
f

IDO-22033-USGST'1~l ?r E ONLY
UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY
WATER RESOURCES DIVISION

GROUND WATER BRANCH

GEOGRAPHY, GEOLOGY, AND WATER RESOURCES OF THE
NATIONAL REACTOR TESTING STATION, IDAHO

By R. L. Nace and others

PART 2. GEOGRAPHY AND GEOLOGY

3y R. L. Nace, Morris Deutsch, and P. T. Voegeli

C

Report not reviewed for conformance to
U. S. Geological Survey editorial style

and use of geologic names.

Prepared for the U. S.
Atomic Energy Commission

Boise, Idaho
1956

metadc100248 4

4

14

,,L'I it G-y J



I



IDO-22033 -USGS

UNITED STATES DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION
GROUND WATER BRANCH

GEOGRAPHY, GEOLOGY, AND WATER RESOURCES OF THE
NATIONAL REACTOR TESTING STATION, IDAHO

By R. L. Nace and others

PART 20 GEOGRAPHY AND GEOLOGY

By R. L. Nace, Morris Deutsch, and P. To Voegeli

Report not reviewed for conformance to
U. S. Geological Survey editorial style

and use of geologic names.

Prepared for
Atomic Energy

the U0 So
Commission

Boise, Idaho
1956





PREFACE

This report embodies results of the work of many individuals other

than the authors credited in the byline. Those individuals contributed

to the report with varying amounts of field and laboratory work, prepara-

tion of preliminary notes, suggestions, and, most important of all, with

ideas. They participated also in the writing of earlier special-purpose

reports which have been used as reference material. Special acknowledg-

ment is made, therefore, to the following members of the Geological

Survey: James R. Jones, Suzanne L. Jones, Rex 0. Smith, and Neil B.

Crow. The authors are grateful to these geologists for their very great

help.

In the table of contents, specific authorship is shown for certain

sections. Other sections are products of joint work by the principal

authors.

I





CONTENTS

Page

Introduction (RLN) o . *o. . .. . . . . . . . . . . . 1
Geographic environment of the reactor-testing station . . . . 2

Physiographic setting . .0. . . . . e..o.. . 2
Surface dra inage. . . . 0. . .. ... .. . .. . 6
Landforms n . . . . . . . . . . . . . . . . 7

Volcanic features . . . . . . . . . . . . . . . 8
Alluvial features e . . . . . . . . . . . . . . 13
Lake floors and playas . . .0. ....... .15
Eolian featuresu.... . 0  . . . . . . .. 17

Climate, by R. L. Nace o . . . . . . . . . . . . . . . 21
Temperature . . o0o. . . . . . . . . . . . .. 23
Precipitation o e o . 0 . . . . . . . . . . . . . . 25

Torrential rain eo. .0e. o .a . .0 ... . 27
Humidity and evaporation . . 0 0.. a........ 27
Wind and duset . . . . . . * . . . . .e . o . . . e 30

Barometric pressure . s.oo.s.e.. . . . . . . . . . 33
Ground conditions, by R. L. Nace . . . . . . . . . . . . 35

Freezing and thawing . . . . . . . . . . . . . . . . 35

Soil temperature s. . . .. .... . . . . . . 37
Rock temperature . . . . . . . . . . . . . . . . . . 43

Ground air and ground ice . . . . . . . . . . . 43
Soil moisture . o a . . . . . . . . . . . . . . . . 46

Fine-grained sediments . . . . . . . . . . . . 47
Coarse-grained sediments . . . . . . . . . . . 55

Development o .0o e o . . . . . . . . . . . . . . . 56
Population centers . a . . . . . . . . . . . . . . 56
Transportation . . . . . . . . . . . . . . . . . . . 57
Agriculture and private industry . . . . . . . . . . 58
Water use by R. L. Nace and Morris Deutsch . . . . . 59

Private water use . . . ... . . . . . . . . . 59
Water use on the NRTS .. .. . . . . . . . . . 61

Sewage disposal 0.00 . o.e.e .e.o.. e. e. . . ." . 67

Geologic environment of the reactor.-testing station . . . . . 68
General geologic setting . . 0 0.. e.0 . . . . . . 69
Summaryof late geologic events oe a.eo . .osoa.a . . 71
Geologic materials and their surface distribution . . . . 81

Paleozoic rocks, by Morris Deutsch and P. T. Voegeli 87
Tertiary volcanic rocks, by Morris Deutsch and

P0 T. Voegeli o0 0 0 0 . . . . . . .. . . 89
Intermediate and silicic rocks . . . .o. 90

Welded tuff o 0 o . . . 0. ..0..0. 91

Rhyolite. 0 0 0 0 0 0 a .. . a . a .e93

Volcanic ash . . o.a. . ........ 94
Basalt 0 0 0 . . . o . . . a a a . . . a 0 . 94

II



Geologic environment of the reactor testing station--Continued
Quaternary volcanic rocks, by R. L. Nace and

Po T. Voegeli o o0o0.0o a 0 . . . . . . . .

Snake River basalt . o . .0.0.0. 0 . ...
Petrography of the basalt oo. . . . . .

Recent black basalt 0 0 . . . . . . . . . . .
Petrography of the basalt . . . . . .

Chemical composition of the volcanic rocks . . . .
Rock structure in the basalt 0 0 . . 0 . . . ...

Layering 0, 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 ..

Partings 0 0 .0 0 0 0 0 0 0 0 . . 0.

Joints and other fractures by R. L. Nace and
Po To Voegeli 0 0 0 0 0 0 0 . . .0 . . .

Miscellaneous natural voids o . . . . . . . . .
Snake River Plain basalt province 0 . . . . . . . .
Quaternary sediments 0 0 0 0 0. 0 0 0 0 . 0 . . .

Terreton Lake beds 000000000. 00.....

Mechanical composition . . . .. . . . . .
Chemical composition . .0 . . . . . . . .

Alluvial-fan gravel 0000.00.. 0. 0 . . . .
Mechanical composition . . . . . . . . .

Gravel of Birch Creek o o . . . . . . . . . .
Mechanical composition . . . . . . . . .

Alluvium of the Big Lost River . . . . . . . .
Depositional phases of the gravel . .
Mechanical composition . . . . . . . . . .
Chemical composition of secondary cement

Playa sediments 0 0 . . . .0.o. . . . . . .
Mechanical composition . . .0 . . . . .

Slopewash sediments . . . . . . . . . . . .
Windblown sediments 0 0 . . . 0 . . . . . . . 0

Loess 0 0 0 0 0 0 . . . .0 . . . . . . .

Drifted sand and silt .. 00.. 0.0.

Mechanical composition . . . *..0..

Mineral composition of sediments . . . . . .
Special geologic factors 00000000..00.. . .0..

Ion exchange in earth materials, by R. L. Nace . . .
General principles o 0 . 0 0 . . . . . . . . .
Ion-exchange capacity of sediments in the NRTS
Ion-exchange capacity of basalt o . 0.0 0 . 0.

Desiccation and earth cracks, by R. L. Nace and
R0 Oo Smith . *0 0 0 . 0 . .0 0 0. 0 ...

Distribution of the earth cracks 0 0 0 . . .
Characteristics of the earth cracks . . . . . .
Cause of the earth cracks 0 0. 0 0 0 . ..

Geologic structure, by R0 L0 Nace 0 0 0 0 0 .. . . . .

III

Page

94
95
96

102
102
103
104
106
107

108
111
113
115
115
117
118
121
122
122
125
127
129
131
136
137
138
141
142
142
143
144
144
153
153
153
154
155

157
158
165
170
172



Geologic environment of the reactor testing station--C
Subsurface geology 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Materials present 0 0 0 0 0 0 0 0 0 0 0 0 0
Snake River basalt 0 ,0 0 0 0 0 0 0
Alluvium of Big Lost River 0 0 0 0 0 0

Underlying silty clay 0 0 0 0 0 0
Alluvium of Birch Creek, 0 0 0 0 0
Terreton lake beds 00 00 o o o 00
Interflow sediments o 0 0 0 0 0 0 0

Subsurface exploration, by R0 Lo Nace, J0 R0 Jone
P0 TO Voegeli 0 0 0 0 0o0 0 0 0 0 0 0 0 0 0 0

T e s t d r i l l i n g0 i i a d e i s m . oi c n g
Electrical-.resistiirity and seismic surveying

ontinued
o o 0 0 0

0

0

0

0

0

0

0

0,

0

o 0 0

o o 0

o 0 0

o 0 0

o o 0

o o 0

o 0 0

and
o 0 0

o o 0

0 0 0

Radioactivity logging 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Equipot ent ial surveying o 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Geology in relation to construction 0 0 0 0 0 0 0 0 0 0 0

Test-hole and well drilling, by R0 Lo Nace and
Jo Ro Jones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Methods of drilling .0 0 0 0 0 0 0 0 0 0 0 0 0

Equipment 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Rates of drilling 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Alinement, plumbness, and roundness 0 0 0 0 0 0

Drilling mud 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Casing and backfill 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sampling of drill cuttings 0 0 0 0 0 0 0 0 0 0

Development of wells 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Raw materials9 by R. L. Nace and Jo R. Jones o 0 0 0

Ease of excavation 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .

Stability of materials in excavation, by R 0 L. Nace
and Jo R0 Jones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stability of materials under load 0 0 0 0 0 0 0 0 0 0

Basalt o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lake and playa beds 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gravel 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Loessial soil 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Drainage, weather, and accessibility 0 0 0 0 0 0 0 0
Dust and drifting sand 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Control of drifting sand 0 0 0 0 0 0 0 0 0 0 0 0

Earthquake hazard , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hazard from volcanic activity 0 0 0 0 0 0 0 0 0 0 0 0

References 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

IV

0

0

0

0

0

0

0

0

0

Page

175
175
175
179
179
180
180
182

185
185
185
186
188
191

191
192
193
195
196
197
198
200
200
203
204

205
206
206
212
214
216
217
219
220
221
221
223

1



ILLUSTRATIONS

Plate 1. Geologic map of the National Reactor Testing Station,
Idaho, showing water-table contours as of April
1953 (in two sheets: North and South halves). In pocket

2. Relief map of southeastern Idaho, showing physio-
graphic setting of National Reactor Testing
Station0  In pocket

3. Isometric block diagram of the MTfR-CPP area,
National Reactor Testing Station0 In pocket

Figure 1. Index map of the National Reactor Testing Station .
2. Birch Creek Playa and beach and bar deposits of

ancient Terreton Lake. Giant mudcrack patterns
show in south and west parts of playa o 0 0 00

3. Big Lost River channels and playas south of Howe
Point 0 0 0 0 0 0 0 .* 0 0 0 0 0 0 0 0 0.

4. Windrows of drifted sand east of Circular Butte . .5. Thermogram of soil at depth of 2.7 feet, 1952-19530
SE*NEE seco 14, T. 3 N., R. 29 E. 0 0 0 . 0 . 0

6. Thermogram of soil at depth of 2.7 feet, November
to December 1952. SE NE4 sec0 14, To 3 N.,
R 29 i . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7. Thermogram of soil at depth of 2.7 feet, May to
June 1953. SE*NEE seco 14, T. 3 No, R. 29 E. .

8. Moisture content of playa and lake beds in sects 14
and 23, To 6 No, R. 31 E. 0 0 .0 . 0 . . ..

9. Intricate flow pattern of pahoehoe basalt several
miles east of East Twin Butte 060.00.0.00 0

10. Block diagram illustrating vertical and incipient
horizontal joint systems in basalt, caused by
tension from shrinkage during cooling .0 .0 0 0

11. Grain-size distribution in representative samples
of Terreton Lake beds .0 0 .*. .. ". 0 . 0.0..

120 Grain-size distribution in representative beach and
bar sediments associated with Terreton Lake beds

13. Grain-size distribution in representative alluvial-
fan gravels o 0 0.. 0 0 0 0 0 0 0 0 0 0 0 0

14. Grain-size distribution in representative samples
of Birch Creek gravel . .. .. . 0 0...000

15. Grain-size distribution in alluvium of Big Lost
River (upstream area) 0 0 0 0 0 0 0 0 0 0 0 0 0

16. Grain-size distribution in alluvium of Big Lost
River in vicinity of CPP and HTR areas 0 0 0 0 0

17. Grain-size distribution in alluvium of Big Lost
River in midreach of floodplain 000 000.0

18. Grain-size distribution in representative playa
sediments 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Page

3

16

18
19

38

40

41

53

76

109

119

120

123

126

132

133

134

139

V



Page

Figures--Continued

190 Grain-size distribution in relatively pure dune
sand and less o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 145

20, Grain-size distribution in impure dune sand and
less 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 146

21 Fissure formed by slumping of walls Near focus of
earth cracks at locality 1, SW*NE seco 13,
To 6 N 0 , R 0 31 E0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 159

220 Ordinary mud cracks on floor of Birch Creek playa,
northern NRTS 0 O 0 0 0 0 0 0 0 0 0 0 0 E 0 0 160

23, Old giant earth crack in southern part of seco 15,
To 6 N 0 , Ro 31 E0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 161

240 Fresh earth cracks crossing road on floor of Birch
Creek playa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 164

250 Cross-section exposed in west wall of excavation
through earth cracks at locality 1, SWNE seco
13, To 6 No, R 31 Eo 0 0 0 0 0 0 0 0 0 0 0 167

26. Graphic logs of two wells showing extreme lateral
differences in subsurface geology through a
short 1&l2oealdistance 0o 0 00000000 000 177

TABLES

l Miscellaneous basaltic-lava vents in the National
Reactor Testing Station 0 00 0 0 0 0 0 0 0 0 0 10

20 Location and altitude of weather stations on the
central Snake River Plain 0 0 0.0. 0 0 0 0 0 0 0 22

3. Mean monthly and annual temperature at stations in
the NRTS and central Snake River Plain, 1894-
1954 .0 0 0 0 0,.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e 24

4. Mean monthly and annual precipitation at stations
on the central Snake River Plain 0 0 0 0 0 0 0 0 26

50 Mean monthly and annual relative humidity and mean
monthly evaporation at stations on the central
Snake River Plain, 1950-54.0 0 0 0 0 0 0 0 0 0 0 29

6. Moisture content of Terreton lake beds and playa
sediments, northern part of NRTS 0  000 o0 0 0 0 49

7. Moisture content of Terreton lake beds and playa
sediments, Birch Creek playa and vicinity 0 0 0 50

80 Populations of principal communities within 50-mile
radius of the CF area 00000. 0 0 0 0 0 0 0 . 57

90 Irrigation, by counties, in or near the NRTS, 1949-
50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 61

10. Water use at permanent facilities on the NRTS 0 0 0 63
11. Condensed geologic time scale 0 0 0 0 0 0 0 0 0 0 0 72
12. Summary of principal characteristics and strati-

graphic relations of geologic units 0 0 0 0 0 . 83

VI



Page

Tables--Continued

13. Chemical composition of basalt from southern Idaho 0 105
14. Average composition of some volcanic rocks 0 0 0 0 0 106
15. Mineral composition of clay and silt fractions of

sediments from the NRTS and vicinity 0 0 0 0 0 0 149
16. Cation-exchange capacities of common clay minerals o 154
17. Summary of ion-exchange capacities of clay and silt

fractions of sediments 0 0 0 0 0 0 0 0 0 0 0 0 0 156
18. Ion-exchange capacity of basalt 0 . . * o e o 0 0 157
190 Compressive strength of basalt cores from EBR and

MTR sites o"0 *0 0 0 0 0 . . . . . . . . 0 0 0 209

20. Allowable bearing capacities for footings at depth
beneath the land surface in Terreton lake beds 0 213

21 Compaction of gravel under load, sec0 14, To 3 N0 ,
R 0 29 E0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 215

VII



IDO-22033 -USGS

ADMINISTRATrE USE ONLY
GEOGRAPHY, GEOLOGY, AND WATER RESOURCES OF THE

NATIONAL REACTOR TESTING STATION, IDAHO

PART 2o GEOGRAPHY AND GEOLOGY

By R. L. Nace, Morris Deutsch, and P. T. Voegeli

INTRODUCT ION

Geologic factors in the physical environment of the National

Reactor Testing Station (Index map, fig. 1) control the amount and

availability of the water supply, the methods and efficiency of obtain-

ing water, and the behavior of waste materials that are disposed on the

ground or beneath the land surface. These factors also affect con-

struction and operation. For those reasons, areal and subsurface

geologic study and mapping were a major part of investigations on the

NRTS by the Geological Survey. The general location of the station is

described, and the purpose and scope of the geologic work are explained,

in part 1 of this report0
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GEOGRAPHIC ENVIRONMENT OF THE REACTOR TESTING STATION

PHYSIOGRAPHIC SETTING

The National Reactor Testing Station is at the central-northern

edge of the semiarid Snake River Plain in southern Idaho, adjacent to

the southern foothills of the Lemhi and Lost River Ranges (pl. 2).

The plain extends in a great arc about 350 miles across Idaho, from

the Oregon boundary west of Boise to near Ashton in eastern Idaho.

The plain is as much as 70 miles wide from north to south at some

places. The plain is formed largely by comparatively young volcanic

rocks interbedded with lacustrine and alluvial sediments. Of principal

interest in this report is the plains area east of Bliss and north of

the Snake River, which is the area meant by all further unqualified

reference herein to the Snake River Plain0

The surface of the plain is rolling to broken and is underlain

everywhere by basalt, either at the surface or beneath a mantle of

sediments. Hundreds of extinct volcanic craters and cones dot the

surface of the plain. The topographically higher part of most of the

Snake River Plain is toward its central (east-west) long axis, gener-

ally a few to many miles south of the northern border. This central

high axis, or backbone, of the plain is irregular, however, and is poorly

defined in some areas0 Craters of the Moon, Big Southern Butte, Twin

Buttes, and numerous small volcanic cones are alined generally along a

secondary broad volcanic ridge trending northeastward from Craters of

the Moon toward the Mud Lake basin0 North of the ridge is a somewhat

lower area from which there is no exterior drainage. This area, which
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may be called a basin (loosely), is here informally called the Pioneer

Basin, after old Pioneer station on the Mackay Branch, Oregon Short

Line Railroad. The NRTS occupies a substantial part of the Pioneer

Basin0

The valley of the Snake River, which follows rather closely the

southern margin of the Snake River Plain, ranges in character from a

broad trench a few tens of feet deep (near Idaho Falls) to a narrow

gorge more than 500 feet deep (below Milner Dam)0 Much of the plains

area adjacent to the river is gently rolling irrigated land0

The Beaverhead and Centennial Mountains form the Continental

Divide, which is coincident with the Montana boundary north of the

station. The Lemhi and Lost River Ranges, of which foothill spurs

extend into the NRTS, rise sharply from the level of the plain along

the northwestern boundary of the station0 Saddle Mountain, six miles

northwest of the station, rises about 5,500 feet above the plain, to an

altitude of 10,325 feet above mean sea level.

The Little Lost River Valley lies between the Lemhi and Lost River

Ranges and merges with the plain near Howe 0 Alluvium extends from the

Little Lost River Valley onto the plain several miles eastward from

Howe0 The Big Lost River Valley, between the Lost River Range and a

western mountain complex, drains onto the plain past Arco. Deep dry

canyons incise the mountain slopes adjacent to the west side of the

station0



6

Surface Drainage

The NRTS has no well-defined, integrated, surface-water drainage

system, and it is not crossed by perennial streams. The Big Lost River,

whose channel terminates in the station, rises from tributaries on the

northeastern slopes of the Sawtooth Mountains in southern-central Idaho

and flows northeastward to the vicinity of Chilly, where it turns south-

eastward and follows an elongated intermontane valley to the vicinity of

Arco. Near Arco the river debouches onto a broad alluvial flood plain

in the southwestern part of the Pioneer Basin. The river passes south-

eastward from the plain onto the basalt of the Snake River Plain, in

which its canyon is as much as 40 feet deep at places. A few miles

below Arco the river enters the southwestern part of the station,

curves northward through a gravelly flood plain, and terminates in playas

("sinks") in the northern part of the station. The channel breaks into

distributaries before reaching the playas.

The Little Lost River drains the eastern and western slopea, respec-

tively, of the Lost River and Lemhi Ranges and flows southeastward to

Howe, where it discharges into a playa just north of the central part

of the northwestern boundary of the station. Birch Creek rises between

the Lemhi and Beaverhead Ranges. Its channel, the lower reach of which

is dry, trends south-southeastward and terminates in alluvial-fan dis-

tributaries near the northern boundary of the station. Within historic

time water from Birch Creek reached the Birch Creek playa (fig0 1) dur-

ing seasons of high runoff0 For many years, however, owing to upstream

diversions of water for irrigation, the lower reach of the channel has

been dry0
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No well-defined tributary channels join the Big Lost River channel

in the Pioneer Basin. Part of the NRTS area drains ephemerally by rill

and sheet flood into the Little Lost River playa, and part drains simi-

larly into the Birch Creek and the Big Lost River playas. Much of the

area of the station is drained locally into small playas.

Ephemeral runoff from the mountain slopes near the NRTS flows only

a short distance onto the plain before sinking into the ground along

the western and northern edges of the station. Precipitation on the

NRTS is very light and there is little runoff, even locally, except

during heavy rainstorms or rapid snow melting. Some water enters the

ground directly through permeable basalt and gravel, and some gather

in puddles from which part of it evaporates. Areas covered by soil and

dune sand probably take up most precipitation as soil moisture.

Landforms

The landforms of the Snake River Plain affect the suitability of

the area chosen for the reactor-testing station, and they also disclose

important facts about the geologic history of the plain. Specifically,

landforms and altitude strongly affect the climate, especially precipi-

tation -- an important factor in a study of the sources and amount of

recharge to the ground-water body on which the station depends for its

water supply. The importance of topography in relation to climate was

briefly summarized by Humphrey and Wilkins (1953, p. 1-2) as follows:

"Topography is very important to the climatology of the
NRTS, particularly with respect to surface winds. Other
effects of topography, or geographical location, are more
moderate temperatures than would otherwise be expected from
the altitude and latitude, the dryness, and the large daily
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range of temperature. The Divide, to the north and east,
holds back many cold, but relatively shallow, continental
air masses which are diverted eastward. All air masses that
enter the Snake River Plain must first cross a mountain bar-
rier, regardless of the direction from which they enter.
Because they are subject to lifting, these masses usually
precipitate moisture over the mountains, and enter the Plain
sufficiently dry to give the region its desert-like character-
istics. This dryness and the infrequency of low cloudiness
permit intense solar heating of the ground during the day and
rapid radiational cooling at night. The lower density of the
air due to the altitude of the Plain also favors transmission
of heat radiation. These factors all combine to give a large
daily range of temperature near the ground which results in
nearly simultaneous changes in most of the other meteorological
elements as well."

The Snake River Plain was formed largely by the eruption and emplace-

ment of great masses of volcanic rock. Weathering and erosion have modi-

fied only slightly the original emplacement forms of the volcanic mater-

ials. Because of the importance of the physical forms on the plain,

these are described below in some detail.

Volcanic Features

Twin Buttes are the most prominent topographic feature within the

NRTS. Big Southern Butte, a composite acidic volcanic cone several miles

south of the station, is the most prominent single feature on the entire

plain. The altitude of the plain in the southeastern part of the station

is about 5,500 feet above mean sea level. East Twin Butte ("Little Twin

Batt e") and West Twin Butte ("Middle Butte") rise 1,100 and 800 feet

respectively above the plain. Big Southern Butte ("Big Butte;" "Big

Western Butte") towers nearly half a mile above the level of the plain,

reaching an altitude of 7,576 feet. Cedar Butte, a composite volcanic

cone south of the station and near Big Southern Butte, was the source of

one of the most recent lava flows that encroached on the NRTS. A tongue
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of this lava, having a maximum width of about two miles, extends north-

ward from the southern boundary of the station more than three miles

into T. 2 N0, R. 30 E. The surface of this flow is marked by long,

sinuous to ropy ridges in the basalt. Craters of the Moon National

Monument, an area of very young lava flows and prominent landmarks, is

about 15 miles west of the southwest corner of the station.

Small "lava domes" and scattered volcanic cones are local land-

marks on the station. Circular Butte, a small lava dome in sec. 24,

T. 6 N., R. 32 E. and sec. 19, T. 6 N., R. 33 E., which is the most

prominent physiographic feature of the northern NRTS, is about 250 feet

high with a base diameter of a mile and a half. The rim of the butte

encircles a rudely circular crater about 800 to 900 feet across and

about 20 feet deep. Antelope Butte, an asymmetric cone in secs. 5 and

6, T. 7 N., R. 33 E., is about 150 feet high and has a base diameter of

about a mile. A breached crater near the highest point of the butte is

about 650 feet wide, 2,000 feet long and 25 feet deep. Numerous other

cones and craters occur throughout the NRTS, being especially numerous

in the southwestern and southeastern parts. Twenty-three well-defined

cones and groups of cones, craters, and irregular vents are listed in

Table 1. Numerous other small or obscure vents probably are present at

the surface and many older vents doubtless are buried by later flows

and sediments.



Table l.--Miscellaneous basaltic-lava vents in the National Reactor Testing Station

Location Type HeigtaeRemarks

5 N 0 , R. 31 E. center sec0 15

center sec0 23

W A sec. 24

4 No, R. 30 E.

4 N., R. 33 E,

3 No, R0 28 E.

3 N 0 , R. 29 E,

E } sec. 16

NE*SW* sec. 20

NW* sec. 17

NW*NE4 sec. 30

NE4 sec. 4

NW NW see. 13

Cone and crater

Possibly
vent

a fissure

Group of cones

Cone and crater

do

do

do

do

do

30 Cone formed by low rim less than 20 feet
high, surrounding an irregular depression
about 2,000 feet long, 500 to 700 feet
wide, and 10 to 15 feet deep. A para-
sitic cone ("The Teat") occurs on the
side of the crater, rising about 50 feet
above the crater rim.

30 Crater-like depression about 2,000 feet
long, 500 feet wide and 10 to 15 feet
deep. Edges of crater rise about 15
feet above level of plain.

2-15 Field of about 100 small spatter cones less
than 20 feet high, forming an arc, con-
cave to the west, extending more than a
mile along a basalt ridge.

30 "State Butte", a local landmark. Crater
about 500 feet long, 500 feet wide, and
20 feet deep.

70 Crater about 2,500 feet long, 2,500 feet
wide and 35 feet deep0

200 Crater
and

15 Crater

50 Crater
and

35 Crater
and

about 2,000 feet long, 700 feet wide
80 feet deep.
about 30 feet deep.

about 2,000 feet long, 600 feet wide
35 feet deep.
about 150 feet long, 100 feet wide
15 feet deep.

0



2 N., R. 28 E. NW* sec. 2

SW sec. 17 and
NE* sec. 20
SW sec. 18

near W 4-corn
sec. 18
near NW corn
sec. 27

Cone and crater

Four lava cones and
one cinder cone

Cone and crater

Cones

Cone

50 Two cinder cones on crater floor. Crater
about 30 feet deep. Triangulation sta-
tion "Lavatoo" on one of cones.

10-70 Line of cones trending northwest. Two of
cones are covered with scoria and cinders0

100 Crater containing two cinder cones. Tri-
angulation station "Jaggy" is on one of
these.

15 A group of three small cones.

50

2 No, R. 29 E,

2 No, R. 30 E.

2 No, R, 31 E,

2 No, R, 32 E,

center sec, 32

SW SE* sec. 35

SEA sec. 34
center sec. 36

SA sec. 1
SE SE sec. 4
SE5WS sec. 20

SE4 sec. 36

Cone and two craters

Cone and crater

Cone
Cone and crater

do
Cinder cone
Cone and crater

do

100 Craters each about 500 feet long, 200 feet
wide and 20 feet deep.

80 Breached crater.

50
15

50
40

Crater about 1,800 feet long, 800
and 40 feet deep,

feet wide

Crater about 20 feet deep,

80 Crater about 1,000 feet long, 500 feet wide
and 30 feet deep.

50 Crater about 1,000 feet long, 500 feet wide
and 20 feet deep. Triangulation station
"Gill" is on this cone,
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The surface of the plain in the NRTS slopes generally northward and

at, some places basalt flows lap against the foothills of the Lemhi and

Lost River Ranges0 In detail the rolling basalt surfaces commonly are

rough and broken0

Long, sinuous ridges of basalt, ordinarily not more than 10 feet

high, are common in basalt flows in the southern and eastern parts of the

station, especially along the edges of flow sheets0 The rock along the

crests of most of these ridges is extensively fractured0 Probably such

ridges were formed in more than one way. A few irregular large masses of

basalt occur in various attitudes in a small area near the eastern bound-

ary of the station a few miles north of U. S. Highway 20. The mode of

emplacement of these masses is not apparent.

Single basalt flows comonly have at their forward (outer) margin a

characteristic border ridge. An example of these ridges is in sec. 31,

T. 5 No, R. 33 E. The ridge has more than 70 feet of relief in a hori-

zontal distance of 400 feet. Relief on other ridges in the eastern NRTS

ranges from a few feet to 60 feet0

Three large caverns (lava tubes) in the basalt within the station

are open to the surface where parts of their roofs collapsed. A tube in

sec o 25, T. 3 N.9 R. 32 E. is about 700 feet long, 100 feet wide, and 60

feet deep0  The middle 400 feet of the roof has collapsed. Another large

tube is in see. 139 T. 2 No, R. 32 E.9 about a mile east of East Twin

Butte. The visible part of the tube is about 35 feet long and 10 feet

deep. Only about 10 square feet of the roof has collapsed. A third

lava tube is in sec 0 16, To 2 N., R. 32 E. between the Twin Buttes. The

roof has collapsed in two places, leaving a natural bridge, The height
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of the tube is about 18 feet and the width about 30 feet. The walls of

lava tubes characteristically are uneven but have a smoothed appearance.

Commonly small stalactite-like fingers of lava project from the tube

ceilings.

Alluvial Features

Ephemeral runoff from mountains adjacent to the NRTS formed a belt

of large alluvial fans that encroach on the western part of the station.

The fans slope generally southeastward to eastward, with maximum gradi-

ents of about 100 feet per mile. On the station the fans at most places

lap over basalt layers. Individual fans are drained by radial systems

of shallow channels, few of which exceed 10 feet in depth. Alluvial

fans and talus cones also cover small areas adjacent to the slopes of

East Twin and West Twin Buttes.

The alluvial fan of Birch Creek extends southeastward from the

Birch Creek Valley, between the Beaverhead and Lemhi Ranges, and occupies

a triangular area in the extreme northern part of the NRTS. The fan

slopes southeastward about 50 feet per mile within the station boundaries

and laps eastward onto the sloping flanks of Antelope Butte. An intri-

cate pattern of channel scars less than three feet deep marks the sur-

face of the fan, on which the most distinct channels are near the

western margin. Small gravel mounds, about two feet high and less than

30 feet in diameter, are scattered over the fan. On the west and south-

west the fan overlaps basalt at some places and at other places merges

with local fans on the flanks of the Lemhi Mountains. Southward, the

alluvium seems to grade into lake beds of Pleistocene age.
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The Big Lost River channel winds northeastward about 30 miles

through the NRTS on a flat alluvial plain a few feet to about five

miles wide. The plain slopes northward about 20 feet per mile near

the southwestern corner of the station, but less than a foot per mile

in the northern central part. The most marked break in the gradient is

in the vicinity of State Butte in sec. 16, T. 4 N., R. 30 E. On the

north, the alluvial plain merges with the bottom of ancient Terreton

Lake. Abandoned channels are numerous on the alluvial plain and much

of the newest channel is braided0 Meander scars and remnants of flood-

plain terraces are present on the plain, especially south of U. S. high-

way 20-26. The flood plain is underlain largely by alluvium deposited

by the Big Lost River and by a few short ephemeral tributaries. Basalt

crops out in a few short sections of the channel and at a few places on

the flood plain0 The alluvial plain is bounded at some places by the

edges of basalt flows and ridges; elsewhere it merely merges with the

basalt plain and playa floors. Features produced by modern stream action

in the area are chiefly depositional and there is no surface evidence of

important erosion by the Big Lost River before deposition of the allu-

vium0 Southeast of Arco the river occupies a basalt-walled canyon as

much as 40 feet deep but in the NRTS the main channel is incised to a

maximum depth of only about 18 feet0 Some abandoned channels in allu-

vium near the present main channel seem to be quite fresh; others have

been almost obscured by wind erosion and deposition. The abandoned

channels make an intricately branching and anastomosing pattern on the

flood plain0
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The relative freshness of channel scars and other features, and

the relative density and vigor of vegetation, suggest that the alluvial

plain was formed in three stages. On successively older parts of the

plain the channel scars are more obscure and the stand of vegetation is

more dense than on younger parts. Also, older parts of the plain are

marked in a few places by low gravel mounds two to four feet high and as

much as 75 feet across at the base. The origin of the mounds is not

known.

Lake Floors and Playas

The bottom of a large former lake, ancient Lake Terreton, repre-

sented by nearly level surfaces underlain by lake sediments in low

areas between basalt and alluvial deposits, includes about 35 square

miles of the northern part of the NRTS. Lake-bottom deposits occur in

additional areas where they are covered by later sediments. The maximum

relief on exposed lake beds is about 26 feet and the highest altitude,

about 4,800 feet, is at the inferred shoreline. The lake bottom is gen-

erally featureless, ,but associated beach lines, bars, spits, and hooks

locally are conspicuous (fig. 2). The bars and related features range

in height from 4 to 25 feet. One sinuous bar is about five miles long;

the rest are shorter, some being but a few yards long. Braided and

abandoned channels of the Big Lost River and of Birch Creek are incised

one to ten feet in the lake floor.

Some low areas on the floor of ancient Terreton Lake are modern

playas. Four principal playas with well-defined boundaries are inter-

connected by shallow channels with a maximum depth of about six feet.
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At the inlet to each playa there is a small delta. Birch Creek playa,

the northernmost and largest of the four, occupies an area of about 5

square miles centered around sec. 14, T. 6 N., R. 31 E. This playa,

the terminus of both Birch Creek and the Big Lost River, is bordered

chiefly by bars and dunes. The lowest altitude on the playa floor is

4,774 feet, near the center of sec. 14, T. 6 N., R. 31 E. The three

other playas are adjacent to the channel of the Big Lost River upstream

from the Birch Creek playa. The lowest altitude on the floor of the

first (farthest upstream) Big Lost River playa (fig. 3) is 4,783 feet.

The playa of the Little Lost River is isolated. Other small playas are

scattered throughout the station and receive only local runoff.

Eolian Features

Unconsolidated wind-blown material mantles large areas of the NRTS.

The thickness and distribution of the mantle are influenced strongly by

irregularities of the surface on which it rests. In the northeastern

part of the NRTS numerous longitudinal dunes less than eight feet high

occupy narrow subparallel strips that trend northeastward (fig. 4). A

group of active large dunes is in secs. 3 and 4, T. 5 N., R. 31 E., a

few hundred feet west of Lincoln Boulevard. These dunes are up to 25

feet highland are roughly crescentic in plan, with concave faces sloping

about 30 degrees northeastward. Elsewhere on the station, especially on

irregular basalt surfaces and adjacent to flow fronts, patches of sand

having irregular form and thickness are common.
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CLIMATE

Climate not only is a critical factor in construction and opera-

tion on the NRTS, but is also a principal factor in the hydrologic

cycle. The U0 S0 Weather Bureau has studied and reported on the climate

of the NRTS in detail. In this report, therefore, treatment of climate

is limited to general features that are directly related to water

resources and related problems. The climatologic data summarized herein

were collected by the U. S. Weather Bureau in 1949-1954 at micronet sta-

tions in the NRTS (Humphrey and Wilkins, 1953) and since 1894 at regular

weather stations on the Snake River Plain and adjacent areas. The

locations of weather stations for which records are included are shown

on plate 2 and the stations are described in table 2. Records from the

micronet stations showed that variations in weather and climate within

the NRTS are insignificant, and the Weather Bureau discontinued regular

operation of most of the stations0 Records now are obtained regularly

from only two, situated respectively in the north and south parts of

the NRTSO

The climate of the Snake River Plain in the vicinity of the NRTS

is semiarid. The precipitation and humidity generally are low, and

evaporation is rapid when moisture is available0 The daily, monthly

and annual temperature ranges are large0 The wind speed commonly is

gentle to fresh0 The range of weather conditions in successive years

and groups of years is very wide0 For example, January and February

1949 probably were the most severe winter months in southeastern Idaho

during the period of record since 18930 The winter of 1951-1952 was

almost as severe. January 1953, on the other hand, was the mildest
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January in 60 years of record, with an average daily mean temperature of

30.00 F, compared to a "normal" mean of 15.70 F in the Central Facili-

ties area (Humphrey and Wilkins, 1953). Owing to such wide variation

in yearly extremes, a year of "normal" weather on the Snake River Plain

is rare.

Table 2.--Location and altitude of weather stations on the

central Snake River Plain

Station Location Altitudeabove msl

Idaho Falls 42 NW a43 50' N., 112 41' W. 4780

Idaho Falls 46 W 430 32' N., 112 57' W. 4933

Dubois, CAA Airport 440 10' N., 112 13' W. 5122

Hamer 4 NW 430 591 N., 1120 15' W. 4796

Idaho Falls CAA Airport 430 31' N., 1120 04' W. 4840

Blackfoot 430 11 N., 1120 21' W. 4503

Pocatello, WB Airport 420 55 ' N., 1120 36' W. 4444

Springfield 1 SE 430 04' N., 1120 41' W. 4405

Aberdeen Experiment Station 420 56' N., 1120 50' W. 4400

Arco 430 38' N., 1130 18' W. 5325

Howe 430 47t N,, 1130 00' W. 4820

From Apr. 1, 1950 to Oct. 17, 1952 this station was at 430 56' N.,
1120 39' W., about 7 miles NNE of the present location and at an alti-
tude of 4800 ft above msl.
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Temperature

The diurnal change of temperature on the NRTS ranges from about 20

to about 600 F0  The common daily ranges of temperature are about 250

to 400 in winter and somewhat greater in summer The temperature gen-

erally rises rapidly after sunrise, continuing upward to midafternoon,

after which it falls0 After sunset the drop to minimum level is rapid

The monthly range of temperatures is about 500 to 750 and the annual

range is about 13500 The highest temperature of record was 1020 F and

the lowest was minus 350, both at the station in the northern NRTSO It

is estimated (Humphrey and Wilkins, 1953, Po 11-4) that the extreme high

and low temperatures in the NRTS (occurring only once in many years)

are about -450 F and 1050 F0 The mean annual temperature during the

short period of record was about 400 F0  Comparison of the mean monthly

and annual temperatures at stations on the NRTS with those at nearby

localities (table 3) suggests that most mean values for the NRTS are

the lowest on the eastern Snake River Plain0 The estimated number of

degree days per year from base 650 F is 9,000 (Humphrey and Wilkins,

1953).

Soil-surface temperatures on the NRTS are as high as 1400 F in

summer and 810 F in winter (January maximum of record)0 The average

daily high soil-surface temperature in January, the coldest month, is

appreciably above freezing--between 350 and 400 F (Humphrey and Wilkins,

1953, Po II-3). It is especially significant that on sunny winter days

thawing usually occurs on exposed surfaces even though the air temper-

ature is well below freezing0 The winter thawing of soil at the surface

may be directly related to certain problems concerning soil moisture and

downward percolation of moisture



Table 3,--Mean monthly and annual temperature at stations in the NRTS and central Snake River Plain, 1894-J

L F0 From records of the U. S. Weather Bureau]

Length of
Station record Jano Feb0  Mar0  Apr0  May June July Aug. Sept0 Oct. Nov0  Dec. Annual

(years)

Idaho Falls 42 NW a 5 12,3 18.5 28.7 42,4 52.0 596 6801 65.3 55o4 44.3 28.9 17.8 41.1

Idaho Falls 46 W 5 15.7 20.6 30.0 42.5 52.6 59.6 69.2 66.9 56.0 43.9 30.0 20.3 42.3

Dubois Exp. Sta. 32 17,6 21.8 29-1 42.7 52,8 5909 69.9 67.0 56.3 4503 3007 22.0 42.9

Hamer 27 12,6 18.3 29.5 42.7 52.7 59.8 67.9 64.8 55.1 45.2 30,3 19.5 41.5

Idaho Falls

(CAA Airport) 59 19.3 23.5 33.6 44.9 53.2 60o5 68.8 66.6 57.0 47.1*33.5 23.2 44.3

Blackfoot 57 21.2 25.7 3409 4504 53o5 61.5 69.1 66.8 57.1 46.4 34.2 23,8 45.0

Pocatello 53 220 28.5 36.6 463 55.3 63.0 72.7 70.1 59.8 49.0 35.9 26.8 47.2

Springfield 44 20,3 25.5 35.3 44.5 53.1 61.1 70.0 67.3 57.5 47.3 34.6 24,0 45.0

Aberdeen Exper.
Station 40 20.2 25o9 35.2 45,1 53.7 61.2 70.0 67.3 57.5 47.0 34.0 24.3 45.1

Arco 46 15.0 20.1 30.5 43. 51o5 58.1 66.8 64.8 55.3 45,1 31.4 200 41.8

L954

Stations on the NRTSo These "means" are not based wholly on short-term records for the stations themselves,

They are "normals" computed by the Weather Bureau, adjusted to
stations on the Snake River Plaino

records for the base period, 1921-19509 from other
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Precipitation

Precipitation on the NRTS occurs as rain, hail, and snow. Owing to

large yearly variations in seasonal weather, the five-year period of

record for the NRTS probably does not accurately show the "normal" or

average amount of precipitation. Hence the mean values shown in table 4

were derived by the Weather Bureau by adjusting NRTS records to records

from other stations on the plain for the base period, 1921-1950

Summer precipitation on the NRTS is largely by moderate to heavy

rain showers, often quite local in their distribution0  Thus, during

short periods, cumulative precipitation commonly is quite different at

localities only a few miles apart0 Chance local variations also produce

differing annual totals at neighboring stations Over a period of time,

however, local variations tend to balance each other and the amount of

precipitation is essentially uniform throughout the NRTS (Wilkins, E. Mo,

oral communication, December 1954). The average precipitation seemingly

is about 705 inches a year0 This probably is also a fairly representa-

tive average figure for a large part of the central Snake River Plain0

On the average, all months have precipitation, May and June having

the highest, about 1 inch each. November has the least, with less than

half an inch0 January has the most days with precipitation, 11 to 17

days, and September the fewest, 0 to 6 days (Humphrey and Wilkins, 1953,

p. VI-2). Comparative studies suggest that the maximum expectable rate

of precipitation is about 1 inch in one hour and about 2 inches in 24

hours, and this would occur as summer rain.



Table 4,--Mean monthly and annual precipitation at stations on the central Snake River Plain

LInches of water. From records of the Uo S. Weather Bureau]

Length of

Station record J F M A M J J A S 0 N D Annual
(years)

Idaho Falls 42 N

Idaho Falls 46 W

Dubois Exp. Sta.

Hamer

Idaho Falls
(CAA Airport)

Blackfoot

Pocatello

Springfield

Aberdeen Exp.
Station

Arco

Howe

5

32

27

59

57

53

45

40

47

19

o53

o66

095

063

1.31

1001

1.21

1.01

.68

096

.79

0,37

.57

077

.42

097

083

.93

.82

.68

,62

060

0.45

045

.64

.40

1.08

091

lo13

064

.67

081

059

0,59

075

.93

071

.94

096

1,32

1.09

.99

.72

o70

1.04

lo02

1.32

095

1<24

1.32

1.21

1.10

1.05

1.26

o86

lo08

081

1.61

1003

1.21

093

1002

.81

.78

1.11

1.33

0.51

044

.73

047

.66

o76

.59

.50

.55

049

0080

064

087

080

.59

064

084

.50

.42

060

o69

O059

o36

c87

073

082

o76

.90

081

.67

056

050

0047

.68

1.00

067

098

099

1.28

1.06

.94

.70

o69

0.31

.56

.61

.37

079

083

1.06

.92

.73

.60

.38

0.61

o75

.90

062

1.06

092

l.14

.86

.68

.94

060

7035

7.69

11.20

7,80

11.61

10.76

12o44

10.21

8.79

9043

8.22

aJ Stations on the NRTSO The "means"
adjusted to records for the base period

for these stations are "normals" computed by the Weather Bureau,
1921-1950, from records from other stations on the Snake River Plain.

w
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In average winters the maximum snow depth on the NRTS is 6 to 12

inches, though drifts 6 to 8 feet high are apt to form when snow is

available. In exceptional years the depth of snow on the NRTS is 1 to

2 feet, according to observations of the Weather Bureau0 During the

winter of 1951-1952 Geological Survey field parties reported average

depths of about 3 feet in seemingly nondrifted snow at some places0

During the winter of 1950-51 snow covered the ground at the NRTS

for 72 days and in the winter of 1951-52 for 131 days0 Snowfall at the

CF area ranged from 22.0 inches during 23 days in the winter of 1950-51,

to 30o4 inches in 53 days in the winter of 1951-1952. The water equiv-

alent of these snowfalls was 2.l and 3oO5 inches, respectively0

Torrential Rain

Occasional heavy thundshowers occur on the NRTS, especially in

midsummer, but cloudbursts occur rarely if at allow Torrential rains

occur occasionally in mountains west of the station, and under some cir-

cumstances runoff from torrential rains is of concern to the Atomic Energy

Commission0 Minor control measures have been applied to the Big Lost River

within the NRTS because cloudbursts occur occasionally on the watershed0

Runoff is fully discussed in part 3 of this report in the section on sur-

face water

Humidity and Evaporation

Relative humidity is a function of temperature, and the diurnal

range of humidity, like that of temperature, is large. The relative

humidity on the NRTS during all months of the year often is 100 percent

following the marked nightly drop in temperature 0 On the other hand, the
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relative humidity during the day sometimes is only a few percent in

summer, and values as low as 5 to 10 percent are common0 The mean monthly

and annual relative humidities at the CF area (Idaho Falls 46 W station)

are shown in table 5.

Information about evaporation rates is not available, but the

average rate undoubtedly is relatively high when moisture is available

because both the low average humidity and the strong prevailing winds

promote evaporation There are few natural open-water surfaces in the

NRTS, but evaporation of shallow soil moisture and snow probably is high.

The evaporation rate is important in connection with the design and oper-

ation of open-surface liquid-waste disposal facilities0

The nearest Weather Bureau evaporation stations on the Snake River

Plain are at Aberdeen Experiment Station and at Minidoka Dam, where class

A land pans are operated during 6 months each year0 Evaporation at

those stations during May to October averages about 54 and 56 inches,

respectively (table 5). The full-year total from land pans probably

would be on the order of 60 to 62 inches0 Evaporation from land pans

exceeds that from open-water surfaces and an adjusted value was obtained

by applying a coefficient of 0.69 (see Follansbee, 1934) to the land-pan

total. The coefficient was derived by Follansbee from a study of cer-

tain reservoirs in southern Idaho0 The rate of evaporation from open

water surfaces varies with the size and shape of the surface, the wind

movement, the average humidity, and other factors0 A reasonably approx-

imate value for the NRTS probably is obtainable by assuming a rate about

the same as at the Minidoka Dam and the Aberdeen Experiment Station0

On that basis, applying the Follansbee coefficient, evaporation from



Table 5.--Mean monthly and annual relative humidity and mean monthly evaporation at stations on

the central Snake River Plain, 1950-54

From records of the U. S. Weather Bureau]

Length of
Station record J F M A M J J A S 0 N D Annua

(years)

lat ive humidity (perc ent) a

aho Falls 46 W 5 78o6 78,8 73.4 53o6 51o2 48.8 35,2 35.8 34.8 502 65o8 bJ83 8  J57 .

aporation (inches of water from a class A land pan) Sum

erdeen Exp.
Station 19 - - - - 6o96 9o19 13912 11.00 967 442 - - 54:

nidoka Dam 7 - - - - 6,80 916 13.84 1229 920 4.77 - - 56.

5

36

D6

From daily means which are 24-hour averages, not the midpoint between extremes.

Four years of record0

N)
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large open water surfaces on the NRTS probably would be on the order of

41 to 43 inches, of which 85 to 90 percent would be during May to

October.

Information is lacking about the rate of evapotranspiration in

areas occupied by native plains vegetation. Sage and certain grasses do

well on the plain where precipitation is only 6 to 8 inches a year, and

it seems likely that evapotranspiration is on the order of 6 to 7 inches

of water a year -- about equal to the average amount of precipitation on

the NRTS. Inasmuch as precipitation is fairly well distributed through-

out the year and there is no exterior surface drainage, most of the

water probably restores soil moisture and is consumed by evapotranspira-

tion wherever there is adequate soil cover on the basalt.

Wind and Dust

The transporting and abrasive capacity of the wind are functions of

the wind speed0 Wind direction and speed affect the size, form and

position of windblown deposits. The duration and velocity of winds

affect the rate of moisture evaporation.

"Wind roses" prepared by the U. S. Weather Bureau, based on con-

tinuous observations, show that the prevailing wind on the NRTS at all

times of the year is from the southwest quadrant. The degree of pre-

dominance of the southwest winds, however, varies noticeably in differ-

ent parts of the plain, owing to variations in local topography and

proximity to mountains0  For example, at the CF area the wind at the

20-foot level is from the southwest quadrant about 50 percent of the

time, from the northeast about 30 percent, and from the northwest and
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southeast only about 20 percent0 In contrast, at the station in the

northern part of the NRTS the wind is out of the southwest quadrant

only about 30 percent of the time, and there is a more uniform distri-

bution of frequencies in other quadrants. Humphrey and Wilkins (1953,

P. IV-4) note that simultaneous winds at the north and the south areas

may be from opposite directions, and that the line where the change of

direction occurs may be north of the Pole-line road0

The area north of the Pole-line road is topographically more

varied than most areas on the NRTS, and the local topography undoubtedly

influences local wind direction. The form and occurrence of active and

recently active windblown deposits in the central northern part of the

NRTS and nearby (see fig0 4) show that the prevailing southwest wind

there is sufficiently dominant that geologic effects of other winds are

obscure or absent. Thus, geologic evidence indicates that wind data for

the CF area are more representative of the NRTS as a whole than are the

data from the northern station0

On the average, wind speeds on the NRTS exceed 15 mph about 5 to 6

hrs/dayo Peak gusts at these average speeds are 21 to 22 mph, .which are

sufficient to pick up and transport dust and snow0 Dust stirred up by

vehicles and construction activity is transported readily by slower winds.

The maximum hourly wind speeds for various months range from 19 to 38 mph,

and peak gust speeds range from 24 to 78 mph0 Recent windblown deposits

and active dunes, especially in the north-central part of the NRTS, indi-

cate that erosive winds have been active in the area for a long time0

Much of the soil on the NRTS, even where the subsoil is gravel, con-

tains an appreciable amount of silt and clay, which form a soil crust
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when dried after a rain. Where this crust is undisturbed it resists

ordinary wind erosion. Thus, dust clouds rarely originate in virgin

parts of the NRTS. Where the soil crust is broken by traffic and con-

struction the soil is unstable and moderate winds raise dust clouds.

According to records of the Weather Bureau, the amount of dust in

the air at the ANP area ranges from 0.014 mg/m3 (when there is total

snow cover in the area) to 0.15 mg/m3 ("dust devils" prevalent). During

1,759 air-sampling hours, mostly during the windiest parts of days, the

average concentration of dust was 0.07 mg/m3. During July and August

1952 the concentrations ranged from 0.04 to 0.05 mg/m3. By November,.

when road construction was under way and traffic was heavy, the dust

concentration ranged between 0.05 and 0.13 mg/m3 . At the Central Facil-

ities area the dust concentration was 0.77 mg/m 3 at the same time that

the high of 0.15 mg/rn occurred at the ANP area.

These facts accent the importance of ground-surface protection.

There is considerable continuous construction and vehicular activity in

and near the CF area but the surface soil there is generally poorer in

dust-size particles than that in the ANP area. Extensive disturbance of

the soil around the ANP site creates a significant dust problem.

Surface soil and sediment from all parts of the NRTS contains small

to large fractions of clay and silt, which is the fraction most apt to be

picked up by ordinary winds. Fine sand commonly is drifted by ordinary

wind, and "dust devils" will move even small pebbles. Observations by

the Weather Bureau show that winds averaging 16 mph in velocity, with

gusts up to about 20 mph or more, cause visible dustiness. Dust-favoring

winds occur about 10 percent of the time and the ground condition favors
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dustiness about half the time. The frequency of dustiness thus is about

5 percent of the time, chiefly in afternoons from April through October0

Barometric Pressure

Water levels in wells on the NRTS fluctuate in response to changes

of barometric pressure. Some wells are quite sensitive and their baro-

metric fluctuations in some instances exceed those caused by pumping and

other factors. Many wells that are not tightly cased to the water table

form avenues of air circulation, through which the ground "breathes" in

response to barometric changes0 The circulating air affects the oper-

ation of water-level recording instruments. For these reasons barometric

fluctuations are of considerable importance in hydrologic studies and

must be corrected for in the records of water-level fluctuations during

pumping tests

The barometer at the CF area is at an altitude of 4,933 ft above msl.

The ANP area is about 120 ft lower, and the barometric pressure there is

about 0.12 inch greater than at the CF area. Barometric-pressure differ-

ences, other than those caused by altitude, probably are negligible on

the NRTS -- that is, at a given time the pressure is reasonably uniform

throughout the station0

Extreme limits of the barometric pressure at the CF station are

about 24 and 26 inches of mercury0 Diurnal pressure changes caused by

atmospheric tidal effects are so small that they are almost hidden by the

changes caused by moving pressure systems0  (Humphrey and Wilkins, 1953,

P, V-l).



34

Fluctuations of barometric pressure, rather than absolute values,

are of concern in studies of water-level fluctuations. Inasmuch as the

fluctuations and trends during the period studied are the only fluctua-

tions of value in that study, the average, high and low barometric pres-

sures of record have no special value for this report and are not sum-

marized herein.
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GROUND CONDITIONS

The Weather Bureau regularly observes and records ground-surlace

conditions on the NRTS, such as snow cover, wetness or dryness, presence

of ice and slush, and the air temperature immediately above the ground

surface. Additional observations have been made by the Geological Survey

of shallow subsurface ground conditions, including soil moisture and

temperature0 The soil temperature and ground-level air temperature

affect the melting of snow, surface runoff, penetration of water in the

ground, and the amount and behavior of soil moisture.

Freezing and Thawing

July is the only month of the year in which air temperatures on the

NRTS have not fallen below 32 degrees during the five years of weather

observations0 Freezing temperatures were very rare in August, however,

and occurred on only 1 to 6 days in June and 6 to 7 days in September0

Conversely, thawing temperatures in winter were surprisingly common.

Three to 10 thawing days occurred in January, the coldest month, and

during November through March the temperature fluctuated above and below

freezing on 50 to 90 days Thus snow is apt to melt sporadically through-

out the winter on the NRTSo

Spring thawing at times yields more water than is needed to restore

soil moisture or than can run off in still-frozen soil0 The excess may

run off into local basins or evaporate, but some of the water percolates

downward and recharges ground water Recharge is especially apt to occur

if a heavy snow cover is retained until a spring thaw turns the "desert"

into a morass of mud and melt-water puddles0 One such thaw occurred in
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late February 1950. Every local topographic hollow became a fresh-water

pond and many playa basins contained small lakes with water a few inches

to 4 or 5 feet deep. Runoff on local slopes at some places ranged from

a maze of rills to veritable sheets of water. "Rye-grass flat," a playa

astride U. S. Highway 20, 4.5 miles east of the CF area, was filled with

water to a level nearly a foot above the road surface and probably more

than 5 feet deep. At several other localities between Rye-grass flat

and Atomic City the road iwas inundated.

"Floods" of the type described are uncommon but their recurrence

is attested by water-laid sediments in small basins throughout the

basalt area. The water disappears from these basins more rapidly than

is possible by evaporation alone. Obviously much of the ponded water

becomes soil moisture and an appreciable excess undoubtedly percolates

to the zone of saturation and recharges ground water.

In the dry, cool climate .of the Snake River Plain, chemical

weathering of rock and soil is very slow. Mechanical weathering by

insolation and frost-pry is relatively rapid and these processes com-

minute the volcanic rocks and annually loosen the soil. Blocks of lava

in the talus slopes around Twin Buttes, for example, doubtless were

loosened from the buttes by frost-pry and insolation. Frost heave at

times is a serious problem in the maintenance of roads and building

foundations.
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Soil Temperature

Generally low humidity, infrequent cloudiness, and moderate atmos-

pheric density permit rather intense insolation of soil and rock sur-

faces during the day and rapid heat radiation at night, The diurnal

range in the temperature of soil and rock surfaces in the NRTS there-

fore is large. Owing to the generally poor conductivity of soil and

rock, however, the diurnal variations of temperature do not extend very

deeply. The range of temperature is small at a depth of a few inches

and is barely detectable by ordinary devices at the depth of a few feet0

Preliminary observations by the Geological Survey on subsurface

temperatures included operation of a continuously recording thermograph

for more than a year adjacent to well 3N-29E-14adl, near the MNR site

(fig. 5). The thermometer bulb was buried at a depth of 2.7 feet (the

limit of the extension cable). Detailed records of the temperature at

3-hour intervals are contained in table 1, appendix 1.

The thermometer bulb was in the zone of weak diurnal and relatively

strong annual change. Diurnal fluctuations are illustrated in figures 6

and 7. In general, the soil temperature was highest during the night,

usually between 3:00 a.m. and 6:00 a.m., but sometimes as early as mid-

night or as late as 9:00 a.mo That is, the time of maximum temperature

at the given depth lagged 9 to 18 hours behind that of maximum air

temperature, which occurs most commonly about 3 p.m0 Crossing of the

two six-o'clock lines (fig0 7) shows changes in the time lag, caused by

large changes in day-to-day maximum and minimum temperatures.
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The diurnal range of soil temperatures at 27 feet was 1 to 30 F in

summer and about 1 to 20 in winter. The total range during the year was

45 , from a maximum of 750 on August 2, 1953 to a low of about 30 at

various times in December and early January. Although there are gaps in

the record, the soil temperature at the depth of the installation obviously

is above 42' F (the mean annual air temperature) from about mid-March to

lat e November.

Inasmuch as the instrument was not calibrated, the record of soil

temperature is only approximate. At the depth and site of the thermometer

installation, the soil temperature seemingly did not fall much below

freezing, and during much of the winter the temperature was above freezing0

In ordinary winters ground like that at the observation station probably

is seldom continuously frozen below the depth of 3 feet0 The temperature

in other kinds of soil, with differing moisture content and vegetative

cover, undoubtedly differs appreciably from that at the observation sta-

tion. The subsurface temperature in basalt probably differs even more

markedly0

The temperature and moisture content of the soil affect infiltra-

tion and deep percolation of water Frozen ground transmits little or

no moisture downward. Dry ground at freezing temperature accepts some

moisture which, on freezing, reduces the permeability. Ground ice

reduces or eliminates the hydraulic permeability of the soil, which

rejects potential soil moisture and ground-water recharge. The rejected

water may run off or be ponded on the frozen ground.
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Rock Temperature

Rock temperatures undoubtedly differ materially from those of soil

on the flood plain of the Big Lost River, especially in areas where the

rock is exposed to the atmosphere. Fractures and other megascopic voids

in the basalt allow interchange of ground air and atmospheric air, and

the temperature, at least of the shell of subsurface blocks of basalt,

probably varies more widely and rapidly than soil temperature at the

same depth0 Other factors also tend to cause a considerable range of

temperature in the rock0 The basalt is dark to black in color and

exposed rock tends to absorb more solar heat than ordinary lighter-

colored soil0 Soil, on the other hand, has the higher heat conductivity,

which is even greater when the soil is moist0 Thus, in summer the rock

may be hotter than soil at the surface, but the decrease of temperature

with depth is more rapid in the rock0 The specific heat of basalt and

ordinary sediments does not differ markedly, but the basalt, being dense,

stores more heat per unit volume0 Residual summer heat in the rock,

carried over to winter, would tend to melt snow more rapidly on rock than

on soil, and an appreciable amount of melting would be from below0 The

circumstances probably are comparable to those on a blacktop road where

a coating of ice commonly melts on both its upper and lower surfaces

during thawing weather

Ground Air and Ground Ice

Air circulation in the ground commonly creates temperature inver-

sions and rock at freezing temperature occurs at places below warmer

rock and soil Where permeable rock is widely exposed to the atmosphere,
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ground-air circulation is minor, probably chiefly by convection and by

wind pressure. Rapid and extensive air circulation occurs in permeable

rock that is overlain by tight rock or soil, if the permeable zone has a

surface outcrop or is tapped by a well or other opening0 Rising atmos-

pheric pressure forces air into the rock and falling pressure allows it

to move out0

The phenomenon of "blowing and sucking" wells was remarked long ago

by Hay, (1895) who found it to be generally known on the Great Plains.

The air currents caused whistling and moaning noises in wells, the pitch

varying with the size and form of the aperture. It was noted that the

blowing noise always preceded a storm of some kind, and the sucking occur-

red after a storm0 The alternate blowing and sucking before and after

storms accords with the known phenomena of low pressure and high pressure

masses of air associated with storms. Temperature is a factor in the

phenomena because variations in atmospheric pressure ultimately depend on

variations in temperature.

Barometric circulation of ground air is a characteristic phenomenon

on the Snake River Plain and is very noticeable in many breached lava

tubes and in most deep wells that are not cased to the water table. The

"wind" velocity through constricted openings probably ranges up to 15 mph

when atmospheric pressure is changing rapidly. Some wells blow so hard

that drilling water cannot be poured in but must be fed to the bottom of

the hole with a hose, pipe, or bailer.
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Ground ice occurs on the Snake River Plain in so-called caves

(breached lava tubes), in depressions on basalt flows, and in sheltered

areas in broken, blocky basalt. The amount of ice in some caverns

varies seasonally and is said to wax and wane in climatic cycles. Con-

cerning cave ice in Craters of the Moon National Monument, Stearns (1928,

po 18-19) said:

"Water and ice also occur in the lava caves or tubes
where drafts of cold air freeze any water that percolates
into them. The freezing period covers about seven months
in the year, and during the remaining months there is a
gradual wasting away of the ice0 Even during the summer
days the temperature of the interior of the caves does not
rise above 400 F0; hence melting proceeds very slowly"

Lay observers report that in some caves on the Snake River Plain the ice

completely disappears in the winter but reforms in summer0 Very likely

ground ice forms in several ways and its seasonal changes also probably

are varied. For example, irrespective of the rock temperature, ice will

not form unless moisture is available. The low summer air temperature

in caves suggests that the summer rock temperature is about the same as

the mean annual atmospheric temperature0 Very little cooling by cold

winter air reduces the rock to freezing temperature, but water might not

be available to form ice until surface snow melts in the spring. Ground

ice formed from vadose water in the spring might persist until fall or

winter. Disappearance of ground ice during winter may be by sublimation.

Barometric circulation of ground air probably plays an important part in

the formation of cave ice0

Another unusual phenomenon on the plain, seemingly controlled by

air circulation and subsurface temperature, is ponding of water in bowl-

like depressionson the surfaces of basalt flows. Numerous pools were
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'observed from the air during a plane flight in the spring of 1949, sev-

eral weeks after most snow had disappeared from the plain. The water

pools were on a relatively young basalt flow south of the Union Pacific

Railroad, several miles south of Atomic City. The pools ranged in diam-

eter up to 10 or 15 feet; water in them may be several feet deep at

times. A plausible explanation for the occurrence of the pools is that

winter rock temperatures at shallow depth are below freezing. Melt

water from snow enters the cold rock and freezes, forming an impermeable

ice pan filling all the interstices in an appreciable thickness and area

of rock. Residual melt water perches in a pool on top of the ice and

thereafter the ice melts only slowly. The sheltered position of the

deeper depressions, which are in shadow during part of the sunshine

hours, and the reflection of solar heat from the water surfaces during

hours when the angle of incidence is low, inhibit melting. Evaporation

of the water also is slow because the ponds are sheltered from wind.

Hence, many pools of water persist for days or weeks, depending on com-

binations of factors. Some pools may be perennial. Numerous pools in

blocky lava flows in Craters of the Moon National Monument were described

by Stearns (1928). Ponded water was not observed on basalt in the NRTS

and detailed study of the phenomenon was not made.

Soil Moisture

Yearly variations in precipitation on the NRTS may be cyclic, con-

sisting of alternate dry and less-dry groups of years. Precipitation

records for southern Idaho show that the Snake River Plain currently is

several years into a cycle of decreasing rainfall. Climatic cycles may

be accompanied by cumulative changes in soil moisture. Evidence from the
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vicinity of the Birch Creek playa indicates that desiccation is occurring

there, but the desiccation may be from strictly local causes. Geologic

evidence shows that other desiccation cycles occurred in the recent past.

Preliminary study has been made of soil moisture and desiccation in

the northern part of the NRTS0 Laboratory measurements were made in the

Materials Laboratory, NRTS, of soil moisture in 13 samples of clay and

silt from excavations in earth-crak areas0 The Survey measured soil

moisture in 44 additional samples from the same area0 The laboratory

determinations were accurate for the samples as delivered, but the circum-

stances of collection may have caused the moisture content of samples to

differ from that of undisturbed sediments in place0

The very fine-grained sediments of the Birch Creek playa and ancient

Terreton Lake are high in porosity and moisture-retention capacity, but

are nearly impermeableo Moisture does not penetrate the sediments read-

ily and infiltration probably is chiefly through mud cracks, animal

burrows, and root holes Once wetted, the sediment below the superficial

layer tends to hold moisture tenaciously, but the surface layer dries

readily and is broken by mud cracks0 Cumulative desiccation and shrinkage

is the inferred cause of the development of large "earth cracks" in the

Birch Creek playa and vicinity0 The earth cracks are described in detail,

beginning on page 157 of this report.

Fine-Grained Sediments

Samples were collected from three clam-shell excavations that inter-

cepted earth cracks. In one excavation, at the ANP area, the earth cracks

were new and water had entered the ground through the cracks only a few

weeks before the sampling, which was from depths of 13 to 50 feet0 The
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moisture content ranged from 6.9 to 27.7 percent (table 6). The amount

of moisture in at least some of these samples undoubtedly was increased

by recent additions of water through cracks. In the normal sediment in

place the distribution of moisture probably is more uniform at a given

depth, whereas in the samples of disturbed sediment variations seemed to

be random. Very likely the amount of moisture in undisturbed sediment a

few feet below the surface in the ANP area ranged from about 5 to 10

percent.

Sediment samples from excavations through old and new earth crack

areas in the Birch Creek play were more uniform in moisture content,

which ranged from 12.5 to 17.1 percent. These values may not be repre-

sentative of the playa sediments as a whole because samples from auger

holes outside the earth-crack areas have generally smaller moisture

contents.

Samples from two auger holes in sects 14 and 23, T. 6 N,, R. 31 E.

were more carefully collected and probably fairly represent moisture

conditions at the sampling sites. The auger hole in sec. 23 was on the

embankment formed by a silt-bar deposited in an ancient lake. The auger

hole in sec. 14 was 6 feet from an earth crack and the samples contain

somewhat more moisture than those from sec. 23, probably because more

moisture sinks into the playa floor than in the embankments. The results

of laboratory tests are summarized in table 7, and are shown graphically

in figure 8. The results do not disclose any obvious systematic varia-

tion of moisture-content with depth, but there is a general downward

increase, especially in the samples from sec. 14. The vertical variations

in moisture content undoubtedly vary with the seasons. Further study

ought to be made.



Table 6.--Moisture content of Terreton lake beds and playa sediments, northern part of NRTS
(Disturbed grab samples from open pits. Analyses by Materials Laboratory, NRTS)

Date Depth Percent of
of col- below moisture
lection Source of sample surface (by weight)

(1953) (feet)

Samples from excavation through new earth cracks, ANP area

10/27 North wall of excavation, 2.5 feet from east crack 13 14.6
10/27 North wall of excavation, 35 feet from east crack 21 143
ll/ 3 North wall of excavation, 5 feet from northeast crack 30 13o6
11/19 East wall of excavation, 5 feet south of northeast crack 37 6.5
11/19 do 40 277
12/14 West wall of excavation, 4 inches south of west crack 50 10.3
12/15 West wall of excavation, 5 inches south of west crack 50.2 69

Samples from excavation through old earth cracks in Birch Creek playa
SEhSWh sec. 14, To 6 N0, R. 31 E0

11/27 East wall of excavation, 2 feet north of east crack 10 12.5
12/ 2 Material filling north crack in excavation 16 164
12/ 2 West wall of excavation 20 l7l

Sample from excavation through new earth cracks in Birch Creek playa
SW4SW sec 0 14, To 6 N., R0 31 E.

12/ 9 East wall of excavation 2 feet south of east crack 10 16.3

p.



Table 7.--Moisture content of Terreton lake beds and playa sediments,

Birch Creek playa and vicinity

(Auger-hole samples. Analyses by Hydrologic Laboratory,. Geological Survey)

Laboratory Depth Moisture
number of below content

sample Nature of sample surface (percent of
(series (f eet) dry weight)
1954: Id)

NW sece 14, T. 6 N., R. 31 E.

Silt, light-yellow to brown, structureless
do
do
do

Silt, clayey with platy structure. Specific
gravity, 2.74

do
Silt, light-yellow to brown

do
do
do Specific gravity 2.74

Silt, very. fine sandy at 10.5 to 11 feet
Silt, light-yellow to brown

do
do
do

0.5
1
2
3

4.5

5
6
7
8
9

10
11
12
13
14

6.4
8.7
8.1
8.1

7.6

9.2
8.9
8.8
9s7
9.8

7o4
11.2
12.5
10.9
10.4

a/ See footnotes at end of table.

0

1
2
3
4
5

6
7
8
9

10

11
12
13
14
15



Table 7.,-Moisture content of Terreton lake beds and playa sediments, Birch Creek playa and

vicinity--Continued

Laboratory Depth Moisture
number of below content

sample Nature of sample surface (percent of
(series (feet) dry weight)
1954: Id)

Silt, light-yellow to brown
do
do
do
do

do
do
do
do
do Specific gravity, 2.74

NENW4 sec, 23, T. 6 N., R. 31 E.

Silt, light-yellowish brown, coarse, granular
do
do
do
do

do
do
do

Fine sand at 8.5 feet
Silt at 9.5 feet

15
16
17
18
19

20
21
22
23
2308

11.1
11.0

992
1008

4/12.5

9.1
9.8

11.2
13.9
16.3

.5
1
2
3
4

5.1
7.8
707
8.8
7.9

8.7
8.0
8.2
8.5
6.1

5
6
7
8
9

~.11
H

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35



Table 7.--Moisture content of Terreton lake beds and playa sediments, Birch Creek playa and

vicinity--Continued

Laboratory Depth Moisture
number of below content

sample Nature of sample surface (percent of
(series (feet) dry weight)
1954:Id)

36 Fine sand at 10.5 feet 10 8.8
37 Silt at 1.5 feet 11 7.5
38 Silt 12 7.2
39 do 13 7.4
40 do 14 74

41 do 16 7.3
42 do (limey layer at 17.0 feet) 18 8.8
43 Silt 20 9.8
44 do 24 703

Centrifuge moisture equivalents (percent).

31.6; bJ 10.6; U 31.0; 17oO; S 16.4.

N)
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Coarse-Grained Sediments

Practically no information is available about moisture in the coarse-

grained sediments. At most places the coarse gravel in the flood plain

of the Big Lost River is loose and unconsolidated, but in some gravel

pits and other excavations there is a lightly cemented zone of gravel

whose top is 8 to 15 feet below the land surface. The cement is calcium

carbonate, probably a residue from evaporated soil moisture. The cemen-

ted zone may be the zone below which moisture ordinarily does not reach,

and in which minerals leached from the shallower zone are deposited dur-

ing evapotranspiration. Moisture is present in a silty-clay layer that

is common at the base of the gravel, resting on basalt. In several

excavations the silty clay, beneath 30 and more feet of gravel, was suffi-

ciently moist to be somewhat plastic.
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DEVELOPMENT

Population Centers

Within a 50-mile radius of the CF area (part 1, fig. 1) there are

nine towns and villages having populations of more than 300 (table 8),

and the total town population within that radius is more than 30,000.

The total town and rural population in the circular area probably

approaches 80,000. Important towns near the 50-mile area, and their

populations in 1950, are Pocatello (26,131), Rexburg (4,253) and St.

Anthony (2,695). Population centers on the Snake River Plain are

widely spaced and most of the plain around the NRTS is uninhabited.

Most government and contractor personnel employed on the NRTS

reside in Idaho Falls, Blackfoot, Pocatello, and Arco. "Atomic City"

an unincorporated village near the southeast corner of the NRTS, has a

population of about 250, largely transient. Howe, an unincorporated

crossroad trading center near the central-western boundary of the NRTS,

has about 50 inhabitants. Terreton and Mud Lake villages, on State

Highway 28 in the southern part of the Mud Lake Basin, are- trading

centers for local farmers and headquarters for a few small businesses.

The population of Terreton is about 60.
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Table 80--Populations of principal communities within 50-mile radius

of the CF area

(From U. S Census of Population, 1940 and 1950)

Population
Community 1940 1950

Aberdeen 1,016 1,486
Arco 548 961
Blackfoot 3,681 5180
Idaho Falls 15,024 19,218
Mackay 776 760
Moore a 300  256
Rigby 1,978 1,826
Roberts 319 341
Shelley 1,751 1,856

Totals 25,393 31,884

a/ Unofficial estimate

Transportation

The National Reactor Testing Station is accessible by rail, highway,

and air. The Mackay Branch of the Union Pacific Railroad crosses the

southwestern part of the NRTS and a government freight spur extends to

the CF area. The nearest commercial passenger airport, at Idaho Falls,

is served by two scheduled lines and by charter-plane companies0

The NRTS is traversed by all-weather paved highways (Index map,

fig. 1), and both the public and government road nets have been improved

and extended constantly during development of the station. The princi-

pal regional road net is shown on figure 1, part 1, and the NRTS road

net on plate 1 of this part0
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Agriculture and Private Industry

Sheep and cattle grazing are the principal agricultural industries

on the uninhabited basalt plain. Parts of the plain are dry-farmed but

that industry is precarious because of scanty rainfall0 The principal

dry-farm crop is wheat. Irrigation agriculture is extensive in favorable

areas, as in the valleys of the Big Lost and Little Lost Rivers and Birch

Creek, in the Mud Lake Basin, and in a wide belt bordering the Snake

River. Small grain and row crops are widely cultivated.

Within a 50-mile radius of the CF area there is very little indus-

trial development. Most towns are shipping centers for farm products

and the principal industries are railroading, trucking, and food-

processing. Other industries include beet-sugar manufacture, potato

packing and dehydration, seed and food packing, food freezing, flour

milling, and many others0 Thirty-six industrial plants in the area

employ 25 to 500 people each but most plants employ less than 250.

Nine of the plants operate only seasonally. Pocatello, which is out-

side the 50-mile zone, is the largest industrial center in Idaho0 The

Mud Lake basin contains a large migratory waterfowl refuge0 Conserva-

tion and exploitation of wildlife is one of the principal industries of

Idaho.

Early in the century an abortive attempt was made by the Utah Con-

struction Co. to irrigate a large area in the Pioneer basin, including

part of the present NRTSo The irrigation plan depended on water from

the Big Lost River, but the supply was inadequate and the part of the

project on the NRTS was abandoned. The ruins of a small diversion dam

on the Big Lost River near old Pioneer Station, well-preserved canals
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and ditches, and old cultivation scars on the Big Lost River flood plain

in the southern NRTS, are all that remain of the project. Old canals

leading from the Mud Lake Basin to the area south of Circular Butte were

constructed by the Second Owsley Canal Co. to irrigate a part of the

plain0 That project also was abandoned because of the shortage of surface

water.

Small tracts of land on the NRTS were homesteaded several decades

ago, and a few tracts were patented0 Sporadic nonresident dry-farming

was practiced locally, as on Rye-grass flat, but the area occupied by

the NRTS was uninhabited and essentially undeveloped before World War II.

The principal activity was seasonal grazing of sheep and cattle.

Water Use

Private Water Use

All public water-supply systems in communities near the NRTS use

ground water0 Stock, rural domestic, and industrial water supplies also

are chiefly ground water0 Most irrigation is with surface water but

extensive agricultural development with ground water has occurred on the

Snake River Plain since 1946. Reliable data are not available on the

volume of ground-water pumpage but there is little in the vicinity of

the NRTS. There are large developments in the Mud Lake Basin and in a

belt extending from Idaho Falls to Blackfoot and Springfield. The

directions and distances of these developments are such that there is

little or no direct competition with present pumping on the NRTSO Use

of ground water farther downstream, as on the North Side Pumping Division

of the Minidoka reclamation project, on private lands in Gooding, Jerome,
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and Lincoln County, and for private development of the springs in the

Snake River valley below Milner Dam, are indirectly competive with use

on the NRTS. Competition will be intensified by large new developments,

either government or private.

A nearby area of potentially substantial irrigation with ground

water is in the Little Lost River Valley near Howe. Large tracts in

that vicinity are vacant public land, liable to entry under the Desert

Land Act and the homestead laws. There is also an appreciable acreage

of land, patented under the Carey Act, that needs supplemental irriga-

tion water. The total acreage of potential development in the lower

part of the Little Lost River valley is about 21,400. About 1,040 acres

has licensed ground-water rights, and applications have been made for

supplemental ground water for 6,680 acres. As of April 3, 1950 about 33

permits were in force for 211 cfs of ground water during the irrigation

season. In 1952 57 applications were pending for vacant land in tracts

of 80 to 320 acres0 All but two applications entail appropriation of

ground water.

The Little Lost River Valley contributes an unknown but substantial

amount of ground-water replenishment to the NRTS area. Irrigators could

not, by pumping, intercept all ground water that moves from the Little

Lost River Valley to the NRTS, but strategically located numerous wells

might intercept, say, one-fourth of the water. The full undeveloped

irrigable area of 21,400 acres would have a consumptive-use requirement

of about 40,000 acre-feet a year. Depletion of ground-water underflow

by that amount might have a noticeable effect on water levels in nearby

parts of the NRTS.
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The extent of irrigation in counties adjacent to the NRTS, accord-

ing to the 1950 U. S. Census of Agriculture, is summarized in table 9.

A breakdown of ground-water and surface-water irrigation is not avail-

able. The estimated area irrigated with ground water in those counties

in 1955 was about 120,000 acres; pumpage was about 380,000 acre-feet of

water, equivalent to an average flow of about 1,200 cfs during a 150-day

irrigation season (Nace, 1956). Much of that pumping is in localities

far from the NRTS.

Table 90-- Irrigation, by counties, in or near the NRTS, 1949-50

Item Bingham Bonneville Butte Jefferson

Land area (acres)
Approximate total 1,326,080 1,181,440 1,433,600 696,960

In farms 585,720 517,275 155,767 311,756

Irrigated 156,560 109,906 29,204 105,611

Water use (acre-feet
per irrigated acre) 6o2 5o2 3o4 7.7

Total use (acre-feet) 970,700 571,500 999400 813,200

Gross total (acre-feet) 2,454,800

Water Use on the NRTS

Water for use on the NRTS ordinarily is obtained from wells. The

chief uses are for cooling, moderating, temporary storage of spent

nuclear-fuel elements, washing and decontaminating machinery and equip-

ment, chemical processing, landscape maintenance, culinary and sanita-

tion facilities, and fire protection. A small amount of water for road



62

construction is obtained from the Big Lost River when the channel con-

tains water at convenient times and places.

Water requirements differ for each facility. Pumpage from wells is

metered at all permanent pump installations. During 1953 the daily pump-

age for all facilities ranged from about 1.0 to 3.3 million gallons, and

averaged about 2.2 million gallons (table 10). In 1954 because of tem-

porary modification in plant operation the average daily pumpage for all

facilities was only about 2.1 million gallons. The total use of water

in 1954, including unmetered water pumped for construction and other

purposes, probably was about 800 million gallons. With increased uses

of water for new construction and other purposes, pumpage in 1955

approached a billion gallons, equivalent to a continuous discharge rate

of nearly 1,900 gpm, or somewhat more than 4 cfs. Thus, the station

used only about one-seventh of its installed pumping capacity in 1955.



Table 10.--Water use at permanent facilities on the NRTS

(Thousands of gallons a month, From records of the Atomic Energy Commission)

Year and Total at
month ANP CF A CPP EBR-l MTR STR all facilities

1952

September
October
November
December

Total

1953

January
February
March
April
May
June
July
August
September
October
November
December

Total
Average monthly
Average daily

a/ See footnotes at end of table

4,698
3,465
2,024
2,835

13,022

2,859
3,068
3,034
4,882
3,458
5,357
89484
7,725
5,372
3,294
2,472
2,819

52,824
4,402

147

21,008
26,335

9,626
7,084

64,053

35
0

16,767
32,453
289336
50,198
57,699
33,396
17,986
33,200
40,699
32,821

343,590
31,235

1,041

1,292
863

8,572
14,118

24,845

13,196
17,547

236
12,801
7,003
8,301
5,836
4,338
5,815
7,851
4,354
7,272

94,550
7,879

263

17,226
17,193
17,264
22,256

73,939

16,624
13,453
21,088
17,723
7,083

23,084
23,021
20,738
20,996
18,221
26,007
16,723

224,761
18,730

624

1,345
415

2,884
297

4,941

298
676

1,925
3,989
4,356
7,794
3,973
3,868
4,099
3,758
2,590
3,051

40,377
3,365

112

45,569
48,271
40,370
46,590

180,800

33,012
34,9744
43,050
71,848
50,236
94,734
99,013
70,065
54,268
66,324
76,122
62,685

756,101
65,611
2,187

~A)



Table 10.--Water use at permanent facilities on the NRTS--Continued

Year and Total at
month ANP CF 4CPP EBR-1 MTR STR all facilities

1954

January
February
March
April
May
June
July
August
September
October
November
December

Total
Average

monthly
Average daily

-m

1,100
849
854
853

1,691
2,562
1,998
39844
29027
1,134
1,719

18,631

1,694
56

2,710
2,759
39487
4,190
9,334
9,621

12,528
10,548
7,890
3,626
3,600
3,639

17,894
12,121
169526
11,9320
7,754
8,165

11,500
18,642
15,732
44,9930
48,576
11,760

73,932b224,920

6,161
205

18,943
625

167
419
406
823
770
84
39
19

565
350

2,455
19104

79201

600
20

149310
15,456
17,728
17,389
32,770
36,397
41,884
28,534
26,984
39,288
46,938
32,833

350,511

29,209
924

49463
4,9502
5,9874
7,081
8,143
5,985

13,478
8,259

10,866
6,734
4,455
79372

87,212

7,268
242

39,544
36,357
449870
41,657
59,624
61,943
81,991
68,000
65,881
96,955

107,158
58,427

762,407

63,675
2,122



Table 10 0-- Water use at permanent facilities on the NRTS--Continued

Year and Total at
month ANP CF CPP ER.-1 fMM STR all facilities

1955

January 1,035 3,702 24,920 39762 16,075 9,488 58,982
February 668 4,567 31,310 4,050 8,018 8,108 56,721
March 1,075 5,833 o4,240 399 2 69577 5,521 33,645
April 1,410 5,047 0 10,443 19,688 10,505 47,093
May 1,404 4,858 19,700 445 18,007 7,083 51,497
June 4,079 8,742 48,890 1,194 34,009 10,406 107,320
July 6,243 8,069 11,470 10,702 34,208 8,162 78,854
August /8,045 9,693 0 1,696 37,355 10,373 67,162
September A,279 7,491 0 920 41,952 11,311 67,953
October IV 4,742 6,873 0 585 31,511 4,157 47,868
November !/3,409 2/7,672 /5,720 /983 2/33,353 5,242 56,9379
December 2/3,409 2/7,673 55,720 2983 2/33,353 5,242 56,380

Total 41,798 80,220 373,000 36,162 314,106 95,598 e/940,884
Average
monthly 3,483 6,685 31,080 3,014 26,176 7,967 78,405

Average daily 115 220 1,025 99 861 262 2,582

af Meter readings times correction factor of 10150
bJ Plant shut down about half the time in 1954. Flow meter on well 2 was out of order during

part of 1954, and actual pumpage during year exceeded total shown.
2/ Some meters not read each month in 1955. Monthly amounts were estimated by assuming equal

distribution by months, of bimonthly pumpage.
41 Total actually metered was 161,970,000 gallons from well 2, none from well l Meter on we

out of order throughout year0 In 1954 pumpage from the two wells was about equal0 The
fore, it was assumed that in 1955 total pumpage was 161,970,000 x 1.15 x 2 - 373,000,00
(rounded). The estimate probably is low because pumpage reportedly is about 1,250,000

e/ Vertical total increased by 211,030; see footnote do

ll 1
re-
0
gpdo
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Accurate records are lacking of the amount of water consumed by

industrial and other facilities on the NRTS. At the CP plant the meas-

ured amount of water returned to the environment as waste in 1954 ranged

from 3.3 to 49.8 million gallons a month. Records of the Atomic. Energy

Commission show the following measured amounts of water returned to the

environment at CPP (millions of gallons):

Dec. 1953 26.3 Aug. 1954 15.1
Jan. 1954 19.5 Sept. 17.8
Feb. 9.6 Oct. 38.4
Mar. 13.3 Nov. 42.0
Apr. 509 Dec. 49.8
May 5,6 Jan. 1955 52.1
June 3.3 Feb. 43,9
July 7.8

According to the above figures and those for pumpage in 1954 (table

10), the total measured return in 1954 was about 228 million gallons, or

3 million more than was pumped. However, the flow meter on CPP well 2

was out of order during part of year. Undoubtedly, pumpage exceeded the

metered amount. Water-consuming processes in the CPP are relatively

small and a considerable volume of water is returned to the environment.

Engineering estimates suggest that about 83 percent of the pumped water

is returned to the ground.

At the MTR only the water that requires monitoring is measured as

it returns to the environment. Water is used and reused many times at

the MTR plant, being circulated through cooling towers between uses.

About 0.8 million gallons of water is pumped daily and that amount, less

evaporation from cooling towers is returned to the ground.
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Consumptive use is high at the STR plant -- about 65 percent --

because there is substantial loss of water by evaporation and windborn

spray from the spray pond where the water is cooled. At the SPERT site

about 120 gpm was pumped for several weeks early in 1955o The expected

water demand for full operation is about 200 gpm. Nothing is known about

consumptive use at that site or in the ANP area0

The average volume of water returned to the environment at all

facilities probably is at least 75 percent of the amount pumped. Consump-

tive use probably was about 190 million gallons in 1954, and about 250

million in 1955, including unmetered water and construction water0 The

estimated use in 1955 was equivalent to a continuous flow of nearly 500

gpm, or somewhat more than 1 cfs0

Sewage Disposal

Rural communities near the NRTS do not have municipal sewage systems,

and sewage disposal is to septic tanks, cesspools, and drain fields.

Larger towns on the plain, such as Rexburg, Idaho Falls, Blackfoot, and

Pocatello have public sewer systems but discharge raw waste to the Snake

River and other streams0 The Rigby system discharges effluent from an

Imhoff tank0 Private sewage disposal in the ground is sufficiently

remote and small in volume that it does not create an important health

hazard to the NRTS water supply0 All sewage on the NRTS is treated, and

only clear effluent is discharged to the ground At the CF area, and at

all plant facilities except the ANP area, sewage effluent is discharged

to leaching beds or other shallow ground structures0 Effluent from the

ANP plant is discharged to the water table through drilled wells
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GEOLOGIC ENVIRONMENT OF THE REACTOR TESTING STATION

The water-bearing geologic materials in the NRTS range widely in

their capacity to store and transmit water and to yield water to wells.

The materials in the zone of aeration are similarly heterogeneous and

vary in their capacities to accept natural recharge and artificial

recharge from liquid-waste disposal facilities. The diversity of the

geologic materials also markedly affects their relation to engineering

and construction problems. Specifically, their structural-load capaci-

ties, behavior when wet, susceptibility to drainage, ease of excavation,

and other features range between wide limits. The geochemical properties

of materials are equally varied. For example, the ion-exchange capaci-

ties of materials differ markedly and this is of special importance in

relation to waste disposal. Thus, geologic factors are critical elements

of the environment of the NRTS.
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GENERAL GEOLOGIC SETTING

The Snake River Plain is a broad structural depression, produced at

least partly by downward warping of the earth's crust. The depression

has been called the Snake ,River downwarp (Kirkham, 1931). The principal

regional geologic features of the plain were described by Stearns and

others (1938)o Briefly, consolidated ancient rocks form a troughlike

floor at great depth beneath the plain. The Snake River basalt, a wide-

spread accumulation of interlocking basalt flows (including intercalated

lacustrine and alluvial sediments) and an older sequence of silicic vol-

canic rocks, comprise a trough-filling many hundreds -- perhaps thousands

-- of feet thick0 Alluvial and lacustrine sediments overlie the basalt

at some places and a mantle of windblown sediments is almost ubiquitous0

The NRTS is at the northern-central edge of the basalt plain

Basalt underlies the entire station but is mantled by sediments in large

areas The principal types of geologic materials that occur at the

surface in the NRTS are basalt, alluvium, lake beds, slopewash sediments

and talus, silicic volcanic rocks, and ancient sedimentary rocks. Much

of the station area is formed by exposures of geologically young basalt

flows in which the original forms have been but little changed since the

time of their emplacement0

The alluvial sediments range in mechanical composition from boulder

gravel to silty clay0 Flood-plain alluvium occupies a belt along either

side of the Big Lost River; beginning about at the U0 P0 Railroad in

To 2 N0, R0 28 Eo, and extending northward to playa basins in the north-

ern part of the station0 Alluvial-fan deposits of Birch Creek occupy the

northwestern corner of the NRTS0 Smaller alluvial fans and cones encroach

from the west onto parts of the western edge of the station
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A substantial area in the northern part of the station is occupied

by lake beds. Slopewash sediments and talus occur at scattered locali-

ties. Windblown silt and sand occur throughout the station, mantling

large areas of basalt and older sediments. Older sedimentary rocks

(chiefly limestone) and silicic volcanic rocks crop out in the north-

eastern part of the station in a spur of the Lemhi Range.
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SUMMARY OF LATE GEOLOGIC EVENTS

The principal surface features of the NRTS were produced by local

geologic events comparatively late in the history of the Snake River

Plain. The plain as a whole, however, has a long and complex geologic

history. The plain seemingLy was formed during the Cenozoic Era (see

condensed geologic time scale, table 11), during and after large-scale

crustal deformation in southern Idaho (Kirkham, 1931). Downwarping is

suggested by the attitudes of Paleozoic sedimentary rocks in outcrops

on the north and south flanks of the plain, where many of the rocks

dip toward the axis of the plain0 Also, in central and western

southern Idaho Cenozoic sediments in the trough and on its flanks dip

toward the axis. In the writers' opinion, however, the Snake River

Plain is far from the relatively simple regional downwarp described by

Kirkham (see section on "Geologic structure," this report).
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Table ll.--Condensed geologic time scale

Major divisions of geologic time b/Approximate
length

Eras Periods Epochs (millions of years)

Quaternary Recent 0.03
Pleistocene 1

Cenozoic Pliocene 11
Miocene 16

Tertiary Oligocene 12
Eocene )20
Paleocene )

Cretaceous 70
Mesozoic Jurassic 25

Triassic 30

Permian 25
Pennsylvanian 25
Mississippian 30

Paleozoic Devonian 55
Silurian 40
Ordovician 80
Cambrian 80

Proterozoic Pre-Cambrian 1,600

a/ U. S. Geol. Survey, Geologic Names Committee, 1954

bJ/ National Research Council, Report of the Committee
Geologic Time, 1949-50, 1

on Measuresent of
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As early as Miocene time great volcanic eruptions occurred in the

area now occupied by the Snake River Plain, and in the mountains border-

ing the plain. A considerable thickness of tuff, welded tuff, and agglom-

erate accumulated during an episode of explosive volcanism. Silicic lava

also flowed from vents on the plain, as is illustrated by silicic volcanic

rocks in East Twin Butte and Big Southern Butte0 Stearns (1938, p. 37)

believed that the presence of basalt inclusions in the silicic rocks of

the buttes indicates that basalt flows accompanied the silicic eruptions.

The buttes are islands (kipukas) of older volcanic rock in a "sea" of

young basalt0 West Twin Butte is composed of basalt which differs in its

physical appearance from the younger basalt which has flowed around it.

It is plausibly supposed that West Twin Butte, which rises a few hundred

feet above the surrounding plain of Snake River basalt, is an inlier of

pre-Snake River basalt, produced by the same eruptive episode that pro-

duced East Twin Butte and a small mass of siliceous rock that crops out

between the Twin Buttes (pl0 1). Before eruption of the Snake River

basalt the heights of these buttes above the adjacent old lowland must

have been at least 1,500 to 2,000 feet greater than their present height

above the plain

In parts of southern Idaho and eastern Oregon and Washington, exten-

sive inland lakes were impounded, being partly contemporary with and

partly following the later stage of Miocene volcanismo Thus the Pliocene

epoch is well represented by thick accumulations of alluvial and lake

beds in southwestern Idahoo Whether similar Pliocene lacustrine and

alluvial deposition occurred in the part of the Snake River Plain here

concerned is not known. Wells and test holes in some parts of the plain
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encounter lake beds at depths exceeding 1,500 feet, underlain by basalt,

but the age of the lake beds is not known. Lake beds older than the

Snake River basalt, if present beneath the NRTS, undoubtedly are at great

depth.

Following the early episode of silicic and basic volcanism and

lacustrine and fluviatile sedimentation, there was a period of very

active basaltic volcanism over the entire Snake River Plain0 The erup-

tions were largely from local throat vents and Hawaiian-type volcanoes,

with little explosive activity, but locally, as at Craters of the Moon

National Monument, the eruption was explosive at times, producing pyro-

clastic rocks (volcanic ash, pumice, cinders, and scoria).

The volcanic ejecta were consolidated to form the vast mass of

Snake River basalt, a complex sequence of interlocking flows and pyro-

clastic sediments, most flows being in layers only a few feet thick and

occupying areas of a few tens or hundreds of square miles. "Flood-type"

basalt flows, such as those covering thousands of square miles in the

Columbia Plateau of Oregon and Washington, have not been found in the

Snake River Plain.

Volcanism continued on the Snake River Plain into Recent time. More

than 300 rather conspicuous cones and craters on the present surface of

the plain have been identified by various workers. Twenty-three indivi-

dual vents and groups of vents (table 1) were identified on the NRTS

during the present investigation, and there must be many hundreds of

undescribed small vents on the Snake River Plain. The most recent erup-

tions near the NRTS were at Craters of the Moon, some 20 miles west of

the station, and at Cedar Buttes, near the southern boundary of the
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station. Based on indirect evidence, volcanologists who have studied

volcanic ejecta of known historical age, suggest that the last eruptions

at Craters of the Moon may have occurred less than 500 years ago and

almost certainly less than 1,000. The Cedar Butte eruption was contem-

porary with, or perhaps slightly earlier, than the Craters of the Moon

eruptions.

During numerous quiescent interludes in the volcanic episode, wind-

blown, alluvial, and lake sediments were deposited locally. All types

of materials -- flow sheets, pyroclastic sediments, windblown sediments,

and waterlaid sediments -- as well as cones, craters, and other features,

were buried by later lava flows, forming an extremely heterogeneous accum-

ulation. The aggregate thickness is not known.

Most of the basalt eruptions were relatively quiet outpourings of

highly fluid lava (pahoehoe) which tended to seek the low-lying parts of

the land and to flow around the higher land. Where the terrain was more

regular the pahoehoe flows spread rather evenly. Characteristically,

however, owing to the sporadic and arealy inequal mode of emplacement of

the basalt and sediments, the terrain was irregular throughout the time

of volcanic activity. Moreover, the surfaces of pahoehoe flows were

warped and fractured, forming extremely complex microtopography (fig. 9)0

The less common flows of broken, blocky basalt (aa) formed extremely

irregular terrain. Some eruptions were mildly explosive, producing

extensive local deposits of cinders. During interludes between eruptions,

sediments accumulated on some of the volcanic surfaces0 Lake and alluvial

beds were deposited in low areas, and windblown sediment formed a discon-

tinuous mantle at all levels. The materials erupted or deposited on the
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Figure 9 -Intricate flow pattern of Pahoehoe Basalt several miles east of East Twin
Butte. (Photo by Aero Service Corp., scale I in. = about 2000 ft)
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highly irregular volcanic surfaces were correspondingly irregular in

their thickness and distribution.

Some evidence suggests that eruption of the Snake River basalt

occurred during or after extensive regional faulting0 The southern

Lemhi and the Lost River Ranges were not studied for this report, but

they seem to be "basin-and-range-type" mountains, like those produced

by block faulting in parts of Utah, Nevada, and southern Idaho. The

fresh flows in the Craters of the Moon are adjacent to the mountain

front west of Arco. In West Twin Butte the 10-degree monoclinal dip

suggests that the butte is a fault-block remnant. The more recent

flows on the NRTS emanate from vents near Big Southern and Twin Buttes.

There is a rude alignment of older and younger volcanic vents from

Craters of the Moon to Big Southern and Twin Buttes, thence northward

to Circular Butte0 This alignment suggests a rift or line of weakness

along which numerous vents were developed.

Most of the evidence that would disclose details of the regional

and local geologic history of the Snake River Plain is buried by late

basalt flows and sediments. Geologic investigations on the NRTS were

too limited in areal coverage to disclose details of the late history of

the plain0 The following generalizations, however, are well supported0

Volcanic eruptions profoundly affected the surface drainage and

ground-water hydrology of the Snake River Plain. Drainage from moun-

tains immediately north of the Snake River Plain is generally southward

and presumably the principal streams once flowed across the area of the

plain to join the Snake River somewhere north of its present position.

The basalt eruptions probably are thickest along a central axis of the
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plain, forming a low "backbone" or divide, along which many of the late

eruptions occurred. The lava flows that spread southward forced the

Snake River into a new course near the southern edge of the plain. The

flows that spread northward dammed back the streams debouching from the

mountains. Lakes were impounded, but the supply of water was not suffi-

cient for these to overflow and cut outlets to the south0 Instead, the

water sank into the ground.

Between Henry's Fork near Roberts and the Malad River near Bliss,

the Snake River Plain is not crossed by any streams that rise in the

mountains to the north0 Rather, the streams simply disappear by loss of

water to the ground after they debouch onto the plain. For example, the

Big Lost River, after reaching the plain near Arco, is deflected by

basalt flows, following an arcuate course southeastward to the NRTS,

thence northward to playa basins in the northern part of the station.

The Little Lost River is blocked at the edge of the plain and terminates

in a playa near Howe0 Birch Creek follows a southward course directly

from its valley into the Birch Creek playa, the lowest area on the

central Snake River Plain.

Most of the water in the three streams noted above is diverted for

irrigation, which explains why they discharge such a small amount of

water to the plain. Evidence is conclusive, however, that none of them

ever discharged across the plain after emplacement of the latest lava

flows.

During the Pleistocene epoch (Ice Age) runoff from the mountains

seemingly was considerably greater than in Recent times. Meltwater

streams from alpine glaciers were heavily laden with sediment that was
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deposited in the flood plain of the Big Lost River, the alluvial fan of

Birch Creek, and many small piedmont alluvial fans along the flanks of

the mountains adjacent to the NRTSO The alluvium probably contains a

great deal of reworked glacial till and fluvioglacial outwash.

At a late stage in the volcanic period, basalt flows impounded

ancient Terreton Lake in the Mud Lake Basin. The lake, of which modern

Mud Lake is a remnant, occupied a much larger area than Mud Lake and

spread into the northern part of the NRTSo The maximum thickness of

sediments that accumulated in ancient Terreton Lake is not known, but

within the NRTS the greatest thickness disclosed by test drilling is 137

feet0 Both the Big Lost River and Birch Creek emptied into the lake,

contributing fine-grained sediment that formed spits, hooks, and long,

curving bars, as well as bottom deposits0

After the arm of ancient Lake Terreton disappeared from the northern

NRTS, part of its abandoned basin became the Birch Creek playa, which was

occupied by an ephemeral lake fed by Birch Creek and the Big Lost River.

The three Big Lost River playas and that of the Little Lost River also

were ephemeral-lake basins0

Wind action has been strong in the NRTS and environs, probably from

Pleistocene through Recent time0 Geologic evidence indicates that the

prevailing winds have been from the southwest for a long time0 Large

parts of the plain are mantled by loessial deposits that seemingly were

brought in from distant sources. Sand dunes are numerous in the northern

part of the NRTS. Barchans (crescentic dunes) at some places are as

much as 25 feet high0 Elongated low dunes occur in parallel rows up to

several miles in length, having their long axes parallel to the
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prevailing wind direction (fig. 4). These are especially numerous south

and southwest of Circular Butte. Throughout the NRTS there are irregu-

larly shaped small patches of windblown sand, and wind action continues

at the present time.

The following descriptive account of the geology of the NRTS is the

basis for evaluating the relation of geologic factors to water supply,

water use, waste disposal,,and construction. Specific applications of

the descriptive data are-made in other parts of this report.
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GEOLOGIC MATERIALS AND THEIR SURFACE DISTRIBUTION

The sedimentary and igneous rocks that crop out in the NRTS are

Paleozoic and Cenozoic in age. The Mesozoic era is not represented.

The principal characteristics and stratigraphic relations of the geo-

logic units are summarized in table 12, where they are listed in

descending order from younger to older -- that is, in the approximate

order in which they would be encountered in a drill hole. In the text

the units are discussed in order from older to younger, approximately in

the chronologic order in which they were formed. The areal distribution

of these geologic materials is shown on the geologic map (pl. 1); their

petrography is described in later pages; their water-bearing properties

are discussed in part 3.

The geologic map shows all principal features and important details,

but it does not show all localized intricate outcrop patterns and minor

overlaps of sediments. The boundaries between sedimentary units were

drawn as literally as possible, but had to be generalized at some places.

From the standpoint of construction, less than five feet of sedi-

mentary mantle (herein called overburden) on the basalt bedrock generally

is undesirable. Therefore, where the overburden is known or believed to

be less than five feet thick, or where it occurs only in a very small

area, the sediments were not mapped. Where sediments overlap and

feather out on basalt, the boundary between the two was drawn within the

area covered by sediments, and the map shows basalt where the overburden

thins to a veneer. The thickness of overburden 6ould not be determined

merely by inspection, and many shallow auger holes were drilled to test

the thickness. The test holes, coupled with the experience and judgment
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of the geologists, assure that the map (pl. 1) correctly represents the

distribution of significantly thick overburden at most places. In much

of the area mapped as basalt there are smafl patches of sediment more

than 5 feet thick, and somewhat more extensive tracts are mantled by a

thin overburden, chiefly windblown. Inasmuch as the bedrock surface

beneath the mantle of sediments everywhere is quite irregular in con--

formation, test boring would be required to verify the suitability of

a given area as a construction site.



Table 12.--Summary of principal characteristics and stratigraphic relations of geologic I

Division of geologic time Thickness
Period or system Series Lihlgcut (feet)PhsclhactrAeldtibi

Llnfit s

on Origin

Windblown
deposits

0-30 Fine sand and silt -0 Mantles large areas in
various parts of the NRTSO

Loeas transported from
distant sources. Dune
sand derived from local
sources0

White to light-tan clay, Covers about 22 square Sediments derive
silt, and sand0  Chiefly miles within the NRTS, in chiefly from local

Playa deposits 0-10+ poorly sorted clayey, sandy Big Lost River and Birch solidated older dep
- silt0  Some is quite calcar- Creek playas and numerous

eouso scattered small playa60

d
uncon-
osit s

Quaternary Recent

Slopewash and
talus

Slopewash is chiefly re-
worked windblown sediments;
minor amount of detrital
basalto Talus of West Twin
Butte is blocky, black to

0-25+ brown, generally dense
basalt0  Talus of East Twin
Butte consists of fragments
of welded tuff, pumice, and
miscellaneous volcanic rocks,
ranging in size from sand
grains to boulders.

Slopewash occupies num-
erous depressions and
sideslopes. Talus and
slopewash occur together
around the flanks of East
Twin Butte and on the
northern flank of West
Twin Butte0

Slopewash is derived
from windblown materials,
local products of weath-
ering, and erosion0 Tal-
us is derived from adja-
cent rock outcropso

Consists chiefly of pebble Covrs about. 60 square Derived principal
and cobble gravel with varying mile withinthe NRTS, in from mountains .in t

Alluvium of the 0-1204 amounts of silt and sand mat- a belt up to several headwaters area ofI
Big Lost River ~ rix. Coarsest in the southern miles wide on either side Big Lost River.

part of the station; progress- of the river0
ively finer-grained northward,
becoming fine sand and silt.

fly
he
the
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Table 120 -- Sumary of principal characteristics and stratigraphic relations of geologic unit s-Continued

Division of geologic time Thickness
Period or Myta Series Lithologic ui (feet) Pyia hrce ra itiui on1 Origin

Alluvium of Birch
Creek

0-324

Sandy pebble and cobble
gravel; about 80 percent by
weight of gravel and 20 per=
cent sand and silt matrix
Particles are rounded and
are similar in composition
to those in the alluvium of
the Big Lost Rivero Thirty-
two foot thickness penetra-
ted at test well 7N-31E-34bdlo

Covers about 15 square
miles in the extreme
northern part of the NRTS9
north of the Birch Creek
playa,

Derived chiefly from
the drainage area of
Birch Creek outside the
NRTS, on the eastern
slope of the Lemhi Range
and the western slope of
the Beaverhead Range0

Quaternary
(cont'd)

Recent
(cont'd)

Alluvial-fan
deposits

Non-compacted boulder and
O100 cobble gravel in a matrix of

finewmateriala ranging in
size from clay to coarse sand0

Covers about 16 square
miles within the NRTS ad-
jacent-to foothill slopes
near the western boundary0

Derived from the moun-
tains,, foothills and
basalt ridges adjacent to
and on the NRTSQ

Black basalt

Lake beds and
associated
beach and
bar deposits

Dark-gray to black pahoehoe0
Texture ranges from aphanitic

0-204 to porphyritic. Vesicles, cre-
vices, joints and other frac-
tures, and open contacts be-
tween layers are common.

Sandy and clayey light -
colored silt, with a few
layers of relatively pure

0-140* sand, silt, and clay0

Covers about 5 square
miles in the extreme
south-central part of
the NRTSo

Covers about 55 square
miles in the northern
NRTSO Thickness of 137
feet was drilled in test
hole 6N-33E-26ddl.

Extruded from vent near
Cedar Butte.

Sediments derived. prin-
cipally from south slopes
of the Beaverhead, Centen-
nial, and Lost River Ran-
ges, transported by the
Big Lost River, Birch-
Creek, and intermittent
local streams.





Table 12.-Summary of principal characteristics and stratigraphic relations of geologic unit

Division of geolgic time Lithologic unit Thickness Physical character Areal distribute
Period or system Series (feet)._

s--Continued

ion Origin

Quarternary
(cont'd)

Recent and Snake River
Pleistocene basalt

(undifferentiated)

Chiefly olivine basalt.
Texture ranges from glassy to
porphyritic. Gray and black
are the most common colors.
Vesicles, crevices, joints,
fractures, open contacts, and

0-1,500+ other voids are common. Ba-
salt similar to that at sur-
face was drilled at depth of
nearly 1,500 feet in test
well 4N-30E-6abl. Locally,
includes interflow beds of
windblown, lacustrine, and
alluvial sediment s.

Unconformity

Covers about 570 square
miles within the NRTS,
with outcrops in all parts
of the station.

Extruded from cones
and fissures, some with~.
in and some outside the
NRTS.

Pliocene?
and Miocene:

Basalt 0-900+
Basalt, blocky, black to

brown, generally dense.
Thickness at West Twin Butte
is about 900 feet0

Covers about I square
mile at West Twin Butte.

Extruded from depth
in outcrop- area0

Miocene? Undiff erentiat ed
volcanic rocks.

0-800

Welded tuff, ash, pumice,
and various types of flow
rocks. Exposed thickness at
East Butte is about 800 feet.

Occupies about 10 square
miles at East Twin Butte
and "Howe Point0 "

Flows originated from
vents at or near the out-M
crop areas0  Pyroclastic
materials probably from
same or related vents0

Unconformity

Carboniferous Paleozoic
rocks

1,500+

Principally limestone. May
include minor amounts of sand-
stone, siltstone, and conglom-
erate, Estimated exPOsed
thickness in this vicinity ex-
ceeds 1,500 feet.

Occupies about 2 square
miles in northwestern part
of NRTS.

Deposited in an an-
cient sea.

85

Tertiary

.0-6-MMM.M

-





87

Paleozoic Rocks

The oldest rocks exposed on the NRTS are Carboniferous in age, con-

sisting chiefly of limestone. Small amounts of siltstone, sandstone, and

conglomerate may be present. The rocks crop out in an area of about 2 sq

mi on an eastern spur of the Lemhi Range in the northwestern part of the

station (within To 6 No, R. 30 E.). Less than a fourth of a mile west of

the station, along State Highway 22 between Arco and Howe, Paleozoic

rocks crop out at several places in foothills of the Big Lost River Range.

Presumably, these and other ancient rocks form a trough-like floor beneath

the younger rocks in the Snake River Plain0 The older rocks are related

only indirectly to water-supply and operational problems on the NRTS, and

for that reason they were not studied in detail.

The limestone is dark-gray to gray, sandy, with chert nodules. It

is thick-bedded and contains numerous solution cavities. Seams of second-

ary white calcite are common. The rock is quite hard and competent and

seemingly is slightly metamorphosed. Fossils from the limestone indicate

that the rock is Carboniferous in age. The most numerous fossils are

corals and bryozoans, which were described by Helen Duncan as follows:

Of the four collections submitted, two (Arco 3J and
Arco Re2) consist exclusively of colonial corals. These
fossils are types commonly found in the Upper Mississippian
rocks of the region.

1/ Duncan, Helen, 1952, Typewritten report on referred fossils from the
NRTS, October 27.
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The remaining lots (Arco Rel and Arco 12J) contain
bryozoans that are indicative of the Carboniferous period.
Several elements in the assemblages suggest that the
faunules may be of Pennsylvanian age, but additional
evidence from other types of fossils is needed before
such an assignment can be confirmed or denied.

Collection no. Arco 3J: NWkSE4NE sec, 15, T. 6 NO, R. 30 E.; from
highest point on ridge. Collector: P. T. Voegeli, 1952.

Lithostrotion (Dephyphyllum) sp.

Collection no. Arco Re2: NWSEkNE sec. 15, T. 6 N., R. 304.; from
highest point along ridge. Collectors: P. T. Voegeli, R. 0.
Smith, 1952.

Lithostrotion (Dephyphyllum) sp.

The corals in both lots belong to a single species of
dephyphyllid Lithostrotion. These corals are characteristic
of the Brazer limestone in south-central Idaho. Although
larger and more diversified collections of fossils would be
desirable to verify this stratigraphic assignment, deter-
mination of the rocks as Brazer limestone is fairly certain.

Collection no. Arco Rel: SE4 seco 15, T. 6 N., R. 30 E.; lower part
of exposure of formation. Collectors: P. T. Voegeli, Re 0.
Smith, 1952o

Meekoporella? spo indet.
Fistulipora spo (laminar zoarium)
Tabulipora spo (ramose zoarium)
Tabulipora spo (laminar soarium)
Rhombotrypella sp.
Fenestellid bryozoan (fragments)

Collection no0 Arco 12J: NESE sec. 15, T. 6 N., R. 30 E. Collector:
P. T. Voegeli, 1952.

Tabulipora spo (ramose zoarium)
Ascopora spo
Rhabdomeson sp.

Thin sections were made of the bryozoans in the slabs
numbered Arco Rel and Arco 12J. The two assemblages are
not identical, but I believe they are of approximately the
same age. From data now available on geologic ranges of
certain bryozoan genera and their occurrences in faunas of
western North America, I suspect that the material came
from Pennsylvanian rocks; rather than Mississippian. So
far as I know, Rhombotrypella, which is relatively abundant



in collection no. Arco Rel, did not occur before Pennsyl-
vanian time. The gemnm is one of the most common and
characteristic bryozoans in the Pennsylvanian rocks of
the West. Rhabdomeson occurs in the Lower Carboniferous
of Europe and Asia. It has not been reported in the Miss-
issippian of North America, but it is common in the Pennsyl-
vanian. The Ascopora in collection no. Arco 12J is an
advanced form, very close to the type species, from the
Upper Carboniferous of Russia0 Although these bryozoans
suggest that the rock is Pennsylvanian, that is not definite.
The Brazer limestone contains a diverse bryozoan fauna, but
it has not been described or studied comprehensively. Pos-
sibly the Pennsylvanian faunal elements discussed above had
their inception in the Upper Mississippian. Representative
collections of other classes of fossils associated with the
bryozoans might give evidence needed for finer discrimina-
tion, but the bryozoa alone do not permit an age assignment
more precise than Carboniferous.

Near the south quarter-corner of sec. 15, T. 6 N., R. 30 E. is a

small outcrop of siltstone and sandstone overlying conglomerate. The

sandstone is poorly bedded and friable, but the silt stone is well lith-

ified. The conglomerate contains rounded to angular limestone pebbles

firily joined by a calcareous cement. The outcrop is surrounded by

undifferentiated Tertiary volcanic rock. These sedimentary rocks may

be part of the Paleozoic sequence in this area, but internal evidence

of their geologic age was not found. They may be totally unrelated to

the Paleozoic rocks and,-so far as lithology is indicative, could be as

young as Tertiary.

Tertiary Volcanic Rocks

Volcanic rocks of Tertiary age in the NRTS range in composition

from basic to silicic. The chief rock types are welded tuff and silicic

to basic flow rocks, having an aggregate outcrop area of about 10 sq mi.

Silicic and intermediate flows and welded tuff crop out at East Twin

Butte (in T. 2 N., R. 32 E.), in a small area about three-fourths of a
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mile southwest of the butte (near the center of sec. 22, T. 2 N.,

R. 32 E.), and in the foothill spur at "Howe Point" north of Big Lost

River playa no. 1 (southeastern part of T. 6 N., R. 30 E.). The inter-

mediate and silicic rocks at "Howe Point" and East Twin Butte are

believed to be Miocene in age, while the basalt of West Twin Butte may

be Miocene or Pliocene (Stearns and others, 1938, p. 35). Direct evi-

dence of the chronologic age of these rocks is not available, but they

are older than the Snake River basalt. The Miocene(?) and Pliocene(?)

age references are based on regional geologic history and the relative

ages of similar rocks at other localities.

The principal importance of the Tertiary volcanic rocks on the

NRTS is their relation to ground-water development. The rocks are gen-

erally poor in water-bearing properties. Thus, though outcrops in the

NRTS are small, their presence suggests that similar materials probably

are buried by Snake River basalt in other parts of the NRTS. Their

presence in a drill-hole would be evidence that the base of the copiously

water-bearing Snake River basalt had been reached. Criteria for the

recognition of these rocks, therefore, are important.

Intermediate and Silicic Rocks

The most abundant rock type in East Twin Butte, according to Stearns

and others (1938, P. 36), is trachyte, which has "phenocrysts of glassy

feldspar (mainly orthoclase) and a few of quarts, in a fine-grained white

groundmass composed mainly of orthoclase. . . . No vestige of any cra-

ter remains on the summit, but the character of the rocks indicates that

they accumulated near the top of a volcano."



91

The most abundant flow rock in an outcrop half a mile southwest of

East Twin Butte is slightly porous, purplish-gray, and aphanitic.

Ross studied a thin section of this rock and reported as follows :

Specimen R.EO3O (To 2 No, Rv 32 Eo, SWNE4 sec. 22)

Has been devitrified and contains much calcite. Phenocrysts,
seemingly of two generations, are present and also small
indistinct spherulites 0 Coarse-grained tridymite is very
abundant. The true character of the rock is obscured, but
it appears to be a flow rock0 Pumiceous and rhyolitic-
appearing igneous rocks in lesser quantity occur in associa-
tion with the above-described rock.

The dominant type of Tertiary rock in the foothills area (Howe

Point) in the northwestern part of the NRTS is welded tuff, but volcanic

ash, rhyolite, and other flow rocks also are present0 Their composition

and physical condition are such that it is commonly difficult to distin-

guish between fine-grained compacted ash, flow rock, and welded tuff.

Positive identification of some rocks was not made. Many of the speci-

mens from the northwestern NRTS, however, are excellent examples of

welded tuff. A thin section of light-gray, aphanitic igneous rock was

described by Ross as follows:

Specimen 7J. (center of sec0 35, T. 6 N., R. 30 E.)

Contains a few large phenocrysts in a very fine-grained
groundmass; abundant calcite has been introduced0 There
is little to go on in deciding its origin, but it could
be either a flow rock or a fine-grained ash. There is no
evidence that it is a welded tuff0

Welded tuff0--Welded tuff is the dominant volcanic-rock type that

crops out along the northwestern edge of the station; it occurs in lesser

amounts associated with the silicic flow rocks in East Twin Butteo The

_/ Ross, Clarence So, 1952. Typewritten report of laboratory examina-
tion of rock specimens, Dec0 4.
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welded tuff is in compact layers having a wide variety of colors, includ-

ing reddish-brown, gray, purple, and white. The texture ranges from

glassy to porphyritic0 The fracture pattern and weathering features are

quite varied0 Study of thin-sections was by Ross, who provided the

following descriptions:

Specimen 4J. (NENE seco 29 To 6 No, R. 30 E).

An unusually fine example of welded tuff. All the ash shards
are perfectly preserved0 Hematite and calcite are present.

Specimen 14J. (SW4NE* sec0 35, To 6 No, R0 30 E)

Welded tuff with unusually coarse-grained shard structures and
large included pumice fragments0 The interspaces between glass
fragments are filled with calcite0 The pumice fragments also
contain abundant calcite0

Specimens 1, 2, 5 6 and 8J, respectively (NWASE*SE sec0 15 T. 6 N.,
R0 30 E0, SWIWISWA sevo 14, To 6 No, R 30 Eo, NE4NWNE4 seco 3,
To 6 No, R0 30 E., center sec0 35, To 6 N., R0 30 E, and center
sec0 22, To 6 No, R0 30 E.)

Group of specimens is considered together0 Only 5J has well-
preserved structures This specimen is made up of devitrified
shards9 which show very marked stretching0 This is so extreme
that it resembles a flow rock0 However, there is discontinuity
of the structures and greatly flattened V- or Y-shaped forms
are abundant0 These are fully diagnostic of stretched welded
tuffso Specimens 1, 5, and 6J have been devitrified with the
development of very coarse-grained secondary products, and
later calcite has been introduced0 Taken by themselves, the
identification as welded tuffs would be a little difficult,
but taken together with 5J, there seems to be no doubt that
these are greatly stretched, devitrified welded tuffso In 2J
the original structures have been destroyed. However, the rock
retains a laminated structure, and it probably was also a
welded tuff0 In all these sections tridymite, some of it in
quite large crystals, is very abundant

Two specimens of welded tuff were studied in thin section by

Bailey-', who reported as follows:

/ Bailey, R Ao, 1953. Petrographic description of volcanic rocks
from the Snake River Plain (typewritten), Oct0 20
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Specimen CP-12. (NE side of East Twin Butte, W NW sec. 13, T. 2 N.,
R. 32 E,)

Rhyolitic welded tuff. Devitrified welded tuff containing pheno-
crysts of high-temperature quartz, sanidine, plagioclase, and
oxyhornblende in a groundmass of radiating and spherulitic inter-
growths of cristobalite, potash feldspar, and minor plagioclase,
with accessory zircon and magnetite. Occasional collapsed and
devitrified pumice fragments show marked differential compaction
around some of the phenocrysts. Plagioclase phenocrysts are
sodic oligoclase, a few of which have vermicular intergrowths of
quartz. The oxyhornblende phenocrysts are pleochroic-green to
greenish-brown, have unusually high birefringence, and extinction
angles ranging from 0 to 2000 Commonly they have reaction-rims
of magnetite, now partly or completely altered to hematite, and
large grains of zircon are commonly associated with them.

Specimen CP-13. ("Howe Point," SWNE seco 35, T. 6 N., R. 30 E.)

Rhyolitic welded tuff. Extremely fine-grained rock originally
composed almost entirely of ash and rare phenocrysts of sodic
oligoclase. The ashy groundmass is now completely devitrified
to a fine intergrowth of cristobalite and feldspar, and fine-
grained secondary calcite has been introduced in streaks and
blotches. Wedge-shaped twins of tridymite occur as encrusta-
tions on cavity walls. Small reddish-brown crystals of oxy-
hornblende with magnetite reaction-rims are in the groundmass.

Rhyolite.--For comparison, a specimen was collected from Big

Southern Butte. Concerning this, Bailey reported as follows:

Specimen CP-ll. (Big Southern Butte, SENE sec. 16, T. 1 N., R. 29 E.)

Rhyolite. This rock is a fine-grained granular aggregate
of very small crystals of quartz, potash feldspar, and
plagioclase, with accessory zircon and magnetite. Quartz
occurs as rare phenocrysts and also as abundant small
interlocking grains in the groundmass. Potash feldspar
occurs as small irregular grains interlocking with the
quartz. and also as small lath-like crystals. The plagio-
clase is probably oligoclase and is in small polysynthet-
ically twinned laths. The marked interlocking texture and
complete crystallinity suggests that this is a flow rock
which crystallized from a gas-rich lava. There is no evi-
dence in this section to suggest that the rock is of pyro-
clastic origin0 The apparent bedding in the hand specimen
probably is flow-banding0
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Volcanic ash0--Beds of volcanic ash occur in several small areas

along the foothills in the northwestern part of the NRTS0 Some ash beds

are easily recognized but where they are directly associated with welded

tuff they are commonly difficult to identify in the field0 Beds that are

unquestionably volcanic ash are white to light-gray, compact, and fairly

resistant to weathering. Near the east quarter-corner of seco 15,

T. 6 N., R. 30 E. a layer of white to light-gray ash rests unconformably

on Paleozoic limestone.

Basalt

Tertiary basalt is relatively rare on the NRTS, being present only

in West Twin Butte in a tilted block that possibly was thrown up by

faulting before emplacement of the Snake River basalto The texture is

ophitic, like that of much of the Snake River basalt, but the rock

differs from Snake River basalt in that its feldspar is more abundant

and the pyroxene is nearly colorless0 Secondary calcite is abundant.

Thin sections show "abundant feldspar, olivine, and pyroxene, with a

little interstitial, partly recrystallized brown glass0 Abundant cal-

cite has filled vesicles and replaced /part of7 the glass. The minerals

are all very fresh.' (Stearns and others, 1938, po 37)o

Quaternary Volcanic Rocks

Basalt is exposed in about three-fourths of the station area0 Many

of the younger basaltic rocks originated from vents within the NRTS.

For example, Circular and Antelope Buttes, in the northeastern part of

the station, were sources of basalt flows covering about 20 sq mi in

the northeastern part of the area0 On the other hand, much of the

basalt originated from sources outside the station, such as the flows
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that almost completely cover the southern row of townships. About 10 sq

mi in the northwestern corner of the station is covered by basalt flows

from sources immediately northwest of the station.

Snake River Basalt

The Snake River basalt typically is gray to black, bluish-black,

brown, and brick-red and ranges from dense to porous and highly vesicu-

lar. It occurs in relatively thin interlocking flows, most of which are

of the smooth, ropy type of basalt (pahoehoe, fig0 10), but a few are

rough and blocky (aa).

The basalt characteristically occurs in interlocking layers of

pahoehoe a few inches to a few feet thick, with conspicuous layering.

The thicker flows have well-developed columnar joints and also are

commonly fractured and creviced, as a result of movement of the fluid

interior of flow sheets after a solid crust was formed. Many flows

are only a few feet thick and cover a few square miles or less. Cinders,

scoria, and basaltic glass are prominent locally.

Stratigraphic names applied to formations having one dominant type

of rock commonly include the name of that rock, though other materials

may be present in minor amounts. Thus, as a formation unit, the Snake

River basalt includes interflow beds of windblown, lacustrine, and allu-i

vial sediments. The relative volume of these is small, but they play an

important role in the hydrology of the basalt and in the construction and

performance of wells.

The texture of the basalt ranges from glassy through aphanitic to

porphyritic; extensive beds of cinders and scoria occur. The variations

express a wide range in the conditions of origin, extrusion, and
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emplacement. Considerable variation in texture occurs even within indi-

vidual flows. For example, the bases of many flows are glassy to fine-

grained and minutely vesicular; the central parts may be coarse-grained

and coarsely vesicular with sparse vesicles; and the uppermost part of

the flow may be aphanitic or very fine-grained and finely vesicular.

Vesicles in the basalt were formed by gas bubbles that were trapped in

the lava as it congealed, and most flows are at least slightly vesicular.

Within a few feet below the land surface or below buried ancient land

surfaces, vesicles in the rock commonly are filled with secondary calcite

leached from overlying sediments and redeposited to form amygdules.

Basalt flows of Snake River type may have been extruded as early as

late Pliocene time and possibly as late as historical time, but the main

mass of the Snake River basalt is Pleistocene in age. Some local flows

have been separately named in parts of the Snake River Plain (Stearns

and others, 1938), but for the purposes of this report all late Cenozoic

basalt is here called Snake River basalt. A flow of "black basalt",

seemingly quite recent in age, emanated from Cedar Butte and covers

about five square miles in the south-central part of the NRTS. This

was mapped separately as "black basalt," and the main mass of Snake

River basalt was mapped as "undifferentiated basalt" (pl0 1).

Petrokraphy of the basalt.--In this report the term, basalt, is used

in the common sense, denoting dark-colored eruptive rock, composed essen-

tially of calcic plagioclase and pyroxene, in which the constituent

grains other than phenocrysts are too small to be identified with the

naked eye and mostly too small to be recognized under the hand lens.

Magnetite is a common accessory mineral. Olivine and rarely biotite or
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hornblende may be present. Rock containing an appreciable percentage of

olivine is called olivine basalt, and this is the principal rock-type in

the Snake River basalt.

In color, fabric, density, and other megascopic properties the

Snake River basalt is diverse, but in mineral and chemical composition

it is remarkably uniform. Petrographic study has been made of thin

sections from only 14 specimens, but these were selected to represent the

principal types of basaltic material in the vicinity of the station. The

mineralogic uniformity of the specimens suggests that they originated

from a common magma reservoir. The megascopic physical differences

result chiefly from differences in the place and method of eruption and

emplacement, and in the conditions under which solidification occurred.

The common basalt on the NRTS is estimated to contain 35 to 60 per-

cent of calcic plagioclase, 25 to 50 percent of pyroxene, 5 to 10 per-

cent of olivine, and small amounts of accessory magnetite and ilmenite.

The plagioclase occurs in lath-like crystals and anhedral grains. Most

of the pyroxene is augite or titanaugite. In some flows there is enough

olivine to give fresh rock surfaces a greenish cast0 Iddingsite is a

common reaction-rim alteration production of olivine0o Porphyritic basalt

is. fairly common, with megascopically recognizable phenocrysts of plagio-

clase and olivineo The phenocrysts of plagioclase generally are subhe-

dral or euhedral multiple twins and typically are colorless, but reddish

crystals occur in some of the reddish and purplish basalt. Most of the

mineral grains are fresh appearing and essentially unaltered. Some

specimens have a stony groundmasso Glassy zones are common. Secondary

mineralization in the basalt is uncommon, except where caliche-like
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deposits fill vesicles near the land surface. In some flows the vesi-

cles are drusy, with linings of crystals, chiefly feldspar. Zeolite

minerals are rare.

The following petrographic descriptions of representative basalt

samples from the Snake River Plain, were prepared by Milton/ and

Bailey 2 from thin-section study0  Specimens from near center of sec 9,

T, 2 N0 , Ro 29 E.:

1. Core noo P-2; depth, 69 feet: olivine-augite basalt0

Hand specimen: Porous gray basalt; contains feldspar
phenocrysts about one-eighth of an inch long, and a fresh-
appearing ferromagnesian mineral0 Pores much smaller than
those from core at depth of 84 feet0

Thin section: Holocrystalline olivine basalt or dia-
base0 Constituent minerals are white calcic plagioclase,
purplish augite, pale-green olivine, and black magnetite,
the relative abundance of which is in the order named. The
minerals are fresh and unaltered except for slight alteration
of some olivine to iddingsite0 There are no secondary min-
erals0

2. Core no0 P-1; depth, 84 feet: olivine-augite basalto

Hand specimen: Highly porous basaltic rock with about
15 percent of pore space Pores are as much as one-fourth
of an inch wide and are distributed throughout the core.
The rock is purplish-brown and contains white feldspar laths
up to 1/8-inch long in a stony groundmass. There are no
secondary minerals in the pores0

Thin section: Mineralogy same as in core no0 P-2. The
larger vesicles are lined with black, poorly crystallized,
almost glassy, ferruginous material that evidently was pro-
duced by reaction of gas in the vesicles with the magma,

1/ Milton, Charles, 1949. Typewritten report on cores from test wells
in Idaho and Oregon, October 11.

2/ Bailey, R. A 0, 2p.ct.



99

3. Core no. P-5; depth, 25 feet: olivine basalt.

Hand specimen: Resembles core no. P-1. Most pores less
than 1/32-inch wide but a few are more than J-inch0

Thin section: There is much black glassy material in
which olivine and plagioclase feldspar are embedded. The
glass may have the chemical composition of the augite which
failed to crystallize. Olivine is abundant, but augite is
very scarce. Presumably this rock cooled and consolidated
too rapidly to permit crystallization of the more fluid
part of the magma.

4. Core no. D-3; depth, 28 feet: olivine-augite basalt.

Hand specimen: moderately porous light-gray holocrystalline
even-grained basalt 0 Pore space is about 5 percent or less of the
mass0

Thin section: Practically indistinguishable from core
no. P-2, but olivine is less abundant.

Specimens from various parts of NRTS and vicinity. (Mineral percentages
estimated from visual inspection of thin sections.)

5. Specimen CP-80  Rock from cliff in wind gap, NRTS, NE*SE4
sec. 13, T. 2 N 0, R. 28 E.: olivine-titanaugite basalt.

The rock contains olivine phenocrysts in a coarsely
crystalline matrix of randomly oriented calcic labradorite
(An 68) laths, interstitial titanaugite, and ilmenite.
Magnetite and apatite are minor constituents. Olivine con-
stitutes about 10 percent of the rock, plagioclase about 60
percent, titanaugite about 25 percent, and ilmenite about
two percent. The titanaugite is practically unaltered.
The apparent order of crystallization was (1) magnetite,
(2) olivine, (3) plagioclase, and (4) titanaugite and ilmenite.

6. Specimen CP-10. Rock from NENE* sec. 26,T4 5 N,, R. 33 E.:
olivine-titanaugite basalt.

The rock is vesicular and consists chiefly of olivine,
labradorite (An 62-68), and titanaugite; most of the tita-
naugite has been altered to acicular brown clinopyroxene
and ilmenite. About five percent of the rock is olivine,
40 percent is plagioclase, and the rest is a network of
acicular clinopyroxene and ilmenite plates with scattered
remnants of titanaugite. Some of the vesicles are lined
with very fine needles of an unidentified zeolite, possibly
thompsoniteo
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7. Specimen CP-9, Rock from road cut near Circular Butte,
northeastern NRTS, SE*NW sec0 18, To 6 N9, R. 33 E,:
porphyritic olivine-titanaugite basalt.

This rock is vesicular and consists of large phenocrysts
of olivine and plagioclase in a groundmass of olivine, plagio-
clase, and altered titanaugite0 The olivine and plagioclase
phenocrysts commonly are associated in inter-penetrating
clusters, and some of the olivine occurs as small, optically
continuous blebs in the plagioclase, suggesting that the two
minerals crystallized simultaneously 0 The plagioclase in the
phenocrysts is calcic labradorite (An 68) and constitutes
about 15 percent of the rock. Olivine phenocrysts constitute
about two percent of the rock0 In the groundmass olivine and
plagioclase are in small skeletal crystals The plagioclase
in the groundmass is less calcic than that in the phenocrysts
and ranges from An 54 to An 58. Titanaugite, much altered to
acicular brown clinopyroxene and ilmenite plates, fills the
interstices between the olivine and plagioclase orystalsa The
groundmass is about 80 percent of the rock, of which about one
percent is olivine, 40 percent plagioclase, 10 percent titan-
augite, and 30 percent acicular brown clinopyroxene and
ilmenite.

Specimens from other parts of the Snake River Plaino

8. Specimen CP-30 Sand Springs basalt from cliff face half
a mile east of State Highway 25 on Blue Lake road, SENF4
sec. 28, To 9 S., R. 17 E0o olivine-titanaugite basalt.

LIote: The Sand Springs basalt is a pahoehoe flow on the north
side of the Snake River in the southern parts of Jerome and
Gooding Counties]

Finely vesicular rock containing olivine phenocrysts in
a. groundmass of olivine, bytownite (An 72-76) and titanaugite,
with accessory apatite and magnetite. Olivine constitutes
about 10 percent of the rock, plagioclase about 60 percent,
and titanaugite originally about 25 percent0 As in specimen
CP-2, much of the titanaugite is altered to acicular brown
clinopyroxene and ilmenite, The apparent order of crystalli-
zation was (1) magnetite, (2) olivine, (3) plagioclase and
(4) titanaugite0 A few partly reacted xenocrysts of andesine
are present0

9. Specimen CP-4. Malad basalt from cliff face adjacent to
Uo So Highway 309 south side of Snake River about three-
fourths mile upstream from Thousand Springs, NE*SE* sec.
18, To 7 So, R. 14 Eo: olivine-titanaugite basalt0

LThe Malad basalt is a local black pahoehoe flow that
crops out east of the Hagerman Valley in southern Gooding
County]
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Very similar to specimens CP-2 and -3. The main constit-
uents are olivine, plagioclase, and titanaugite, with accessory
apatite and magnetite. Olivine constitutes about 10 percent of
the rock and is variable in grain size. The plagioclase, con-
stituting about 50 percent of the rock, is calcic labradorite
(An 68), but a few grains of bytownite (An 74) are present.
Titanaugite, constituting about 30 percent of the rock, is
pleochroic, brown to purplish-brown, and occurs both as large
and small irregular grains, the larger ones commonly completely
surrounding randomly oriented plagioclase laths. It shows con-
siderably less alteration to ilmenite and brownish clinopyro-
xene than in specimens CP-2 and -3. The apparent order of
crystallization was (1) magnetite, (2) olivine, (3) plagioclase,
and (4) titanaugiteo

Concerning the eight basalt specimens, Bailey stated that all are

mineralogically very similar and have undergone similar sequences of

crystallization and alteration. Olivine, titanaugite, and plagioclase

(ranging from calcic labradorite to sodic bytownite) are present in

nearly all of the rocks The chief differences are in the texture and

degree of alteration The general sequence of crystallization was (1)

magnetite, (2) olivine, (3) plagioclase, and (4) titanaugite and ilmenite.

In all specimens except CP-9 olivine forms the only phenocrysts. Most

of the plagioclase and practically all the titanaugite apparently crys-

tallized after the lava was erupted and after flow movement stopped,

because these minerals show no flowage alignment and commonly are inter-

grown. In most of the specimens titanaugite is partly or almost com-

pletely altered to a network of acicular brown clinopyroxene and plates,

granules, and dendritic growths of ilmenite. This alteration was deu-

teric and probably consisted of recrystallization of titanaugite with

the separation of TiO2 to form ilmenite.



102

Recent Black Basalt

Basalt of Recent age covers about five sq mi in the extreme south-

ern central part of the NRTS, consisting of a single flow that origi-

nated from a vent near Cedar Butte. The range in texture is similar

to that in undifferentiated Snake River basalt, but the average color

is darker, being bluish-black to black0 Similar flows occur at Craters

of the Moon National Monument, near Minidoka, near Wapi, and elsewhere

on the Snake River Plain0 Cinder beds at Craters of the Moon and else-

where are associated with the black basalto

Petroxraphy of the basalt .--The basalt has essentially the same

mineralogic composition as undifferentiated Snake River basalt. Petro-

graphic descriptions from thin sections were prepared by Bailey.

10. Specimen CP-10 Recent black basalt from SESE4 see. 9,
To 3 So, Ro 18 E: olivine-augite basalt0

The rock consists mainly of olivine, brownish augite, and
plagioclase (An 68-72) in a nearly opaque matrix of fine-
grained unidentified minerals0 The only phenocrysts are
olivine, and they are rare Plagioclase is in small randomly
oriented laths which commonly are included within larger
irregular grains of augiteo The augite is pale brownish,
faintly pleochroic, and may be titaniferous 0 Magnetite occurs
as inclusions in olivine. The apparent order of crystalliza-
tion was (1) magnetite, (2) olivine, (3) plagioclase, and (4)
augite0

11. Specimen CP-2o Minidoka basalt from cliff face about
3/8 mile downstream from Minidoka Dam on north side of
Snake River, NE NES sec 2, To 9 So, R 25 Eo: olivine-
titanaugite basalt 0

12o Specimen CP-5. Rock from cinder cone at Craters of the
Moon National Monument, SW*NW sec0 35, To 2 N0, R, 24 E.:
basaltic cinders0

Composed largely of brown basaltic glass with refraction
index of 1590 4 0.002 and plagioclase microlites0



103

13. Specimen CP-6. Rock from top of cinder cone at Craters
of the Moon National Monument, SW*NW see0 35, To 2 N.,
R. 24 E.: basaltic clinkers0

Composed largely of brown basaltic glass with refraction
index of l590 + 0.002.

14. Specimen CP-7. Rock from Craters of the Moon National
Monument, SW4SE4 sec0 35, To 2 N., R. 24 E.: olivine-.
augite basalt.

Very dense fine-grained basalt containing small skeletal
crystals of olivine and skeletal microliths of labradorite
(An 50-54)- in a nearly opaque groundmass of dusty oxide,
clinopyroxene granules, and brown glass. The clinopyroxene
probably is titanaugite but the grains are too small for the
determination of optical properties0

Chemical Composition of the Volcanic Rocks

Oxygen is the most abundant element in igneous rocks, whose chemical

compositions commonly are expressed in terms of various oxides. Accord-

ing to Turner and Verhoogen (1951, p. 51-52) the percentage, by weight,

of silica in typical volcanic rocks ranges from 35 to 75. Based on

silica content, rocks commonly are grouped in four general categories:

acidic (>66 percent), intermediate (52 to 66 percent), basic (45 to

52 percent), and ultrabasic (<45 percent)o The amount of alumina

ranges from 12 to 18 percent in most volcanic rocks, and is highest in

those of intermediate composition. Iron oxide, magnesia, and lime

together comprise about 20 to 30 percent of basic rock. The amount of

sodium oxide commonly is less than 4 percent in basic rocks, and potas-

sium oxide ordinarily is less than 1 percent.

Only a few chemical analyses have been made of basalt and related

rocks from southern Idaho. The results of three such analyses (Washing-

ton, 1917) are shown in table 13, representing rock from widely separated
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places in southern Idaho. The average chemical composition of several

classes of volcanic rock is shown in table 14*

Rock Structure in the Basalt

Basalt flows have individual and collective internal structures

that strongly affect their capacity to store and transmit water. These

structures are important also in relation to construction engineering0

The basalt is the only important aquifer on the NRTS and it is the sole

type of bedrock for a considerable depth beneath practically all the

station. The principal internal structures of the basalt flows are

layering, partings, joints and other fractures, and various types of

natural voids. These structures differ in the various types of basalt

called pahoehoe, aa, pillow lava, scoriae, and cinders.
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Table 13.--Chemical composition of basalt from southern Idaho

fLrom published records of the Geological Survey]

Constituent j23

Sio
A12f
Fe

Mg0
CaO
Na20
K 2 0
H2 0+
H20-
TiO2

P205
MnO
ZrO

2
Cl
F
FeS2
NiO
BaO
SrO
v 03
C82

Cr2 03
Cw
Sum

51.14
13o95
2.15

12.97
2.21
6.56
3.59
2.33

.22
o12

2.41
1059

044
o12

Trace
.10
.15

Trace
.25

Trace
Trace

-m
100 o30

45.17
10.02
3.55
5.03

19.84
8.57
3.U1
1.61
1.58

.69

.54

.28

.13

.07

.06

None
.06

100.42

48.47
16.07
4.12
7,47
5.96
4.84
2.43
1.41
4.63
2.30
1.51

.44

.23

.24
Trace

.03
Trace

Trace
100.15

Basalt: Craters of the Moon National Monument.
seco 13, T. 1 No, Ro 24 E.

Big Cinder Butte,

bJ Nephelite basalt: Fort Hall Indian Reservation, IdahoO

of Basalt: Blackjack Mine, Silver City, Idaho.
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Table 140--Average composition of some volcanic rocks

(Percent, by weight. After Daly, 1933)

Constituent Rhyolite Trachyte Andesite Phonolite Basalt

Si02  72,77 60,68 5959 57,45 4906
TiO2 .29 o38 o77 o4l 1.36
A1203 1333 1774 17o3l 2060 15,70
Fe^O3 l 40 2.64 3.33 2o35 538
FeO 1,02 2o62 3o13 l1O3 637
MnO 007 006 0l8 1l3 ,31
MgO o38 l12 2o75 .30 617
CaO lo22 3.09 5,80 1.50 8o95
Na 0 3.34 4o43 3o58 8o84 3,11
K20 4,58 5074 204 5o23 lo52
H20 lo50 126 lo26 2.04 lo62
P205.l0 o24 o26 ol2 045

Total 100.00 10000 100.00 100.00 100,00

Layering

Extrusion of lava in successive flows which solidified individually

caused conspicuous layering0 The thickness of flows exposed at various

places in the Snake River Plain ranges from a fraction of a foot to

about 50 feet0 Not enough flows have been measured to estimate an

average thickness, but the average probably is on the order of about 10

feet. The area covered by individual flows is relatively small0 Very

few have been measured but a representative flow probably covers about

50 to 100 sq mio Many are much smaller and some are much larger0 The

area of some of the more recent flows may be as little as 10 sq mi. Most

of the flow layers had appreciable original dips, and successive flows

from separate eruption centers overlapped Hence, a vertical section

through the rocks discloses a complex of interlocked layers Commonly

there are interflow layers of cinders and of windblown, lacustrine, and

alluvial sediments0
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Partings

Partings in volcanic rock are analogous to bedding planes in sedi-

mentary rocks. There are two types of partings, (1) separation planes

between flows and flow units, and (2) separation planes between parts of

the same flow. The two types are not always distinguishable.

The heat in lava flows was not sufficient to melt subjacent frozen

lava and cause fusion of successive flows0 On the contrary, the bases

of new flows cooled rapidly, adjacent to their contacts with the cold

substratum, leaving a well-defined parting plane. In some instances

chilling was so rapid that glassy, vesicular, or granulated rock formed

at the bases of flows.

Some lava eruptions seemingly were pulsational, with successive

waves of extrusion0 The surfaces of individual waves often had time to

harden between pulses, however, and partings developed between the succes-

sive waves. The small layers that thus comprise an essentially single

flow have been called flow units0 The partings between flow units vary

from indistinct to distinct0

Partings occur also within what seem to be single flows and some of

these may have formed in the following manner: A thick lava flow having

been emplaced, it developed a basal and surface crust some inches or feet

thick, while the interior was still liquid. Thereafter, hydraulic pres-

sure breached the congealed front of the lava flow and allowing the

interior fluid to drain out0 The surface crust thus was lowered to con-

tact with the basal crust but a parting between the two crusts remained0

Such partings are less smooth than those between flows and flow units0
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Joints and Other Fractures

Relatively slow cooling of solidified lava flows produces charac-

teristic fracture joints. Shrinkage of the rock during cooling set up

tensional forces that were relieved by tension joints (fig O10). Hori-

zontal tension produced vertical joints that radiate from more or less

evenly spaced centers, three joints commonly originating at each center.

As contraction continued, fractures from adjacent centers intersected

and divided the basalt layer into polygonal columns Ideally, these

columns are hexagonal prisms, but in the Snake River basalt they are

commonly imperfect Vertical tension in cooling lava flows was com-

pensated largely by gravitational settling, but residual tension some-

times caused incipient horizontal fracturing0 The horizontal fractures

rarely completely transect the columns0

Miscellaneous joints and fractures also developed in cooling lava

flows Some were caused by rupture of the solid shell of a cooling

flow when movement in the still-fluid or plastic interior caused differ-

ential movement of the crust. Fracturing commonly occurred when the

crust of a moving flow was thrown into ridges in which the bending

caused fracturing0  A common feature along the front or edge of a flow

is a curving to sinuous, long, narrow ridge having its long axis normal

to the direction of flow0 These ridges, herein called border swells,

characteristically have an axial fracture along their entire crest. The

fractures are as much as 6 feet wide at the top and become narrow down-

ward, but they extend downward through a substantial thickness of the

flows. In those observed the fractures were partly filled with less

and the full depth was not determinable0 Border swells also are broken
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Figure 10.-Block diagram illustrating vertical and incipient
horizontal joint systems in basalt, caused by
tension from shrinkage during cooling.
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by numerous transverse tension fractures, probably caused by spreading

of the flow front. The origin of border swells is not established.

Presumably, when a flow was emplaced and the front became static the

frontal crust curved smoothly forward and downward. If fluid lava were

bled off from the interior of the flow through a rupture, the main crust

area would be lowered and the border swell would develop as its crust

settled over a congealed core. Lowering of the main area of crust might

occur also by loss of volume of the liquid lava through evolution of gas

and shrinkage during cooling0

Miscellaneous Natural Voids

Natural voids in basalt range in size from minute pores between

mineral grains to lava tubes with a volume of many thousands of cubic

feet. Much basalt is quite porous, owing to the voids left between

interlocking tabular and prismatic mineral grains. These types of

openings have little importance to operations on the NRTS except that

they provide effective area on which ion exchange and adsorption can

occur.

Voids left by gas-bubbles in cooling lava are called vesicles.

These range in size from minute to several inches across. In a few

basalt layers there are tubular vesicles as much as a foot or more long,

formed by gas bubbles that moved or expanded upward through congealing

lava, leaving a tubular opening. Secondary mineral deposits in vesicles

are called amygdules. In some flows the vesicles are perhaps 15 to 20

percent of the volume of the rock. Very little secondary mineralization

has occurred in the Snake River basalt, and most vesicles are open.
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Vesicles in lava are not ordinarily important in relation to ground water,

because most vesicles are noncommunicating and add little or no permeabil-

ity to the basalt, Rare layers of extremely vesicular lava, which is

little more than a "sponge,"t may be quite permeable if the vesicles are

int er-connected.

Lava tubes range from pencil-size to tunnels 15 feet or more in

diameter and a few yards to some miles in length0 Some tubes formed

when a partly congealed lava flow ruptured at its front or edge and

allowed a core or river of liquid to drain off o Tubes formed also where

a river of lava flowing down a slope formed a crust beneath which flow

continued for a time, eventually draining out when the source of lava

dried up0  Well drillers relate spectacular stories about drilling into

large tubes beneath the Snake River Plain, but the writers do not know of

verified instances Large tubes at depths of a few hundred feet probably

are old enough that they are largely filled by blocks fallen from their

roofs and from overlying flows0

Crevices and open joints in buried basalt flows seldom are completely

filled by later lava flows because the lava erupts at relatively low tem-

perature0 Much of the high fluidity of the lava is caused by its high

content of water vapor and other gases As these are lost the lava

stiffens rapidly and flows over openings without completely filling them

The under surface of a new flow, as noted above, may cool so rapidly that

the lower few inches become brecciated or granular Thus, much of the

void space in pahoehoe lava is adjacent to partings0 These and open

crevices impart considerable porosity adjacent to flow contacts. The

interiors of flows, especially thick ones, are apt to be massive and rela-

tively impermeable except along columnar joints
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Most of the preceding remarks apply chiefly to pahoehoe basalt.

The principal other structural type of basalt is aa, which consists of a

jumbled mass of small to very large blocks of lava. Aa flows are con-

spicuous at Craters of the Moon and elsewhere. Emplacement of aa by

movement analogous to the flow of pahoehoe is difficult to visualize,

but the process has been observed directly at active modern volcanoes.

The method of emplacement prevents effective packing of lava blocks and

the effective porosity of aa is greater than that of any other type of

lava0 Numerous zones of broken basalt that have been drilled at depth

in the Snake River Plain are believed to be buried aa'.

Snake River Plain Basalt Province

A petrographic province is a broad region in which the igneous

rocks are genetically related to each other, presumably having been

injected or erupted during a single igneous episode. The Snake River

Plain is such a province and the preponderant volcanic rock is olivine

basalt. This province is distinct from that of the Columbia River

Plateaus, which is also a basalt province, but is one in which the

basalt is older and differs in mineralogic and physical properties.

The fact of the difference is emphasized here because in much published

literature it is asserted that the two areas constitute a single petro-

graphic province (cf., Turner and Verhoogen, 1951). The distinction has

practical importance because the two types of basalt are quite unlike in

their water-bearing properties and undoubtedly differ in their ion-

exchange capacities. Owing to these differences, problems of construction

engineering, ground-water development, liquid-waste disposal, and other
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phases of the atomic-energy industry differ in the two petrographic

provinces.

Detailed comparison of Snake River and Columbia River basalts is

beyond the scope of this report. The two are similar in basic mineral -

alogic and chemical composition (as are all basalts), but the Snake

River basalt is comparatively rich in olivine and its minerals are fresh

and practically unaltered0 The Columbia River basalt is appreciably

altered at most places0 Although its plagioclase and augite appear fresh

and little altered, its olivine is altered to green chloritic material

and magnesium(?) carbonate (Milton, written communication, Oct0 1, 1949).

Vesicular cavities in the rock are lined with secondary hydrothermal

minerals, commonly carbonates. The abundant alteration products greatly

affect the physical, chemical, and hydrologic properties of the basalt0

The Columbia River rock is so-called flood basalt ("plateau basalt'),

formed from enormous volumes of lava that was highly fluid0 Individual

flows erupted from fissures and inundated hundreds to thousands of square

miles. Thus, individual flows have extensive continuity and can be cor-

related for considerable distances, even where they have been disturbed

by folding and faulting0  The Snake River lava flows, on the other hand,

poured from local vents and covered relatively small areas Volcanic

cones and domes are common and many of the layers have strong original

slopes with a pronounced lineation of the rock structure0 Finally, the

Snake River basalt on the whole is an excellent aquifer, whereas many of

its interflow sediments are aquicludes. The Columbia River basalt, on

the other hand, is a comparatively poor aquifer at many places, and many

of its layers are aquicludes; interflow contact zones are the main sources



115

of ground water in the Columbia River basalt area, and some of the

interflow sediments are good aquifers.

Quaternary Sediments

Unconsolidated sediments cover large areas of the NRTS and also are

present as interflow beds in the Snake River basalt. The materials are

largely alluvial, lacustrine, and eolian in origin and are late Cenozoic

in age, chiefly Recent0 Older parts of the beds are Pleistocene. Loess

is the most widespread material and alluvium is next in abundance. Dune

sand, playa-lake beds, slopewash, and talus also are present. Lake beds

are locally prominent. At many places the various types of sediments are

intermixed, interfingered, and interbedded, so that it is difficult to

classify them for mapping. In such instances they were mapped according

to the apparent dominant type of material. Parts of the boundary shown

on the geologic map between the alluvium of the Big Lost River and the

Terreton lake beds are arbitrary, because the contact is laterally gra-

dational. At such places the boundary was drawn adjacent to the former

shoreline of the lake. Also, the boundary between Terreton lake sedi-

ments and sediments deposited by modern ephemeral lakes is indefinite.

Terreton Lake Beds

"Terreton lake beds" is not formally accepted by the Geological

Survey as a stratigraphic term, but the name is used here for conven-

ience in designating sediments laid down in ancient Terreton Lake. The

Terreton lake beds are largely sandy and clayey silt, with lesser amounts

of relatively pure clay, silt, and fine gravel. The coarser sediments

accumulated near inlets of the lake. The beds as mapped (pl. 1) include

sandy beach and bar deposits.
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The principal exposures of Terreton lake sediments within the sta-

tion occur in an area of about 60 square miles, including the Birch

Creek playa, beneath whose sediments there are lake beds. Discontinuous

exposures were mapped in a considerably larger area At some places

playa beds and windblown sand mantle part of the old lake floor. The

principal lake-bed outcrops in the NRTS are in a lowland belt that

trends eastward across the northern part of the station To the east,

the belt of lake beds is constricted between Circular Butte on the north

and a salient of basalt projecting northward in T. 5 N, Rs. 31 and 32 E.

Much more extensive exposures of the lake beds occur east of Circular

Butte in the Mud Lake Basino The lake beds interfinger with alluvial

and windblown deposits0

The part of the ancient lake that was in the NRTS probably was fed

chiefly by Birch Creek and the Big Lost River0 The distribution of the

lake beds shows that the high stage of the lake was at an altitude of

about 4,800 ft above msl0 Fluctuations of the lake level and of the

shoreline caused lake beds to interfinger with alluvial and eolian sedi-

ments that were accumulating around its borders Locally, basalt flows

may interfinger with the lake beds. Bars, spits, and hooks that were

formed in the lake by waves and currents are well preserved on the modern

landscape. Bars range in height up to 25 ft, in width up to about 1,500

ft, and in length up to 5 mi. The largest bar extends northward through

the ANP area, forming a natural embankment between the administration

area and the operation and maintenance area0

The lithology of the Terreton lake beds is very similar to that of

playa beds which overlie it, and the two are difficult to distinguish0
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Moreover, eolian and alluvial or delta sediments interfinger with lake

beds, so that samples from many boreholes probably include sediments of

all three kinds. Scattered sparsely over the surface of the lake beds

there are stream-worn pebbles, as well as angular blocks of basalt as

much as two feet in diameter In the southern part of the lake plain the

basalt blocks are of a distinctive lithologic type that has been observed

only on the upper slopes of Circular Butte0 Presumably, talus blocks

from the Butte fell onto shore ice that subsequently broke loose and

rafted the blocks to.their present positions. The pebbles probably were

rafted also, though at some places, where the lake beds are thin, pebbles

could have -been .thrown upward from underlying gravel by frost heaven

The gross mineralogy of the Terreton lake beds was not studied in

detail. I-ray diffraction determinations were made of the mineralogy of

the clay-size fractions in connection with ion-exchange capacity studies.

These determinations show that the clay-size material is largely clay

and hydrous micao There are small amounts of quarts, chlorite and ver-

miculite, and traces of feldspar and hydrobiotite, Both montmorillonite

and kaolin are present, but montmorillonite is the more abundant clay

mineral0

Vertebrate fossils from the upper part of the Terreton lake beds in

the Mad Lake .Basin. indicate that its age is Pleistocene (Stearns and

others, 1939, po 37). Very likely, deposition of the lake beds began in

the Pleistocene but continued in Recent time

Mechanical composition.--ise-grade analyses were made of a large

number of samples of Terreton Lake beds0 The five samples represented

by cumulative logarithmic curves in figure 11 show the range of varia-

tions in composition0 Many of the lake-bed samples are similar to number 1
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in the diagram, a well-sorted sandy, clayey silt containing about 18

percent sand and about 25 percent clay. Samples like number 2, largely

silt, are fairly common; those like number 3, sandy silt, are not rare0

Samples 4 (silty fine-grained sand) and 5 (nearly pure silt) are extreme

departures from the ordinary lake beds

Beach and bar sediments associated with the Terreton lake beds are

almost as fine-grained as the lake beds but are less well-sorted and

somewhat erratic in the distribution of sizes. The samples represented

in figure 12 are representative. Material like number 6 is most common,

containing about 30 percent sand or less, 50 percent silt, and about 20

percent clay0 The distribution of sizes suggests two agents of sorting

-- wave action or longshore currents and wind action. Sediment like

sample 7 is almost as common as number 69 but relatively few samples

resemble numbers 8 and 9.

Chemical composition.--Two samples of Terreton Lake sediments from

the ANP site were analyzed chemically for the Atomic Energy Commission

by 00 J. Porter and Cool/ Sample P2-1 was from a depth of 7 feet in

test hole P2; sample P3-1-1 was from a depth of 3 feet in test hole P3

The following results were reported0

j/ 0. J. Porter and Company, Consulting Bngineers, Sacramento,
California; Report to the U. So Atomic Energy Commission, Foundation
and area, National Reactor Testing Station, Idaho, September 22, 1952o
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Constituent or property

Loss on ignition
Silica (SiO2 )
Iron (Fe203)
Aluminum (A1203 )
Titanium (TiO2 )
Calcium (CaO)
Magnesium (Mg0)
Sodium, total (Na20)
Potassium, total K20)
Sodium, water-soluble (Na 2 0)
Potassium, water-soluble (K20)
Boron (B)
Nitrogen (N)
Phosphorus (P 2 05 )
Chloride (Cl)
Carbonate (CO3 )
Bicarbonate (1CO3 )
Sulfate (SO4)
pH

Alluvial-Fan Gravel

Conspicuous local piedmont alluvial fans were deposited by ephem-

eral runoff from foothill slopes of the Lemhi and Big Lost River ranges

adjacent to the western boundary of the NRTS. Parts of these fans

extend into the western border area of the NRTS, sloping generally east-

ward and southeastward about 100 feet per mile The largest fan, cover-

ing an area of about 10 sq mi within the station, extends from the

slopes of the Lemhi Range in T. 6 N., R's 30 and 31 E. Smali unmapped

fans are present also adjacent to the slopes of Twin Buttes0 The fans

cover about 20 sq mi in the station.

The fan deposits are pebble to boulder gravel with boulders up to

two feet in diameter, in a matrix of sand0 Cobble and pebble gravel

predominate The pebbles and cobbles are locally derived, chiefly
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detrital limestone, sandstone, metamorphic rocks, granitic rocks, basalt,

and silicic volcanic rocks. The materials are generally coarser and more

angular than those in the alluvium of Birch Creek and the Big Lost Rivero

Mechanical composition.--The degree of size sorting ranges from

excellent to poor Facilities were not available for screening complete

gravel samples containing boulders and cobbles Inasmuch as the gravel

is a potential source of concrete aggregate and road metal, the size-

grade distribution of material smaller than cobble size in several

representative samples is shown in figure 13. Some of these (no0 11 in

fig0 13) seem to indicate an admixture of windblown fine-grained material,

and all the curves illustrate the rather poor sorting that is character-

istic of the alluvial-fan deposits. They were not studied in sufficient

detail to disclose the predominant types of size-grade sorting0

Gravel of Birch Creek

Birch Creek drains parts of the eastern slope of the Lemhi Range

and the western slope of the Beaverhead Mountains. Stream detritus

forms an extensive valley fill in the Birch Creek Valley and a broad

alluvial fan that extends onto the Snake River Plain in the northern

part of the NRTS. These fan deposits are sufficiently distinctive to

be represented on the geologic map (pl. 1; Qaf in the extreme northern

part of the map) separately from other alluvial fans.

The average slope on the surface of the fan is southeastward about

50 feet a mile0 The surface is cut by a series of small channels but

no main central channel was found There has been no runoff from Birch

Creek into the NRTS for many years, because most of the water is diverted
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upstream for irrigation. Seemingly, however, even before the advent of

artificial diversion, runoff was intermittent and the stream broke up

into a number of small distributary channels on the alluvial fan.

Detrital material in the Birch Creek alluvium is similar to that in

the alluvium of the Big Lost River. Scattered sparsely on the surface

of the fan are angular cobbles and boulders of basalt. The fan was

formed by cut and fill, and individual beds of sediment are irregular

in form, thickness, and extent. Some beds are loosely cemented by cal-

cium carbonate coatings which tend to be thickest on the undersides of

grains and pebbles.

Fossil camel remains, provisionally referred to Camelops after

study at Idaho State College (Hopkins, Marie L., written communication,

Oct. 12, 1953), were excavated from a few feet below the surface in

Birch Creek gravel, suggesting that the gravel is Pleistocene in age.

Mechanical composition.--Because some important construction may be

done partly on the Birch Creek alluvial fan, the mechanical composition

of the gravel is important in relation to subsoil drainage and as poten-

tial road metal and concrete aggregate. The size-grade distribution of

material smaller than cobbles is illustrated in figure 14. The diagrams

disclose a wide range in the mechanical composition of individual beds,

but the material as a whole is about as uniform as the Big Lost River

gravel. Most of numerous samples that were graded were very similar to

samples 15 and 16 in figure 14, which show 81 and 78 percent of gravel,

respectively. Sediment like number 17 (71 percent gravel) is fairly

common0 Material like numbers 18 and 19 is less common, but not rare.

Number 19 seems to contain a substantial amount of windblown silt0

1/ bchumed by an excavation contractor working for the Commission.
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Alluvium of the Big Lost River

The alluvial plain of the Big Lost River occupies about 60 sq mi in

the NRTS, extending about 25 mi northeastward through the western-central

part of the station. The width of the plain varies from a few tens of

feet in the southwest to about 4.5 mi in the central part of the station.

In the north half of T. 4 N. and the south half of T. 5 N. the alluvium

merges with sediments from other sources, and from there northward there

is a wider composite plain. The alluvium and associated sediments cover

a large part of the geologically more favorable construction area in the

NRTS and the deposits therefore were studied in considerable detail.

The alluvium of the Big Lost River originated chiefly from upstream

areas in the Lost River Range west of the NRTS. The sediment in the

central and southern segments of the plain is chiefly gravel, with

locally varying amounts of silt and sand matrix and a few lenses of silt

and sand. Northward the sediment is fine gravel, sand, and silt. In the

coarse gravel, cobbles as large as 10 inches in maximum diameter are rare

and boulders are few. The degree of size-sorting ranges from excellent

to very poor, but much of the material is moderately well sorted. The

amount of matrix ranges up to about 80 percent, but in some layers there

is so little matrix that pebbles form open-work gravel. Pebbles and

cobbles are of welded tuff, rhyolite, andesite, basalt, volcanic glass,

granitic rocks, quartzite, limestone, chert, and chalcedony. Sand

particles are similar but include numerous grains of feldspar. Individ-

ual grains commonly are subrounded to rounded, but angular grains of

comminuted basalt are common. Single beds of gravel are lenticular to

irregular in form and vary greatly in their thickness and extent. Most
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of the sand lenses are cross-bedded and similar in form to the gravel

beds, but are thinner and less extensive. The irregularities were

caused partly by constant shifting of the river channel and truncation

of earlier deposits0

The gradient of the Big Lost River channel is relatively low

throughout the NRTS, but there is an appreciable flattening north of

the State Butte bridge on Lincoln Boulevard in sec ll, T 4 N,

R. 30 E. Southward (upstream) from that location the dominant sediment

in the present stream channel is coarse pebble to cobble gravel; north-

ward (downstream) the sediment is finer, grading into sand and sandy

silt. Similar river-grade conditions probably prevailed during deposi-

tion of the whole mass of flood plain alluvium, because there is a

similar northward decrease in the coarseness of sediments wherever test

holes have been put down.

Though single beds of the alluvium of the Big Lost River are lenti-

cular to irregular in form, the deposit as a whole is a flat and nearly

level sheet or mantle on the underlying basalt. Owing to considerable

irregularity and relief on the surface of the basalt, there is wide

local variation in the thickness of the mantle0 The maximum thickness

of gravel that has been penetrated by test holes is about 70 feet.

Drilling has not adequately sampled the entire flood-plain area, but the

average thickness probably is not more than 40 to 50 feet0

At some places part of the gravel is lightly cemented by secondary

calcite, principally as grain coatings in the upper 30 feet0 The amount

of cement tends to diminish with depth and nowhere is sufficient to form

conglomerate0
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Depositional phases of the gravel.--Physiographic features of the

Big Lost River flood plain show that there were at least three phases of

gravel deposition, and these were distinguished by mapping and description

in some site reports by the Geological Survey (cf. Jones and Voegeli, 1950;

Nace and others, 1951, p. 11-13). A possible fourth phase also was

described. The distinctions between the three phases of the gravel are

entirely physiographic,L'no internal lithologic differences having been

found. Hence the various phases probably have no engineering importance.

They do, however, relate to comparatively recent events in geologic his-

tory. and may assist eventual deciphering of details of that history.

Accordingly the distinctions are summarized here for scientific record.

The youngest gravel phase occupies a belt along the present main

river channel. It is distinguished by branching and anastomosing aban-

doned river channel scars as much as seven feet deep. Vegetation bn the

gravel is very sparse and accumulations of windblown mantle are thin and

sporadic. In general, the original erosional and depositional features

of the gravel have been modified only slightly by wind and weathering.

This combination of features indicates very recent age.

A somewhat older gravel phase occurs in belts some distance from the

river, along the flanks of phase one, and forms the principal part of the

alluvial plain. Abandoned channel scars and other inherited features are

less conspicuous than on phase 1, having been extensively modified by

wind and weathering. Most of the preserved channels are less than a foot

deep. There is also a moderate stand of vegetation. These features

suggest deposition somewhat earlier than deposition of- phase one.
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Phase three of the gravel, representing the earliest recognized

stage of deposition of the modern Big Lost River, occurs at some places

along the margins of the alluvial plain adjacent to basalt outcrops. It

is typically represented in sec. 14, T. 3 N., R. 29 E., and sec. 2,

T. 2 N., R. 29 E. (Nace and others, 1951, p. 12). It is distinguished

by the absence of river-channel scars, which have been obliterated, and

by a relatively good stand of vegetation0 The surface of the gravel is

marked by low mounds about 2 to 4 feet high and up to 75 feet in diameter

at the base0 The origin of the mounds is not known, but they occur in a

rather regular pattern and are rather evenly distributed0 Their presence

suggests operation of an unusual geologic agent, because such mounds are

not known to be forming in the vicinity at present. Because this is the

older gravel phase, it may date from a period of permafrost or related

condition at the close of the Pleistocene epoch. The mounds resemble

features that have been attributed to permafrost in glaciated areas0

Privately, it has been suggested (1) that the mounds were thrown up

around animal burrows, or (2) that they are composite fossil anthills.

At any rate, the combination of features suggests that the age of this

gravel is greater than that of phases one and two.

A still older(?) gravel phase may be represented by a sparse scat-

tering of small stream-worn pebbles at numerous places on low-lying

basalt flows adjacent to the flood plain, extending to levels several

feet above the flood plain. The pebbles are not a continuous deposit

and are sufficiently sparse that at some places search is required to

find them. Flood-plain deposition is improbable because it is unlikely

that the river flood plain ever was built up as high as the levels on
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which the pebbles occur. A flood plain filled to that level would

require subsequent erosion to its present level0 Owing to lack of

exterior drainage, redeposition would have been in the area of the

playa basins to the north. Comminution of the gravel, and redeposition

of the material as the fine-grained lake beds to the north, is an

unlikely possibility If the flood plain had once been filled to the

higher level, remnants of high-level bedded gravel ought to be present,

but such remnants have ntt been found Possibly, during rapid melting

of alpine glaciers, the river flood plain was inundated with water at

sufficient height for ice to float or be thrust onto the basalto

Pebbles rafted in the glacial ice may have contributed the scattered

material now observed

Mechanical compositiono--The mechanical composition of alluvium of

the Big Lost River is illustrated in figures 15, 16, and 17. From the

latitude of State Butte southward the material is largely gravel, and

about 70 percent of the average sample is pebbles and cobbles North-

ward from State Butte the proportion of gravel decreases rapidly and the

alluvium is largely sand and silto

In the upper reach of the flood plain in To 2 No, Ro 28 E, coarse

sandy gravel and gravelly sand are about equal in abundance Sample 20

in figure 15 represents a substantial group of samples of the coarser

gravel within half a mile of the present river channel0 Sample 21 is

representative of another substantial group of samples of somewhat finer

gravel from the same general area. Sample 22, from the same vicinity,

contains practically no gravel, representing lenses that are common in

the gravel0 Sample 23 resembles no0 22 but is finer and well sorted,
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representing a common type of sediment more than a mile from the river.

Sample 24 seems to be a variation of no. 23.

All the samples represented in figure 15 are from the general vicin-

ity of the NRTS burial ground, and some are from dragline test-pits.

Samples 20 and 21 represent the most common material and illustrate the

general coarseness of upstream gravel beds0

About 5 miles downstream from the burial ground the average sample

is somewhat less coarse and less well sorted0 Samples from the flood

plain in the vicinity of the MTR and CPP areas are represented in

figure 16, in which samples 25, 26, and 27 (sandy gravel) are represen-

tative of the majority of samples collected there Samples 28, 29, and

30 represent variations of gravelly sand and sandy gravel0 Beds of that

type are relatively few in number in the reach of the flood plain from

which they were taken.

The midreach of the gravel area of the flood plain, from the

vicinity of the CPP area downstream to the neighborhood of the STR

plant, contains gravel beds little different from those near the CPP

area. The material is somewhat more sandy, with fewer coarse gravel

beds0 Sample 31 in figure 17, from about 2 mi downstream from the CPP,

represents the common sediment in that area. Sample 32 in the same

figure represents materials in the vicinity of the STR plant0 Sample 33

is representative of a large group of samples from the general area

about 3 mi east of the STR, showing a wide range of size-grades and

increased amounts of small grades down to silt size. The trend toward

increased sandiness and inclusion of even finer material is shown by

samples 34 and 35, from about 3 miles downstream from the latitude of
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the STR area, and representing a large number of samples from that area.

Sample 34 contains 3 percent clay, 7 percent silt, 73 percent sand, and

only 17 percent fine gravel. Sample 35 contains less than 2 percent of

fine gravel.

In the lower reach of the river, gravel is fine-grained and rare,

and the flood-plain deposits are largely sand and silt. Two samples

(36 and 37 in fig. 14)I.are illustrative. Sample 31 is typical of sedi-

ments about 5 miles east of the Big Lost River channel in T. 5 N., and

sample 32 represents thoseabout a mile west of the river channel.

In summary: the coarser gravels are in the upstream reach of the

flood plain, south of U. S. Highway 20. Downstream, toward K1R and CPP

the amount of cobbles decreases. Farther downstream there is not much

change as far as the latitude of STR. Northward from there the decrease

in coarse material is rapid. There is very little gravel north of

T. 4 N., which fact correlates with the decreased gradient of the river

and flood plain. Tongues and sheets of fine gravel extending northward

from T. 4 N. probably were transported by freshet runoff. Much of the

finest material in the Big Lost River gravel probably is windblown.

Chemical composition of secondary cement.--Gross samples of the

alluvium of the Big Lost River have not been analysed but the chemical

composition undoubtedly varies within a substantial range. Analyses

were made by the Pacific Testing Laboratories of the composition of

secondary mineral matter (cement) scraped from pebbles in gravel from

/ Pacific Testing Laboratories certificate no. 6878, Jan. 13, 1950,
to U. S. Atomic Energy Commission, Idaho Falls, Idaho.
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the central part of the Big Lost River flood plain at a depth of 1.5 to

4.5 feet (sample no's. 261 and 281), with the following results:

Percent by weight
Constituent no. 261 no. 281

Moisture 0.42 0.50

Silica (SiO2) 46.68 47.60

Iron oxide (Fe203) 4.90 5.32

Alumina (A1203) 4.84 4.26

Lime (CaO) 22.18 21.48

Magnesia (MgO) 3.18 2.11

Carbon dioxide 21.40 18.40

Playa Sediments

Undrained depressions that contain ephemeral lakes and ponds are

scattered throughout the HRTS. These depressions, called playas, range

in siue from that of the Birch Creek playa, containing about5q )to

that of small basins a few-score feet in diameter. All the larger basins

are in the northern third of the NRTS, where four principal playas have

an aggregate area of about 12 sq mi. Playa no. 1 is south of Howe Point.

From this basin a natural spillway, several feet higher than the floor

of the basin, leads to playa no. 2 on the east. The aggregate area of

these two basins is about 5 sq mi. A spillway and channel leads east-

ward from playa number 2 to number 3, which covers about 2 sq mi centered

around sec. 33, T. 6 N., R. 31 E. Playa no. 4 (Birch Creek playa) is the

largest of all and is the terminus of both the Big Lost River and Birch

Creek, lying west of the ANP administration area and largely north of

Pole-Line road.
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Most other playas on the NRTS are undrained depressions less than

a square mile in extent on the Snake River basalt. A conspicuous exam-

ple is Rye-Grass flat, just east of the junction of U 0 S Highways 20

and 26. Many small basins are too small to show on the scale of the

map (pl 1), but the aggregate area of all playas probably is about 25

sq mio Mapped playas cover about 22 sq mi.

The playa sediments are mostly poorly-sorted fine-grained light-

gray to light-tan sand, silt, and clay, the nature and color being

controlled by the type of material locally available0 In the basalt

area the beds are largely reworked loessial sediment0, In the Birch

Creek playa they are chiefly reworked Terreton Lake sediments0  In Lost

River playa no0 1 they are reworked fine alluvium (including fine gravel

at places) and reworked dune sand and silt0 Although locally derived,

the sediments are readily distinguished from parent materials by their

position, flat surfaces, closer compaction, and generally fine texture0

The Birch Creek playa beds are not clearly distinguishable from Terreton

Lake beds, but the playa beds have a harder surface crust, lighter color,

more abundant mudcracks, and a sparser cover of vegetation0 In most

playa beds there is an appreciable amount of secondary calcite0

Mechanical composition0--The mechanical composition of the playa

beds is illustrated in figure 18, showing cumulative logarithmic curves

for four samples0 Numbers 38, 39, and 40 are common types, and curves

for most samples analysed are very close to these. The material is

clayey, sandy silt with 14 to 40 percent clay, 5 to 20 percent sand, and

50 to 70 percent silt0 The general similarity between sample 38 (from

the Birch Creek playa) and sample 39 (from Rye Grass flat) is especially
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striking because of the long distance between their sources and their

totally different environments, the latter being from a basalt basin

where the only parent material is windblown (loessial) soil. The

environment of sample 40 is similar to that of no. 39. No. 41 repres-

ents the only observed deviation from the other three types, being a

clayey silt containing 6 percent sand, 62 percent silt, and 32 percent

clay. It is from the Birch Creek playa near a silt bar.

Slopewash Sediments

The slopewash sediments consist of miscellaneous materials having

a wide range in mechanical and lithic composition, and a variety of

sources. Talus, which occurs only in a very small area, is included on

the geologic map with slopewash sediments. Talus on the flanks of the

Twin Buttes consists of angular fragments of volcanic rock, mechanically

weathered from the bedrock and moved by gravity alone. There are no

other sizable accumulations of talus in the NRTS.

Slopewash in lowland areas resembles the playa beds. The sedi-

ments are less well sorted and occur where rill and sheet runoff is

the transporting agent. Most of the slopewash is poorly to moderately

well-sorted sandy silt, locally derived and containing appreciable

amounts of secondary calcite. The grain-size distribution in some

deposits is somewhat erratic, and at many places there is a consider-

able admixture of windblown sediment.

The principal areas that contain slopewash, including the talus

around Twin Buttes, are in the southern and western parts of the NRTS,

where their total outcrop area is about 4 sq mi. Single areas occupy

about 20 to 300 ac. The slopewash areas in general are unimportant as
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construction sites, but areas covered by these sediments may be suit-

able for small or temporary structures or operations, especially if

physical isolation is desired.

Windblown Sediments

Windblown sediments are nearly ubiquitous on the NRTS, mantling

much of the basalt and some of the older sediments. Two principal

types of windblown material are present: less and wind-drifted sand

and silt. These ordinarily are readily distinguishable, but at some

places they are mixed and interfingered0 On the geologic map (pl. 1)

the two types are not distinguished but are grouped simply as windblown

material (Qwb).

Loess.--Loess is windblown material that accumulated by settling of

atmospheric dust, as distinguished from dunes and other drifted deposits.

Loess is characteristically fine-grained, chiefly silt- and clay-size

particles, and lacks definite stratification. Where deposits are thick

they tend to develop columnar structure. Throughout the Snake River

Plain less forms a mantle of fine-grained, buff to yellow and pinkish-

brown sediments0  It lacks the prismatic columnar structure seen in some

less deposits elsewhere, but its distribution and occurrence is such

that it could have been formed only by settling from the atmosphere.

Loess on the NRTS is characteristically light-buff to brown calcareous

silt. The degree of size-sorting is generally good and there are only

relatively small amounts of clay and sand

Like many less deposits throughout the United States, the origin

of the less is indirectly related to Pleistocene glaciation, having

been formed by wind action south of the glaciated area. Deposition
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thus probably began in Pleistocene time0 Much of the material is suffi-

ciently old that, even in the dry plains climate, weathering has reduced

it to "loessial soil," which supports a moderate stand of plains vegeta-

tion. The less seemingly originated by deflation in distant areas

containing unconsolidated sediments. Hence there is little locally

derived material in the less. At some places it probably contains some

volcanic ash and decomposed pumice. Commonly the less contains or is

underlain by hardpan layers formed by precipitation of lime leached from

the less. Blocks of lava that rest on less commonly are coated with

lime on their lower surfaces. Lava underlying less also ordinarily

has a contact zone of lime deposits. At most places the less is only

a few inches or a few feet thick. On the NRTS, thicknesses of more

than 10 feet are rare, although elsewhere on the plain as much as 60

feet of less has been penetrated by drills.

By no means all the less in the NRTS is shown on the map (pl. 1),

as only the principal thicker deposits were mapped. Where the area

covered is very small or the deposit very thin over basalt, it was not

mapped.

Drifted sand and silt.--Patches of windblown sand and silt occur

throughout the NRTS, but they are conspicuous in the northeastern part,

where dunes, trains, and drifts mantle other materials and dominate the

topography. These deposits are especially conspicuous on aerial photo-

graphs. Much of the sand and silt is locally derived, having been win-

nowed from other sediments. The sand in general is fine-grained and

well sorted, although at some places there is a considerable admixture of

clay and silt0 The sand grains are rounded to subrounded, chiefly quarts,

comminuted basalt, and derivatives of other volcanic and sedimentary rocks0
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An exceptionally large, irregular sand drift is in see . 4, T 5 N,

R. 31 E. South and southwest of Circular Butte drifted sand forms rows

of sand trains up to several feet high and hundreds to thousands of feet

long. These trains have their long axes oriented parallel to the direc-

tion of the prevailing wind (fig0 4).

Mechanical composition.--The sand from drift trains characteristi-

cally is very well sorted and most samples are similar to that represen-

ted by no0 42 in figure 19. The sample is chiefly fine sand, with a

little silt and practically no clay Sample 43 probably is largely

looms because most uncontaminated loose yields a curve very close to

this oneo Material like that in samples 44 and 45 also is very common

in the loesso

Several samples of impure windblown material are represented in

figure 20o These are mixtures of less and sand and possibly other

material Samples 46 and 47 are from dune areas but the sie-grade

curves resemble those for less 0 Material resembling no. 48 is not

rare Noo 49 probably comes nearest to representing the "average"

assortment in undifferentiated windblown materials0

Mineral Composition of Sediments

Minor information about the mineralogy of some sediments is con-

tained in. preceding pages Detailed mineralogic study of gross mater-

ial has not been made, but the composition of the silt and clay com-

ponents in all sediments has been studied because these are of special

importance in connection with waste-disposal problems0 Specifically,

natural decontamination of radioactive liquid waste released to the
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environment is largely by ion-exchange and related processes. The ion-

exchange capacities of natural minerals range widely and the kinds and

amounts of these minerals in the sediment are important. Inasmuch as

the fine-grained particles tend to be of minerals having the greater

exchange capacities, only the silt and clay fractions of sediments were

studied.

In geologic usage, clay is both a rock' and a particle-size term.

In this report, the unmodified word, clay, is a particle-size term.

Clay minerals, on the other hand, are a specific group of minerals hav-

ing well-defined physical, chemical and optical properties. The rock,

clay, is not precisely definable, because a great variety of materials,

including nonclay minerals, has been called clay. In general, clay is

a natural earthy, fine-grained material, usually containing both clay

and nonclay minerals, the whole being plastic when moist. The termi-

nology is confusing at times but probably is too well entrenched to be

modified.

Clay and silt fractions of more than 50 samples of all types of

sediments on the NRTS were studied by John C. Hathaway of the Geochemis-

try and Petrology Branch of the Geological Survey. The component min-

erals were identified by I-ray diffraction patterns, with the results

shown in table 15. The laboratory methods are described in Appendix 1.

The table shows that most silt-size particles (median diameters of 2 to

1/ In geologic parlance, rock is not synonymous with stone. A rock is
a natural aggregate of minerals,.and clay is a rock. Clay that is con-
solidated is called claystone.
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62 microns) are quartz, with lesser amounts of calcite, feldspar, dolom-

ite, montmorillomite, and hydrous mica. The clay-size particles (median

diameters less than 2 microns), in general descending order of abundance,

are montmorillonite, hydrous mica, kaolin, quartz, calcite, and feldspar0

In the table, minerals of the kaolin group all are listed under "kaolin-

ite." In addition to the minerals shown, some samples contained small

amounts of chlorite, vermiculite, and hornblende.

There is little or no mineralogically pure clay in the NRTS, and

even the clay-size components in many samples are quite impure, contain-

ing only 15 to 75 percent of clay minerals0 For those specimens in

which numerical percentages were estimated, the average amounts of the

several minerals are as follows (percent of fine-grained fractions of

gross samples):

Clay Silt
size size

Clay minerals

Montmorillonite 36 7
Hydrous mica 27 8
Kaolinite 11 +

Quartz 12 53
Calcite 13 17
Feldspar <5 12
Dolomite 9

The columns do not add up to 100 percent because the averages are not

weighted, being simple averages of the results for differing numbers

of determinations for each mineral.

The data suggest that little of the clay was formed in place and

that most of it probably was transported into the area by wind and

water from areas where clay is being produced by chemical weathering.
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Table 15.--Mineral composition of clay and silt fractions of sediments from the NRTS an(

(Analyses by U0 S. Geological Survey)

Explanation: P-predominant in amount; S-subordinat e in amount; tr-trac e amount

Depth Minerals present (approximate Percent'

Sample Type (feet Cla fraction-

number Location of below Mont- Hy- Kao- Quartz Cal- Feld- Mont- Hy- I
material land moril- drous lin- cite spar moril- drous

surface) lonite mica ite lonite -idcaJ

d vicinity

t

of each fraction
Silt fraction

Kao- Quartz Cal- Feld- Dolo-
lin- cite spar mite
Ete

To 7 No, R0 31 Eo

SE4NW sec,,
do

34 Gravel, sandy
do

To 6 No, Ro 30 Eo

3 SE*S4SE4
sec .12

To 6 No, R. 31 Eo

4 NWANW4NE4
sec. 12

5 NE4NW*NEA
sec o13

6 SW4NE* sec0 13
7 do
8 SE4NE* see 13
9 NE4SW4 sec0 13

10 do
11 SwASwSwk

sec. 13
12 SEtSW4 seco 13

13 NW4NWSE4
sec ,13

14 SEANE* sec0 14

15
16
17
18

NWANE4 sec0
Center sec.
Center sec.
SASW41 sec,

14
14
14
23

do

do
Silt, sandy, with

some clay
do
do
do
do
do

Silt, clayey,
sandy

Silt, sandy, with
some clay

do
Silt, clayey,

sandy
do
do
do
do

15 30 10

o7 25 25 20

5-5o5
15
10
21
2-4
do

5

10

1404

10
5
0
5
5

45
35
40

P
S
S

15
25
20
P
p
p

5
15
10
S
P
P

5 35 5

5 25 tr

15
15
15
S
S
S

10
10
15

tr 10

5

35 20 20 15 10 tr

35 20 15 15 15 tr

45 15 10 15 15

30
30
35
30
40

20
25
20
20
20

15
10
15
15
10

15
20
20
20
15

15
15
10
15
15

10
5

- - 50 30 10 10

- - 70 10 10 10

5 45 30 5
tr - 45 20 25

5 - 45 35 10

5
10
5

- 55 25 10 10

60 25 5 10

10

5
5

tr
tr
tr
tr

- 45 20 5 20

60
50
60
65
60

10
25
25
20
20

20
10

5
5

10

10
10
5

10
10

1
2

10
22

P
P

S
S

- 5
tr

20
10

S
S

S
S

S
S

30
40

30
15

5
tr





Table 150--Mineral composition of clay and silt fractions of sediments from the NRTS and vicinity--Continued

Miner pr~et proximatee percent of each fraction)
Clay fraction

Quartz Cal- Feld>
cite spar

Mont-
moril-
lonit e

Hy-
drous
miaca

Silt

Kao-
lin-
ite

fraction
Quartz Cal-

cite
Feld- Dolo-
spar mite

To 6 No, Ro 31 E 0 -- Continued

19 SEL see0 23
20 NE4NW4SW4

see .24
21 NWLNW4NE*

sec .26
22 NWkSW* se. 26
23 SESE4SW4

sec .27
24 SEhNE4 sece 34
25 SWkSWSW4

seco 34
26 do
27 do

T. 6 No, Ro 32 E.

28 Center see. 22

To 6 N0 , Ro 33 E.

29 NE4NE4 see0 21

To 5 No, Ro 31 Eo

30 NWK sec. 29

31
32
33

NW4 seco 31
Center see.
NW*SE* seco

31
33

Sand, silty
Silt, sandy, with

some clay
Silt and sand,

windblown
Sand, silty
Sand, silty,

clayey
do

Sand, silty
Silt, sandy
Sand, silty,

clayey

Sand, clayey,
silty

Silt

Sand, silty,
clayey

Sand,- silty
Sand

Sand, silty

408-58

10

3 o8-4o 5
5o2-6

5o2-6

040-5
005

1

0

1

o5

o5

P 3 - 10 10

40 15 10 20 15 tr

P
P

P
P

P
P

P

P
P

P
P

- 10

- 15

S
S

10
15

- 10

5 15

P P

10
5

10
10

10
5

tr

15 tr tr

p P S 10 10 tr

P P 5

P
S
P

P
P

P

S
S
S
S

S - 30 15 tr 5

10 10

S
s

s
S

s

S

S
S

- 40 30 5 5

S
s

50
50

- 40
S 45

40
- - 50

- - 45 5 10 5

S 35 15 5 5

S

15
15
15
10

S
S
S

tr

S
S
S

S
S
S

45
40
50
50

To 5 No, Ro 33 E.

34 SE4SW4 sec. 10 Silt

Sample
number Location

Type
of

material

Depth
(feet
below
land

surface)

Mont -
Moril-
l1onit e-

Hy-
drous
mica

Kao-
lin-
ite

150

10
10

15
25

15
10

5
5

10
tr

5
10

5
15

15
10

tr
10

20
15
10

5

P P S S
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Table 150 -Mineral composition of clay and silt fractions of sediments from the NRTS and vici

Depth Minerals resent a roximate erceni

Sample Type (feet Cla_ fraction
number Location of below Mont- Hy- Kao- Quartz Cal- Feld Mont- Hy=

material land moril- drous lin- cite spar moril- drousI
surface) lonite mica ite lonite micaj

nity-Continued

L of each fraction)
Silt fraction
Kao- Quartz Cal- Feld- Dolo=
lin- cite spar mite
ite

To 5 No, Ro 34 Eo

35 NE4SE4 see. 18 Silt, clayey 0 P P tr tr

To 4 No, R0 30 E0

36 NE4NE*NW4
sec0 4

37 NW4NW4 sec.
38 54NW4sec.
39 NE4SW4 seco
40 5W45W4NE4

see .26
41 SW4SW NE4

sec0 27
42 SE4SE4SE4

sec0 27

To 2 No, Re 28 Eo

43 NE4SW}NEt
see .12

44 SE4SENW4
sec o12

45 do

To 2 No, R0 29 E0

22
22
23

Sand9 silty to
gravelly

Silt, sandy
do

Sand, fine

Silt, sandy

do

3-3o44

1

1

1

Sand

Silt, sandy to
gravelly

Silt
Sand, silty

1907

P
P
P

tr

P
P
P

S
S
S
P

PP S

P P S

do P -

15
S

tr
S

5 S S 50

S

S

15 5 S

do do s 10 10

do
do

S
P

- 5
5 15

15
5

S

Str

- - 50 - 25 5

- - 60 tr 25

- - 60
5 - 55

SW4NW* sec .18
SE4NE4 sec0 18
SE4NE4 sec0 18

do
do

Center sec0 18
NW4 sec0 18
SENW4 see0 18

do
Silt, sandy
Silt, clayey
Silt, sandy

Silt
Sand, silty
Sand, silty

do

5 5 10

46
47
48
49
50
51
52
53

2o5
3
7

11
13
3
3 c9
3

35
35
30
10
30
70

P
65

20
25
45
60
35
15
S

20

5
5

25
15

10
5

10
5

10
5

10

10
20

25
20

5
20
20

5

5
10
10
tr

5
5
S
5

tr

15

tr
tr
tr

tr

tr

5

10

tr

10

15
10
5

10
15
10

60
50
50
75
75
70

75

10
15

5

10

10
20
15
15
10
10

15

-

- - -
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Table 154--Mineral composition of clay and silt fractions of sediments from the NRTS and vicii

Depth Minerals resent a proximate percent
Sample Type (feet Cayfraction
number Location of below Mont- Hy- Kao- Quartz Cal- Feld- Mont- Hy-

material land moril- drous lin cite spar moril- drousI
surface) lonite mica ito lonite micaj

T 2 N., Rto 29 E=--Continued

54 NW4Sg4 sec.18 Sand, fine 5 35 20 15 15 10 5
55 do Clay, silty 8 45 40 10 5 - - -
56 SE SWt seco 18 Sand, silty 4 35 25 15 5 15 tr 10 -
57 do Silt, sandy 13 40 45 10 5 - -

nity-Continued

b of each fraction
Silt fraction
Kao- Quartz Cal- Feld Dolo-
Lin- cite spar mite
[te

60 15 15 10
70 30 -
55 15 10 10

- 90 - 10
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SPECIAL GEOLOGIC FACTORS

Ion Exchane in Earth Materials

Both anion and cation exchange are included under the general term

ion exchange. In the atomic-energy industry natural ion exchange is

especially important because it is a potential means of decontaminating

liquid wastes released to the environment. Much remains to be learned

about ion exchange, especially with fission products and the possible

conditions under which the exchange process may be reversed in natural

sediments. The clearest available explanation of ion exchange in rela-

tion to geology and mineralogy is that by Grim (1953, Po 126-159)o

General Principles

All clay minerals, which are essentially hydrous aluminum sili-

cates, can absorb and retain certain ions in an exchangeable state.

Exchange of these for other ions may be accomplished by treatment with

such ions, most commonly in an aqueous environment0 "The exchange reac-

tion is stoichiometrico The exchangeable iQns are held around the out-

side of the silica-alumina clay-mineral structural unit, and the exchange

reaction generally does not affect the structure of the silica-alumina

packet0" (Grim, 1953, Po 126)o

Exchange capacity is not a property exclusively of clay minerals

because all very finely divided inorganic material has some exchange

capacity. The capacities of clay minerals, however, are large compared

to those of most other minerals (table 16)o
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Table 16.--Cation-exchange capacities of common clay minerals

(After Grim, 1953, Po 129)

Mineral Exchange capacity
(meq/100. i-at pH 70)

Kaolinite 3- 15
Halloysite (2 H20) 5- 10
Halloysite (4 H20) 40- 50
Montmorillomit e 80-150
Illite 10- 40
Vermiculite La hydrous mica7 100-150
Chlorite hydrous mica7 10- 40
Sepiolite, attapulgite, palygorskite 20- 30

Ion-Exchange Capacity of Sediments in the NRTS

Montmorillonite, one of the more efficient ion-exchange minerals

(table 16), is the most abundant clay mineral on the NRTS. The next

most abundant is hydrous mica, varieties of which have moderate to

large capacities. Kaolinite, which is relatively much less abundant,

has only small capacity0 The clay- and silt-size material in all sedi-

ments on the NRTS has at least small to moderate exchange capacity.

This is well shown in laboratory tests, by Dorothy Carroll and Carol J.

Parker, of the Geochemistry and Petrology Branch of the Geological

Survey, of the capacity of the silt- and clay-size fractions of gross

samples. The results of tests of 160 samples are summarized in table

17. The complete record of results is contained in Appendix 1, table

2. These data show that the fine-grained fractions from coarse sedi-

ments, such as gravel, have smaller exchange capacities than those from

finer sediments0 The reason is that the silt and clay fractions from

fine sediments contain more clay minerals than do those from coarse

sediments.
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The clay minerals have higher exchange capacities than the nonclay

minerals because in clay the exchange occurs both at the surface and

within the crystalline lattice of the minerals. In the nonclay minerals

exchange occurs wholly or largely at the surface of the grain. The

tests of the fine-grained fractions of sediments do not, of course, show

the total exchange capacity of the gross samples from which the fine-

grained fractions were extracted. The total capacity is somewhat greater

than that shown by the tests, but it is not possible to set up rules for

determining the total capacity by extrapolation or otherwise. In a

silty, clayey sand most of the capacity is in the clay fraction, and

some is in the silt. The sand portion has very low capacity. Even

sand crushed to sizes less than two microns has an exchange capacity of

only a few meq per 100 g. Thus, the silt-clay fraction, even though it

is only a very small fraction of the total sediment, has a very large

percentage of the total exchange capacity. Accordingly it is believed

that the exchange values reported in table 17 are in the correct order

of magnitude for the total exchange capacity of the gross parent

samples.

Ion-Exchange Capacity of Basalt

The exchange capacity of basalt is relatively small. Determina-

tions are difficult, and only a few preliminary tests have been made

(table 18)o The laboratory work was by Dorothy Carroll and Hildreth

Schultz in the Geochemistry and Petrology laboratory. Broken rock was

screened through sieves into 9 size-grades and the exchange capacity

was determined by an ammonium chloride method. One sample, composed of

drill-hole cuttings of Snake River basalt, is quite fresh, with no
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apparent alteration or formation of clay minerals. The second sample,

pillow lava, also is quite fresh, but the glassy selvage differs from

the rest of the rock Clayey material associated with the pillow lava

may be an alteration product.

Table 170--Summary of ion-exchange capacities of.

clay and silt fractions of sediments

/Neq per 100 g of sediment. Analyses by Geological Survey]

a/Type of sediments Number Ion-exchange capacity
-of samples.. Range Average

Gravel
Coarse, clean 2 1.0- 2.9 2.0
Sandy 52 l14-156 4.1

Sand
Clean 19 lo6-180 7.6
Silty 24 1.8-236 8.5
Silty and clayey 21 3.3-20.0 103
'Silty, windblown 5 3.0- 7.5 5.2

Silt
Clean 4 6.2-34.8 204
Sandy 9 5.3-38o0 21o9
Sandy and clayey 17 7.1-30.4 13.5
Clayey 3 7.5-420 203

Clay, silty 1 - 137

Soil mantle on acidic volcanic rock 1 - 4.4

All sediments 158 1.0-388.8

aJ Terminology is based on size grades; mineralogic composition is
not implied
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Table 18.--Ion-exchange capacity of basalt

(Meq per 100 g of rock0 Analyses by Geological Survey.)

k_/Sample 2
Size-grade a/Sample 1 Rock Glassy

selvage

>4 inch 0.53
4 mm 0.98 0.42 .58
2mm .89 .58 .58
1 mm .73 1.44 /l.33

.5 mm 61 2.15

.25 mm .86 3.78

.125 mm 1.32 7.71

.062 mm 2.80 12.23
4230-mesh 2.30 9-2.64

a/ Fresh sample of Snake River basalt; composite of cuttings from test
hole on NRTS.

b/ Pillow lava adjacent to an interflow bed at Malad Springs in Snake
River Valley. Exposed to weathering, but not much altered.

c/ Chiefly clayey material associated with the basalt; possibly an
alteration product0

_/ All material that passed the 10-mesh sieve (42 mm).

The data are not sufficient for analytical comment. They show

that the exchange capacity of the basalt is small except where alter-

ation of the basalt has produced clay minerals.

Desiccation and Earth Cracks

In July 1953 a set of unusual fractures developed in the Terreton

lake sediments in the SWNE sec. 13, T. 6 N., R. 31 E. (here called

locality no. 1). The geometric focus of the fractures was at the edge

of a borrow pit adjacent to the newly graded, hard-surfaced Lincoln

Boulevard. The main fracture was roughly S-shaped in plan, was about

350 feet long, and extended east-west. Another fracture, about 100

feet in length, extended southeastward from the focal point. The
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fractures extended through the pavement of Lincoln Boulevard at two

places. Along most of the fractures the horizontal separation of the

walls at the surface initially was about 0.5 to 1 inch0 Water accumu-

lated in the borrow pit following a heavy rain, however, and sediment

from the walls was washed into the cracks0 The wetted walls also

slumped near the focus of the fractures, producing a fissure about 30

feet long, 3 to 4 feet wide, and about 3 feet deep (fig0 21). The

fractures are here called earth cracks, from analogy to common mud

cracks The writers believe that these are, in fact, giant mud cracks0

The nature and cause of the cracks are of concern because their possible

recurrence would influence engineering and construction plans for some

types of structures0

The cause of ordinary mud cracks (fig0 22) is desiccation, as is

well known0 A similar cause for the earth cracks cannot be proved

directly at this time, but various lines of circumstantial evidence

point to desiccation as the principal agent0

Distribution of the Earth Cracks

On the Birch Creek playa in the NW sec 0 23 and the SWASW seco

14, T. 6 N0, R. 31 Eo (locality 2), about a mile and three quarters

southwest of locality 1, about 80 acres of land is marked by a system

of shallow, linear depressions which make a plan pattern (fig0 2) very

much like that of ordinary mud cracks These were discovered on aerial

photographs in 1950 and were tentatively identified, after-field exam-

ination, as "giant mud cracks" Subsequently, other old cracks were

discovered at several places in the southern half of seco 15, T 6 N0 ,

R. 31 Eo (fig0 23). These seem to represent all stages, from cracks
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Figure 21.-Fissure formed by slumping of walls. Near focus of earth
cracks at locality 1, SWI/4NEI/4 sec. 13, r.6N.,R.31E.
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Figure 22.- Ordinary mud cracks on floor of Birch Creek playa

northern NRTS. (Photo by PT. Voegeli)
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1 or 2 years old to cracks several to many years old. The linear

depressions that mark the old cracks obviously were formed by slumping

of the walls of the cracks. In this report the "giant mud cracks" are

called earth cracks, a term which is simple and implies a scale larger

than that of mud cracks.

In the winter of 1953-54 a fresh earth crack that obviously had

developed in 1953 was found near the eastern edge of locality 2, in the

SWSW* seco 14, T. 6 N 0, R. 31 Eo Subsequently, in the summer of 1954

several extensive sets of new earth cracks appeared on the floor of the

Birch Creek playa in the SWASE* see0 10 and the NE*NEk sec0 22, T. 6 No,

R, 31 E, (fig0 24). These were similar in all respects to the new

cracks at locality 1 and near locality 2, including wide fissures where

the walls of the cracks slumped 0 Earth cracks have not been found on

the NRTS except in the Birch Creek playa and vicinity0

The earth cracks on the NRTS are not unique0 Similar cracks on

the floor of a playa in the Animas Valley, New Mexico, were described

by Lang (1943), who attributed them to desiccation and shrinkage and

called them "drying cracks." The climate, the topography, and the

type of sediment in the Animas Valley are generally similar to those

in the Birch Creek playa. The earth cracks in the Animas Valley also

are clearly shown on aerial photographs and Lang visited the site on

several occasions during 1937-41. The year 1934 was one of extreme

drought and Lang believed that the cracks may have formed at that time0,

A resident of the valley recalled having seen in the playa floor open

cracks that "were narrow but may have been two or three feet deep." The

average width of the polygons bounded by the cracks was about 80 or 90 ft0
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The similarity to earth cracks in the Birch Creek playa is obvious.

Seemingly, such features are unusual, but not rare. Twenhofel (1932)

noted that large cracks may develop to "depths of many feet on deltas

and flood plains during long dry periods."

Characteristics of the Earth Cracks

At locality 2 on the Birch Creek playa the polygonal pattern of

the earth cracks is made by elongated depressions 1 to 6 inches deep

and 1 to 3 ft wide0 The polygons are 50 to 100 ft across. The

depressions and pattern are indistinct from the pedestrian perspective,

but are well shown in aerial photographs (fig. 2). The depressions

tend to collect moisture, thus promoting a more vigorous stagnd of vege-

tation than that growing in the interior of the polygons. The vegeta-

tion makes the depressions conspicuous on aerial photos. Shrubs grow-

ing in the depressions indicate that they are at least several years

old. The depressions undoubtedly were formed when the walls of earth

cracks slumped and sediment was washed downward to fill the cracks.

The fresh earth crack in the SWSWt sec. 14, T. 6 N., R. 31 E.

closely resembles the earth cracks at locality 1. The crack is some-

what sinuous in plan, trending westward for about 60 ft, then turning

abruptly southward for about 30 ft. The crack was still open when it

was examined in 1954 and the horizontal separation of the walls ranged

from 1 to 4 inches. Other fresh cracks that appeared in 1954 were

similar in appearance and at some places large fissures formed where

the walls slumped. Owing to the dry climate, these remained open for

many months, being still sharply defined in mid-1955.
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Subsurface features of some of the cracks were exposed by excavat-

ing and were studied in detail. An excavation in sediments at the focus

of the earth cracks at locality 1 reached basalt bedrock at a depth of

about 51 ft (fig. 25). The three principal cracks were exposed in the

NE, SE, and W walls of the excavation. To a depth of 4 ft the cracks

were open and ranged in width from 3 inches in the SE crack to about

2.5 ft in the W and NE cracks. The widened parts were partly filled

with material that slumped from the walls. The maximum width of the

cracks at the surface before slumping probably did not exceed 2 inches.

The width of the NE crack is half an inch at a depth of 18 ft,

three-sixteenths inch at 44 ft, and one-sixteenth inch at 49 ft. The

crack does not extend below the depth of 49.7 ft, 4 inches above the

bedrock surface.

The SE crack is 3 inches wide at a depth of 4 ft and half an inch

wide just above 42 ft. The crack disappears at a depth of 42 ft, about

9 ft above the bedrock surface, by breaking up into several parallel

small cracks0

The W crack is one-eighth inch wide at a depth of 4 ft, half an

inch wide at 39 ft, three-sixteenths inch wide at 44 ft and one-

sixteenth inch wide at 50 ft0 The crack disappears at a depth of 50.4

ft, 7 inches above the bedrock surface.

All the principal cracks are nearly vertical; they contain sedi-

mentary dikes of light-colored sandy silt below a depth of 4 feet; the

width diminishes with increasing depth; and the cracks are confined to

the sediments, not extending into the underlying basalt0 The basalt is

intact except for ordinary joints and fractures which are original



Thi
Land surface

12feet

Depti
(feet

0

3.0
3.

Silt, sandy, clayey, tan, compacted;
0.2-foot sand bed at 48.0 feet

Sand, coarse, red, calcareous
Basalt,very vesicular, dark gray,

discontinuously overlain by hard
conglomeratic material and rounded
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Figure 25.- Cross-section exposed in west wall of excavation through earth
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features. There was no evidence of new fracturing or other disturbances

in the basalt. The original features of the basalt are readily recogniz-

able and would be easily distinguishable from new fractures, had these

been formed.

An interesting feature in the excavation at locality 1 is the pres-

ence of two systems of "fossil" cracks exposed in the walls at depths

of 35.5 and 43.4 ft. Each system is independent of the other and of

the new cracks. Aside from their small size, the "fossil" cracks

resemble the new ones. They are filled with sedimentary dikes, they

involve the same geologic materiAls, they diminish in width with

increasing depth, and they end within the sediments. The two systems

of "fossil" cracks indicate that earth cracking occurred at this location

at least two successive times during the past. The small size of the

fossil cracks probably is an expression of the thinness of the blanket

of sediment that covered the bedrock at the time the cracks formed.

The blanket was only 7 to 15 ft thick and the cracking probably was on

a scale intermediate between ordinary mud cracks and "giant" earth

cracks. The presence of the ancient cracks is evidence that the lake in

which the sediments were deposited withdrew from the area at least

twice before the final withdrawal, exposing its bottom deposits to des-

iccation.

In the Birch Creek playa an excavation was made across the inter-

section of three older earth cracks in locality 2. The hole was 22 ft

deep and did not reach bedrock. The cracks are nearly vertical and

above the depth of about 3 ft are filled with slumped material; below

that depth they contain dikes of light-colored clayey silt. The
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cracks now are filled but it is obvious that to depths of 3 to 3.5 ft

the original shrinkage cracks were widened, as at locality one, by

slumping of the walls. Below the slumped zone the cracks are 1 to 2

inches wide at most and they narrow downward to widths of 1 to one-

fourth inch. The lower ends of the cracks were not reached by the

excavation.

Near locality 2, in the SW4SW sec 14, T. 6 N., R. 31 E. a fresh

earth crack was excavated to a depth of 11 ft. Above the depth of

about 4 ft the crack is partly filled with slumped material and below

4 ft it contains a dike of loosely packed, light-colored clayey silt.

In the wall of the excavation the crack has the following character-

istics: about 6 inches wide at a depth of 3 to 4 ft; widens rather

abruptly to 2 ft at a depth of 5 ft; narrows gradually to about 2

inches at a depth of 10,ft. The erratic changes in the width of the

crack obviously were caused by slumping.

Cause of the Earth Cracks

All the cracks excavated at the three localities have the follow-

ing principal characteristics in common: They are in clayey silt, some

of which is sandy, and within which are lenses of fine sand. The cracks

extend nearly vertically downward and diminish in width with increasing

depth; at shallow depth they are widened locally. The cracks are occu-

pied by sedimentary dikes composed of transported material which is

similar in composition to the enclosing beds.

Several possible causes for the fracturing have been considered,

but only one cause, shrinkage of sediments undergoing mass desiccation

during a term of years, is supported by geologic evidence. The evidence

is conclusive that the cracking is a superficial phenomenon, restricted
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to the fine-grained lake and playa sediments overlying the basalt in the

northern NRTS. The basalt neither causes nor participates in the crack-

ing.

The "fossil" cracks exhumed at locality 1, and the occurrence of

both old and new cracks in younger sediments, show that the cracking is

discontinuous and recurrent. The process probably is very slow, and

sets of fractures completely surrounding vertical prisms of earth would

not necessarily develop simultaneously. One or more sets of fractures

may develop successively in a given area, perhaps during successive

periods of desiccation months or years apart, and ultimately producing

the well-developed earth-crack pattern exemplified at locality 2.

Construction activities in the vicinity of locality 1 caused

saturation wetting of the soil at some places. At other places drying

out of natural soil moisture may have been accelerated by construction

work. Such factors may have triggered latent cracking but are not the

primary cause, because cracking has occurred where no such activities

have taken place. On the other hand, the combination of a dry climatic

cycle in recent years, and cessation of surface runoff into the Birch

Creek playa, may have led to progressive desiccation of the playa area

during a period of many years just past. It is believed that the

cracking thus is largely, if not wholly, unrelated to construction work

in the ANP area. Therefore, further cracking may recur at specifically

unpredictable locations and without discernible warning.



172

GEOLOGIC STRUCTURE

The Snake River Plain has been called a great structural downwarp

(Kirkham, 1931), but the senior writer believes that the Snake River

Plain is essentially a huge graben, downfaulted between complex horst

blocks represented by mountain complexes to the north and south. The

rocks within the graben obviously are downwarped somewhat, but the

downwarping movement probably was an incident to the faulting, rather

than the principal movement It is not necessary for present purposes

to review the downwarp theory If modified by inclusion of large-scale

regional block faulting, the theory is acceptable and generally agree-

able with observed geologic features of the NRTSO Stated in oversimpli-

fied terms, the downwarp or graben is a trough formed in ancient crys-

talline rocks and is buried beneath younger volcanic rocks and sediments

having an aggregate thickness of some thousands of feet The Snake

River Plain is the floor of the modern trough and extends entirely

across southern Idaho in a broad arc, convex to the south. The prin-

cipal earth movements that produced the trough occurred in remote geo-

logic time. Some movement probably was continued into comparatively

late time, because volcanic and sedimentary rocks as young as Pleisto-

cene have slight dips toward the axis of the trough0 Successively

older rocks reportedly dip at progressively steeper angles (Kirkham,

1931).

The depth through the Cenozoic volcanic rocks and sediments to the

ancient rock floor is not known but has been estimated variously at

2,000 to 20,000 feet0 The maximum certainly exceeds 2,000 feet. The

The greatest depth penetrated by drilling on the NRTS is 1,500 feet0
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The station is on the north flank of the trough and near the northern

edge of the region of basaltic lava eruptions. The basalt rests in

angular unconformity on older rocks, including Tertiary volcanic rocks.

Stearns (1938, p. 38) postulated (1) the presence of extensive masses

of Tertiary volcanic rocks beneath the basalt, and (2) the existence of

an ancient, buried mountain range formed by those rocks beneath the

area of Twin Buttes and Big Southern Butte. According to that theory

the buttes are the highest eminences on the buried mountains. Avail-

able evidence is insufficient either to confirm or to deny the theory.

Stearns (1938, P. 37) theorized further that the Twin Buttes may

be on the upthrown southern block along a fault trending eastward.

Direct evidence of the existence of such a fault has not been found,

but if the fault is present the faulting movement antedates late flows

of the Snake River basalt. So far as can be determined at this time,

rocks within some hundreds of feet beneath the surface in the NRTS are

not disturbed by significant faults or folds and the overall structure

beneath the station is relatively simple. In detail, however, the

local geologic structures are complicated, though these structures

express the mode of emplacement of the basalt and sediments, rather

than earth movements.

Regional geologic structures in and around the Snake River Plain

have been little studied and only general facts and inferences are

available. For example, the steep slopes on mountains adjacent to the

north edge of the plain suggest a major fault or series of faults along

the mountain front. If major faults occur along the mountain front,

the fault lines are covered by basalt and Quaternary sediments. Warm
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ground water commonly occurs in the vicinity of large block faults;

warm water occurs in the vicinity of Arco and northeastward to Lidy Hot

Springs in T. 9 N., R. 33 E., Clark County, Idaho. Warm ground water

occurs also southwestward to the vicinity of Carey, in Blaine County.

The warm water may be associated with faults, and the faulting may have

been contemporaneous with downwarping of the Snake River Plain. Indeed,

downward movement of the plains area may have been largely by faulting,

rather than by warping.

The most copious and numerous flows of Snake River basalt seemingly

originated along the central zone of the plain, which thus was built up

more rapidly than it was warped or faulted downward. Hence, the highest

areas of the plain generally are in its central part. Thus, also, older

flows probably have acquired gentle regional dips toward the axis,

whereas younger flows commonly slope from the axis toward the flanks.

Locally, however, individual flows may slope in any direction. For

that reason areal structural forms, if they exist, are not apparent

from the attitudes of rocks, exposed at the land surface.
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SUBSURFACE GEOLOGY

Study of the subsurface geology of the NRTS was confined to the

rocks about which direct evidence is available (table 12). The lower

limit of the Snake River basalt was not reached by drilling and only

inferential knowledge is available about underlying rocks. Data con-

cerning the subsurface geology were obtained directly from test holes

and wells, foundation-test borings at construction sites, test borings

of the thickness of sediments overlying basalt in construction areas

and potential construction areas, caisson holes and hand-auger borings,

road cuts, test pits, gravel pits, and excavations for buildings and

other facilities.

Materials Present

Snake River Basalt

Neither the maximum hor the average thickness of the basalt

beneath the NRTS is known. Test hole 2N-27E-33ac2 ended in basalt at

a depth of 1,200 feet, and basalt was drilled to a depth as great as

1,480 feet in test hole 4N-30E-6abl (Appendix 1)., Basalt older than

the Snake River basalt, called the Banbury basalt, occurs elsewhere on

the Snake River Plain, and some of the older rock is well exposed in

the Snake River valley between Twin Falls and Bliss. Older basalt has not

been identified from drill cuttings in the NRTS, however, and it is

assumed that all the basalt drilled is Snake River basalt. On that basis

the maximum thickness is not less than 1,500 feet. The basalt thins to

a feather edge, of course, where it overlaps older rock.
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Within the Snake River basalt there are wide differences in the

thicknesses and attitudes of single flows, the texture and internal

structure of the rock, the numbers and types of joints, crevices, and

other voids, and in the nature and thickness of associated interflow

sediments. There are correspondingly wide differences in the resistance

to drilling and excavating. Not only does the basalt vary vertically

from flow to flow, but many of the same kinds of variations occur later-

aly within a single flow. Thus, it is difficult or impossible to corre-

late single subsurface flows, even where drilled by holes only a short

distance apart. For example, comparison of the logs of the upper 300

feet of wells 3N-30E-19bcl and 3N-29E-24adl (fig. 26), which are 508

feet apart, discloses no obvious correlation between the units shown.

Each of the thick basalt units. shown in figure 26, however, undoubtedly

consists of several or more successive flows which are not distinguished

in the graphic log. Where good samples of cuttings are available it is

possible by careful study to differentiate single flows, and such dif-

ferentiation is an aid to correlation.

At all places where the basalt was drilled it displayed monotonous

sameness within its range of variation. A few flows are doleritic in

texture, having mineral grains sufficiently coarse to be seen with the

naked eye, as in the depth interval from 307 to 328 feet in test hole

4N-30E-7adl Basaltic glass is a large percentage of some samples,

such as those from the depth of about 606 feet in well 4N-30E-6abl and

in the interval from 75 to 95 feet in well -7adl. Secondary minerals

in the basalt are rare, occurring chiefly as calcareous coatings on

joint surfaces and as linings of vesicles.
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EXPLANATION

o 0-01-o

Gravel

Gravel and sand

01

25-

50-

75 -

100-

125-

150-

175 -

200-

225-

250-

275-

300-

Wel I 3N 30E-19bcl Wel I 3N 29E-24adl

Figure 26.-Graphic logs of two wells showing extreme lateral

differences in subsurface geology through a
short lateral distance.

-
0

- -

0 6 .

VEo' O0

-0.I

- 0-

Vesicular basalt

Dense basalt

Cuttings not recovered

Q)
0)

Silt

Wells are
508 feet

apart





179

Alluvium of Big Lost River

Alluvium of the Big Lost River was drilled in many test holes and

borings. The greatest thickness found was 118 feet, in sec. 29, T. 5 N.,

R. 31 E., but greater thicknesses may occur at unexplored places. Some

gravel interflow beds, such as those drilled in well 3N-30E-19bcl and in

numerous other wells and test holes, were deposited by ancestral streams,

including the forerunner of the Big Lost River.

In most of the holes drilled on the alluvial plain of the Big Lost

River, the alluvium is chiefly subangular to rounded sand and gravel in

a silty-sand matrix. At some places, however, silt and gravelly silt

predominate (well 3N-29E-14acl, M1R area); elsewhere it is mostly

gravelly, silty to sandy clay (test hole 4N-30E-7adl)o

Underlying silty clay--Clayey silt, probably windblown, is inter-

posed between the basalt and the alluvium of the Big Lost River at many

places. Examples were encountered in test hole 3N-29E-14adl and numerous

borings in the MTR area, in test hole 4N-30E-7adl (several miles north

of STR area), and in wells and borings in the CPP area. The material is

buff-colored, and mostly calcareous and clayey, but at places it is

silty to sandy and gravelly0 The sediment undoubtedly is a windblown

deposit that accumulated on the basalt before the alluvium was depos-

ited. Some of it was reworked by the river, which explains the gravelly

texture at some places0

In test hole 6N-31E-27bal, near Big Lost River playa 3, a 6-foot

bed of clay directly overlies the basalt beneath an alternating sequence

of alluvial and lacustrine beds of clay, silt, sand, and gravel. The

6-foot clay bed may be lacustrine and unrelated to the silty-clay far-

ther south in the station.
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Alluvium of Birch Creek

Most of the area in which the alluvium of Birch Creek occurs has

not been explored by borings or test holes. Local sections are exposed

in gravel pits. At most of the few places where subsurface data is

available the alluvium rests on basalt. Neither the maximum nor the

average thickness of the alluvium is known, but the observed range is

from a feather edge at the edges of the outcrop to 32 feet in test hole

7N-31E-34bdl. Greater thicknesses undoubtedly occur and, owing to the

highly irregular configuration of the surface on which the material was

deposited, there is great lateral variation in the thickness. Individ-

ual beds of the alluvium also are irregular in form, thickness, and

lateral extent. At places the alluvium interfingers with the deposits

of ancient Terreton Lake.

Terreton Lake Beds

The Terreton lake beds generally overlie an irregular surface of

basalt bedrock having considerable relief. At some places there is

gravelly material between the basalt and lake beds. The lake beds

range widely in thickness, as is shown by the logs of test holes

5N-34E-9bdl, 6N-31E-27bal, 6N-32E-llabl, and 6N-33E-26ddl (Appendix 1)

and by "overburden" test borings at the ANP site. The greatest observed

thickness of lake beds is 137 feet (test hole 6N-33E-26ddl, Appendix 1).

However, not all the fine-grained subsurface sediments in the area

occupied by Terreton Lake are deposits of that lake. The test pit at

earth-crack locality 1 (fig. 21), for example, showed several beds of

silt and sand that may be nonlacustrine. Moreover, the oxidized hard

red zone between the depths of 43.2 and 44 ft, and the "fossil" earth
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cracks there and in higher beds, show that at several times during accu-

mulation of the sediments they were exposed and dried subaerially.

Obviously, lakes were impounded at that locality at least several times

and some of them may have been local, having no connection with ancient

Terreton Lake. An example is the upper 3 ft of fine-grained sediment

in the test pit, which is a playa sediment deposited after the last

withdrawal of Terreton Lake. For these reasons the name, Terreton Lake

beds, is applied to a distinctive local type of subsurface sediment and

does not necessarily imply that all such sediments were deposited

directly beneath ancient Terreton Lake.

The upper 126 ft of beds drilled in test hole 6N-31E-27bal, all

tan in color, undoubtedly is an alternation of alluvial, lacustrine,

and playa deposits. Silt, the principal material, is interbedded with

thin layers of clay, sand, and gravel. All the silt is calcareous, but

most of the sand and gravel is not. A 6-foot basal bed of clay also is

noncalcareous. Most of the beds are mutually gradational, but a five-

foot bed of sand and gravel at the depth interval of 45 to 50 ft con-

tains little silt or clay and has sharp contacts.

Test hole 5N-34E-9bdl, near the southern boundary of the lake beds,

penetrated only 24 feet of lake sediments. The upper five feet of

material is clayey, sandy, light-tan silt which presumably was origin-

ally lacustrine but probably was reworked and redeposited by wind

action. Beneath the silt is fine-grained silty, clayey, light-tan sand

which coarsens downward in the depth interval from 18 to 24 ft. Both

the silt and the sand are calcareous0
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Interflow Sediments

Interflow sediments were encountered in most of the test holes and

wells on the NRTSO The sediments, like the basalt flows, differ widely

among themselves in physical characteristics, thickness, and lateral

extent. Plate 3, an isometric block diagram of the MTR-CPP area, illus-

trates the vertical and lateral variability in the occurrence of basalt

and sediments. None of the interflow beds in any one well or test hole

can be positively correlated, at present, with a bed in another well.

The relief on the bedrock surface controlled to some extent the

thickness of the sediments, accumulations generally being thickest in

low areas. Hence, a thick section of sediments is not necessarily wide-

spread (fig. 26), though it is apt to be more widespread than a thin

one. Owing to the extreme irregularity of the basalt and sediments, it

is not feasible to draw detailed structural or stratigraphic cross-

sections of the NRTS.

The history and mode of emplacement of the basalt and sediments

explain the difficulty of correlating rocks from one hole to another,

and why materials drilled at one place are not necessarily the same

geologic units as those drilled elsewhere at the same altitude or depth.

The "lost rivers" of the modern Snake River Plain, for example, are by

no means unique to modern time. Throughout the period of basaltic vol-

canic activity, streams discharged onto or across parts of the basalt

plain, but the flows at times formed barriers to drainage off the

mountains. Lakes, impounded between the volcanic rocks on the south

and the foothills on the north, undoubtedly were common. Alluvial and

lacustrine sediments accumulated on the basalt behind the barriers,

later to be covered by other basalt flows.
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In general the .composition of the alluvial interbeds is quite

similar to that of the surficial alluvium. Minor differences, however,

were noted. Megascopic grains of mica are uncommon in surface sedi-

ments but are a conspicuous constituent of the sand from the depth of

735 to 744 feet and 760 to 765 feet in test hole 3N-29E-14ac2, and in

a sandstone from the depth of 500 to 504 feet in test hole 4N-30E-7adl.

The most common interflow sediments on the Snake River Plain as a

whole are less and windblown sand. Good examples of such material

were encountered in test holes 6N-31E-27bal, 4N-31E-16adl, 4N-30E-7adl,

3N-33E-3abl, 2N-27E-33ac2, 2N-27E-2ddl, and 1N-29E-30bbl, and in wells

4N-30E-30aal, 3N-30E-l9abl, 3N-34E-32bbl and 2N-29E-9cal. The thick-

nesses of the interflow units in those holes ranged from a knife edge

to 532 feet. Other types of sediments, such as alluvial sand and

gravel and lacustrine silt and clay, are common locally; on parts of the

NRTS these seem to be more abundant than windblown materials. The sand

and gravel particles are subangular to subround and range in size from

very fine sand to pebbles. The most common coarse material is medium-

grained sand and fine-grained gravel in which the fragments are of

igneous, metamorphic, and sedimentary rocks derived from mountains on

the northwest and west.

Unusually thick accumulations of fine-grained alluvial and lacus-

trine beds were drilled in test holes 4N-30E-6abl and -7adl. About 75

percent of those beds are clay and silt, 20 percent are sand and fri-

able sandstone, and 5 percent are gravel and gravelly sand. The beds

represent about the full range of sediments exposed at the surface, being

alluvial, lacustrine, and eolian in origin, but no very coarse gravel
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beds were found. Most of the clay and silt are calcareous. The sand

is chiefly tan in color, but some layers are pink, yellow, and orange-

brown0

The thick beds of sediments in test holes 4N-30E-6abl and -7adl

were mostly unstable and caused a great deal of trouble during drilling0

In -7adl the top of a 77-foot bed of silt and intercalated fine sand

and clay was struck at a depth of 538 feet. Interflow beds in -6abl,

predominantly clay, which were 121, 49, and 532 feet thick, were struck

at depths of 419, 612, and 875 feet, respectively0 The material from

419 to 540 feet was about 50 percent clay and 50 percent sand, gravel,

and sandstone. More than 80 percent of the material from 612 to 661

feet was clay and silt, and the rest was fine sand. The thick mass of

sediments from 875 to 1,407 feet was mostly clay and silt, probably

deposited in a lake. Gastropod and pelecypod shells and fragments were

found in some of the cuttings from 1,060 to 1,230 feet in the lake beds,

and at various depths from 1,410 to 1,490 feet. Lake clay and silt

were drilled from a depth of 1,480 feet to the bottom of the hole at

1,497 feet. These deep-lying sediments antedate the deposits of Terre-

ton lake0
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SUBSURFACE EXPLORATION

Test Drilling

Test drilling was done primarily to obtain information related to

the problems of water production and waste disposal, for which purpose

39 deep test holes were drilled. Production-well drilling by the

Atomic Energy Commission supplied additional information. Exceptionally

deep test drilling (depths greater than 1,000 feet) was done in several

parts of the station to explore the possibilities for artesian water at

reasonably accessible depths and to get information about the thickness

of the zone of saturation.

Test holes 6N-31E-27bal and 2N-27E-33ac2, were sunk to 1,200 feet

to test the depth and continuity of the zone of saturation at their

locations. Instructive experiences in the deep drilling are summarized

in Appendix 1.

Electrical-Resistivity and Seismic Surveying

Test boring by churn drill or hydraulic rotary drill to determine

the thickness of overburden is expensive and time consuming. Experi-

mental electrical resistivity surveys were made in the burial-ground

site and vicinity to test the usefulness of the resistivity method for

determining the thickness of overburden on the Snake River basalt and

for mapping the configuration of the upper surface of the basalt.

Owing to the low conductivity of the generally dry bedrock and gravel

mantle, and the seeming lack of strong differences in their resistivity,

the resistivity method did not yield reliable results. Test borings

were made after the resistivity survey and showed that the apparent sur-

veyed thickness of the overburden was substantially greater than the

1/ For the purpose of this report a deep hole is defined arbitrarily
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actual thickness. The equipment may have been inadequate for dry-ground

surveying, and a stronger electrical current might give more reliable

results, especially if the data were interpreted on the basis of more

experience in the area0 On the whole, however, electrical-resistivity

surveying does not seem to hold promise for general use on the NRTS. A

pneumatic rotary drill now used by AEC is sufficiently rapid and econom-

ical that the potential need for resistivity surveying is about elimin-

ated.

Experimental seismic surveying by the refraction method did not

yield conclusive results. Usable results might be obtained with elabor-

ate equipment, but the cost for the type of information desired, and

the time consumed, probably would exceed those for pneumatic-rotary test

drilling.

Radioactivity Logging

The most successful geophysical technique used on the NRTS was

gamma-ray logging of test holes and wells. No gamma-ray logging had

been done previously on the Snake River Plain. Gamma-ray logging is

feasible in cased or noncased holes and consists in measuring the gamma

radiation of the rocks in place in the hole. The chief immediate pur-

pose was to obtain a record of natural or background gamma-ray activity

at various places and in the several types of subsurface materials. An

additional purpose was to test the effectiveness of gamma-ray logging

for distinguishing the several types of basalt and sediment.

The sequence and types of geologic materials in many wells on the

Snake River Plain are not known, owing to lack of drilling records. If

the geologic materials in a hole can be logged, even in general, by
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interpreting gamma-ray logs, vital information about poorly known wells

may be obtained. Thus, the method not only provides information needed

in the immediate study on the NRTS, but also is a potential source of

indirect evidence about subsurface geology in wells that have been

logged inaccurately or not at all. During the field seasons 1952-53,

27 test holes and wells on and near the NRTS were logged. The gamma-

ray logs are shown with the graphic logs and construction diagrams of

wells and test holes in Appendix 1.

The gamma-ray logging equipment included an electrical generator,

electronic control circuits, recorder, and a winch, cable, and electric

winch motor, all mounted in a four-wheel drive vehicle. The subsurface

probe was a Geiger tube and an amplifier enclosed in a metal cylindrical

housing which was attached to the end of the logging cable. To log a

well the probe is lowered to the bottom of the hole. The motor-driven

winch and cable then withdraw the probe at a controlled slow rate. The

recording instrument makes a continuous record of the gamma-ray activ-

ity as the probe is withdrawn.

In order to interpret subsurface conditions from gamma-ray logs of

holes which were not logged at the time of drilling, the gamma-ray

logger must be calibrated in known holes. Accurate logs had been kept

of the test holes and wells drilled on the NRTS and thus a reliable

basis was available for comparing gamma-ray with geologists' and

drillers' logs. The range of gamma-radiation intensity is considerable

in all types of materials logged. The activity is affected by ground

water, changes in casing size, overlap of casing strings, gravel packs,

and back-fill zones. Thus, a given degree of intensity is not indicative
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categorically of sand, gravel, cinders9 basalt, or other material. The

changes in the intensity of radiation are more significant than their

absolute intensity.

In all but about 10 percent of the logged holes the interflow

sediments had higher activity than the basalt (Appendix 1). Generally,

fine-grained sediments had greater activity than did coarse sediments0

Below the water table the intensity of radiation from all materials was

dampened by ground water. Changes in the diameter and thickness of the

casing also affected the intensity of radiation. Generally, more accu-

rate record was obtained from small-diameter casing because in the

smaller holes the probe was closer to the rock. Gravel packing in wells

dampened the effective radiation of the geologic unit being logged

because of the variable thickness, size, and rock type comprising the

pack, and because the material in the pack has its own radiation

properties.

Eca4otential Surveying

Equipotential surveying was done experimentally to test the suit-

ability of this technique for determining the direction and speed of

ground-water underflowo The method depends upon variations in the

electrical conductivity of subsurface materials, including the ground

water, and on the feasibility of applying a controlled electrical cur-

rent to the ground. Stommel (1951, Po 1114) described the general

principle of the technique as follows:

"When electrical energy.is supplied to homogeneous and iso-
tropic ground at two points, the current flow lines and the
equipotential lines (at right angles to current lines) are
symmetrically disposed about the electrodes. The current
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flow lines and consequently the equipotential lines are
disturbed by the presence of either unusually low- or high-
resistivity bodies. In the equipotential-line method the
paths of the lines of equal potential are traced by probing
the ground and locating points of the same potential. The
indicating instrument may be either a galvanometer when
direct current is used or an amplifier and head set when
audifrequency alternating currents are used. By noting
areas in which the equipotential lines are abnormally dis-
posed, predictions may be made as to the presence of con-
ducting or nonconducting bodies."

The method employed on the NRTS was to energize the ground through

a distant electrode supplied with electricity from a portable generator.

The current then was picked up and amplified at the home electrode.

Both electrodes were test holes, drilled and cased to the water table

at locations about 7,000 feet apart. Current was picked up from a

circle of satellite electrodes (iron stakes driven into the ground

around the home electrode) and amplified. Between the generator and

the distant electrode the 60-cycle 110-volt current was converted to

10-cycle 220-volt current. The returning 10-cycle current could be

identified and segregated from natural or stray earth currents. The

electronic pickup apparatus measured and recorded the drop in potential

between the satellite and home electrodes, making it possible to draw

on a map equipotential lines around the home electrode. This was done

in an area where all subsurface conditions were natural and had not

been disturbed in any way except by the drilling of test holes.

The apparatus was operated intermittently during several months, to

calibrate it and to observe the effects of changes in soil moisture.

Owing to the low conductivity of the basalt and the overburden, high-

voltage current must be applied to the ground and the pickup apparatus

must be extremely sensitive. The design of the equipment was altered

late in 1955. In 1956 it is proposed to introduce a salt solution in
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the home electrode (test hole), causing formation of a band of saline

water moving down the water-table gradient away from the well. Accord-

ing to generally accepted theories of ground-water movement, the saline

water would move in a well-defined narrow band, following a streamlined

path in the zone of saturation, and would not become diffused or diluted

appreciably within finite distance. If that theory is correct the saline

water, being more conductive than the natural water, would cause a down-

stream bulge in the equipotential lines around the home well, because

there would be less drop in electrical potential along the path of the

saline water.

Equipotential surveying, if successful, would have widespread uses

in ground-water hydrology and important applications in liquid-waste

disposal problems.

The chief drawbacks to equipotential surveying are the complexity

of the apparatus, the considerable depth to water beneath the NRTS, and

electrical interference0 An attempt had been made in 1954 to trace by

this technique the course of the waste liquid disposed to the ground at

the CP plant. At that location, however, extraneous electrical currents

and potentials from grounded power lines, telephone lines and fences

obscured and distorted the effects introduced by the geophysical equip-

ment. Also, buried cables and pipelines caused distortions of equipoten-

tial lines that could not be distinguished from those produced by the

waste liquid0 The principal difficulties, however, were the weakness of

the introduced current and the fact that that current had no unique fre-

quency and could not be identified per se. With the new equipment, much

stronger voltage is used to offset the low conductivity of the basalt,

and the ten-cycle alternation permits the current to be identified0 The

experiments had not been completed at the time this report was written.
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GEOLOGY IN RELATION TO CONSTRUCTION

The rocks and sediments on the NRTS differ widely among themselves

in the physical properties that directly affect the drilling of test

holes and wells, and the construction, maintenance, and operation of

facilities0 The behavior of materials during drilling, the availabil-

ity and suitability of raw materials for construction, the stability of

materials in excavations, under load, and under a range of moisture con-

ditions, are some of the more important properties. Geologic factors

that would directly influence engineering design, construction, and

operations were studied chiefly at specific sites on the NRTS and were

described in special reports. The available engineering-geologic infor-

mation is summarized herein, including new data not previously available,

as well as some information furnished to the Atomic Energy Commission by

consulting engineers and service laboratories.

Test-Hole and Well Drilling

Shallow drilling for foundation testing and similar purposes offers

no unusual problems0 Hence, the following general discussion of drill-

ing operations is concerned chiefly with deep drilling0 The drilling of

each test hole or well is an individual problem, but past experience on

the NRTS probably represents fairly well the range and diversity in

drilling conditions and problems that may be encountered Graphic logs

and construction diagrams are included in Appendix 1. Written logs of

all the test holes and wells are contained in Appendix l
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Methods of Drilling

The cable-tool (percussion) method of drilling seems to be the only

method that is generally practical in the Snake River Plain. The hydrau-

lic rotary method is generally unsuitable because drilling water would

be lost in the many large natural voids in the basalt, and circulation

of drilling fluid would be difficult or impossible to maintain. Also,

open rock joints and abrupt changes in resistance to the drill would

cause excessive wear of bits and breaking of tools

Where it is necessary to set casing before a hole is completed,

the drill bore must be reduced to continue drilling If it is desired

to sink the large casing deeper, however, that sometimes can be done by

underreaming in the small-bore hole, allowing the larger casing to

descend0 In general, however, underreaming with a cable-tool drill is

slow and laborious and most drillers try to avoid the practice. Nearly

700 feet of test hole 4N-30E-6abl were underreamed to lower the 10- and

8-inch casing, but the work was extremely difficult, partly because the

gummy mud formed by clayey sediments in the hole prevented proper hinging

action of the cutting elements on the underreamer0

Drillers who have had experience in drilling volcanic rock other

than the Snake River basalt, as in the Columbia Plateau, commonly have

difficulty in the Snake River basalt and must acquire new or modified

drilling techniques That is because of certain basic differences

between the Columbia River basalt of Oregon and Washington and the

Snake River basalt of Idaho. Ordinary Columbia River basalt is rela-

tively dense, hard, and brittle, with tight joints0 The drilling rate

is rather slow and drill bits wear rapidly Hole alignment, however,
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ordinarily is not unusually difficult to maintain. The Snake River

basalt, on the other hand, is porous and tough and its joints tend to

be open or loose. The average drilling rate reportedly is more rapid

than in Columbia River basalt and bit-wear is not excessive, but hole

alignment is difficult to maintain in the Snake River basalt.

Equipment

Light-weight rigs are generally unsuitable for drilling in the

Snake River basalt, even in small-bore holes. The basalt is tough and

sufficiently elastic that light tools tend to bounce, without cutting

effectively. It is extremely difficult to get a straight hole with a

light rig and tools because they are easily deflected from the vertical

by joints and other irregularities in the rock. For small- to medium-

bore holes a medium-weight rig that will swing a moderately heavy string

of tools is very effective.

For test holes requiring 6-inch casing very effective drilling was

done by one contractor with a 10-inch twisted-blade star bit (quarter-

spiral fullway bit). The cutting end was built up with welded feet and

flared corners, the diameter at the corners being half an inch to an

inch larger than at the shank. For one hole the bit was dressed out to

a diameter of 12 inches0 Building up with welding rod, rather than

dressing out by forging, seems to be satisfactory for drilling the basalt.

Bits generally overcut in the basalt, making a hole an inch or two larger

than the bit at the flared shoulders. The excess diameter of hole allows

6-inch screw-coupled casing to be run in readily despite minor misalign-

ments in the hold. Straight 10- to 12-inch holes accept 8-inch casing

readily.
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Lengths of steel welding rod (growsers) commonly are welded hori-

zontally at intervals along the drill stem or bit shank. These smooth

the hole by rasping. The rasping and overcutting by the bit produce a

hole large enough to allow the drill stem to sway0 The swaying helps

the tools to overcut, which provides room for a small amount of lateral

swinging0 The "swing and sway" movement helps the drill automatically

to straighten up minor deviations from the vertical. Seemingly, if the

drill shank fits the hole closely the tools will not straighten the

hole automatically, and they drift so far out of alignment that straight-

ening is very difficult

The 10-inch bit described above was 7.5 ft long and weighed 1,300

lbs0  The drill stem was 20 ft long, 5 inches in diameter, and weighed

1,560 lbs. A short-stroke drilling jar, 7.5 ft long, weighing 550 lbs

and having a jar stroke of 8 inches was used. (Drilling jars usually

are added to a tool string to give added weight and to allow jarring

action for freeing tools bound by caved material0) The 205-foot rope

socket weighed 350 lbs0 The total weight of the tool string was 3,760

lbs.

A blunt chisel-head bit is the type most commonly used in southern

Idaho for drilling all sizes of hole. These bits are relatively easy to

dress and are effective under ordinary conditions, when skillfully

handled, especially for large-diameter holes.

Drilling usually requires a few standard fishing tools because

even the best of drillers occasionally "loses" a string of tools,

bailer, or other equipment in a hole0 Some fishing jobs are extremely

difficult and some never have been completed. It is estimated that
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more than $10,000 worth of tools is interred in and near the NRTS in

test holes and wells that were abandoned by contractors because lost

tools could not be recovered or bypassed.

Rates of Drilling

The rate of drilling in test holes varied according to the types

of materials being drilled. Commonly, the basalt is not especially

hard, owing to its vesicularity and minutely porous structure. Never-

theless, the rock is tough and resists drilling because it does not

shatter readily. Some of the minutely porous rock is so resistant to

shattering that drilling consists of pulverizing the basalt to sand-grain

size. Few or no chips appear in cuttings and careless drillers sometimes

log the material as sand. The drilling rate commonly is comparatively

rapid in jointed and broken basalt and noncaving interflow sediments,

whereas in dense, hard basalt progress is slow. The maximum footage

drilled in a period of 24 hours was 90 feet, in vesicular basalt and

cinders in production well 2N-29E-9cal. On the other hand, in some

holes an 8-hour shift at times was needed to drill or straighten a foot

or two of hole in difficult materials. Under the average range of con-

ditions in basalt, drilling was at a rate of 1 to 3 feet per hour.

The most rapid drilling ordinarily is in unconsolidated sediments.

Where sediments will stand in an open hole without caving the drilling

rate is 6 to 10 feet per hour. In unstable sediments, in which casing

must be driven to follow the drill or sand pump closely, progress often

is little more rapid than in basalt.
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Numerous miscellaneous difficulties invariably retard drilling.

Falling rock in uncased holes sometimes jams the tools. Drilling mud

commonly is lost in open voids in the zone of aeration. In the zone of

saturation, where there is free circulation of water through the hole,

drilling mud may be carried away or so diluted that it will not suspend

cuttings. The cuttings themselves sometimes are washed away or crowded

into voids adjacent to the hole. Occasionally, a block of aa shifts

during or after drilling, throwing a hole out of line or jamming the

tools.

Alignment, Plumbness, and Roundness

A major drilling difficulty is that of maintaining alignment. The

bit tends to follow natural lines of weakness, such as crevices, surfaces

of loose lava blocks, sloping surfaces of hard rock underlying softer

rock or sediment, and the bottom rock surfaces of large voids. The same

factors make it difficult to straighten a hole once it is out of align-

ment. Blasting is helpful at times, but the nonbrittle rock resists

shattering by unconfined explosives. Blasting is seldom effective

unless the charge is "confined" by a substantial column of water.

Redrilling, after backfilling the crooked part of a hole with quartzite

boulders, scrap metal, tin cans, cement, or wood scrap, sometimes aids

straightening. Backfill material tends to cling to the hole walls, and

remnants of backfill were recovered in cuttings from as much as 100

feet below the backfilled sections. Accordingly, only readily identi-

fied foreign material was used for backfill in order not to contaminate

cuttings with local materials that would interfere with proper logging

of cuttings.
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Certain drilling techniques produce straighter hole than do others.

In general, the larger the diameter of the bit, and the greater the

length and weight of the string of tools, the easier it is to maintain

alignment. Some drillers use the "stomping" technique; that is, a long,

rather rapid stroke of the walking beam is used, with sufficient slack

in the cable that the bit rests heavily on the bottom when at rest on

the downstroke. The method is rapid but often produces a rough and

crooked hole. In order to maintain a round hole, especially with a

chisel-head bit, the bit must spin freely, the spin being caused by

alternate twisting and untwisting of the woven drilling cable0  A bit

on a slack line does not spin well and thus often drills an oval hole.

For those reasons "stomping" is undesirable except in holes where align-

ment and roundness are unimportant 0 Strokes of short to medium length

at moderate speed usually yield straight holes at satisfactory average

drilling speed0 In this method a tight cable is used; that is, when at

rest on the downstroke the bit hangs just off bottom When moving down-

ward, stretching of the cable allows the bit to strike a snapping blow

at the bottom of the stroke0 The short-time drilling rate is slower

than by "stomping,," but generally gives straight hole0 In the long run

the drilling rate usually is more rapid because less time is lost in

straightening operations0

Drilling Mud

Some of the locally available clayey soil and less on the plains

is satisfactory for drilling mud. Similar materials occur as interflow

beds beneath the surface, however, and the use of the local materials

for drilling mud causes contamination of the cuttings with materials that
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cannot be distinguished from those that originated in the hole. Accu-

rate logging then is impossible. Bentonite (Aquagel, etc.) generally

makes satisfactory drilling mud because it can be identified in cut-

tings. Even relatively thin bentonite mud effectively suspends cut-

tings, enabling the drill to strike a solid blow on the bottom of the

hole. Suspension of cuttings also prevents pulverization of chips.

Therefore, better samples are obtained when a good drilling mud is used.

Bentonite also inhibits loss of drilling water in permeable beds in the

zone of aeration.

Casing and Backfill

Some open drill holes on the Snake River Plain have remained essen-

tially .intact for many years. Commonly, however, uncased holes become

blocked by caved sediments or cinders, or by fallen blocks of basalt.

Generally, it is prudent to case all holes that must be preserved for a

long time or-in which recording gages are to be operated. With uncased

holes, expulsion of warm, moist air during freezing weather causes

accumulation of ice in recorders and shelters. Falling rock may put a

recorder float out of operation or block a hole. All production wells

on the NETS are cased to their bottoms Casing was installed also in

all Geological Survey test holes to preserve them as observation and

monitoring wells. Twenty-five of the test holes were cased to their

bottoms and the rest were cased to 15 to 50 feet below the static water-

level. In fifteen of the test-holes casing was installed before drill-

ing was completed in order to support loose and caving material that

interferred with the drilling. Reduction of bore was necessary to con-

tinue drilling below the casing In several holes the reduced-diameter
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lower part was unstable and needed casing. Quick-setting cement,

injected in zones of caving rock, cinders, and sediments often stabi-

lizes the materials sufficiently to allow drilling without casing. A

case history of the unfortunate result of trying to drill badly caving

material without casing is contained in Appendix 1.

Well screens are not needed in wells in the Snake River basalt,

but where fine-grained interflow sediments or cinders occur below the

water table, special measures may be required to case off or otherwise

exclude or stabilize the sediment. Most production wells on the NRTS

are very simple in design, with a single size of casing extending from

top to bottom0  The casing is perforated in the interval from a few

feet below the water table to a few feet above the bottom. Before a

well is pumped the annular space between the casing and the wall of

the drill-hole is backfilled with graded coarse gravel from the bottom

to a few feet above the water table. A seal of concrete covers the

gravel and most of the remainder of the space is backfilled with gravel

or native earth. The upper part of the space is backfilled with pud-

dled clay or other impervious material, which serves as a seal.

The purpose of the backfill is to stabilize the walls of the hole

to prevent slumping0 It also anchors the casing so that it will not

shift, bend, or buckle0 The backfill is especially important in holes

that penetrate unstable fine-grained sediments that otherwise might

slump into the hole and clog the intake area of the casing.

The purpose of the gravel pack around the casing is simply to

assure that that space is occupied by permeable material0 The gravel

causes some head loss in the well -- that is, it increases drawdown

during pumping -- but the head loss is small.
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Sampling of Drill Cuttings

The methods of sampling drill cuttings are described briefly in

Appendix 1, The principal immediate purposes of the sampling and

logging of wells and test holes were (1) to classify the basalt and

related volcanic rocks in terms of the range of their essential-

mineral composition, texture, structure, hardness, and other physical

characteristics; (2) to determine the areal distribution of the several

rock types; (3) to classify the sedimentary interflow beds and to study

their relations to the basalt; (4) to study the relations of lithology

to water-bearing properties of rocks. Most of the drilling was in

basalt layers which differ but little from one another in their miner-

alogic composition0 The principal differences are in the shade of

color, texture, and structure of the rocks These differences are

highly localized and generally cannot be used for detailed correlations

between wells or test holes (or even in outcrops)0 The physical differ-

ences between the rocks are significant chiefly in relation to their

drilling characteristics and water-bearing properties 0

Development of Wells

Most wells that tap water in the Snake River basalt require little

or.no development and many require little or no cleaning. In short,

most wells are essentially ready for production as soon as construction

is completed0 The water usually clears up within a few minutes after

the first pumping starts0

A small percentage of wells are troublesome, chiefly because of

fine-grained interflow sediments in the zone of saturation. Gravel

packing does not always prevent loose sediment from moving into the
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well and muddying the water Many drillers try to clear such wells by

pumping for extended periods at high rates. That practice is hard on

the impeller blades and shaft of a turbine pumpo In some cases many

cubic yards of sediment may be pumped from a well before the water

clears. Even then, the water is apt to be recurrently muddied by

shifting sediment in the cavern created underground0 Moreover, later

installation of a larger pump may cause additional sediment to move and

the process of development then must be repeated0

If the water pumped from a new well does not clear within a short

time, measures other than pumping should be taken0 Firstly, the annular

space around the casing of wells that penetrate unstable fine sediments

should not be completely backfilled and sealed until after development

is complete. An excess of gravel backfill for the gravel envelope

below the water table should be emplaced before the pump is started.

The gravel. pebbles should be small enough that there will be small

danger of bridging in the annular space above the water table.. Intro-

ducing the gravel slowly will lessen the chance of bridging. As the

well is pumped and sediment moves out of the aquifer, the gravel tends

to slump down and replace the pumped-out sediment Additional gravel

can be introduced as needed to build up a thick envelope 0

Artificial gravel packing is not always completely effective0

That is, the gravel seldom completely fills the space evacuated of

sediment between layers of basalt which themselves remain in place.

However, the gravel will fill a considerable space and will tend to

exclude fine sediment from the immediate vicinity of the well0 In

those wells that penetrate very thick beds of nonpermeable interflow
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sediments it is best in most instances to case the sediment out com-

pletely, sealing the casing on a solid seat below the sediment. In

that case reduction of bore below the casing is necessary in order to

continue drilling.

Out of 10 production wells drilled on the NRTS since 1948, only

two were troublesome to develop. The SP.RT well (3N-30E-34bal) yielded

an excessive amount of sediment in pumped water In well MTR-2 (3N-29E-

14ac2) thick beds of nonpermeable fine sediments caused serious problems.

The well might have been less troublesome if a deep test hole had been

drilled in advance at the well site0  This would have disclosed the bad

situation and would have led either to modification of the construction

specifications or abandonment of the drilling site The need for a test

hole was not foreseen because two other wells, a few hundred feet from

the MTR-2 site, did not encounter unusual or unfavorable conditions.

Three disposal wells have been drilled on the NRTS, and the manner

in which these accept waste liquid indicates that they would be excel-

lent production wells Thus, only one well out of 13 (about 8 percent)

has posed difficult problems of development, and even the poor well

(KrR-2) is poor only by comparison to the phenomenal yield of other

wells 0 By ordinary standards MTR-2 is a good well.

Test drilling supervised by the Geological Survey on the NRTS dis-

closed a percentage of difficult-drilling sites about equal to that

found by production-well drilling0 Some areas of potential difficulty

are broadly defined and can be test-drilled as needed. As was noted

earlier, each well and test hole is an individual problem0 Most drilling

problems can be met readily if contract specifications are sufficiently

flexible to allow a choice of alternative methods of construction as
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conditions become known during drilling. The alternative to flexible

specifications is to drill a test hole at each new production-well site

in advance of drilling the well The chances of failure or serious

difficulty are sufficiently small (seemingly one out of thirteen or less)

that the expense of routine on-site test drilling for each production

well does not seem to be justified0

Raw Materials

The alluvium of the Big Lost River is an abundant, widespread, and

easily accessible source of road metal, earth fill, and concrete aggre-

gate. The principal sources of coarse material are on the alluvial

plain south of the latitude of Stiate Butte bridge on Lincoln Boulevard0

Northward from there, the alluvium is finer-grained, grading into silt

and sand with a few beds of fine gravel0 The Birch Creek alluvial fan

is a convenient source of similar materials in the northern part of the

NRTS, from several miles north of Pole-line road northward to the sta-

tion boundary. The alluvium of the Big Lost River and that of Birch

Creek is largely stream-channel and flood-plain deposits of subround to

well-rounded fragments. Alluvial fans along the foothills of the Lemhi

and Lost River Ranges are good sources of more angular gravel. All the

gravel contains alkali-reactive minerals; the amount of these differs

from place to place and may be excessive locally, especially for use

with high-alkali cement. Opal, an outstanding alkali-reactive mineral,

has not been found in the gravel, but the chemically related minerals,

chert, chalcedony, and acid volcanic glass and rocks do occur. Second-

ary mineral coatings on the gravel pebbles are largely calcium carbonate;
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engineering tests reportedly show that the coatings do not materially

lessen the strength of the concrete.

Abundant sand for fine aggregate is available in many parts of the

station, especially north of State Butte and south of Pole-line road.

Silt and clayey material, suitable as a binder for road metal, is abun-

dant in the lake and playa floors of the northern NRTS and in the dis-

continuous mantle of less in the basalt areas. The basalt is suitable

for crushed road metal, ballast, and aggregate, but ordinarily is not

economical to quarry and process0 Highly porous lava is unsatisfactory

for aggregate because of its low strength, light weight, and high water

absorption. Basaltic scoria and cinders, which occur in some of the

volcanic cones in and near the NRTS, are suitable for road building,

for which they are widely used throughout the Snake River Plain. The

basalt is not generally suitable for building stone because it is dif-

ficult to quarry and to hew.

Limestone and sandstone are available in foothill quarries near

the NRTS, in the complex of Paleozoic rocks. Sources of shale nearby

are not known but may be present0

Ease of Excavation

The sediments that occur on the NRTS are easily excavated by bull-

dozer, clam shell, dragline, or power shovel, usually without blasting.

Some of the fine-grained compacted sediments in the northern NRTS

require blasting. Little of the basalt bedrock is sufficiently loose

to be removed without blasting. The major joint planes in the basalt

are vertical and therefore are difficult to exploit in excavations0
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Planes of weakness other than joints and partings are uncommon in the

basalt. Some highly vesicular layers are weak, and cinder beds ordinar-

ily can be excavated as easily as sediments. In the following discus-

sion, "stability" means simply resistance to movement under load or when

moist.

Stability of Materials in Excavations

Ordinary massive or tightly jointed basalt stands well in excava-

tions, and wall support seldom is needed. Cinder beds and layers of

loose, blocky basalt in deep, steep-walled excavations and tunnels,

however, would require support0 Basalt that is cut by extensive joint

systems also tends to be unstable.

Excavations in foothills alluvial-fan materials are quite unstable

because of the general lack of compaction and the absence of natural

cementation. Walls of shallow excavations in the alluvial-plain gravels

commonly stand well for short periods of time, and in some instances

have remained fairly stable for several years0 Vertical walls, however,

are unsafe and tend to ravel and cave in excavations more than a few

feet deep. The stability of the gravels is variable from place to place,

owing to differences in the amount and texture of the matrix and in the

degree of compaction and secondary cementation. Shoring of steep walls

in deep excavations would be prudent if excavations are to be kept open

for extended periods or are to be occupied by workmen. Sloping walls

can be stabilized to some extent by spraying with a light coat of cement0

The cement adds a little strength to the material and also excludes

moisture, thereby preserving the natural stability of the dry material.
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Excavated vertical walls in the Terreton Lake sediments and playa

beds stand for long periods with very little slumping so long as they

are dry. When wetted the walls are prone to slough and cave, and they

are unsafe in rainy or thawing weather.

Stability of Materials Under Load

The earth materials on the NRTS range widely in their response to

structural loads. Basalt bedrock is the most suitable available founda-

tion for heavy structures, especially those applying concentrated or

unevenly distributed loads. The unconsolidated sediments, especially

the alluvial gravel, are a suitable support for many types of struc-

tures, especially those applying well-distributed loads.

Basalt

Ordinary slightly vesicular to dense Snake River basalt has uncon-

fined compressive strengths ranging from about 500 to 1,300 tons/sq ft,

while the strength of moderately vesicular to very vesicular basalt is

in the range from 100 to 500 tons/sq ft. The compressive strength of

an "average" basalt probably is on the order of 500 tons/sq ft. Tests

were made/ on 2-1/8-in drill-core samples of Snake River basalt from

the SE*NW* sec. 13, To 6 No, R. 31 E. Eight feet of core from basalt

bedrock beneath the overburden was cut into lengths of about 0.4 foot.

The end surfaces of each length to be tested were polished smooth,

normal to the long axis0  Tests of 5 of the sections yielded the follow-

ing results:

1/ 0. J. Porter and Company, Consulting Engineers, Sacramento, Calif.,
1952, Report of tests conducted on cores taken of bedrock, test hole
no. P-1: Typewritten memorandum to AEC, Sept. 26.
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Core Depth below land Total load strength Nature
number surface (feet) (pounds) (tons per sq ft) of core

1 4100 to 414 8,200 166 Very porous
2 43.7 441 15,400 311 Very porous
3 4408 45.2 20,300 410 Medium porous
4 45,4 45.8 27,800 562 Fairly tight
5 48.0 48.4 15,800 320 Fairly tight

on one end,
extremely
porous
other.&

The strength determined, therefore, was that of the "extremely
porous" part, not of the "fairly tight" part o

The conclusion was drawn that "Even the weakest rock encountered at this

site can be subjected to a bearing capacity of 150 tons per sq ft with-

out danger of shear failure 0 o0 "

A second series of tests was made/ on similar basalt cores from

the NWNg see. 12, TO 6 N.9 R. 31 E, with the following results:

Core Depth below surface Total load strength
number of bedrock (inches) (pounds) (tons per sq ft)

6 2-7 34,9500 690
7 U-16 26,9300 525
8 22-27 439200 863
9 35-40 31,9500 630

10 47-52 249400 488

All the cores, numbers 6 to 10, were of "very tight" (nonvesicular)

basalto The conclusion was reached that "Even the weakest rock at this

site can be subjected to a bearing capacity of 250 tons per square foot

without danger of shear failure . 0O"

1/ 0o J. Porter and Coo, Report of tests conducted on cores taken from
bedrock at Test Hole No, P-3: Typewritten memorandum to AEC, Nov 6, 1952.
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Several series of compressive-strength tests were made by the

Idaho State Highway Departmenti/ of basalt cores representative of the

common bedrock at the MTR and EBR sites. Tests of cores having differ-

ent diameters but of identical materials did not reveal significant

differences in strength due to core diameter. The results of tests

(table 19) are summarized below.

Compressive strength (tons/sq ft)
Range Average

Vesicular 153- 572 327
Slightly vesicular 444- 824 623
Minutely vesicular 263- 865 590
"Crystalline" L~ densely 865-1,291 1,139

crystallized?7

Four types of basalt were differentiated in the laboratory of the State

Highway Department on the basis of vesicularity and crystallinity:

1. Vesicular; 10 to 25 percent voids, by volume.

2. Slightly vesicular; 1 to 10 percent voids, by volume.

3. Minutely vesicular; vesicles less than 1/32 inch in

diameter, and ordinarily less than 5 percent visible

voids, by volume.

4. Crystalline; less than 2 percent of volume is tiny

intercrystalline voids.

The first three types were described as consisting of microscopic crys-

tals and volcanic glass. It was noted further that "The four types are

normally present in successive order downwards in basalt flows of this

area. Locally, very vesicular basalt with more than 25 percent vesicles

I/ Idaho State Highway Department, Materials Testing Laboratory, Boise,
Idaho: Compressive strength of basalt cores from the . . . Reactor
Testing Station, Idaho: Typewritten, not dated, 3 pages. Tests made in
August, November, and December, 1949.



Table 19.--Compressive strength of basalt cores from EBR and MI'R sites

Liests by Idaho State Highway Materials Testing Laboratory, Boise, Idaho.
V-vesicular; SV-slightly vesicular; MV-minutely vesicular; DC-densely crystalline]

Depth to bed- Depth of Type of Condition Compressive strength (lbs/sq in)
rock surface sample basalt of core Sample Sample Sample Sample Average

(feet) (feet) 1 2 3 4

site, secO 9, To 2 No, Ro 29 Eo
BI (1-5/8 in) cores

8.5
do
do

18.4-20.6
29.2-32.0
88.8-90.6

SV
MV
DC

0.2-10-foot lengths
Few fractures
Long lengths

BI (1-5/8 in) cores

4.9
3.0
4.6

1505
2508
14.5
8.8

19
19
20
26
26
25
10

MV
SV
Sv
MV
V
SV
V

Few fractures
1-2-inch lengths
1.5-inch lengths
Few fractures
Close breaks
2-inch lengths
Some fractures

site, sec. 14, T. 3 No, Ro 29 E.

BI (1-5/8 in) cores

42.2-42.4
4405-44.8
46.0-4604

V
V
SV

0.2-0.4-foot lengths
0o2-0.4-foot lengths
00 5-1.0-foot lengths

2,870
4,630

6,610 (i-inch vesicle
in break)

NI (2-1/8 in) cores

56.6-57.5
57.5-58.0
60.0-60.6
53.7-54.1
60.2-60.7

V
V

SV
V

SV

0.3-0.8-foot lengths
do
do

Fractured
do

9,710
3,650

17,930

10,9670
6,630

17,450

11,250
4,810

12,020

8,460
5,570

15,860

10,020
5,165

15,815

89980
9,430
6,160

11,960
6,870
6,450
4,530

69300
11,430
8,540

12,010
2,800
6,640
4,490

8,100
8,760
7,770
9,910

7,960
4,390

41.3
do
do

8,500
9,570
7,160

11,870

7,390

7,970
9,797
7,407

11,437
4,835
7,110
4,470

54,1
do
do
52.7
do

7,940

3,300

5,650

9,550

10,820 1%)
0
%-0
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Table 19.--Compressive strength of basalt cores from EBR and MI'R sites--Continued

Hole Depth to bed- Depth of Type of Condition Compressive strength (lbs/sq in)
noo rock surface sample basalt of core Sample - Sample Sample Sample Average

(feet) (feet) 1 2 3 4

NX (2-1/8 in) cores--Continued

R-12 42.3 42.3-43.0 V 0.2-1 00-foot lengths 4,500
do do 445-45.3 V do 2,120

R-13 44.5 44o5-45.0 V 0.2-foot lengths, 3,780
fractured

do do 47.0-47.5 V do 5,650
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caps the vesicular basalt Ltype i1." Those observations of the cores

agree with characteristics observed by geologists in the upper parts of

ordinary basalt flows. The densely crystalline phase ordinarily is in

the central interior of the flow, and downward from that phase the

succession of types (phases) is repeated in inverse order, with a

highly vesicular or granular, glassy phase at the base Seemingly,

therefore, the cores represent the upper part of a single flow.

The "very vesicular" basalt was not tested but undoubtedly has

substantially less compressive strength than the "vesicular basalt"

(type 1). As would be expected, tests show that in the four types of

basalt the void volume and compressive strength are inversely related0

Deviations from the general inversion undoubtedly are due to incipient

fractures, random variations in the arrangement of the vesicles, and

variations in the size and arrangement of mineral grains in the body of

the rock0

The basalt in place underground may differ materially in overall

compressive strength from the small core samples whose unconfined

strength was tested. In most instances the undisturbed rock probably

is stronger.. However, weak vesicular basalt underlying dense basalt may

yield under load added to the dense basalt. Some extremely porous and

"spongy" basalt can support only a few pounds of load per square foot0

Such material is relatively rare0 Where it is at the surface of the

basalt, of course, it can be removed0 So far as is known, no buried

lava tubes have been encountered during subsurface exploration and test-

ing on the NRTS. Several breached tubes are exposed on the NRTS and

environs, however, and there is always an outside chance that a con-

struction site may overlie a tube. Inasmuch as the geologic conditions
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vary unpredictably from place to place, exploratory boring and foundation

testing ordinarily is necessary at construction sites, especially for

heavy or potentially dangerous structures.

Lake and Playa Beds

The fine-grained lake and playa beds on the NRTS are relatively

poor materials on which to found heavy loads, especially those that are

concentrated or unevenly distributed. When wetted the materials are

somewhat plastic. Tests have been made-i of samples from four 2-inch

test holes 25 to 51 feet deep. The holes were sunk by churn drill and

the samples were collected at intervals with a Porter 2-inch power-

driven soil sampler0 The testing-laboratory conclusions from the

results of triaxial-compression and consolidation tests are summarized

in table 20. The material to a depth of at least 13 feet was very dry

and fairly firm clayey silt and sandy silt0 At some places a 10-foot

bed of firm, medium-plastic clay was found beneath the surface 0 Report-

edly this material was somewhat oxidized, with mottled coloring0 "Decom-

posed soapstone" reportedly was encountered beneath the clay in one hole,

overlying silty brown clay. The true nature of the "soapstone" is not

known because true soapstone does not occur in the NRTSO

The laboratory tests were made on water-saturated core samples,

but the materials were saturated only after being placed under confining

pressure equal to the pressure of overburden in the natural state. The

I/ 00 J. Porter and Coo, Foundation Report, ANP area, National Reactor
Testing Station, Sept0 22, 1952, 6 p., 13 plates0
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Table 200--Allowable bearing capacities for footings at depth

beneath the land surface in Terreton lake beds

LFrom report of laboratory tests by 0. J. Porter and Coo, consulting

engineers

Test-hole Depth below Allowable bearing
number and land surface capacity Material
location (feet) (lbs/sq ft)

P-1 and P-2 3 3,000 Clayey silt
SE4NW* sec0 13 5 3,000 Clayey silt
To 6 No, R0 31 Eo 7-20 6,000 Sandy silt &

silt
20-24 1,O000 Sand
28-40 14,000 Medium-plastic

clay
Below 40 2,600xD Sand and grave

P-3 3 3,500 Sandy silt
SW*NE* seco 12 5 39500 Sandy silt
To 6 N0 , Ro 31 Eo 7-42 bJ6,000-12 ,000  Sandy silt &

silt
Below 42 2,600xD Sand and grave

P-4 3 4,000 Sandy silt
NE*SW* seco 11 5 4,000 Sandy silt
To 6 No, R. 31 E0  7-18 6,000 Sandy silt

18-25 2,600xD Sand and gravel

1

L

L

a] Applicable only if sand is confined by 20 feet of overlying material.

bJ If confined by full weight of overburden, 6,000 lb/sq ft at 7-ft
depth and 12,000 lb/sq ft at 42-ft depth. Where overburden is removed,
allowable capacity is 6,000 lb/sq ft.

purpose of saturation was to simulate the least favorable condition that

may arise at the construction site0 The natural moisture content of

samples ranged from 6 to 33 percent of the dry weight The clay in two

test holes, at a depth of about 30 feet, reportedly was saturated. The

soil density ranged from 87 to 109 lb/cu fto The materials sampled with

the drive corer differed markedly in their resistance to the drive-core

OF
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sampler. Using a 1,200-lb hammer and 24-inch fall the number of blows

per foot of drive ranged from about 15 (sandy silt) to about 150 (firm

silt).

Gravel

The gravel in the NRTS is generally high in bearing strength and

thus presents no unusual problems for ordinary heavy loads, especially

if the loads are well distributed. Where fine-grained sediments are

interbedded with the gravel, the material is less satisfactory as a

base for structures. In many parts of the gravel-covered area there

is a layer of clayey to sandy silt interposed between the gravel and

underlying basalt bedrock0 The material is somewhat plastic when moist.

The depth through gravel to the basal layer of fine sediment ranges

from a few feet to 50 feet or more. Where the clayey material is at

substantial depth it may have little relation to shallow foundation

problems. For deeper foundations, test borings commonly are put down

through the gravel and silt to determine local conditions. For some

heavy structures the foundation includes caissons sunk through the sedi-

ments to a solid seat in the basalt; for others, the gravel is stripped

off and the structures are founded directly on the bedrock.

A field test/ was made on gravel in place in sec. 14, T. 3 N.,

R. 29 E. Under natural dry conditions, under a total load of 26,560

pounds (26,000 lbs added weight plus weight of bearing plate and acces-

sories), applied to a circular bearing plate having an area of 1 sq ft,

the total settling of the loaded gravel was 0.065 foot at the end of 10

/ Test by contract engineering services at the NRTS, Idaho: Report on
soil-bearing test at CD-4, site 2A (MfR), Lost River Reactor Testing
Station, Idaho, 1 p., Nov. 10, 1949.
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days (table 21). In the first few days, under loads increasing from 560

to 8,560 lbs, settling was at rates of about 0.0 to 0.002 ft per dayo

As the load was increased the settling rate ranged up to about 0.016 ft

per day. The final load of 26,560 lbs was applied during the last 41

hours, during which the amount of settling was 0.016 ft0

Table 210--Compaction of gravel under load, sec. 14, To 3 No, Ro 29 E.

LFrom records of the Atomic Energy Commission7

Load per Total
Dat8e square foot settlement Remarks

Nov. 1949

1
1
2
2
3
3
4
4
5
5
5
7
7
a
8
9

10

560 lbs0
4,9560
4,560
8,9560
89560

12,560
12,560
14,560
14,9560
18,560
18,560
18,560
229560
22,560
26,560
26,560
26,560

0010 ft 0
0101

o012
o014
o016
o020
0022
o038
039
043

0043
.049
o053
0055
o065

Started test 11:00 am
At noon

8:30 am
11:00 am
8:30 am

11:00 am
8:30 am
11:00 am
8:30 am

11:00 am
4:30 pm
8:30 am

11:00 am
8:30 am
3:30 pm
8:30 am
08:30 am

a/ Ground wetted by application of
final 24 hours of test0

1,000 gallons of water during

Three tests were made-'/ on materials at the CPP site -- undis-

turbed gravel, two-foot cushion of gravel on basalt, and on gravel

_/ Foster Wheeler, Corp., letter, R. W. Hudson to Ho No LaCroix,
Novo 16, 1950o
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spoil excavated from a building site. Settling under loads of 9,000 to

12,000 pounds was on the order of a few sixteenths of an inch in periods

of 3 to 4 days. Rebound after removal of the load ranged from 0 to about

1/16 inch at the end of two days. Presumably, the tests were made with

a standard bearing plate having an area of 1 sq ft.

Gravel in the alluvial fans spreading out from the foothills west

of the NRTS is less compact and less stable than the flood-plain gravel

and doubtless has a somewhat higher compaction factor.

Loessial Soil

"Soil" from a depth of 3 to 4 feet at the EBR site was tested for

shearing strength and other properties at the University of Idaho

The sample was of windblown silty sand. Shearing tests showed a coeffi-

cient of cohesion of 3.5 psi and an angle of internal friction of 30000.

Consolidation tests showed a coefficient of consolidation of 0.915 cm2/mi

(Gilboy method; see Plummer and Dore, 1940) and of 0.0455 cm2 /sec (Taylor

method; see Taylor, 1948). Various tests of an "undisturbed" sample of

the silty sand yielded the following results:

Atterberg Limits

Percent Percent

Liquid limit . . . 31.6 Field moisture equivalent . . 21.5
Plastic limit . . 19.9 Volume change (at FME) . . . 9.8
Plasticity index . 11.7 Lineal shrinkage . . . . . . 3.0
Shrinkage limit o16.0 Specific gravity . . . . . . 2.72
Shrinkage ratio . 1.78

1/ Bennett, G. B., University of Idaho, College of Engineering,
Materials Testing Laboratory: report no. 3794, lab. no. M 2803, Nov. 2,
1949; report no. 3542, lab. no. M 2803, Oct. 25, 1949; report no. 4558,
lab. no. M-2084, Nov. 12, 1949.



217

"The sample had the following size-grade characteristics:

Gravel (retained on 10-mesh screen) 0 . 0 . . . 0 0 0 .0.e .
Coarse sand (passed 10-mesh, retained on 40-mesh) 0 0 .
Fine sand (passed 40-mesh, retained on 270-mesh) 0. 0 0 

Silt (0.05 to 0.005 mm) 0 0 0 0 0 0 0 0 0 . 0 0 0 0 0 0 0

Clay (less than 0.005 mm) .... 0. .. . 0 ....1.. 0 0 0 .
Colloids (less than 0.001 mm) . 0 . .0. 0 0 0 0 0 0 0 0

Percent

5
2

59
25

9
1

Other tests of the same sample gave the following results:

Shear tests

Coefficient of cohesion (C) o o 0 . 0 0 * o * 11.0 psi

Angle of internal friction 0 0 . 0 . 0 . . .* .* * 25050'

Consolidation test

Coefficient of consolidation

Gilboy method .o.ae . . . . . .o.e . .e .o . .9.o1.31 cm2/!in
Taylor method . o... 0 0 0 0.0.00 00. .0.. ..a 0 0775cm /sec

Drainage, Weather, and Accessibility

Much of the NRTS is mantled by windblown silt. The deposits of

Terreton lake are fine sand, silt, and clay. Similar materials occur in

various playas and in the northern part of the alluvial plain of the Big

Lost River. The fine sediments have good moisture-retention capacity,

but they absorb water rather slowly and are generally low in permeability.

Light rains ordinarily yield little runoff, but occasional heavy rains

yield substantial runoff into local depressions, especially from steeper

lan4 surfaces0 After heavy rains and during rapid thawing of snow and

ground ice in the spring, many of the low-lying areas contain ponds or

quagmires.



218

At times water from the Big Lost River, from ephemeral streams, and

from local slope wash inundates low flats and playas. Big Lost River

playas 1 and 2 were inundated for prolonged periods in 1951 and 1952 by

runoff in the river. Rye-Grass flat and several other playas in the

lava field were under several feet of water in February 1950. During

times of heavy rain or rapid thawing, cross-country travel by wheeled

vehicles is impossible and most of the unimproved desert trails are

impassable.

In ordinary years winter snow cover on the NRTS is light, but in

exceptional years snow accumulates to depths exceeding 2 feet on open

flats and up to 4 or 5 feet in some low areas. Snowdrifts form readily

and roads that trend across the direction of the prevailing strong winds

often are blocked by large drifts. The ground commonly is frozen con-

tinuously from early December to late February. Frost pry in the soil

and rock is strong, especially in late winter and early spring when

there is frequent alternation of freezing and thawing. The depth of the

frost zone is not known, but in severe winters it probably ranges from

3 to 6 feet. Frost heave causes considerable road damage and is a

threat to shallowly buried pipelines and shallow building foundations.

The difficulty of vehicular traffic over the native terrain varies

greatly with local surface materials, the amount of soil moisture, the

weather, and the type of vehicle. Flood plains, lake bottoms, and parts

of alluvial fans are easily crossed when dry. Parts of the playas are

flat, iooth, and nearly devoid of vegetation, and on these the chief

dry-weather hazard to vehicles is scattered boulders. On the other hand,

flood plains and lake bottoms are treacherous because of mud, even after
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light rainfall or during mild thawing. After heavy rain or deep thawing

these areas commonly are passable only by tracklaying vehicles. Conven-

tional vehicles can traverse most of the "desert" trails in dry weather,

but trails crossing sand dunes or bare basalt are difficult. Dry wind-

blown sand is a trap for two-wheel drive vehicles but commonly is pass-

able when wet. Much of the native basalt area is too broken and rugged

for cross-country passage by wheeled vehicles0 When the snow cover is

thick only snow planes, track-layers, and similar vehicles can traverse

native basalt terrain

Dust and Driftin Sand

Wind erosion and transportation are conspicuously active only in

the northern part of the NRTS, where there are active sand dunes0 Else-

where on the station, however, wind erosion becomes active wherever the

native soil cover and vegetation are disturbed0 In most of the area the

soil is rather effectively stabilized by native vegetation0 Some bare

flats covered by fine soil have little or no vegetation but these ordi-

narily are stabilized by a dried-mud crust The native conditions thus

favor low dust hazard, but wherever these conditions are disturbed the

dust problem becomes important, owing to the strong prevailing winds and

the ready susceptibility of all the fine sediments to wind action. New

sand dunes can form and serious dust clouds originate wherever the vege-

tation or other natural wind protection is disturbed. Therefore, native

vegetation should be protected and should be removed only where necessary.

Wind action can be abated also by landscaping and drift fences, by devel-

oping artificial vegetative cover, and by avoiding unnecessary cross-

country driving, which breaks the soil crust and kills vegetation0
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Active sand dunes are not widespread on the NRTS, being most numerous

in the northern part south of Pole Line road In that area small sand

dunes tend to form locally and commonly drift across the desert roads

(so-called sand shadows). The active large dunes in the vicinity of

sec. 4, T. 5 N., R. 31 Eo have migrated an appreciable distance during

the period of development on the NRTS. Visual evidence suggests that the

front of the active dunes may have moved northeastward some hundreds of

feet since 1949o Aerial photos, taken now and compared to older photos,

would give an approximate measure of the amount of movement0 The matter

is potentially important because the direction of movement is toward the

ANP area, including access roads thereto.

Control of drifting sand

Removal of drifted sand from roads or other places where it is not

wanted ordinarily is a short-term expedient0 Solid, fixed barriers to

drifting sand also are expedients, because the barriers eventually become

buried. Effective control of drifting sand depends upon careful study of

the factors that govern the origin, growth, and migration of the sand in

a specified area. The best results are achieved by artificially immobil-

izing the sand, by inducing destruction of the drifts, or by causing the

wind to work toward a given objective, rather than directly opposing the

wind. In the latter alternative, the methods of protecting a stretch of

road, for example, are not necessarily the same as those for protecting a

building or group of buildings0

Detailed analysis of methods of controlling drifting sand is beyond

the scope of this report0 The physics of sand movement is discussed

thoroughly by Bagnold (1941). Excellent descriptions of drifted-sand

formations in Arabia are given by Kerr and Nigra (1952), who describe the
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Earthquake Hazard

The Snake River Plain, including the NRTS, like other areas in the

Northwest, is subject to occasional seismic tremors The seismic record

for the area is short, the oldest recorded shock having occurred in 1884.

Sixteen quakes in Idaho with an epicenter intensity of 7 or more on the

Rossi-Forel scale were recorded during the period 1894-1945. The chief

epicenters were more than 100 miles distant. There is no record of

important quakes having originated within the plain, though disturbances

have been felt in Pocatello and Arco. The seismic data for the area are

summarized in a special report (Anon0 1949, p. 63-65)o The NRTS is in

earthquake zone 2 (U0 S. Coast and Geodetic Survey, Seismic probability

map of the United States, 1948). That is, the area is subject to moder-

ately damaging earthquakes0

Hazard from Volcanic Activity

Relatively recent volcanism has occurred in Craters of the Moon

National Monument and in at least one place adjacent to the southwestern

part of the NRTS0 Recent activity has occurred at several other places

on the Snake River Plain, as at Hells Half Acre to the east0 Some of the

small volcanic cones within the station may be comparatively recent in

origin. Volcanic areas characteristically have alternate periods of

activity and quiescence. A logical question, therefore, is whether

resumption of volcanic activity within or near the NRTS is likely. No

categorical answer to that question can be given because there is no

assurance that the present is a period of cessation of activity, rather

than of mere quiescence0 The inactivity has endured for some hundreds of

years at least -- longer than is ordinary for areas of active volcanism --
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and renewed activity seems unlikely. Moreover, if activity recurred the

place of eruption in an area such as the Snake River Plain would be com-

pletely random, so far as is known. Inasmuch as only "dying" phases of

volcanism are even remotely likely, the chance of a hazardous eruption

in or near the NRTS is remote.
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