near Twin Falls seem to show that the bench 
formed because of the resistance of a massive layer of basalt at 

when a temporary base level was established by the resistant 
now exposed at Shoshone Falls. Benches of this kind can be 

from remnants of intracanyon fills by the absence of 
',unconformitv at the junction of bench and canyon wall. 

CEDAR BUTTE BASALT 

sees. 22, 23, 26, and 27, T. 8 S., R. 29 E., there are two buttes. 
-of them known as "Cedar Butte" (pI. 6), which are former vents 

basaltic dome. Like most of the great lava producers of the 
River Plain both of them lack well-formed craters. The basalt 
southward from the cones as massive pahoehoe, with lesser 

of aa. The lava is -an aphanitic blue basalt containing 
nnl'rysts of fresh green olivine as much as 3 millimeters in diameter. 

eastern knob of the northern butte there are a few cinders. 
to the eruption of the Cedar Butte basalt, the Snake River 
0. course roughly parallel to the present one but a few miles 

of it, between a point near Blackfoot and the mouth of the 
River. The Cedar Butte eruption filled at least 20 miles of this 

, damming the river and forming a lake about 40 miles long 
12 miles wide, which extended from Massacre Rocks nearly to 

oBl&ekfoot (pI. 4). 
AMERICAN FALLS LAKE BEDS 

.-ea1.mentary beds.-Along the Snake River from Springfield nearly 
'lJMassacre Rocks stretches a series of yellowish-white to buff lake 

which are regarded as produced by sedimentation back of the 
described above. (See pIs. 4, 6.) They form steep bluffs about 

'feet high along the north bank of the river from the American 
Dam to the Narrows, a distance of about 5 miles. They consist 
en-bedded, partly consolidate& silt, clay, and sand, with local 

lenses near the top and a 6-foot bed of laminated basic tuff 
below the top of the series southwest of American Falls. 

parts of them have been removed by erosion from the south 
of the Snake River below the dam. Along the north side of 

Falls Reservoir j\lst at the shore line, or about 100 feet 
the highest deposits of the lake, basalt is interstratified with 

beds. 
the precise stratigraphic relations between the tuff and 

were not established becn.use of the lack of adequate topographic 
and the distance between their outcrops, it seems likely that the 

resulted from explosions caused by the basalt entering water. 
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The absence of tuff cones in the adjacent area supports the idea. of nes of Elephas sp., of Pleistocene age, probably late Pleistocene. 
local origin. . cse beds rest on the eroded and deformed Eagle Rock tuff and 

Near the junction of the Low Line and High Line canals on ' IISsacre volcanics and are unconformable on some of the basalt of 
Aberdeen-Springfield project large basalt blocks lie scattered OVer "c plains. In a general way they resemble the Hagerman lake beds 
surface of the lake beds 100 feet or more from their parent outc . . their lithology and undisturbed condition, but their shore line is 
These blocks were presumably plucked from the basalt along.' ,500 feet above sea level, or about 1,050 feet higher than that of the 
shore of the ancient American Falls lake and rafted away on ice c · ngerman beds. 
The a.ltitude of this place of plucking is 4,450 feet, which tends ' The American Falls lake beds are generally so fine grained as to be 
establish the altitude of the shore line of the ancient lake. In SO . r water bearers, but in the vicinity of the reservoir the more 
places a definite shore line exists near the High Line canal of ' dy members carry sufficient water for domestic use. 
Springfield-Aberdeen project, but in others the lake beds grade Un ,. (Basalt member.-Gibson Butte rises several hundred feet above the 
ceptibly into the loess covering the basalt of the plains. A . ake River in sec. 32, T . 3 S., R. 32 E., and is among the largest and 
178 feet deep in sec. 7, T. 4 S., R. 31 E ., did not penetrate any ' . ost prominent basalt domes on the Snake River Plain. Its surface 
mentary beds, hence the lake did not extend this far to the northw ' .. heavily veneered with loess, but the character of tbe butte is shown 
The exposure of the sedimentary rocks farthest downstream is ' y a few small outcrops of scoriaceous aphanitic gray basalt and a 
sec. 9, T. 8 S., R. 30 E., about 2~ I1l.iles above the point where ' road, shallow crater on its summit. 
Cedar Butte basalt crosses the present canyon of the Snake River~ Young alluvium mantles the south and west sides of the butte, but 
Massacre Rocks. Remnants of the basalt crop out about 170 f n the southeast and east it abuts against the ancient alluvium of the 
above the river on both sides a quarter of a mile below this point;; ;Gibson terrace, which corresponds to the upper part of the American 

The completion of the American Falls Reservoir has causea ~)alls lake beds. Across the Snake River and practically at the foot 
submergence of the lower part of the lake beds upstream from Amen. .lof the butte occurs a basalt flow whose sparse soil cover indicates 
can Falls, but wave action has undermined the banks, exposing tIii ';Youth . This condition and the fact that it seems to have come from 
upper beds. From American Falls to the mouth of the Portne "the north indicates that it had no connection with the eruptions from 
River, along the southeast side of the reservoir, the top layer becom ':9ibson Butte. Farther downstream much basalt is definitely inter
progressively coarser and grades from fine shot-sized gravel throu "cain ted with the American Falls lake beds. Other patches of basalt 
all sizes to huge boulders near the mouth of the Portneuf River ~ilar in character and stratigraphic position extend as fnr down
Red and white quartzite gravel predominates, suggesting that most . stream as American Falls. The most southwesterly of these outcrops 
the gravel was derived from the Portneuf and adjacent tribu differs from the rest in that it contains tiny phenocrysts of olivine. 
streams rather than from the Snake River. From the Portneuf Ri . Although this difference by itself does not prove that this basalt had 
around the head of the reservoir to a point south of Springfield youn a different origin from the rest, such an assumption is strengthened by 
gravel at or slightly above the reservoir level obscures the lake b . ~e fact that there is some evidence that the b.asalt fills a depression 
if they are present. The upper surface of the lake beds on the sou cut in the lake beds instead of being merely intercalated in them. 
side of the Snake River, with its veneer of later gravel, corresponds So far as can be judged, the basaltic member lies at an average 
the Gibson terrace described by Mansfield .50 depth of 100 feet below the top of the lake beds. The basalt thickens 

A flowing well in the center of sec. 15, T. 4 S., R. 32 E., is repor northeastward toward Gibson Butte, with corresponding thinning of 
by the driller to have encountered 265 feet of clay and silt with so the overlying sediments suggesting that Gibson Butte is the source of 
beds of colored grn.vel. A 36-inch log of redwood was drilled thrau this lava. Near the old shore line the basalt is only 1 to 10 feet thick 
nt 190 feet. One piece of bone, too smnll to be identified , was fo and locally has the charactel'ist.ics of lava that flowed under water. 
in the lake beds. It was not fossilized like those from the Hagerlll As much of the basalt docs not have these characteristics, the lake 
lake beds. Leo Lee, of Aberdeen, obtained several bones and tee mny have been shallow at the time of eruption. 
which he states were removed from these beds during the excavati The basalt was, at least in part, buried under lake beds and alluvium 
of the west a.butment of the American Falls Dam. They have b at the time the lake was tapped by the Snake River, and therefore it 
identified by J . W. Gidley, of the Smithsonian Institution, as . hUd no effect on the original position of the channel cut by the river. 

"Mnnsftcld . O . R .. GeogTnphy. geology. an,! mineral resources of the Fort Hall In<llan 
T.I.,\.n 11 ~ r, ro f\! ~ lIn' '' \' 1' 11 11 713. fir . lr"", 17 . H1'20 

The river started to cut down along the north shore of the former lake, 
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