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PREFACE 

This guidebook was prepared for the Planetary Geology Field Conference on 

Basaltic Volcanism, Snake River Plain, Idaho, sponsored by the Office of Planetary 

Geology, National Aeronautics and Space Administration, Washington, D. C. The 

guide and the conference are part of a continuing series designed to show the dif

ferences and similarities of the terrestrial planets. 
A great many people have contributed to the publication of this guidebook. 

We thank first our colleagues who are working on the Snake River Plain for their 
helpful discussions, including S. Oriel, M. Kuntz, R. Holcomb, H. Protsky, and H. 
Covington. For reviews of various chapters, we thank C. Hodges, P. Spudis, S. Oriel, 
E. Theilig, and C. Langway. Assistance in figure preparation and editorial procedures 
was provided by D. Stroud, P. Spudis, R. Papson, E. Theilig, C. Wilbur, M. Womer, 

and C. Greeley. 

R. Greeley and J. S. King, 1977 
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1. INTRODUCTION 

Ronald Greeley 
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Center for Meteorite Studies 
Arizona State University 
Tempe, Arizona 85281 

JohnS. King 
Dept. of Geological Sciences 
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New York at Buffalo 
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The Planetary Geology Field Conference on the central 
Snake River Plain was conceived and developed to accom
plish several objectives. Primarily , field conferences are spon
sored by the National Aeronautics and Space Administration 
to draw attention to aspects of terrestrial geology that appear 
to be important in interpreting the brigin and evolution of 

I 

extraterrestrial planetary surfaces. Another aspect of this 
conference, however, is to present results of recent research 
in a region. Within the last decade several investigations have 
been initiated , including work by the organizers and associ
ated graduate students, other university investigators , studies 
conducted by the National Reactor Test Facility , and a major 
geological-geophysical investigation by the U. S. Geological 
Survey (Geologic Division, Denver, Colorado). A final objec
tive of this conference is to bring together investigators of 
diverse backgrounds who share a common interest in the 
Snake River Plain. 

Exploration of the inner Solar System has shown that 
the Moon, Mars, Mercury, and possibly Venus, have experi
enced volcanism during their evolution. More specifically, 
basaltic lavas (or lavas with comparable properties) appear 
to c~ver substantial areas of the terrestrial planets. Thus, 
it has become clear that an understanding of the physical and 
chemical processes of basaltic volcanism is essential to the 
derivation of the histories for the inner planets. Basaltic 
volcanism, however, is an extremely complex topic , requiring 
the effort of many different disciplines. 

The ideal sequence of planetary exploration begins with 
reconnaissance unmanned missions , followed by more com
prehensive survey missions , samples returned by unmanned 
spacecraft, and, ultimately , manned exploration by scientists. 
Given the present level of space exploration , it is doubtful 
that this sequence will be completed for the terrestrial plan
ets in this century. Thus, to interpret the geological histories 
of the planets, we must rely primarily on remote sensing 
methods and studies of possible Earth analogs supplemented 
by occasional returned sam pies. 

The Snake River Plain appears to be similar in surface 
morphology to many volcanic regions on the Moon , Mars, 
and possibly Mercury (see Chapters 2 and 14 ). The Snake 
River Plain is comparable in size to many of the extraterres

trial regions observed on these planets and affords the oppor
tunity to study at close hand the various relationships of the 
rocks to the surface morphology. Moreover, the Plain has 
been subjected to nonvolcanic processes, such as sapping, 
"burst" floods , and aeolian (wind) processes that are proba
bly in many ways comparable to Mars. Therefore, the Snake 
River Plain , in combination with the relatively good state of 
preservation, the lack of forests or other heavy vegetation, 
and the good network of jeep trails, is an area nearly ideal for 
analog studies. 

Because of limitations in time , resources, and manpower, 
the field conference and this guidebook are restricted pri
marily to the central and eastern Snake River Plain (Figs . 1-1 
and 1-2). As discussed in Chapter 4 , the western Snake River 
Plain is distinct in age, structure, and petrology from the 
central and eastern parts of the plain. Moreover, the enor
mous distances required to cover all of the plain would either 
make the conference too long or would result in rather super
ficial treatment. 

Consequently , we have chosen to concentrate on the 
geology of a part of the plain north of American Falls, Idaho 



FIGURE 1-1. Physiographic diagram of part of western United States 
showing setting of the Snake River Plain (arrow). (From U S. 
Geological Survey , 1968.) 

(Fig. 1-3 ). This area displays most of the relationships that 
are important in understanding the Snake River Plain and the 
style of volcanism involved in its evolution. Field trips to this 
area will be supplemented with a trip to Craters of the Moon 
National Monument , and with an air tour over the central 
and eastern portions of the plain. 
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FIGURE 1-2. Outline map of Idaho showing Snake 
River Plain. 

This guidebook includes descriptions of many more areas 
than will be included during the conference. Their inclusion, 
however, is intended to provide a broader information base 
and to encourage visits to the Snake River Plain after the 
conference. We caution, however, that many of the sections 
contained herein are in the form of progress reports and are 
subject to later revision. 

REFERENCES 

U. S. Geological Survey, 1968. Sheet 59 , "Physiography ," of National 
Atlas. 
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FIGURE 1-3. Mosaic of ERTS images showing the Snake River Plain and identifying areas discussed in this guide. Dashed line indicates approximate 
flight path for aerial reconnaissance; dot-dash line indicates roads to be used for field trips to King's Bowl- Wapi area and to Craters of the Moon. 
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2. VOLCANIC MORPHOLOGY 

Ronald Greeley 
Department of Geology and 
Center for Meteorite Studies 

Arizona State University 
Tempe, Arizona 85281 

Planetary exploration of the inner solar system has been 
active for more than a decade. The level of exploration has 
not been equal for all the planets- missions range from 
photographic flybys of Mercury, through orbiters and un
manned landings on some planets, to manned landings on and 
samples returned from the Moon. As a result of this explora
tion, evidence abounds to demonstrate that volcanism has 
played an important role in the origin and modification of 
planetary surfaces. 

Volcanism on the Moon is demonstrated by photo
geology and returned samples that include vesicular basalt 
(Fig. 2-1 ), confirming earlier interpretations that the dark 
lunar maria are vast lava flows (Fig. 2-2). Similar rock tex
·tures and flow fronts are also visible on Mars (Figs. 2-3 
and 2-4) and lava-like plains occur on Mercury. The spectacu
lar shield volcano on Mars, Olympus Mons, is readily recog
nized as volcanic (Fig. 2-5) and recent radar images suggest 
similar constructional landforms on Venus (Malin and 
Saunders, 1977). Chapter 15 shows some of the volcanic 
features observed on the planets and illustrates that planetary 
exploration has reas;hed the stage where it is not enough 
simply to recognize the presence of volcanism on the planets. 
Rather, it is critical to the derivation of geological histories to 
be able to interpret the styles of volcanism, modes of erup
tion, and general volcanic histories that were involved in the 
origin and evolution of planetary surfaces. 

FIGURE 2-1. A highly vesicular olivine basalt (sample 15016) return
ed from the Moon by the Apollo 15 astronauts from near the Hadley 
rille. (after Taylor, 1975; NASA photographS 71-45477). 

The best approach to volcanic history is to combine 
detailed fieldwork with laboratory studies. Such an approach 
is presently not possible except for Earth and a few localities 
on the Moon from which samples have been returned. Thus, 
we must resort to remote sensing methods, primarily photo
geology, supplemented by other techniques, such as spectral 
analyses, from which interpretations can be drawn. In this 
chapter, consideration is given to the parameters that govern 
volcanic morphology. 

The styles of volcanism and eruptive histories displayed 
on planetary surfaces can be determined to some . degree 
through the interpretation of the volcanic landforms. Varia
tions in certain volcanic parameters, such as rate of eruption 
and volatile content cause distinctive styles of eruption 
(Hawaiian, Strombolian, etc.), which in turn can lead to dis
tinctive landforms (shield volcanoes, cinder cones, etc.). 



FIGURE 2-2. View northward across Mare Imbrium on the Moon as 
seen by the Apollo 15 astronauts, showing multiple lava flows, each 
about 30 m thick. The great length of these flows - some exceed 
1000 km in length-is indicative o{high rates of effusion, extremely 
low viscosities by comparison with lava flows on Earth, and low 
thermal conductivities. (NASA Apollo 15 frame AS 15-1556). 

FIGURE 2-3. View of the martian surface obtained by Viking Land
er I showing numerous vesicular rocks considered to be volcanic 
in origin. (NASA photograph 76-H-722). 
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FIGURE 2-4. Viking Orbiter mosaic showing an oblique view across 
the flank of Alba Patera, one of the large constructs on Mars. The 
area shown is built of numerous flood-type lava flows-the sheet
like masses indicated by 'F'- , and lava flows fed through lava 
tubes ('T'); flow direction is indicated by the arrow. Possible 
volcanic domes, some with summit craters, are also visible (small 
arrow); alternatively, these features may be a class of impact crater. 
Area of mosaic is about 130 km by 150 km. (after Carr and others, 
19 77; Viking Orbiter frames 7 B 22 to 2 7). 

FIGURE 2-5. Shaded airbrush relief map of Olympus Mons, the 
600 km-diameter shield volcano on Mars. High resolution images 
show that the shield is constructed of multiple lava flows, often of 
the tube-and-channel-fed variety. Viking Orbiter images show that 
many of the flows are superimposed on the bounding scarp and ex
tend hundreds of km across the surrounding plains. (map courtesy 
of the U.S. Geological Survey). 

Distinctive volcanic landforms are clues to styles of volcanism 
inv,olved in their formation and provide insight into the 
physical processes of eruption. 



This concept has been used for many years on the planets 
for obvious structures such as shield volcanoes, possible com
posite cones, and cinder cones, but it is only recently that 
more refined and complex interpretations have been at
tempted. Application of the techniques requires a compre
hensive understanding of volcanic processes and familiarity 
with the associated landforms. This approach has not been 
needed to any great extent by geologists studying volcanoes 
on Earth, where it is generally possible to conduct field work, 
and the geomorphology of volcanic landforms as related to 
eruptive processes has not been studied extensively. Re
cently, such studies have been undertaken primarily by 
planetary geologists and, because basaltic volcanism appears 
to be prevalent on the terrestrial planets, the emphasis has 
been on basaltic terrains. 

VOLCANIC MORPHOLOGY 

The pristine forms of volcanoes and volcanic deposits are 
the result of many complex parameters (Table 2-1 ). The term 
volcanic construct refers here to the accumulation of volcanic 
products and includes classic stratovolcanoes, basaltic plains, 
cinder cones , and similar features. The factors controlling the 
morphology of volcanic constructs are: 1) style of eruption, 
2) proportions of liquids , solids, and gases in the eruptives , 
3) viscosities and composition of the lava , 4) vent characteris
tics , 5) rate and duration of effusion , and 6) pre-flow topo
graphy , and to some extent, structure. 

Styles of Eruption 

Volcanoes have long been classified according to their 
activity (Table 2-2). Several classifications of volcanic erup
tions have been derived, as discussed by Rittmann (1962), 
Macdonald (1972), Bullard (1976), and others. Table 2-3 is a 
modification of a classification from Macdonald ; it is ar
ranged by increasing explosiveness from relatively quiet 
basaltic flood eruptions through the sometimes violent 

ultravulcanian eruptions. Also listed are gas eruptions and 
fumarolic activity , neither of which produce significant 
landforms, at least on Earth. Most of the categories of 
volcanic activity shown in the classification are based on 
historic eruptions or on volcanoes that are currently active. 

TABLE 2-1 

FACTORS INFLUENCING THE MORPHOLOGY . 
OF VOLCANIC CONSTRUCTS* 

Style of eruption (strombolian, Plinian, etc.) 

Proportion of liquids (lava) , gases and solids (tephra) 

Viscosity of Lava 
Temperature 
Composition 
Amount and State of Volatiles 
Degree of Crystallization 
Character of Flows (e.g. , laminar, turbulent) 

Vent Characteristics (shape, number, arrangement) 

Rate and Duration of Effusion 

Pre-flow Topography 

* Factors are interrelated. 

Volcanic morphology is directly linked to style of erup
tion- basaltic flood eruptions produce great volumes of hot 
fluid lava that spread out as flat sheets that often become 
ponded ; strombolian activity involves repeated eruptions 
of tephra and pasty lava that are ejected relatively short dis
tances from the vent and deposited subaerially to form cinder 
cones. Peleean eruptions involve thick, pasty block lava flows 
in relatively low volumes that form dome volcanoes. Flow 
surfaces of block lavas are often characterized by coarsely 
"corded," or festooned textures on large scales (Fig. 2-6 ). 
Plinian and rhyolitic flood eruptions can produce widespread 
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ash flows that are deposited as relatively smooth plains. 
Characteristic surface features of ash flows at scales that 
could be recognized on aerial photographs are not known, 
and thus the photogeologic identification of widespread ash 
flows on planetary surfaces remains difficult. 

Proportions of Liquids, Gases, and Solids 

The three types of materials produced by volcanic erup
tions are liquids (lava), gases (on Earth, mostly steam), and 
solids (pyroclastics, or tephra in the form of ash, lapilli, 

blocks, bombs, etc.). The higher the proportion of lava 
erupted, the lower the profile of the resulting volcanic edi
fice; increases in the amount of ejected solids steepen the 
construct, as in the case of composite cones, the largest of 
which are stratovolcanoes. Volatiles released fro:m the magma 
on eruptjon often cause fire fountaining and the formation of 
cinder a~d spatter cones. If the volatile content is low, or if 
the volatiles remain in solution in the lava until the flow is 
emplaced,· the volatiles enhance the fluidity of the lava, as 
discussed below. 

TABLE 2-2 

CLASSIFICATION OF VOLCANOES (MODIFIED FROM RITTMANN, 1962) 

QUALITY 
GREAT 

TYPE OF 
SMALL - QUANTITY OF MAGMA 

ACTIVITY OF MAGMA 

FLUID VERY LAVA FLOWS SHIELD BASALTIC LAVA 
EFFUSIVE HOT, BASIC VOLCANOES PLAINS FLOODS 

(I) I TEPHRA-AND-
STRATO-<{Q SPATTER CONES (.!)z COMPOSITE STRATOVOLCANOES VOLCANIC (.!)<{<{ CONES CHAIN Zl-u TEPHRA CONES (i5Z-

~ <{W~ 

MIXED 
wl-cn 

ENDOGENOUS a:Z 
DOMES WITH uO DOMES; PLUG zU THICK FLOWS -. DOMES NONE KNOWN 

VISCOUS, 
MAARS TUFF CONES 

"COOL," ACIDIC 

VERY VISCOUS, 
VOLCANO- IGNIMBRITE ABUNDANT DIATREMES EXPLOSION CALDERA 

TECTONIC SINKS SHEETS EXPLOSIVE 
CRYSTALS 

1- SINGLE VENT .. , FISSURE I -
VENT r--



TABLE 2-3. Classification of volcanic eruptions (modified after Macdonald 1972) 

Physical 
nature Character of Nature of Nature of Structures built 

Eruption type 
of the explosive activity effusive activity dominant ejecta around vent 

magma 

Basaltic flood Fluid Very weak ejection of very Voluminous wide-spreading Cow-dung bombs and Small spatter cones and 
fluid blebs; little lava flows of very fluid lava spatter; very little ash ramparts of limited 
fountaining extent; broad lava plain 

"Plains" or Fluid Weak ejection of very fluid Moderately wide spreading Cow-dung bombs and Very broad flat lava 
Icelandic blebs, little lava fountaining flows of thin sheets, often spatter; very little ash cone, (shields) which 
(sensu stricto) through lava tubes and frequently coalesce, 

channels some spatter cones 

Hawaiian Fluid Weak ejection of very fluid Thin, often extensive flows Cow-dung bombs and Spatter cones and ram· 
blebs; lava fountains of fluid lava, frequently spatter; very little ash parts; very broad flat 

involving lava tubes and/ lava cones 
or channels. 

Strombol ian Moderately Weak to violent ejection of Thicker, less extensive flows Spherical to fusiform Cinder cones 
fluid pasty fluid blebs of moderately fluid lava; bombs; cinder; small to 

flows may be absent large amounts of glassy 
ash 

Vulcanian Viscous Moderate to vio lent ejection Flows commonly absent; Essential, glassy to lithic, Ash cones, block cones, 
of solid or very viscous when present they are blocks and ash; pumice block-and-ash cones 
hot fragments of new lava thick and stubby; ash 

flows rare 

Peh~ean Viscous Like Vulcanian, commonly Domes and/or short very Like Vu lcanian Ash and pumice cones; 
with glowing avalanches thick flows; may be absent domes 

Plinian Viscous Paroxysmal ejection of large Ash flows, small to very Glassy ash and pumice Widespread pumice lapilli 
(exceptionally volumes of ash, with accom- voluminous ; may be absent and ash beds; general ly 
strong Vulcanian) panying caldera collapse no cone building 

Rhyolitic flood Viscous Relatively small amounts of Voluminous wide-spreading Glassy ash and pumice Flat plain, or broad flat 
ash projected upward into ash flows; single flows may shield, often with caldera 
the atmosphere have volume of tens of 

cubic miles 

Ultravulcanian No magma Weak to violent ejection of None Accessory and accidental Block cones; block-and-ash 
solid fragments of old rock blocks and ash cones 

Gas eruption No magma Continuous or rhythmic None None; or very minor None 
gas release at vent amounts of ash 

Fumarolic No magma Essentially nonexplosive None None; or rarely very Generally none; rarely 
weak to moderately minor amounts of ash very small ash cones 
strong long-continued 
gas discharge 
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FIGURE 2-6a. Vertical aerial photograph of Big Glass Mountain, a rhyolite obsidian flow complex in the Medicine Lake Highlands, east of Mount 
Shasta. The steep flow fronts, rugged-relief surfaces, and stubby character of the flows are typical of silicic block flows, as are the large scale 
'festoons' on the flow surface. (US. Forest Service Photograph DDC-JP-28; July, 1955.) 



FIGURE 2-6b. Oblique aerial view of Big Glass Mountain. Road in 
upper right corner indicates scale. (NASA-Ames photograph by 
W. Quaide, September, 1968.) 

Viscosity of Lava 

One of the most complex parameters governing volcanic 
morphology is the viscosity of the lava. Flows that are fluid 
will spread relatively farther from their vent, forming flat or 
low-profile constructs, whereas more viscous flows tend to 
pile up near the source and form dome volcanoes. The vis
cosity of the lava is controlled primarily by temperature, 

composition, amount and state of volatiles, degree of crystal
lization, and flow characteristics (laminar, turbulent, etc.), 
most of which are interdependent. Relatively few valid mea
surements of lava viscosities have been made in the field. 
Macdonald (1972) compiled published results for field esti
mates of viscosity and shows values ranging from 2 x 103 

poise at eruptive temperatures of 11 00°C for Hawaiian lavas, 
to 1 x 10 l2 poise for rhyolitic lava in Alaska erupted at 
800°C. Most of the values obtained in the field are for basalt 
flows and are model-dependent estimates based on rate of 
flow in channels. Such estimates require that the depth and 
shape of the channel be known , which is seldom the case. 

The inverse relationship of viscosity to temperature is 
readily seen in Fig. 2-7. The relations are shown as curves 
derived from a model of Shaw (1972) in which viscosity as a 
function of temperature can be determined from the com
position of cooled lavas. Even the most fluid terrestrial lavas 
are not as fluid as some lunar lavas. As determined from 
laboratory measurements of simulated lunar materials, 
Murase and McBirney (1970) estimated that basalts in Mare 
Tranquillitatis were 10 poise at 1400°C. Figure 2-7 shows 
values for various lunar lavas compared to Columbia Plateau 
flood basalts and some basalt flows in Hawaii. 

The difficulty with estimates of viscosity based on lava 
composition and laboratory measurements of viscosity is that 
current methods do not take into account volatile content or 
the state of the volatiles. Typically , large amounts of volatiles 
in solution. in the magma decrease the viscosity , but as the 
volatiles come out of solution , viscosity can increase. Mac
donald (1972) gives an excellent example of the effect; 
water containing liquid soap in solution is rather fluid, but 
as soon as the mixture is agitated, soap bubbles form and the 
resulting frothy mass becomes more viscous. If devolatiliza
tion occurs in lavas without vesiculation , the increase in vis
cosity could be less. 

The effect of composition on viscosity is governed largely 
by the proportion of silica and alkalies. On a molecular scale, 
silica forms complex three-dimensional networks which can 
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greatly retard flow and increase the viscosity of lava. Thus, 
high silica lava flows such as rhyolite and dacite tend to be 
thick and pasty, whereas low silica lavas such as basalt are 
more fluid. 
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FIGURE 2-7. Temperature-viscosity curves for some terrestrial and 
lunar basalts, derived from data of Shaw (1972); asterisks represent 
laboratory measurements of viscosity. A -Columbia River basalt, 
(Murase and McBirney, 1970) *=measured viscosity; B-Cave Basalt, 
Mount St. Helens, Washington: C- average Keaiwa Flow, Hawaii; 
D-average Mauna Ulu basalt Hawaii; £-Apollo 12 alumina basalt 
(sample 12038); F-Apollo 15 quartz basalt (sample 15076); 
G-Apollo 12 quartz basalt (sample 12052); H-simulated lunar ba
salt ( Murase and McBirney, 19 70) *=measured viscosity; I- Apollo 
12 olivine basalt (sample 12009); ]-average Apollo 11 'low potas
sium' basalt, and Apollo 15 olivine basalt (sample 15555); K-aver
age Apollo 11 'high potassium' basalt; L-Apolla 17 high titanium 
basalt (sample 71005). 

Vent Characteristics 

The size, number, arrangement, and, to some degree, the 
shape of volcanic vents influence the morphology of vol
canoes. Vents are commonly either central (e.g., craters) or 
linear (fissures, Fig. 2-8). Central vents are typical of cones, 
shields, and domes, whereas linear vents characteri7e plateaus 
or plains. These generalizations are greatly oversimplified, 
however, and other facto,rs, such as the scale of the vent sys
tem and the volume of materials erupted, must also be con
sidered. For example, Mauna Loa is a shield volcano having 
a prominent central vent, the summit caldera Mokuaweoweo. 
The great mass of the shield, however, includes not only lavas 
from the central vent, but also substantial accumulations 
from small-volume fissure flows erupted on the flanks (Fig. 2-
9). 

Fissure systems that feed basaltic flood eruptions and 
major rhyolitic ash flows can be very large. The vent system 
that fed the Yakima Basalt, one of the many flood basalt 
flows rriaking up the Columbia River Plateau, is more than 
130 km long (Fig. 2-10; Swanson and others, 1975) and 
evidently was nearly continuously eruptive along its entire 
length. Eruptions from large fissures seldom occur more than 
once from the same fissure but rather, the rising magma for 
subsequent eruptions appears to create new fissures com
monly parallel or sub-parallel to previous fissures. This char
acteristic may partly account for the formation of plateaus 
rather than prominent constructional ridges. 

"Point-source" vents commonly occur along small fis
sures of the type observed on the flanks of Mauna Loa and 
other shield volcanoes, and along other small fissures such as 
the King's Bowl Rift, Idaho. These "point-source" eruptions 
often form small spatter and cinder cones (Fig. 2-11 ). 

Pre-flow Topography 

Pre-flow topography also can influence the surface 
morphology of lava flows. Depressions such as valleys and 
craters obviously control the emplacement of lava flows. 



FIGURE 2-8. View westward along a small fissure and flow that 
formed in November, 1973, in Hawaii on the east rift zone of 
Kilauea volcano. Pauahi Crater is in the background. (photograph 
by Ronald Greeley, University of Santa Clara, November, 1973). 

FIGURE 2-9. Southwest rift zone of Mauna Loa shield volcano, 
Hawaii, showing a prominent fissure , or rift, and associated flows. 
(U.S. Department of Agriculture photograph). 
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FIGURE 2-10. Sketch map showing original extent of the Roza Mem
ber of the Yakima Basalt, the location of the Roza vent system, and 
the margin of the Columbia Plateau basalts (stipple pattern). (after 
Swanson and others, 1975). 

Even after pre-flow topography is buried, it can affect the 
flow morphology. Valley floors usually contain the thickest 
and frequently most active part of a lava flow. In flows con
taining Java tubes, the tubes often develop in the thickest 
part of the flow; hence, the axis of the tube coincides with 
the pre-flow valley floor and collapsed lava tubes mark the 
location of the former valleys. This effect probably does not 
result, however, in flows filling shallow valleys. 

Buried pre-flow topography can al~o affect flow surface 
morphology by controlling differential settling of the lava 
after its emplacement. Some settling is caused by shrinkage 
during cooling, but much settling appears to result from 

devolatilization (Holcomb and others, 1974 ). Some basalt 
flows may contain more than 50 percent volatiles by volume, 
and as degassing takes place, the level of the flow surface sub
sides, leaving "bath tub" rings around the edges. As the sur
face is lowered over pre-flow positive features, such as ridges 
or crater rims, differential settling by the lava can produce 
an imprint of the underlying structure on the surface; a par
ticularly striking extra-terrestrial example is shown on Mars 
by Viking Orbiter images (Fig. 2-12 ). 

FIGURE 2-11. Oblique aerial view westward across South Grotto, 
King's Bowl lava field, showing spatter cones along the fissure and 
lava flows. Highest spatter rampart is about 10 m high. (NASA
Ames photograph by Ronald Greeley, 1969). 



FIGURE 2-12. Viking Orbiter 1 image of the border region of the vol
canic plains and the heavily cratered terrain on Mars near the crater 
Pickering, showing flows that have partly buried a crater and that 
have flowed into a graben. Note the ridge that 'shows through' the 
overlying flow, even after it has been covered by the lava. (North is 
to the left; area of photograph is about 109 km by 144 km, Viking 
Orbiter Frame 56 A 14.) 

Another type of pre-flow topographic imprint formed in 
Hawaii during the filling of Alae Crater by lavas erupted from 
Mauna Ulu in the late 1960's and early 1970's (Holcomb and 
others, 1974 ). Despite the lava burial of the former crater to 
a depth of tens of meters, the outline of its rim remained 
visible as a slight scarp, partly as a result of repeated filling 
and partial drainage of lava from the crater through lava 
tubes. 

Rate and Duration of Effusion 

The rate of effusion is the most important factor govern
ing the length of lava flows, according to a recent study by 
Walker ( 1973 ). High rates of effusion result in extensive, far
reaching flows (Fig. 2-13) that are "simple" in character (i.e., 
composed of a single cooling unit), typified by flood basalts, 
whereas low rates of effusion produce lavas piled up layer 
upon layer, forming "compound" flows (see Walker, 1972, 
for discussion of simple and compound lava flows, and 
Chapter 4 ), typified by Hawaiian and basaltic "plains" type 
volcanism. 

The rate of effusion may be calculated as the volume of 
lava per unit time from the first eruption to the last eruption, 
including both periods of activity and intervening periods of 
quiescence. Alternatively, the rate of effusion may be calcu
lated as the volume of lava per unit time only during actual 
eruption. Thus, the duration of the eruption is closely relatea 
to rate. For example, an eruption of short duration but high 
rate produces a lava flow morphology different than an erup
tion of long duration but low rate. 

BASALTIC LANDFORMS 

Basaltic landforms are the most diverse of volcanic struc
tures, perhaps reflecting the wide range of values for the para
meters that influence volcanic morphology. Basaltic lavas 
range from highly fluid to very viscous flows, whereas dacites 
or other silicic lavas are almost always thick and pasty. 
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FIGURE 2-13. Plot of lava length against average effusion rate ]or lava 
eruptions (mostly basaltic) on various volcanoes. Basaltic lavas, •: 
A, Askja 1961 (Iceland); C, Cerro Negra 1968; E, Etna (1, 1669; 
2, 1911; 3, 1923; 4, 1928; 5, 1971); G, Gituro 1948 (Congo); 
K, Kilauea (1, 1955; 2, 1965); L, Laki, 1783 (Iceland); Lp, La 
Palma 1585; M, Mauna Loa (1, 1851; 2, 1852; 3, 1868;4, 1887; 
5, 1907; 6, 1916; 7, 1919; 8, 1926; 9, 1935; 10, 1942; 11, 
1949; 12, 1950); 0, Oosima 1951; T, Tenerife 1705; S, Sakura
jima 1946. Basaltic andesite lavas, • : Ag, Mt Agung 1963 (Bali); 
H, Hekla (1, 1845/6; 2, 1947); N, Ngauruhoe (1, 1949; 2, 1954); 
Pc, Pacaya 1961 (Guatemala); Pr, Paricutin (first 8 months 1945); 
Sn, Santiaguita (Guatemala). Andesite/dacite lavas, 6: Hb, Hibok
Hibok 1948; Tr, Trident 1953 (after Walker, 1973). 

Basaltic flow textures and small surface features have 
been described by Wentworth and Macdonald (1953), Mac
donald (1967), and in a geologic guidebook to Hawaii 
(Greeley, 1974 ). Surface features and larg·e constructs are 
illustrated in Green and Short (1971 ). Table 2-4 lists the 
main types of basaltic constructs, gives the styles of their 
eruptions, and notes typical surface textures. 

Flood basalts form extensive, often thick flows erupted 
at very high rates from fissure vents and produce vast ba~alt 
plateaus, typified by the Columbia Plateau (Fig. 2-1 0). The 
Yakima Basalt on the Plateau has been studied extensively 
and serves an an example of a. flood basalt (Swanson and 
others, 1975). The Yakima Basalt includes the Roza Member 
(1500 km3) erupted from a linear vent system more than 130 
km long and several kilometers wide, and several other mem
bers. Vent areas are difficult to identify because they are 
buried by their own flows; however, dikes and remnants of 

small pyroclastic cones help to define the general fissure 
zones, particularly for the less extensive Ice Harbor flows. 
Eruption rates for the Ice Harbor flows are estimated to have 
been 2 x 1 o-3km3 /day and are comparable to those of Kilau
ea and Mauna Loa, whereas the rate for the Roza Member 
with an estimated rate of 1 km3 /day was three orders of 
magnitude higher. Hundreds of cubic kilometers of lava were 
apparently erupted during a period of at most two or three 
weeks (Swanson and others, 1975). Throughout most of its 
40,000 km2 extent, the Roza Member consists of a single, 
simple cooling unit that must have been ponded as vast lava 
lakes over much of the area, taking years to solidify, as indi
cated by massive columnar jointing. Lava •tubes, lava chan
nels, and other large scale flow features are lacking, either 
because they did not form or because they were destroyed 
by activity within the emplaced lavas, such as lava lake 
circulation. A review of the literature reveals that there 
are virtually no lava tubes or channels in the other flood 
basalts of the Columbia Plateau. 



Table 2-4. Basaltic volcanoes. (after Greeley, 1976) 

Volcanic 
Eruptive style Typical texture Comments 

landform 

1. Flood basalt Fissure eruption, high Pahoehoe Common on 
plateau volume-highly fluid; Massive, dense, low planetary 

few flow features vesicularity; verti- surfaces ( 1 ) 
cal jointing 

2. Basalt Fissure and central Pahoehoe, tube Common on 
"plains" vent, moderately and toe-fed, aa, planetary 

high volume and variable textures, surfaces (2) 
rate; fluid lavas; from massive to 
lava tubes and vesicular; vertical 
channels joints and hori-

zontal platy units 

3. Basaltic Explosive Pumiceous Rare 
ash 
plains 

4. Shield Central vent with Pahoehoe, tube and Common on 
volcanoes associated fissures; toe-fed, vesicular, planetary 

high rate, moder- platy jointing surfaces (2) 
ate volume, fluid 
lavas, lava tubes 
and channels 

5. Composite Central vent, explo- Pyroclastics and Commonly 
cones sive alternating vesicular to associated 

with flows, tubes dense flows; with plate 
and channels pahoehoe and aa subduction 
infrequent zones (3) 

6. Cinder cones Explosive, infre- Pyroclastics Common on 
quent flows planetary 

surfaces (2) 

7. Domes Central vent, low Block flows Rare 
volume, low 
rate, viscous 
lavas 

(1) Earth, Moon, Mars, Mercury; (2) Earth, Moon, Mars; (3) Earth, Mars (?) 

The only surface features of large size preserved on the 
Roza flow are "sag-flowouts," described by McKee and 
Stradling ( 1970) as circular depressions and hills, surrounded 
by concentric dikes (some more than 250 m across) that 

appear to have formed by crustal foundering (Fig. 2-14 ). 
Recent field studies, however, indicate that some structures 
may result from phreatic activity after flow emplacement 
(Hodges, 1977). 

Volcanic shields (Fig. 2-5) are produced by relatively high 
rates of eruption, but the total volumes of lava per eruption 
sequence are lower than those for flood basalts and the vents 
are commonly central rather than linear. The nature of the 
shield-forming eruptions is markedly different from that of 
flood eruptions. For example, at 'Mauna Ulu, a small shield 
volcano in Hawaii, eruptions were sporadic with short stages 
of quiescence during an eruptive period of five years and pro
duced thin, tube-fed flows. Average flow unit thicknesses for 
Mauna Ulu and other Hawaiian shield volcanoes is about 5 m, 
in contrast to 10 to 30m thick flows in the Columbia Pla
teau. Rapid outbursts of high volume but short duration also 
occur on shield volcanoes, as evidenced by the 17 hour sum
mit eruption of Mauna Loa in 1975 (Tilling, personal com
munication). 

Basaltic plains combine some of the characteristics of 
both flood basalts and shield volcanoes and are tentatively 
considered (Greeley, 1976) a separate category of volcanic 
construct, as discussed more fully in Chapter 3. Basaltic 
plains are typified by the Snake River Plain. ·This region is 
made up of lava flows about 10 m thick, erupted from both 
central vents that produced small coalescing lava shields 
(termed low shields), and short fissures that formed thin 
sheet-flows; the combined thickness of all flows exceeds 
1500 m (LaFehr and Pakiser, 1962) in some places. In size 
and surface feature morphology, the Snake River Plain resem
bles some of the smaller lunar maria. As with shield vol
canoes, flow features such as lava tubes and lava flow chan
nels are relatively common on basaltic plains. 

Composite cones, such as Mt. Shasta in northern Cali
fornia and Mt. Mayon in the Philippines, are steep-sided 
volcanoes surrounding central vents. As the term suggests, 
they are composed of a combination of alternating lava flows 
and tephra deposits, reflecting alternating styles of eruption 
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from Hawaiian-type to strombolian. The great size (com
monly 10-20 km across) is attributed to the eruptive phase 
that produced lava flows extending many kilometers from 
the vent. The steep slopes result from the tephra phase, in 
which cinders accumulate at or near their angle of repose
about 30°. Parasitic cinder cones are common on the flanks 
of composite cones. The accumulations of tephra, both at the 
summit and in parasitic cones, are "welded" together by lava 
flows, eventually forming the great mass of the composite 
cone. 

As is evident in Table 2-2, volcanic constructs are grada
tional from one type to the next. Some examples are inter
mediate between flood lava flows, basaltic "plains," shield 
volcanoes, and composite cones. The forms may vary spa
tially and temporally. Thus, one must be wary of assigning 
too quickly a volcanic style of eruption and mode of lava· 
flow emplacement fron1 the surface morphology-the surface 
observed may represent only the latest phase of a complex 
volcanic evolution. 

FIGURE 2-14. Stereoscopic aerial photographs showing "sag jlowouts," east southeast of Odessa, Washington; larger structure at the bottom is 
about 500 m across. (US. Department of Agriculture photographs AAO-JLL-79, 80.) 



SUMMARY 

Basaltic lava flows can form many types of constructs 
(Table 2-4 ); the largest forms-and the ones commonly 
observed on spacecraft images of the planets-are flood 
basalts, basaltic "plains," shield volcanoes, and composite 
cones, discussed above. Other basaltic features, such as 
cinder-and-spatter cones, are small accessory or parasitic 
features that occur with shield volcanoes, basaltic plains, 
and, rarely, flood basalts. 

·Shield volcanoes are recognizable by their general topo
graphic form and the presence of small fissures, rift zones, 
parasitic cinder cones, and various other vent structures such 
as pit craters, and summit calderas. Shield volcanoes are' built 
of fluid lavas, typically (but not exclusively) basaltic in com
position, which are erupted at relatively _high rates of effusion; 
as exemplified by the Hawaiian shield volcanoes, eruptions 
tend to be sporadic, with intervening penods of quiescence, 
or low activity, and involve essentially the same vent or vent 
system repeatedly. These eruptions produce multiple flow 
units that are thin and commonly fed through lava tubes and 
lava channels. Shield-forming eruptions of the Hawaiian type 
have been described as "leaking" from small, shallow reser
voirs (Swanson and others, 1975). 

Flood lava flows lack flow surface features such as lava 
tubes and channels. Traces of linear vent systerris may be pre
served, although typically they are buried by their own pro
ducts. The long sheet-like flows observed on Mars and the 
Moon (i.e., the Imbrium flows) are flood lavas. Only basaltic 
lavas are known to erupt as floods, although in theory mag
mas of other compositions with similar physical properties 
could produce similar flows. Flood eruptions represent ex
tremely high rates of effusion from large, deep storage 
·reservoirs. In contrast to the "leaky" style of eruption that 
forms shield volcanoes, flood eruptions are probably episodic 
(Swanson and others, 1975), seldom using th_e same fissure 
vent more than once per episode. 

Basaltic "plains" combine the flow types of shield vol
canoes-thin, multiple flow units often emplaced by lava 
tubes and channels, central vent eruptions, pit craters-with 
the large-scale flat topography of flood basalts and the 
arrangement of some of the central vents along major rift sys
tems. Even though the vents are dominantly central, building 
low-profile coalescing shields, the use of the same vent for a 
long period of time (as is the case in Hawaii) does not occur. 
Eruptions are probably sporadic with rates of effusion com
parable to those in Hawaiian eruptions. 

Composite cones are characterized by: 1) steep profiles 
and conical shape, 2) parasitic cones, some of which are large 
in comparison to the main construct, and 3) summit calderas 
and rift zones. Style of eruption involves production of lava 
flows-some from Hawaiian-type eruptions - and tephra. The 
alternating accumulation of these materials leads to the steep 
slopes characteristic of composite cones. Typically, com
posite cones are constructed of andesitic lavas , sometimes 
grading irito more silicic compositions. 

The interpretation of volcanic processes, based on the 
morphologies of the constructs, is difficult, particularly on 
planets where the chemical and physical properties of the 
magmas are virtually unknown. Studies of terrestrial vol
canoes offer the only means of gaining some insight into 
extraterrestrial volcanology until more complete exploration 
is feasible. 
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Analysis of the morphology of the central Snake River 
Plain and comparisons with other basaltic regions lead to the 
conclusion that the plain may represent a distinctive ·style of 
volcanism that combines aspects of both flood basalts and 
classic basaltic shield volcanoes. Although traditionally in
cluded in the Columbia Plateau and generally considered a 
plateau basalt region, the central Snake River Plain-and 
regions similar to it-is considered sufficiently different from 
flood basalts in the characteristics of the flows and the result
ing surface morphology (and, therefore, also different in the 
style of volcanism involved in its formation) to warrant its 
consideration as a distinctive class. The expression basaltic 
"plains" has been tentatively proposed (Greeley, 1976) for 
this intermediate type of volcanic region. 

Several authors have recognized the distinctive character 
of the central and eastern Snake River Plain in comparison to 
the Columbia Plateau. In many respects, the Snake River 
Plain is more akin to southeastern Oregon and the Modoc 
Plateau of California (Fig. 3-1) than to the flood basalts of 
the Columbia Plateau. The geochemical uniqueness (Figs. 3-2 
and 3-3) of the plain has been addressed by Waters ( 1961 ), 
Powers (1960), Jones (1970), Leem~n (1974, 1975) and 
others. The differences in the lava flow morphology of the 
plain and the Columbia Plateau are discussed by Greeley and 
King (1975) and in Chapter 4 of this guidebook. Thus, there 
are several independent lines of evidence that show the Snake 
River Plain is unlike the Columbia Plateau and the inference 

FIGURE 3-1. Map of the western United 
States showing major igneous provinces; 
note that the Snake River Plain of Idaho 
(shaded area) is more closely related to 
the basaltic regions of southeast Oregon 
and northeastern California than to the 
flood basalts of southeastern Washington 
and northeastern Oregon. (Modified from 
Eardley, 1962.) 
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is drawn that the style of volcanism and modes of lava flow 
emplacement were also different. 

Investigations of basalt regions outside the Snake River 
Plain suggest that not all basal tic plains are the result of 
"typical" flood-type eruptions. Walker (1972), for example, 
proposed the terms compound lava flows and simple lava 
flows to distinguish differences in modes of emplacement and 
in morphology. Walker builds on the recognition by Nichols 
( 1936) that many lava flows can be separated into flow units 
that represent individual "gushes" of lava, but which are all 
part of the same eruptive sequence. Compound lava flows 
consist of multiple flow units that range from 5 em to more 
than 10 m thick, although most are in the 50 em to 5 m 

range. Most pahoehoe lavas are of the compound type; aa 
lavas occur in both compound and simple flows. Although 
the interval between emplacement of flow units can be very 
short, lava crusts typically develop that are sufficiently thick 
to preserve the individuality of the unit. Thus, compound 
lava flows are made up of a sequence of thin units which, to 
some degree, behave as individual cooling units (Fig. 3-4 ). 

In contrast to compound lava flows, simple _lava flows 
con~ist of single, typically thicker, flow units that are essen
tially single cooling bodies. Walker (1972) attributes the dif
ference primarily to the rate of effusion; a low rate leads to 
the development of compound flows, a high rate (flood erup
tions) produces simple flows. Thus, determination of the 
predominant flow type in any one region would enable the 
prevailing rate (high versus low) of effusion to be estimated . 

Another difference between the proposed "plain" type 
province and classic flood basalts and basaltic shields is the 
proposal of Noe-Nygaard ( 1968) to distinguish a sub-category 
of shield volcanoes for which he proposed the term shield 
volcano of scutulum type (from the Latin ·scutulum, the 
diminutive of scutum, = shield). In studies of the basalt flows 
of the Faroe Islands, Noe-Nygaard identified very flat shield 
volcanoes having slope angles of about 1/2°. The shields de
scribed are about 15 km across and are estimated to consist 
of less than 7 km3 of lava, made up of compound lava flows. 
Similar flat shields occur in Iceland. Mauna Iki in Hawaii, 
constructed from eruptions in 1926, has a similar morphol
ogy and is of comparable dimensions. Macdonald ( 1972, p. 
19 5-196) uses the term lava cone to describe Mauna Iki and 
similar low-profile shields. 

It is primarily the small size and low profile of these 
shields that led Noe-Nygaard and Macdonald to separate the 
"scutulum" or "lava cone" type shields from Hawaiian and 
major Icelandic shield volcanoes. To prevent confusion with 
composite cones and to avoid the awkward phrase shield vol
cano of scutulum type, the term low shield is proposed to 
describe this category of volcano. Low shield volcanoes are 
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FIGURE 3-4. Panoramic view of the east wall of King's Bowl, showing lava flows typical of the Snake River Plain; compound lava flows consist of 
multiple, typically thin flow units. 

typical of the Snake River Plain, and regardless of the term 
applied, they appear to represent a distinctive form of vol
canism. 

The foregoing discussion suggests that, first, the Snake 
River Plain is petrologically and morphologically distinct 
from the Columbia Plateau, and hence is not a classic flood 
basalt region, and second, that the shields making up most 
of the plain are not of the classic Hawaiian or Icelandic type, 
·but are distinctive constructs. Moreover, other basaltic 
regions, such as parts of the Modoc Plateau of California, 
appear to share characteristics with the Snake River Plain 
and may also represent a style of volcanism intermediate 
between flood basalt eruptions and major shield-building 
eruptions. In the sections that follow, the Snake River Plain 
is described and compared with flood basalts and shield vol
canoes. 

FLOW TYPES 

The prevailing flow type in the Snake River Plain is 
pahoehoe basalt that was emplaced as compound lava flows 
in the form described by Walker (Fig. 3-4 ). Cross sectional 
exposures of lava flows are rather limited in the central and 
eastern Snake River Plain because of the lack of erosion. 
Although some flows are exposed in the walls of summit 
craters, they are probably not typical for the main bodies of 
the flows that make up the plains away from the vents. 
When rare exposures are found away from the vents, flow 
units average about 1 to 5 m thick. Compound flow thick
nesses, or the total of all flow units for a given eruptive 
sequence, may be 35 m or more thick, as in the Hell's Half 
Acre field (see Chapter 7) or the Wapi Field (see Champion, 
1973, and Chapter 8). 
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Fresh surfaces of the pahoehoe flows are typically rather 
hummocky, with local relief as much as 10 m (Fig. 3-5). So
called collapse depressions (Hatheway, 1971) are common on 
some flows (Fig. 3-6). Also present are pressure plateaus, 
pressure ridges, and flow ridges (Fig. 3-7; see also Chapter 8). 
These structures are all typical of compound lava flows and 
apparently result from the manner in which the flows ad
vance through a series of budding toes, described by Went
worth and Macdonald (1953) and others. Weathering of the 
flow surface features and accumulation of wind-blown sedi
ments in low-lying parts result in a smoothing of the surface 
relief to the degree that in older flows only remnants of the 
prominent features, such as some ridges, are visible. 

Local relief is also formed by flow fronts. Flows ' that 
encroach topographically high structures, such as tuff cones 
and other constructs "freeze" in place, and a shallow depres
sion results between the flow front and the pre-flow feature. 

FIGURE 3-5. Photograph of the flow front of the Wapi lava field, 
showing typical surface relief of 5 to 10m; arrows mark flow front 
contact; open arrow indicates figure for scale. 

FIGURE 3-6. Vertical aerial photograph of part of the Wapi lava field 
showing pressure plateau (flat, upper surface) and some collapse de
pressions (arrows) formed on the plateau. (NASA-Ames photograph 
878-3A-3, October, 1968.) 

Aa flows are also present in the Snake River Plain. Some 
are of considerable extent, such as the aa flow complex 
erupted from fissures in Craters of the Moon (Fig. 3-8) that 
covers 150 km2. Some aa flows appear to be of the simple 
lava flow · type, emplaced as a single surge of lava. However, 
they are relatively thin, similar to the individual pahoehoe 
flow units of the compound lava flows and emplacement of 
comparatively viscous aa over so large an area is problemati
cal. Observations made on Mt. Etna in collaboration with J. 
Guest on active flows suggest the process involved. In 197 5, a 
series of pahoehoe flows was erupted on the north flank of 
the volcano. In the final stages of emplacement, however, the 
texture of the flow surface changed abruptly to aa. Moreover, 
some of the active flow on Etna was through lava tubes and 



FIGURE 3-7. Vertical aerial photograph of the eastern margin of the 
Wapi flow, showing 'flow ridge' (Champion, 1973, and Chapter 8), 
which formed parallel to the direction of flow. Dark areas are flow 
units of the Wapi field; light areas are the older flows. (NASA-Ames 
photograph 878-5-7; October, 1968 ). 

after the flows cooled, it appeared that lava tubes had formed 
in aa-in conflict with widely held views that lava tubes form 
nearly exclusively in pahoehoe flows. The tubes, however, 
formed during the pahoehoe stage and were preserved within 
the flow after the surface texture had converted to aa. Such 
tubes appear to be very infrequent, but their occurrence does 
explain the presence of lava tubes in aa. 

Some of the large, thin aa flows in the Snake River Plain 
may, like those on Etna, have been erupted and essentially 
emplaced as pahoehoe but transformed to aa in the final 
stages of flow. Although the concept is difficult to substanti
ate for prehistoric flows, some flows on the plain suggest this 
possibility, as shown in Figure 3-9. 

FIGURE 3-8. ERTS images of the central Snake River Plain; youngest 
flows show as dark patches: Craters of the Moon flows (upper right 
comer) are mostly fissure-fed; 'angle-shaped' flow on the left is the 
Shoshone Ice Cave lava field, emplaced mostly through lava tubes 
and channels; and the Wapi lava field (right-hand side}, a low shield. 
All of the flows are compound flows, composed of multiple flow 
units. 

LAVA TUBES 

The role of lava tubes and channels in the emplacement 
of some basalt flows is poorly understood. A recent study 
(Greeley and others, 1976) of Mauna Loa shows that more 
than 80 percent of the flows exposed on the surface at least 
partly involved flow through lava tubes and channels in their 
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FIGURE 3-9. Vertical aerial photograph of a small basalt flow erupted 
southeast of Big Southern Butte; vent area is marked with an arrow. 
Flow surface exhibits both pahoehoe and aa flow textures; emplace
ment of most of the flow is considered to have taken place essential
ly in the pahoehoe state, then in the final stages of emplacement, the 
lava transformed to aa. Incomplete transition is indicated by irregu
lar slabs of pahoehoe (light-toned surfaces). Similar flow transition 
has been observed in active flows on Mt. Etna and in Hawaii. (US. 
Department of Agriculture photograph CXN-4R-106; October, 
1968). 

emplacement. Lava tubes, and to a lesser extent channels, 
transport lavas efficiently great distances from their vents. 
Lava tube systems longer than 20 km are common in many 
areas on Earth and structures interpreted as lava tube systems 
on the Moon and Mars exceed 1 00 km in length. 

The distinction between tubes and channels is that tubes 
are hollow tunnels withiri flows and have free-standing roofs 
upon cooling and draining of the lava; channels typically are 
non-roofed, open rivers of lava that frequently have crustal 
slabs on their surfaces, but the slabs do not form free
standing roofs after the lava drains. In active flows, tube 
roofs and channel crusts prevent heat loss and enable the 
flow to remain mobile longer than in flows lacking these fea
tures. 

Lava tubes and channels develop in Hawaiian-type erup
tions in which the rate of effusion is moderately high (e.g., 
10 to 100 m3s-l; Walker, 1973) but not as high as in flood 
eruption. Predictably, there are no known lava tubes in the 
Yakima Basalt or comparable flood lava flows of the Colum
bia Plateau. Tube formation also seems enhanced by sporadic 
eruption, involving multiple flow units with intervening 
periods of quiescence. This kind of activity was typical for 
the approximately six-year history of Mauna Ulu, Hawaii, a 
low shield having complex networks of lava tubes (Greeley, 
1970, 1971; Peterson and Swanson, 1974 ). 

Although lava tubes and channels are predominantly con
structional features in that they emplace lava flows, they can 
also erode by melting and "plucking" of flows previously em
placed by the lava tuhe and also pre-flow terrain. Complex 
sequences of construction and erosion by multiple flow units 
can develop in this type of flow, illustrated in Figure 3-10. 
Although hypothetical, this diagram is based on surveys of 

lava tube systems in the western United States and on obser
vations of active flows on Mt. Etna and in Hawaii (Greeley, 
1970, 1971). 

Lava tubes also played an important role in the emplace
ment of some of the flows in the Snake River Plain. Although 
they are not as common as in Hawaiian flows, some of the 
tubes in the plain appear to be larger than those in Hawaii. 
A preliminary survey of part of the central plain indicates 
that more than a fifth of the flows involved lava tubes and 
channels. 



DEVELOPMENT OF A TYPICAL LAVA TRENCH 

LL '""'5""'· ,~.· J. . .'.:_.,:·~·~ f. ;:~ ... ::..::~ .. ~';."-!\\. •; .• ' .... : ~t~r.k~-.~··•f·.~;;.-~..:~?6_~ --!l:;;a; . f ·U"':'"b 

, '~P./:-~6,w,Sy~ fAV7!7Jllllll777777lllllll771177 7 1111111/ 

------ = _; ..... 
I I 177777T77TI77 I I I I I I I I I I I I I 1/ I I I I I I I I I I I I I I I 1 I I I I I I 

, , ,r:;,,, , !"'7).:, ,")§·,.-.;~hY>if~:.,.5m i,, > ;n ,,,,, 

D ISTRIBUT ARY L AVA TUBE DISTR IBUTARY L AVA TUB E 

1;~~/)/)J ! DOWNCUTT ING 

FIGURE 3-10. Sequence to show some of the stages in the develop_
ment of a tube-fed compound lava flow. Stage 1 is a single flow unit 
emplaced by a shallow lava channel; stage 2 involves a second flow 
unit, in which lavas flowed down the previous channel and formed a 
roof Stage 3 includes a third flow unit that was turbulent and 
formed a large channel; continued eruption of the same flow result
ed in the formation of a roof, with downward erosion by melting 
and physical removal of some of the previous flow and preflow 
rocks. In stage 5 a fourth flow unit was erupted at a high rate; it ini
tially used the previous tube as the feeding conduit, but because the 
volume of lava was large, the previous tube was destroyed and an 
open-flow channel developed, segments of which may have become 
roofed; overflow from the channel formed distributary lava tubes 
and small channels. Stage 6 marks the end of eruption with collapse 
of roofed segments by bank collapse. 

Although this sequence is hypothetical, elements of each stage 
are based on observations of active lava tubes and channels and 
studies of cooled structures. 

TYPES OF CONSTRUCTS ON THE 
SNAKE RIVER PLAIN 

The regional geology of the eastern and central Snake 
River Plain is described in several reports, including Russell 
(1902) and Steams and others (1938, 1939) and summarized 
in Chapter 4. Aspects of the plain pertinent to this discussion 
are described by Steams (1928), Murtaugh (1961 ), Trimble 
and Carr (1961), Niccum (1969), Prinz (1970), Greeley and 
King (1975a,b), and LaPointe (1975, 1977). 

The central and eastern Snake River Plain is formed by 
the accumulation of lavas in four main types of constructs. 
The term construct refers to any major accumulation of lava 
flows and other volcanic products. The four types are: 1) low 
shields, 2) fissure flows, 3) major tube flows, and 4) intra
canyon flows. The relationships of these constructs are 
shown diagrammatrically in Figures 3-11 and 3-12. Although 
flood-type flows may also be present in the plain, none are 
exposed or documented. 

Low Shields 

Most of the central and eastern Snake River Plain is built 
up of multiple low shields, typified by the Wapi and Hell's 
Half Acre lava field. These fields are simply the uppermost 
and youngest of a complex series of coalescing low shields 
and other constructs that have an accumulated thickness of 
more than 1500 m (LaFehr and Pakiser, 1962) in some parts 
of the plain. 

The Wapi lava field covers more than 300 km 2 and is a 
compound lava flow consisting of pahoehoe lavas of the "de
gassed" variety (Swanson, 1973 ). ,Lava toes, collapse depres
sions, flow ridges, and pressure ridges are common, but no 
lava tubes have been found on the main part of the field 
(Champion, 1971 ). The areal extent of the Wapi, one of the 
larger youn~ flows on the plain, is considerably less than the 
40 ,000 km Roza Member of the Yakima Basalt (Swanson 
and others, 197 5), a classic flood basalt. 
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FIGURE 3-11. Schematic cross section to show the salient features of a 'plains' basalt region, typified by the central Snake River Plain. The vertical 
scale and surface relief are greatly exaggerated in order to show detail that would otherwise be lost. The predominant lava is pahoehoe basalt in the 
form of flow units that seldom exceed 5 to 10m in thickness. The primary constructional forms are: 1) low shields, many of which have summit 
pit craters; the summits of most low shields are marked by steeper profiles than the rest of the construct, resulting partly from last-stage, low vol
ume eruptions of aa lava; 2) flows fed by large lava tubes that wind between coalescing low shields; multiple eruptions often use the same lava tube 
as the conduit to feed advancing flow fronts and to add 'second stories' above previous flows and tubes; in some instances lava tubes may entrench 
into older flows by erosion; 3) fissures produce thin flows with relatively low surface gradients; the flows may be pahoehoe or aa, some of which are 
emplaced by networks of small tubes and channels; 'point source' eruptions along fissures can result in infrequent cinder-and-spatter cones; 4) flows 
more than 10 m thick are occasionally found in 'plains' type regions; these may represent flood-type eruptions, but more frequently, they are the 
result of lava ponding in low-lying regions and as intracanyon flows (left side of diagram}; regardless of origin, thick flows are infrequent and appear 
to contribute comparatively little to the total volume of the 'plains' region; and 5) maar craters that result from ground water and magma inter
actions. 

In profile (Fig. 3-13) the Wapi low shield displays two 
prom1nent slopes; the main part of the shield has slopes less 
than 1/2°, whereas the summit region steepens to about 5°. 
The same type of profile is seen at Hell's Half Acre and older 
low shields on the plain. As older shields are encroached by 
subsequent flows from other sources, the steeper "upper 
story" often remains unburied. 

The steeper summit for low shields Gan be explained 
partly by the nature of the flows that make up the summit 
region. As at Pillar Butte, the summit region for the Wapi low 
shield (see Chapter 8), has a high proportion of short, low
volume aa flows that piled up, elevating the vent. In compari
son to the pahoehoe flow of the main field, the aa flows were 
more viscous and may represent the final stages of eruption. 
However, the complex sequence of development from steep 
cone to low· shield to spatter rampart, observed during the 
short history of Mauna Ulu, would caution against assuming 
that earlier, steeper summit regions might not be buried at 
Pillar Butte. 

In addition to steeper profiles, the summits of many of 
the low shields are marked by one or more irregular craters, 
commonly pit crater~. Many of these show evidence of multi
ple collapse (Fig. 3-14) and were source vents for large lava 
tubes or channels (Fig. 3-15). Rarely, spatter ramparts, built 
of pasty agglutinate, occur at the summit (Fig. 3-16). 

The summit vent regions in the Snake River Plain show 
an asymmetry toward the northside of the low shield. This is 
accounted for by the regional topographic slope to the south. 
Flows erupted from central vents tended to flow south, 
rather than north, resulting in the "offset" of the vent and 
summit region with respect to the shield in plan view. 

Many low shields appear to be aligned in distinctive rift 
zones, with shields along each zone roughly contemporan
eous in age. An example is the Inferno Chasm rift zone 
(Greeley and King, 197 Sb and Fig. 3-17). The aligned shields 
may represent a style of fissure eruption in which effusion 
was localized at various points along the fissure. Individual 
shields, however, are built of flow units of a magnitude akin 
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FIGURE 3-12. Block diagram showing the relationship of low shields, major lava tube flows, and fissure flows. 

to Hawaiian activity. For some unknown reason, once the 
low shields on the plain reached a maximim size, the eruption 
vent shut off, with subsequent eruptions occurring elsewhere. 

Fissure Flows 

Most fissure vents are associated with rift zones. Typi
cally, fissure flows in the central and eastern Snake River 
Plain are compound, or multiple flow units. The two young
est fissure flows on the plain are the King's Bowl flow, and 

flows in the Craters of the Moon where two flow units have 
been dated by cl4 methods at 2085 ~ 85 and 2255 ± 60 
years before present (Bullard, 1971 ). The King's Bowl Flow 
has been dated by cl4 methods at 2130 :!=. 130 years before 
present (Prinz, 1970). Craters of the Moon flows (see Chap
ter 13) consist of several aa and pahoehoe flows erupted from 
the fissures along the Great Rift (Fig. 3-8) and cover nearly 
1500 km 2. This is the largest fissure flow identified on the 
plain, but its magnitude is much less than that of typical 
flood basalt flows on the Columbia Plateau. 
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FIGURE 3-JJa. Topographic profiles comparing Icelandic and Hawaiian shield volcanoes, a composite cone, and low shield volcanoes of the Snake 
River Plain; note the difference in scales for comparisons. 
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FIGURE 3-JJb. Topographic profile across the Snake River Plain showing the region slope to be southeast and the Wapi low shield. 

The King's Bowl flow covers.only about 3 km2 and con
sists of several flow units (Greeley and King, 1975a), some of 
which were ponded as small lava lakes (see Chapter 11 ). 
Thickness of individual flows is less than about 1.5 m, 
although some of the lava lakes may have been more than 4 
m deep in places. The King's Bowl flow was erupted from a 
prominent fissure (Fig. 3-18); in some places the feeder dike 
is exposed (Fig. 3-19). 

Although the main characteristic of fissure flows is the 
nearly continuous effusion of lava along several kilometers or 
more of the fissure, eruption at "point-sources" along the fis
sure may occur either independently or contemporaneously 
with fissure effusion, producing small spatter cones, or rarely, 

substantial cinder cones, as in Craters of the Moon (Fig. 3-
20). Phreatic eruption may also occur along fissures when 
rising magma encounters ground water, as at King's Bowl 
(Fig. 3-18 ). Such "point source" structures are scarce on the 
plain and contribute little to the total accumulation of vol
canic materials. 

Major Lava Tube Flows 

Lava tubes 0.5 to 5 m across are abundant in low shield 
and fissure flows. Major lava tube flows, however, are em
placed by tubes typically larger than 10 m across. The 
resulting construct is a compound flow that is long, narrow, 
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FIGURE 3-14. Vertical aerial photograph of Wildhorse Corral (il
lumination from the east, or right side of the photograph). The 
vent is about 52 m deep and 1 km long, its length being oriented 
north-south on the Inferno Chasm rift zone. Wildhorse Corral 
appears to have a complex eruptive history, indicated by terraces 
within the crater walls and multiple flow units, some of which were 
tube-fed. (from Greeley and King, 1975a; NASA-Ames photograph 
951,8-15, 17;May, 1969). 

FIGURE 3-15a. Vertical aerial photograph of an unnamed pit crater 
(left side of photograph), about 2.5 km north of Mosby Well, Idaho, 
that was the source for a major lava tube flow; lava tube can be 
traced eastward more than 5 km through a series of collapses that 
show as dark holes. (US. Geological Survey photograph GS SWEZ 
6-206; September, 1971). 

FIGURE 3-15b. Irregular pit crater, shown in Figure 3-15a; illumin
ation is from the lower left. (photograph by Ronald Greeley, Univ
sity of Santa Clara, 1971). 



FIGURE 3-16. Low-altitude oblique view northward to the Pillar 
Butte area, the summit vent region for the Wapi low shield. The 
knob on the horizon is Pillar Butte, a spatter rampart associated with 
the summit vents. Dark patches are aa flows; a large pressure ridge 
is visible at the bottom of the photograph. (NASA -Ames photo
graph by Mike Lovas, 1969). 

and somewhat sinuous, demonstrating the control exerted by 
pre-flow topography. Although the sources for the tubes are 
not always obvious, examples can be cited in which low 
shields, pit craters (Fig. 3-15), and possibly fissures were 
sources for major lava tube flows. 

Bear Trap lava tube northwest of King's Bowl and Sho
shone Ice Cave (lava tube) and their associated flows are 
examples of this class of construct on the plain. Bear Trap is 
an older, partly buried compound flow, whereas Shoshone 
Ice Cave flow (Fig. 3-21) is one of the youngest, fresh flows 
on the plain. The name Shoshone Ice Cave refers to a seg
ment of the lava tube that has been developed as a tourist 
attraction; it is part of a complex lava tube-lava channel 
system, which during active flow, involved both roofed and 

FIGURE 3-17. Oblique aerial view northeastward across vents of the 
Inferno Chasm rift zone (Inferno Chasm vent is just out of view to 
th_e right): (from Greeley and King, 1975a). 

and unroofed segments. Many of the formerly roofed parts, 
however, have collapsed, leaving open trenches that are con
tinuous with the open ch.annel segments. The compound 
flows associated with the Shoshone lava tube system cover 
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FIGURE 3~18. Vertical aer{al photograph of the King's Bowl rift and 
the King's Bowl lava field, a compound lava flow fed by the main 
fissure. A phreatic eruption and subsequent collapse created King's 
Bowl (see Chapter 9 ), the elongate crater on the fissure; prevailing 
winds from the west (left) at the time of the eruptions carried ash 
and other fine particles eastward from the fissure. (U. S. Department 
of Agriculture Photograph.) 

FIGURE 3-19. View of one of the feeding dikes along the main fissure 
at King's Bow/lava field. (photograph by James Papadakis). 

about 210 km 2 and consist of both aa and pahoehoe flow 
units. Numerous small distributary lava tubes are preserved, 
some of which can be traced directly from the main tube. 
Small distributary lava tubes and channels were important in 
the conduction of lavas away from the main tube and contri
buted to the development of a subtle topographic arch along 
the axis of the main tube, typical of many lava tubes. 

Bear Trap lava tube and the flows associated with it (Fig. 
3-22) make up one of several tube-flow systems that originate 
in the vicinity of the King's Bowl rift and flow westward. The 
tube can be traced more than 21 km by a series of collapsed 
segments and is then buried by Holocene basalt flows from 
Craters of the Moon (Greeley and King, 1975). The axial 
trace of the tube is defined by a broad topographic swell 
which, to some degree, has controlled the emplacement of 
subsequent lava flows. Although most of the lava tube system 



FIGURE 3-20. Low oblique aerial view of cinder-and-spatter cones 
aligned on a fissure in Craters of the Moon National Monument. 
(photograph by Ronald Greeley, University of Santa Clara, 1972). FIGURE 3-21. Vertical aerial photograph of the main vent region 

(upper left) for the Shoshone Ice Cave lava flow, a compound lava 
flow consisting of pahoehoe and aa flow units, many of which were 
fed through lava tubes. Parts of the collapsed lava tube are visible 
as dark spots. Side road and parking area west (left) of the main 
highway (U.S. Highway 93) mark Shoshone Ice Cave, a segment of 
the lava tube open to the public. (U.S. Department of Agriculture 
photograph CVR-1KK-157, 158). 
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FIGURE 3-22. View of the interior of Bear Trap lava tube, part of a 
lava tube system more than 13 km long that fed a major compound 
lava flow. 

is collapsed, there are two uncollapsed segments close to the 
Area-Minidoka road that are readily accessible. Although 
the total extent of the flows associated with Bear Trap lava 
tube cannot be determined because the flanks ·af the tube
arch and distal end of the flows are buried, the exposed part 
of the flow is estimated to be about 60 km 2. 

In contrast to the voluminous lavas in low shields and the 
large fissure-flows, major lava tube flows are small. However, 
these flows contribute substantially to maintaining the flat
ness of the plain in that they "fill-in" the low-lying region 
between adjacent, coalescing low shields (Fig. 3-12). 

Intracanyon Flows 

Several rivers cut the Snake River Plain, forming deep 
canyons (Fig. 3-23). Although the most notable is the canyon 
of the Snake River, several tributary canyons are also impres
sive. During the relatively short history of the plain, older 
canyons apparently existed, but their presence is now mostly 

FIGURE 3-23. Low oblique aerial view northeastward of Twin Falls on 
the Snake River near Kimberley, Idaho. (NASA-Ames photograph 
by Ronald Greeley, 1969). 

obscured by lava flows . Outcrops exposed by erosion along 
the present Snake River show that lavas spilled into the can
yons, forming intracanyon flows, some of which ponded to 
depths exceeding 30 m. Columnar jointing and entablature 
structures are evidence .for possible ponding of the flow 
prior to cooling. Sources for intracanyon flows may have 
been low shield, fissures, or major lava tubes. A tube-fed 
intracanyon flow occurs in the western Snake River Plain, 
mapped by Howard and Shervais ( 1973 ). 



Because exposures of intracanyon flows in the central 
and eastern Snake River Plain are rather limited, their signifi
cance in the accumulation of lavas in the plain cannot be 
assessed fully. Intracanyon flows, however, are probably of 
relatively limited areal extent and may not be very repre
sentative for the plain as a whole. 

Miscellaneous Vent Structures and Flows 

Relatively minor accumulations of lava flows and other 
volcanic products occur on the plain and on the margins of 
the plain. These features include tuff-and-cinder cones, such 
as China Cap (Fig. 3-24 ), and maar craters such as Sand 
Crater (also known as Twin Buttes, Fig. 3-25), and _ Split 
Butte (see Chapter 12). Cinder and spatter cones are rare and 
appear to be associated with fissures, as discussed above. 
Some elongate vents and flows may be aligned over fissures 
and may be transitional between fissure flows and low shields 
associated with rift zones. 

Some flows from tubes, central vents, or fissures formed 
natural levees and developed into lava lakes. The lakes may 
have been centered over the vent, as at King's Bowl (Fig. 3-18 
and Chapter 11) and Split Butte (Chapter 12), or they may 
have formed "perched" lava ponds (Holcomb and others, 
1974) on the flanks of construct (Figs. 3-17 and 3-26). 

DISCUSSION AND SUMMARY 

A style of volcanism, informally termed "plains" vol
canism, is intermediate in character between eruptions of 
flood lava flows and of shield volcanoes. Distinctions of style 
are based on thickness, extent, and other properties of the 
flows for each type of eruption and on gross geomorphology 
of the three types of constructs. 

As used here, the term flood eruption is restricted to the 
production of flows that exceed 20-30 m thickness and that 
are erupted at very high rates of effusion; flood eruptions 
produce "simple" flows that are single-body cooling units, 

FIGURE 3-24. Oblique aerial view southwestward across China Cap, a 
small scoria cone about 385m across that is 14 km southwest of Big 
Southern Butte. This nearly perfectly circular cone contains a crater 
30 m deep. The rim is composed mostly of scoria with some blocks 
and bombs and at least one layer of agglutinate. Like Split Butte and 
Sand Butte, the flanks of China Cap have been partly buried by 
younger lava flows, creating a distinctive moat-like ring around the 
cone where the flow front solidified. (Photograph by R. Greeley, 
University of Santa Clara, 1970.) 

typified by the Roza Member of the Yakima Basalt in the 
Columbia Plateau (Swanson and others, 1975). These flows 
lack well-defined surface flow features such as lava tubes and 
lava channels. Vent systems are long, narrow fissures that are 
seldom active for more than one eruption. Vent structures, 
such as cinder and spatter cones, typically are not preserved 
on the surface. 
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FIGURE 3-25. Oblique aerial view northeastward across Sand Butte, a 
tephra cone 1.2 km in diameter that contains a 650 m crater. Al
though most of the inner and outer slopes are covered with vegeta
tion, several outcrops show the outward-dipping tephra layers that 
make up the cone. Sand Butte is astride a north-south fissure along 
which flow has occurred, and which has given rise to other vents, 
such as the series of low spatter ramparts in the upper left part of 
the photograph. The lower flanks of the cone have been covered by 
pahoehoe flows, identified here by the hummocky surface and pres
sure ridges. (From Greeley and King, 1975a.) 
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FIGURE 3-26. Hypothetical diagrams based on observations, showing 
"perched" lava ponds on steep and gentle slopes and their relation 
to lava tubes. 

Large shield volcanoes of the Hawaiian and Iceland type 
are formed by relatively quiet lava outpourings, erupted more 
slowly than in flood eruptions. The flows typically are com
pound and emplaced through tubes. Flows are erupted pre
dominantly from central vents-hence the formation of the 
shield-but can also emanate from fissures. 

In contrast, basaltic "plains" regions, typified by the 
Snake River Plain, combine aspects of both flood eruptions 
and shield-forming eruptions. The Snake River Plain is built 
of four types of constructs: low shields (small, low profile, 
central vent volcanoes), major tube-fed lava flows, fissure-fed 
flows, and intracanyon flows, all of which coalesce and inter
weave in space and time. Although low shields are the pre
dominant structure, eruptions appear to have been limited 
inasmuch as the shields never reached the enormous propor
tion of the large Hawaiian shield volcanoes. 



The definition of "plains" volcanism is tentative and 
requires additional study to determine if the classification is 
warranted. The recognition of distinctive volcanic styles, and 
hence volcanic histories, is pertinent to planetary geology, 
and discrimination of "plains" volcanism may be useful for 
unravelling surface histories for the planets. 
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Although lava flows and features of the central and east
ern Snake River Plain are the focus of this field conference, 
examination of the regional setting may provide a perspective 
useful to those unfamiliar with the Plain. For convenience, 
the broad picture developed here will be concentrated on the 
State of Idaho with ultimate resolution to the Snake River 
Plain. 

PHYSIOGRAPHIC FRAMEWORK 

Idaho consists of some 216,300 km 2 of diverse physio
graphy and geology (Fig. 4-1 ). It is best classified as moun
tainous, for areas of high relief dominate the northern, 
central, and far southern parts of the State. The irregular 
eastern boundary of Idaho, adjoining Montana, lies along the 
crest of mountain ranges. Throughout much of its course of 
more than 560 km, it follows the high peaks of the Bitterroot 
Mountains, and in the south, along the continental divide, a 
location which reflects the history of the Idaho Territory in 
the 1860's (Wells, 1974 ). 

Mountain ranges in the panhandle region of the State 
extend southward to the generally west-flowing Salmon River 
at about 45°30• N latitude, about the middle of the State. 
To the south lie the Salmon River Mountains with many 
peaks in excess of 3050 m (1 0,000 ft). Due south of the 
Salmon River Mountains are the Sawtooth Mountains and 
extending southeast from the central Salmon River Mountain 
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FIGURE 4-1. Map of Idaho showing Snake River Plain and other 
physiographic features (after McKee, 1972). 



"core" is a series of parallel ranges which from west to east 
are the Pioneer, Lost River, Lemhi, and Beaverhead Ranges. 
The highest point in Idaho is Borah Peak (12,622 ft) in the 
Lost River Range. In the southeastern part of the State, 
south of the Snake River is a series of mountain ranges which 
trend generally northwest. From east to west these are the 
Portneuf .Range, east of Pocatello, the Bannock Range, the 
Deep Creek Mountains, the Sublette Range, and the generally 
north-south trending Albion Range. Many elevations in this 
region exceed 2750 m. The Owyhee Mountains with high 
peaks ranging in elevation from 1825 to 2440 m are located 
in the southwestern part of the State. 

Cutting a swath 65-100 km wide across this region of 
mountain terrain is the Snake River Plain physiographic 
province which dominates southern Idaho. This is a broad, 
flat, arcuate depressio_ll_~hich is concave to the north and 
covers some 49,200 km 2, nearly one quarter of the total 
area of the State. It extends about 645 km west from the 
Yellowstone Plateau to the Idaho-Oregon border where it 
adjoins the Columbia Plateau. It is bordered on the south by 
the Basin and Range Province and on much of the north by 
the Northern Rocky Mountain Province. Elevations on the 
Snake River Plain diminish from the east ( 13 50-1525 m) to 
the west (900-1200 m). 

GEOLOGIC FRAMEWORK 

A variety of rock types of all geologic ages crop out in 
Idaho and, although on first view a patchwork pattern 
emerges, there is nonetheless resolvable order. All of the 
rocks in the State may be placed in three general categories 
from Precambrian to Recent (Fig. 4-2). 

1) Precambrian rocks occur mostly north of the Snake 
River Plain and are dominant in the northern panhandle 
region of the State. However, they also crop out to the south 
in the Bitterroot Range but are covered by younger rocks 
before coming in contact with volcanic rocks of the Snake 
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River Plain Province. Precambrian metamorphic and plutonic 
rocks south of the Snake River are generally. confined to the 
Albion Range at about 113°30' longitude, although young 
Precambrian rocks are exposed in the Bannock Range. There 
are two types of Precambrian rocks in Idaho: a metamor
phic basement complex of gneisses and schists, such as those 
which occur in the central and southern Albion Range (Arm
strong and Hills, 1967), and younger, weakly to non-meta
morphosed rocks such as the siltstones and argillites of the 
Belt Series and the quartzites and argillites of the younger 
Brigham Group. Belt-type rocks are the dominant Precam
brian units in Idaho. 

2) Paleozoic and Mesozoic sedimentary rocks crop out 
in the southeastern part of the state. They occur both porth 
and south of the Snake River Plain and rocks representing 
every Paleozoic period are present in southeastern Idaho 
(McKee, 1972). Central Idaho is dominated by the Idaho 
batholith which is made up of granitoid rocks of Mesozoic 
and early Tertiary age. The Idaho batholith extends north 
from the Snake River Plain for more than 400 km and is 
80-110 km wide. 

3) The younger rocks of Idaho are dominated by several 
volcanic series, many of which are associated with inter
layered fluvial and lacustrine sediments. The oldest of these 
series is the Challis Volcanics of probable Eocene age. The 
Challis Volcanics consist mainly of andesite but some associ
ated basalts and rhyolites, as well as interlayered sediments 
are also present. For the most part, Challis Volcanics are 
located east of the Idaho batholith and north of the Snake 
River Plain (Fig. 4-2). 

The Columbia River Basalts are younger than the Challis 
Volcanics and lie in western Idaho, mostly north of the 
Snake River Plain. This basalt contains interlayered lake beds. 

The ldavada Volcanics are of Early to Middle Pliocene 
age and are composed primarily of welded ash flows. The 
ldavada Volcanics are exposed in the southwestern part of 
the State where they border the Snake River Plain Province. 

Silicic rocks of this age are generally considered to be the 
"basement" of the Snake River Plain (Stone, 1967). 

Two younger volcanic series complete the generalized 
stratigraphic column: the Idaho Group of Early Pliocene 
to Middle Pleistocene age, and the youngest volcanic series, 
the Snake River Group of Late Pleistocene to Holocene age. 
The Idaho Group is made up of siliceous ash beds associated 
with some basalt flows while the Snake River Group is com
posed mainly of basalt flows. Both of these younger series 
contain intercalated lake and stream deposits. The Idaho and 
Snake River Groups are the · dominant units of the Snake 
River Plain. 

SNAKE RIVER PLAIN 

The Snake River Plain was early concluded to be, because 
of its low relief, a regional downwarp that has been filled 
with basalt. Kirkham (1931) believed that subsidence of the 
plain may have been caused by removal of deep magma from 
both this region and the Columbia Plateau region to the west. 
Recent studies have demonstrated, however, that the Snake 
River depression is made up of two structurally dissimilar 
segments which join in the vicinity of Twin Falls at about 
114°30• longitude. 

The western Snake River Plain is a complex graben 
bounded on both the north and south by systems of normal 
faults (Malde and Powers, 1962; Hill and others, 1961 ). 
Malde (1965) estimated 2745 m of displacement since Early 
Pliocene along the faults on the north side of the western 
plain. 

The structure of the eastern Snake River Plain is less 
clearly defined. The idea of a downwarp proposed by 
Kirkham has not been entirely dismissed. Malde (1965) 
located northeast trending faults on the north side of the 
plain in the vicinity of Twin Fa~ls, but these are of limited 
extent and cannot be traced far to the northeast. Truncation 
of the southeast trending mountain ranges arrayed along the 
north side of the Snake River Plain suggests faulting. Hot 



springs along both boundaries of the eastern plain compared 
to the lack of such springs in the interior region is suggested 
as evidence for the presence of bounding faults (Schoen, 
1974 ). The gravity relief in the eastern plain is in marked 
contrast with high gravity anomalies characteristic of the 
western plain (LaFehr and Pakiser, 1962) and anomalies 
normal to the trend of the eastern Snake River Plain may 
reflect near-surface relief. The grain of this geophysically
defined structure agrees with structural trends in the Basin 
and Range Province to the south, and may mean that basin 
and range type structure is buried beneath the plain (Schoen, 
1974 ). 

Geological and geophysical data suggest that the eastern 
Snake River Plain is an extensi<:m. of a zone defined by the 
alignment of the Yellowstone calderas and the Island Park 
caldera west of the Park. Eaton and others (1975) concluded 
that the Yellowstone plateau volcanic field and the eastern 
Snake River Plain were contiguous and shared a common 
ancestry of volcanism and tectonism (Fig. 4-3 ). They further 
suggested that a magma chamber may be present beneath the 
Yellowstone rhyolite plateau and have acted as a volcanic 
focus, perhaps related to a subcrustal plume, that has migra
ted northeastward relative to the North American plate and 
parallel to the axis of the eastern Snake River Plain over the 
last 15 million years (since Late Miocene). However, this 
interpretation has more recently been altered by Eaton and 
others (1976) and Protska and others (1976) who now 
include the region in a zone of high heat flow extending from 
southeastern California to Idaho and Montana. It is suggested 
that this anomaly is the result of late Cenozoic interaction 
between an uranium and thorium-rich plume and subducted 
oceanic lithosphere. 

Idaho Rift System 

The Idaho Rift System is a a series of aligned vents and 
discontinuous fractures that extend from the northern mar
gin of the Snake River Plain in the vicinity of ·Craters of the 
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FIGURE 4-3. Idaho map showing the major Cenozoic basalt groups. 

Moon National Monument southeastward to the Wapi lava 
field (Fig. 4-4) where the fractures either terminate or are 
obscured by the young lavas of the Wapi flow. Many of the 
fractures of the Idaho Rift System have served as conduits 
for lava. The Idaho Rift System was originally referred to as 
the Great Rift but was redesignated by Prinz ( 1970) when he 
divided the system into several rift sets (Fig. 4-5) of differing 
trends: 
1. The Great Rift set trends N 35°W and is defined within 

Craters of the Moon National Monument by an alignment 
of vents. No open cracks are exposed in the Monument; 
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FIGURE 4-4. ERTS image of the central Snake River Plain showing 
three of the youngest lava fields in the region, flows associated with 
Craters of the Moon National Monument, the Wapi lava field, and 
the King's Bow/lava field. 

FIGURE 4-5. Map of the general area shown in Figure 4-4, showing 
the major features along the Idaho Rift System (after Prinz, 1970). 
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however, open fissures are present southeast of the Monu
ment but lack associated lava flows. An open fissure loca
ted north of the Snake River Plain in the Pioneer Moun
tains which parallels the trend of the Great Rift set has 
been described by Anderson ( 1929). This fracture sug
gests extension of the Great Rift set beyond the limits of 
the Snake River Plain (Fig. 4-5). 

2. The Open Crack rift set trends N 30°W and has no extru
sives associated with it (Fig. 4-6 ). 

3. The King's Bowl rift set trends N 1 0°W and has some 
small flows associated with it (Fig. 4-7). Prinz (1970) in
cluded the Queen's Bowl rift set here and projected it 
north into Inferno Chasm, Cottrell's Blowout and Wild
horse Corral (Fig. 4-5). 

4. The Wapi rift set is inferred to trend north-south beneath 
Pillar Butte and extend parallel to the long dimension of 
the Wapi flow. 
Several rift sets of different trends and ages have been 

recognized in the King's Bowl area (Greeley and King, 
1975a): 

1. The King's Bowl rift is the youngest of these rift sets and 
is defined by a discontinuous 1.5 m to 2.5 m wide fissure 
flanked on both sides by sets of narrow tensional cracks. 
The King's Bowl rift trends N 1 0°W. To the south of 
King's Bowl (Fig. 4-5 ), the flanking fractures on the east· 
side of the rift are traceable to and beneath a tongue of 
the Wapi flow. 

2. The Queen's Bowl rift, which trends N 1 0°E, is an older 
tensional set, as evidenced by greater weathering of basalt 
exposed in the fractures and a heavier cover of vegeta
tion. 

3. The Inferno Chasm rift which appears to be the oldest of 
these rift sets, is a zone defined by an alignment of sev
eral prominent volcanic vents including Inferno Chasm, 
Cottrell's Blowout and Wildhorse Corral. This set trends 
N4°W. 

FIGURE 4-6. Vertical aerial photograph of the Open Crack rift set 
of the Idaho Rift System, south of Craters of the Moon National 
Monument. This rift set was apparently "dry" with no apparent 
eruption associated with it. Area of photograph 2.4 km by 3.6 km. 
(U.S.. Geological Survey Photograph GS SWEZ 8-75, October 1971). 
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FIGURE 4-7. Low oblique aerial view of the King's Bowl rift,'showing the young fissure-fed flows (dark area) and King's 
Bowl, a phreatic eruption crater on the fissure. Note the extensional fractures that parallel the fissure. (From Greeley and 
King, 1975b.} 



A possible additional rift is defined by an alignment of vents 
in Wapi Park on the north side of the Wapi lava flow. 

The trends of the rift sets range from N 1 0°E (Queen's 
Bowl rift of Greeley and King, 1975a) to N 35°W (Great 
Rift set of Prinz, 1970). The rifts are tensional fractures 
which collectively approximate the trend of basin and range 
structures north and south of the plain. In this sense they 
may be the surface expression of renewed basement faulting 
related to basin and range structure beneath the lava flows of 
the Snake River Plain (Leeman, 1974; Schoen, 1974). 

Silicic Volcanic Constructs 

Basalt is the dominant surface rock of the eastern and 
central Snake River Plain, but in a group of three prominent 
volcanic features close to the central axis of the plain south 
of Arco, two features are not basaltic, and the third, Middle 
Butte, is defined by tilted basalt which is believed to be a cap 
ove.rlying a silicic plug. Big Southern Butte and East Butte are 
both composed of silicic rocks and their origin has long been 
controversial. They have been interpreted as kipukas or step
toes (Russell, 1902) and as blocks of older rock faulted to 
their present position (Stearns and others, 1938). More 
recently, Schoen (1974) has suggested that these features 

were emplaced as viscous silicic domes, possibly derived from 
remobilized silicic material underlying the basalt of the Snake 
River Plain. He points out that the tilted basalt flow which 
caps Middle Butte stands at an anomalously high elevation 
compared to surrounding flows. The nearest location of a 
flow showing equal glevation and similar attitude to the 
Middle Butte flow is 128 krn distant to the northeast. From 
this Schoen concludes that the basalt cap on Middle Butte is 
a plate which has been pushed up to its present elevation and 
orientation by emplacement of a plug of younger silicic rock. 
More attention will be given to East, Middle, and Big South
ern Buttes in another paper in this conference guide (Chapter 
6). 

Snake River Basalts 

All of the features which will be seen during the Volcanic 
Conference are developed in basalts of the Snake River 
Group which are of late Pleistocene to Holocene age. These 
basalts differ markedly in origin from the Miocene basalts of 
the Columbia River Group to the west. The Columbia River 
basalts were extruded from fissures whereas Snake River 
Group lavas erupted from centers which were probably rift 
controlled, but which changed locations repeatedly through 
time. Thus the present build up of the basaltic succession 
represents a composite of overlapping and coalescing flows 
from a variety of vents (Fig. 4-8). The distinction between 
the two basaltic provinces is discussed in Greeley (1976) and 
Chapter 3. 

Dike 

FIGURE 4-8. Diagram illustrating the structure of a typical lava plain 
or plateau. (From Macdonald, 19 72, after Rutten, 1964.) 
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Most of the Snake River basalts represent highly mobile 
pahoehoe flows (Stone, 1967). Snake River lavas must have 
been extremely fluid as the flows spread great distances 
frorr1 their vents (Lindgren, 1898). Furthermore, shields of 
many of the vents are large (up to 16 km) but of low relief 
( 60-90 m) reflecting discharge of a very fluid lava (Russell, 
1902). Stearns and others (1938) noted an abundance of low 
shields (about 30 m high) with associated flows which cover 
areas up to 77 km 2 also suggesting a very fluid lava. However, 
it has recently been pointed out that the rate of effusion is an 
important variable which must be consideied in the evalua
tion of the extent of lava flows. Thus even viscous material 
can be carried farther from the vent if the effusion rate is 
continuously high (Walker, 1972). 

The Snake River Group lavas are olivine tholeiites which 
are fairly uniform in mineralogy, chemistry, and texture 
(Stone, 1967). They are characterized chemically as being 
low in Si02 and total alkalis and having a high total iron con
tent. The average Snake River lava apparently began to cry
stallize at about 1175°C and crystallization was complete 
with a reduction of 150°C (Stone, 1967). Leeman (1974) 
indicated from a study of the McKinney basalt, which is a 
member of the Snake River Group, that the lavas were 
erupted at 1190° to 1200°C. According to Stone (1967), the 
first phase to crystallize was olivine, but it was quickly joined 
by plagioclase and all principal phases were crystallizing 
simultaneously with a temperature drop of 35°-50°. The 
texture of the basalt indicates that crystallization generally 
occurred subsequent to termination of movement of the 
flow. Had crystallization taken place during flow, subalign
ment of elongate grains such as feldspar laths would be 
expected. However, such alignment is not common and, for 
the most part, the inequant mineral grains show random 
orientation. 

The total thickness of basalts of the eastern Snake River 
Plain is not known. LaFehr and Pakiser (1962) suggest thick
ness variations of the basalts of from several hundred to over 
1500 m. Test holes drilled at the National Reactor Testing 

Station south of Arco penetrated 456 m below the s~rface 
and were still in Snake River Group basalts (Walker, 1964 ). 
Electrical resistivity data determined on a line between Black
foot and Arco are interpreted to indicate a maximum depth 
of 1830 m for basalts of the eastern Snake River Plain 
(Zohdy and Stanley, 1972, 1973). 

Estimates of the thicknesses of individual flows of Snake 
River Group basalts are variable. Russell ( 1902) estimated 
flows to be from 45-75 m thick. Stone (1967) states that 
"the flows range in thickness from 10-60 feet (3-18 m), 
averaging 30 feet (9 m), but may reach several hundred feet 
in thickness where they fill canyons." Champion (1973) 
estimated the average thickness of the Wapi field (made up 
of several flow units), which is one of the most recent of the 
Snake River Group lavas, at about 32m, and Leeman (1974) 
characterized the Snake River basalts as thin flows from 3 
to 10 m in thickness. Accurate flow thicknesses are difficult 
to establish in light of the petrologic similarity of the lavas 
as well as the overlap of flows from different vents. Coupled 
with this, flow units, representing different but overlapping 
surges of material from the same vent tend to mask any tex
tural boundary differences between flows. The areal extent 
of many flows which have spread out on a low gradient sur
face indicate that the flows were extremely" fluid and this, in 
turn, suggests that the average thickness of the flows is not 
great, possibly in the range of 1 m to 10 m. 

The uniformity of petrology and the lack of widespread 
natural incisions through the flows as well as a lack of well 
data makes correlation of all but the younger surface flows of 
the eastern Snake River Plain difficult. Stratigraphic columns 
can be determined locally as at the King's Bowl or in Wild
horse Corral, but it is difficult to extend that control later
ally. Moreover, flow thicknesses determined near their vents 
are probably not typical of the main part of the flow. Most 
flows have vesicular tops and narrower vesicular bases (Stone, 
1967) which is a useful criterion for differentiation of flows. 
Soil horizons are also useful as flow dividers but are not 
always continuous. Also, Steams and Macdonald (1942), 



based on observations at Haleakala in Hawaii, have shown 
that "pseudo" soil horizons can result from the migration of 
ground water through rubbly zones within a single lava flow. 
Such a pseudo horizon, marked by an abundance of reddish 
friable material would, in such a case, not indicate a flow 
contact, but rather a physically distinct zone within a single 
flow. Additionally, the present surface of the flows is undula
ting and significant local relief is found around pressure 
ridges and collapse depressions. Assuming a similar surface 
expression for earlier flows and noting the present accumula
tion patterns. of windborne deposits, a significant period of 
time appears to be necessary to develop a widespread, con
tinuous soil horizon. Loess accumulates in low and protected 
regions on the surface and builds up slowly. If insufficient 
time intercedes between flows, the loessal accumulation 
remains discontinuous and of only local significance in flow 
correlation. Some success at correlation of the surface flows 
has been made by intensive stereoscopic study of aerial 
photos noting slopes, textural variations, and flow fronts. 
This type of analysis allows geologic mapping of the surface 
units and provides insight into the complex overlap and 
coalescence of flows from various vents (Greeley and King, 
1975b; LaPoint, 1975). 

Steams and others (1938) mapped some 300 vents on the 
Snake River Plain east of 115° longitude and extrapolated 
this figure to a total of 400 for the entire plain. In their map
ping they were unable to locate any widespread structural 
patterns defined by the vents although many short chains of 
vents were found. Most of the vents are low shields from 
which lava erupted quietly. There are notable local excep
tions to this pattern of eruption, however, which indicate 
more violent phreatic eruptions. King's Bowl on the King's 
Bowl rift set is one of these. It has an extensive field of ejecta 
as well as an area of ash accumulation. Split Butte is another 
such vent and, although apparently less explosive than the 
King's Bowl event, the Split Butte mound is made up domi
nantly of a rampart of layered tephra (Greeley and King, 
1975b; Womer, 1977 and Chapter 12). Both of these vents 

no doubt erupted as they did owing to interaction of the 
lava with ground water. 

Age of the Plain and Lavas 

The Snake River Plain is interpreted by Stone (1967) to 
have developed since the Pliocene Epoch. Eaton and others 
(1975), based largely on K-Ar dating of volcanic units along 
the margins of the eastern plain (Armstrong, Leeman and 
Malde, 1975), project the volcanic and tectonic history of 
the eastern plain back about 15 million years. They suggest 
that a magma body, which is still molten, underlies the 
Yellowstone Plateau, and, in their interpretation, this present 
position of volcanism " ... represents the active end of a sys
tem of similar volcanic foci that has migrated progressively 
northeastward for 15 million years ... " This migration is 
envisioned to have started at the southwestern end of the 
eastern Snake River Plain and followed slowly along the 
trace of the eastern plain. The parallelism of the structural 
grain of exposed Pre cam brian rocks elsewhere in the Rocky 
Mountain region with the direction of movement has sug
gested control by Precambrian structures (Eaton and others, 
1975). 

Age determinations for the younger flows of the eastern 
Snake River Plain are not abundant. Bullard (1976) reports 
two dates from burned sage destroyed by one of the Holo
cene flows in Craters of the Moon National Monument which 
bracket in a 2100-2300 year age range. Flows which issued 
from the King's Bowl rift have also been dated by C 14 

methods on burned sage roots found in the base of the flow 
at the Crystal Ice Cave as 2130 ± 130 years (Prinz, 1970). 
Kuntz (1977) has obtained c 14 dates from disseminated 
charcoal and organic material in soils beneath the older 
North Robbers and Cerro Grande flows as 11,940 ± 300 and 
10,780 ± 300 c 14 years respectively and an age of 4100 ± 
200 c14 years on the Hell's Half Acre flow. He also feels 
that at least 10 other flows in the same vicinity are less 

55 



56 

than 50,000 years old. These ages are all considerably 
younger than the youngest eruptive events in the Yellow
stone region (150,000-70,000 years) indicated by Eaton 
and others (1975). Although their hypothesized eruptive 
sequence has been qualified by suggesting that rhyolitic 
volcanism followed eruption of tholeiitic lava at each focus 
and was followed in turn by basalts which have " ... contin
ued to erupt virtually to the present," there seems to be some 
lack of supporting evidence for this in many of the basalt 
and rhyolite sequences of the central plain. 

SUMMARY 

The Snake River Plain is a prominent physiographic 
region which occupies nearly one fourth of the total area of 
the State of Idaho. It contrasts markedly with the surround
ing terrain in that it is characterized by low topographic relief 
and stands at low elevation in respect to the surrounding 

ranges. The Snake River Plain has developed since Late 
Miocene-Pliocene. The base of the Snake River depression 
can be considered to be the Idavada Volcanic Series or time
equivalent silicic rocks which crop out along the edge of the 
plain. 

The Snake River Plain is structurally divisible into two 
parts. The western plain is interpreted on both geophysical 
and geological evidence to be a graben. The eastern plain, 
however, is more difficult to interpret; it may be a regional 
downwarp at least partially bounded by faults, or it may be 
the result of the migration of some shallow subsurface vol
canic focus over the past 15 million years or possibly a com
bination of these causes. 
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One of the objectives of this field conference is. to ac
quaint planetologists with plains-type basaltic volcanism 
through field trips to key features on the Snake River Plain. 
Within the available time, however, it will not be possible to 
visit on the ground more than just a few selected localities. 
This air tour has been designed to cover the major features 
that are not included in the ground trips and to give an aerial 
perspective to the features that will be visited. There is, how
ever, another reason for the air tour. The interpretation of 
planetary surfaces and the derivation of the geological his
tories for the planets involves primarily photogeology. Thus, 
planetologists must have an appreciation for geologic features 
and relations as viewed "remotely." Moreover, most of the 
volcanic features on the Snake River Plain are rather low 
relief and large, and it is only from the air that they can be 
placed in perspective. 

The air tour will be of approximately three to four hours 
duration. Figure 5-l shows the general path of the flight 
which originates at the Pocatello airport. The tour and this 
guide are segmented into seven "legs." It must be emphasized 
that weather and other conditions at the time of the flight 
will govern both the sequence and the actual flight path. 

NOTES FOR PHOTOGRAPHERS 

Taking photographs from airplanes is often a frustrating 
exercise. This short section describes some factors to consider 
in photographing geologic features during the air tour. 

A camera with adjustable shutter speeds and lens open
ings is recommended. For black and white film intended for 
enlarging, Plus X is suggested; if only 2X or 3X enlargements 
are planned, the faster Tri-X is suggested. For color slides or 
prints, High Speed Ektachrome is suggested. 

Lighting conditions for aerial photography are tricky at 
best and are eyen more difficult over dark basalt flows. For 
cameras with built-in light meters, be certain that the meter 
is "seeing" the desired subject. Pictures are often under
exposed because the meter measured mostly the sky. To get 
the proper exposure for dark lava flows, tip the camera (or 
the light meter) so ·that is "sees" only the ground and no sky. 
The picture can be composed after the proper light reading is 
obtained. For particularly interesting features, it is a good 
idea to "bracket" the exposure, using one "f" stop above and 
one "f" stop below the nominal value. The price of film is 
the least expensive part of the trip! 

A haze, or UV filter, is also recommended. If a polarizing 
filter is used, watch for reflection produced by the polarizing 
effect of the airplane window. In addition, bring a soft cloth 
or tiss~e to wipe the window. Extra film is a good invest
ment. Invariably, film runs out before the flight is over. If 
you are prone to motion sickness, your colleagues would 
appreciate your taking Dramamine (or something similar) 
prior to the flight (generally it doesn't do much good to take 
the medication after you begin to feel queasy). The dips, 
turns, and banks of the reconnaissance flight can bring prob
lems even to the staunchest flier. 



FIGURE 5-1. Map of southeastern Idaho showing flight path over the central and eastern Snake River Plain. 
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SUMMARY OF FLIGHT 

LEG 1 follows the valley of the Portneuf River upstream, 
southward toward Utah. This valley was the waterway for the 
Bonneville flood, the spillover of ancient Lake Bonneville 
into the Snake River drainage system that occurred about 
30,000 years ago during the Pleistocene. The flight will then 
cross westward over the mountains that bound the plain on 
the south. These mountains are mostly eroded pre-Tertiary 
sedimentary and metamorphic rocks with some Tertiary 
silicic volcanics. The leg ends with a view of the ancient chan
nelway (Lake Channel) of the Snake River that was aban
doned as a result of the Bonneville flood. 

LEG 2 begins near the Snake River and includes views of 
the Wapi Lava Field and sand dunes, some of which have 
been covered by young basalt flows. The flight path includes 
Split Butte-a maar crater that contained a lava lake-and 
ends with an overview of the southern end of the Idaho Rift 
System, one of the major structural elements on the Snake 
River Plain. Phreatic craters, pit craters, low-shield con
structs, fissures, and fracture zones will be viewed. 

LEG 3 parallels the Bear Trap Lava Tube for about 20 
km, then turns north, for a view of Sand Butte, a well
preserved maar crater and tuff ring situated over a fissure. 
Numerous low shields, typical of the plain, will be seen. 

LEG 4 begins near the southern end of the Great Rift 
System in Craters of the Moon National Monument and 
includes views of the extensive cinder cones and young flows 
within the Monument, including one flow that erupted in the 
Pioneer Mountains, immediately north of the plain. The 
flight path then turns eastward and crosses Big Lost River 
and Little Lost River-streams which "disappear" into the 
porous basalt flows. 

LEG 5 begins near Big Southern Butte, a steptoe, or 
kipuka, of silicic volcanics and includes views of several 
young basalt flows, lava tube systems, and pressure ridges. 
The flight path then swings northeastward to Menan Buttes, 
twin craters on Henry's Fork River. 

LEG 6 covers several large, active sand dune fields in the 
northeast part of the plain. One field includes "climbing" 
dunes that cross Junipe·r Buttes, a series of small volcanic 
mountains. The flight path also. includes well preserved low 
shields, lava tubes, and pit craters. 

LEG 7 begins with an overflight of the Teton Dam failure 
site and the channel of the waterway created by the rapid 
release of water. The flight path then follows the Snake River 
downstream, diverts over Hell's Half Acre lava field, and ends 
at the Pocatello Airport. 
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FIGURE 5-2. Oblique aerial view southward up the pathway of the 
Bonneville flood (arrow indicates flow direction) in the vicinity of 
Inkom; white strips near arrow are scour-lines in the basalt, caused 
by the flood. (Photograph by Ronald Greeley, University of Santa 
Clara, June, 1977.) 

LEG 1 

,...,. ,. 

FIGURE 5-3. View downstream of the area shown in Figure 5-2, 
toward the "narrows. " (Photograph by Ronald Greeley, UniversitY. 
of Santa Clara, June, 1977.) 
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FIGURE 54. Oblique aerial view of American Falls (right) and 
American Falls Reservoir and dam. (Photograph by Ronald Greeley, 
University of Santa Clara, June, 1977.) 

FIGURE 5-5. Vertical aerial photograph of area between American 
Falls and the Wapi lava field, showing irrigated crop land (dark 
fields) and dry land farming (mostly wheat, light and medium gray 
areas); irregularly-shaped dark areas are rocky areas that often cor
respond to pressure ridges on the partly weathered lava flows. Area 
of photograph 2.4 km by 3.6 km. (U.S. Geological Survey Photo
graph GS SWEZ 1-188; August, 1971.) 



LEG 1 

FIGURE 5-6. High altitude (U-2 aircraft) photograph of the Snake River (lower part of the picture) sand dune field truncated by the Wapi lava field 
(top of picture) and a segment of the ancient channel (arrow) for the Snake River. American Falls reservoir is in the lower right. (NASA-Ames 
Photograph 72-186, frames 5709, 5710, October, 1972.) 

65 



66 

LEGl 

FIGURE 5-7. Low oblique view southward down Lake Channel; 
note the straight wall on the east (left) side, which may reflect 
structural control. (Photograph by Ronald Greeley, University of 
Santa Clara, June 1977.) 

FIGURE 5-8. Oblique view southeastward of the upper end of Lake 
Channel, showing scalloping that may result partly from sapping 
processes; white deposits are wind-blown sands. Circular areas are 
the result of revolving irrigation systems. (Photograph by Ronald 
Greeley, University of Santa Clara, June, 1977.) 



FIGURE 5-9. Detail of area shown in Figure 5-8. (Photograph by 
Ronald Greeley, University of Santa Clara, June, 1977.) 

FIGURE 5-10. Vertical aerial photograph of the southern margin of 
the Wapi lava field (dark area), showing longitudinal sand dunes that 
are partly covered by lavas. A small vent is in the middle of the pic
ture. North is to the left; area of photograph is 2.2 km by 3.2 km. 
(U.S. Geological Survey Photograph GS SWEZ 1-11, August, 1971.) 

LEGl 
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FIGURE 5-11. Vertical af!rial ph,otograph of the area west of American Falls and immediately north of the Snake River, showing longitudinal-parabolic 
dunes. Area of photograph is 2.2 km by 3.4 km. (U. S. Geological Survey Photograph GS SWEZ 1-06, August, 1971.) 
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FIGURE 5-13. Mosaic of vertical aerial photographs northeast of Lake Walcott, showing effect of prairie fires on discernibility of lava flow textures. 
Textures are least obvious on unburned areas (light gray, top); an old burn is on the bottom of photograph; the latest burn (right middle, dark area}, 
occurred a few months before the photograph was taken. Most of both burns were contained by jeep trails. Area of photograph is 3.5 km by 5.1 
km. (U.S. Geological Survey Photograph GS SWEZ 1-244, October, 1971.) 



LEG2 

FIGURE 5-14. Vertical aerial photograph, 40 km north of Burley, showing streaks of wind-blown particles deposited on pahoehoe basalt flows. Area 
of photograph is about 2.5 km by 3.6 km North is to the top (U.S. Geological Survey Photograph GS SWEZ 1-233, October, 1971.) 
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FIGURE 5-16. Oblique aerial view of Split Butte, a maar that con
tained an inner lava lake (see Chapter 12). (Photograph by Ronald 
Greeley, University of Santa Clara, July, 1971.) 

FIGURE 5-15. High altitude (U-2 aircraft) photograph of the western 
edge of the Wapi Lava Field (dark area on the right), older flow 
(light gray), and Split Butte (crater at top of picture). Area of photo
graph 14.3 km by 18.5 km. (NASA-Ames Photograph 72-186, frame 
5716, October, 1972.) 



FIGURE 5-17. Low oblique aerial photograph of a small cinder cone 
and crater that have been breached by Wapi lavas. (Photograph by 
Ronald Greeley, University of Santa Clara, July, 1971.) 

LEG2 

FIGURE 5-18. Oblique aerial view northward toward the summit of 
Pillar Butte (the knob on the horizon) on the Wapi lava field. Dark 
area is aa; light areas, including the sinuous channel down the middle 
of the aa flow, are composed of pahoehoe flows. (NASA-Ames 
Photograph by M. Lovas, 1970.) 
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FIGURE 5-19. View northward toward Pillar Butte summit vents; 
numbers correspond to stations. Note the numerous lava channels 
near the summit; dark areas are aa flows, light areas are generally 
pahoehoe. Station 7 is the entrance to a small lava tube. (Photograph 
by Ronald Greeley," University of Santa Clara, June, 1977.) 

FIGURE 5-20. Vertical aerial photograph of Pillar Butte area, the 
summit vent region of the Wapi low shield and Wapi Park (top of 
photograph), the vent region for an older, partly buried low shield. 
As is typical of the low shields in the Snake River Plain, the vent 
regions are steeper and frequently form kipukas, or unburied "is
lands" or, as here, a "peninsula" in younger flows. Area of photo
graph is 2.8 km by 4.2 km. ( U. S Geological Survey Photograph GS 
SWEZ 1-182, August, 1971.) 



LEG2 

FIGURE 5-21. Vertical aerial photograph of the King's Bowl lava 
field, which consists of multiple, fissure-fed flows. (U S. Depart
ment of Agriculture photograph CYN 7B, August, 1946.) 

FIGURE 5-22. Oblique aerial view southwestward across South 
Grotto, the southern end of the King's Bowl lava field, and spatter 
cones on the fissure; numbers mark perched lava lakes. (Photograph 
by Ronald Greeley, University of Santa Clara, June, 1977.) 
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FIGURE 5-23. Oblique aerial view southwestward of King's Bowl, a 
phreatic explosion crater on the main fissure. (Photograph by 
Ronald Greeley, University of Santa Clara, June, 19 77.) 

FIGURE 5-24. Oblique aerial view of Creon~ Cave area, the north end 
of the King's Bowl lava field, showing numerous lava lakes (flat, 
light-toned areas). (Photograph by Ronald Greeley, University of 
Santa Clara, June, 1977.) 



FIGURE 5-25. Low-altitude oblique aerial view southward of the 
north end of the King's Bowl lava field. (Photograph by Ronald 
Greeley, University of Santa Clara, June, 1977.) 

LEG2 

FIGURE 5-26. Low oblique aerial view northeastward across the 
Inferno Chasm Rift zone (from Greeley and King, 1975). 
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LEG2 

FIGURE 5-27. Vertical aerial photograph of the King's Bowl area (King's Bow/lava flow is in left middle part of picture), north along the Inferno 
Chasm rift zone (bottom), showing Inferno Chasm, Papadakis perched lava pond, Cottrell's Blowout, and Wildhorse Corral; part of the Bear Trap 
lava tube is visible in the upper right corner (arrow). Area of photograph is 6.6 km.by 10.2 km. (U.S. Geological Survey Photograph GS-VCTZ, 
2-190, August, 1971.) · 



LEG2 

FIGURE 5-28. View of the interior of Sullivans Cave, part of a lava 
tube on the southeast flank of Wildhorse Corral. Large blocks on the 
floor have collapsed from the ceiling. Figure in background is mea
suring height to the ceiling using a helium-filled balloon. (NASA
Ames Photograph by Mike Lovas, 1968.) 
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FIGURE 5-29. Oblique aerial view eastward across Inferno Chasm 
(illumination from the left). The circular vent toward the top of the 
photograph is about 175 m in diameter and 21 m deep. It is one of 
several vents that make up the Inferno Chasm rift. In addition to the 
principal flow channel, two other channels are· visible on the south 
(right) flank of the crater. Cracks at the bottom of the photograph 
are part of the set of tensional fractures on the east side of the 
King's Bowl rift. (Photograph by Ronald Greeley, University of 
Santa Clara, 1970.) 

FIGURE 5-30. Oblique aerial view across Papadakis perched lava 
pond; flow fronts associated with the pond are at the bottom of 
photograph. 



FIGURE 5-31. Landsat (ERTS} image of the Wapi lava field (lower 
right) and Craters of the Moon flows; Leg 3 begins near Bear Crater 
(I}, continues along Bear Trap lava tube (2) to Sp(it Butte ( 3) and 
ends at Craters of the Moon (4). Area ofimage is 110 km by 80 km. 

LEG3 

PHOTO-GEOLOGIC SKETCH MAP OF BEAR BUTTE SHIELD VOLCANO 
R. GREELEY, 1972 
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FIGURE 5-32. Geological sketch map of Bear Butte. 
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LEG3 

FIGURE 5-33. Oblique aerial view of Bear Crater and associated lava 
channel. (Photograph by Mike Lovas, July, 1971.) 

FIGURE 5-34. Low oblique aerial photograph of Bear Crater; crater is 
about 60 m deep. (Photograph by Ronald Greeley, University of 
Santa Clara, 1972.) 
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FIGURE 5-35. Measured section from the wall of Bear Crater, show
ing thin flow units typical of low shields on the Snake River Plain. 

LEG3 

FIGURE 5-36. Vertical aerial photograph of the western end of Bear 
Trap lava tube; area of photograph 1.8 km by 2. 7 km. (U S. Geo
logical Survey Photograph GS-SWEZ 8-19, October, 1971.) 
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FIGURE 5-37. Low-altitude oblique aerial view of Bear Trap lava tube 
showing collapsed portions and incipient fractures; road (upper 
right) indicates scale. (NASA-Ames Photograph by Ronald Greeley, 
1969.) 

FIGURE 5-38. Entrance to an uncollapsed segment of Bear Trap lava 
tube. (NASA-Ames Photograph by James Papadakis, 1969.) 



FIGURE 5-39. Vertical aerial photograph of Sand Butte, southwest 
of Craters of the Moon National Monument. Area of photograph is 
2.0 km by 3.0 km. (U. S. Geological Survey Photograph GS SWEZ 
8-58, October, 1971.) 

LEG3 

FIGURE 5-40. Low oblique aerial view northward of Sand Butte, 
a 900 m diameter maar crater formed on a fissure. Note the shallow 
moat formed between the maar tuff cone and the younger flows that 
encroach the flanks of the cone. (Photograph by Ronald Greeley, 
University of Santa Clara, 1972.) 
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FIGURE 5-41. Aerial photograph of area 10 km SSE of Carey, show
ing variation in pahoehoe surface textures on the 1 to 5 m scale and 
circular collapse depressions. (North is to the right.) Area of photo
graph is 2.0 km by 1.3 km. (U.S. Geological Survey Photograph GS 
SWEZ 6-80, September, 1971.) 

FIGURE 5-42. Vertical aerial photograph of Snowdrift Crater, the 
summit crater for a low shield southwest of Craters of the Moon 
National Monument. Area of photograph is 2 km by 2.8 km. (U.S. 
Geological Survey Photograph GS-SWEZ 9-194, November, 1971.) 



FIGURE 543. Landsat (ERTS) view of area covered by Leg 4. After 
leaving Sand Butte ( 1 ), flight trends eastward toward the south end 
of the Great Rift in Craters of the Moon National Monument (to
ward 2), then follows the rift northwestward toward the monument 
headquarters ( 3 ); then leg ends near Big Southern Butte (just out of 
picture, near (4). 

LEG4 

FIGURE 5-44. Low oblique aerial view of one of the main fissure-fed 
aa flows erupted from the Great Rift, Craters of the Moon National 
Monument. (NASA-Ames Photograph by Mike Lovas, 1969.) 
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FIGURE 5-45. Low oblique aerial view of aa flows (dark patches) and 
older pahoehoe flows, some of which contain pressure plateaus and 
collapse depressions; area is at the south end of Craters of the Moon 
National Monument. (NASA -Ames Photograph by Mike Lovas, 
1969.) 

FIGURE 5-46. Oblique aerial view of aa flow in Craters of the Moon 
National Monument. Trail crossing the end of the flow leads to the 
Cave Area. (Photograph by Ronald Greeley, University of Santa 
Clara, June, 19 77.) 



FIGURE 5-47. Vertical aerial photograph of the southern end of the 
Great Rift in Craters of the Moon National Monument, showing 
cinder and spatter cones on the fissure. Area of photograph is 3. 9 
km by 1. 7 km. (U. ,S. Geological Survey Photograp~ GS SWEZ 3-50, 
September, 1971.) 

LEG4 

FIGURE 5-48. Oblique aerial view of the Great Rift. (Photograph 
by Ronald Greeley, University of Santa Clara, June, 19 77.) 
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LEG4 

FIGURE 5-49. View northward along the Great Rift across Watchman 
cinder cone. (Photograph by Ronald Greeley, University of Santa 
aara, June, 19 77.) 

FIGURE 5-50. Vertical aerial photograph of the north end of Craters 
of the Moon National Monument: Visitor Center ( 1 ), Highway Flow 
(2), Sunset Cone (3), Grassy Cone (4), Big Craters (5}, and North 
Crater (6). 



FIGURE 5-51. Low oblique aerial photograph northward across the Big 
Craters area cinder cones; Highway Flow is in upper right. 
(Photograph by Ronald Greeley, University of Santa Clara, June, 
1977.) 

LEG4 

FIGURE 5-52. Oblique aerial view of a flow in the Craters of the 
Moon area, showing transition from pahoehoe (light plate-like areas) 
to aa (dark areas): (Photograph by Ronald Greeley, University of 
Santa Clara, June, 1977.) 
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FIGURE 5-53. Aerial view of an unusual pahoehoe to aa transition. (Photograph by Ronald Greeley, University of Santa 

Clara, June, 19 77.) 



FIGURE 5-54. Index map of Leg 5. 

FIGURE 5-56. Vertical aerial photograph of a slot-shaped vent 24 km 
south southwest of the Big Southern Butte area; note the short chan
nel that flows southwest of the vent. Area of photograph is 1.5 km 
by 1.0 km. (U. S. Geological Survey Photograph GS SWEZ 6-138, 
September, 1971.) 

LEGS 

FIGURE 5-55. Low oblique aerial view of the northeast flank of Big 
Southern Butte and one of the linear vents of the Arco rift zone 
(Kuntz, 1977), identified by the row of spatter cones and basalt 
flows. White line in foreground is a jeep trail. (NASA-Ames Photo
graph by Ronald Greeley, May, 1969.) 
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FIGURE 5-57. Vertical aerial photograph of China Cap, 270m dia
meter cinder-and-tuff cone southeast of Big Southern Butte. Area of 
photograph is 2.0 km by 1.4 km. (U. S. Geological Survey Photo
graph GS SWEZ 6-40, September, 1971.) 

FIGURE 5-58. Vent complex east of Cedar Butte and Big Southern 
Butte. The aligned vents north of the crater may be associated with a 
fissure or they may be rootless vents, perhaps associated with a lava 
tube. The dark area is a large pressure plateau. Area of photograph is 
2. 7 km by 3.6 km. North is to the top. (U. S. Department of Agri
culture Photograph CXN-JR-209, September, 1956.) 



FIGURE 5-59. Part of pressure plateau shown in previous figure; note 
dimple-shaped crater. (Photograph by Ronald Greeley, University of 
Santa Clara, June, 1977.) 

LEGS 

FIGURE 5-60. Oblique aerial view of a summit pit crater and partly 
collapsed lava tube, east of Cedar Butte (seen in background). 
(Photograph by Ronald Greeley, University of Santa Clara, June, 
1977.) 

95 



96 

LEGS 

FIGURE 5-61. View of the lava tube system shown in Figure 5-60 and 
a pressure ridge-channel feature (right side of photograph). (NASA
Ames Photograph by Ronald Greeley, 1969.) 

FIGURE 5-62. Pressure plateau several hundred meters long, east of 
Big Southern Butte. (Photograph by Ronald Greeley, University of 
Santa Clara, June, 19 77.) 



FIGURE 5-63. Low altitude oblique photograph of a chain of craters 
associated with a lava tube; note raised rim craters in upper left. 
(NASA-Ames Photograph by Mike Lovas, 1969.) 

LEGS 

FIGURE 5-64. View northward toward East Butte, a 300 m high 
silicic dome volcano surrounded by basalt flows. Middle Butte is the 
dark mass on the left, a structurally uplifted block composed of 
basaltic lavas. The crater in middle of the view marks the summit 
vent for a small construct that appers to post-date the uplift of 
Middle Butte. (Photograph by Ronald Greeley, University of Santa 
aara, June, 1972.) 
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FIGURE 5-65. High altitude (U-2 aircraft) vertical photographs in the Circular Butte area, showing young lava flows and prominent aeol~an streaks. 
Area of photographs is 36.1 km by 22.7 km. (NASA-Ames Photographs 72-186, frames 5741, 5743, October, 1972.) 
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FIGURE 5-66. Vertical aerial view of Menan Buttes, "twin" cones on the Teton and Snake Rivers near Menan. The summit craters are about 900 m 
and 760 m across; these constructs stand about 150m above the surrounding plain. (U.S. Department of Agriculture Photographs CXS-6AA-50 and 
51, July, 1960.) 
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LEG6 

FIGURE 5-68. Mosaic of high-altitude (U-2 aircraft) photographs of sand dune field west of town of St. Anthony (arrow). Compare with map of 
Figure 5-69. Area of mosaic is 38 km by 24 km; north is to the upper right. (NASA-Ames Photographs 72-186, 5694-5696, October, 1971.) 
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FIGURE 5-69. Sketch map showing major dune fields and their relation to Juniper Buttes (after Koscielniak, 19 73 ). 



LEG6 

FIGURE 5-70. Vertical aerial photograph of "lobate," or imbricating dunes at North Junipers. Area of photograph is about 4.3 km by 3.4 km. (U.S. 
Department of Agriculture Photograph CXR-l.JAA-33, 34, June, 1960.) 
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FIGURE 5-71. Oblique aerial view of dunes shown in Figure 5-70. 
(Photograph by Ronald Greeley, University of Santa Clara, 1972.) 

FIGURE 5-72. High oblique view eastward toward Juniper Buttes and a 
field of parabolic dunes migrating northeastward. Note the trailing 
"tails" of the dunes that have been stabilized by vegetation. Jeep 
trail in foreground indicates scale. (Photograph by Ronald Greeley, 
University of Santa Clara, June, 1972.) 



FIGURE 5-73. Oblique aerial view of the southeast side of the "climb
ing dunes~ " St Anthony dune field. Although the prevailing direc
tion of dune migration is toward the northeast (toward the upper 
right}, notice that the slip face along the dune crests indicates a 
wind from the northeast; 180° reversals in wind direction are com
mon in the Snake River Plain after a storm. (Photograph by Ronald 
Greeley, University of Santa Clara, July, 1971.) 
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FIGURE 5-74. Sequential diagram showing development of overlapping 
dunes ai Juniper Buttes (after Koscielniak, 19 7 3 ). 
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FIGURE 5-75. View southward across two dune elements of the 
"climbing" dunes of Juniper Buttes, where the dunes have crossed 
the volcano complex. (Photograph by Ronald Greeley, University 
of Santa Clara, July, 1971.) 

FIGURE 5-76. Oblique aerial view of part of the "climbing" dunes at 
Juniper Buttes; migration direction is toward the viewer. Note the 
imbricating arrangement of dunes within the complex. (Photograph 
by Ronald Greeley, University of Santa Clara, July, 1971.) 



FIGURE 5-77. View northeastward across "dune crater" (arrows 
define crater rim), a small pit crater fanned in basalt. The crater has 
been overrun by an active parabolic dune complex that has left 
"tails" of sand draped across the crater. Dune migration is north
westward (toward the upper left). The active dune field is visible as 
the white zone on the left side of the photograph. The small moun
tain in the right background is a Tertiary silicic volcanic complex. 
(Photograph by Ronald Greeley, University of Santa Clara, 1973.") 

LEG6 

FIGURE 5-78. Low altitude oblique view of active parabolic (or 
"hairpin") dunes; direction of migration is northward (toward the 
upper right). (Photograph by Ronald Greeley, University of Santa 
Clara, July, 1971.) 
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FIGURE 5-79. Low altitude oblique view of transverse dunes in the 
St. Anthony field, where the field migrated across a basalt flow; a 
basalt pressure ridge is marked with an arrow. (Photograph by 
Ronald Greeley , University of Santa Clara, July, 1971.) 

FIGURE 5-80. Low altitude oblique view of an interdune area within 
the St. Anthony dune field. The surface over which the dunes are 
passing is a fresh basalt flow; the flow texture is r.ough aa with local 
relief up to 4 m. (Photograph by Ronald Greeley, University of 
Santa Clara, July, 1971.) 



LEG6 

FIGURE 5-82. Low oblique aerial view of pit crater and collapsed lava 
tube shown in previous figure. (Photograph by Ronald Greeley, Uni
versity of Santa Clara, 1971.) 

FIGURE 5-81. Vertical aerial photograph of "The Junipers," twin pit 
craters about 35 km north northwest of St. Anthony; the northern 
most (top) pit crater has a collapsed lava tube associated with it 
(trends west). The lower part of the photograph shows a partly col
lapsed lava tube system and a large lava channel. Area of photograph 
is 2.3 km by 3.4 km. ( U. S. Department of Agriculture Photograph 
CXR-11AA-88, June, 1960.) 
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FIGURE 5-83. Vertical aerial photograph of a pit crater and lava 
tube-lava channel. Note the numerous cut-off branches and parallel 
lava tubes along the main structure. Area of photograph 2.8 km by 
4.6 km. (U. S. Department of Agriculture Photographs CXR-8AA-
106, 108, June, 1960.) 



FIGURE 5-84. Leg 7 extends from the sand dune fields and lava flows 
west of St. Anthony ( 1) to the airport at Pocatello (2). Main features 
of interest include the boundary of the Snake River Plain and the 
mountains to the southeast, channels, oxbow lakes, and other fea
tures related to the Snake River, and Hell's Half Acre lava field ( 3) 
(see Chapter 7). 

LEG7 

FIGURE 5-85. Vertical aerial photograph of the summit region of 
Hell's Half Acre lava field, southwest of Idaho Falls. (U. S. Geolog
ical Survey Photograph GS-SWEZ 7-77, October, 19 71.) 
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Three conspicuous buttes rise above the relatively flat 
accumulation~ of Plio-Pleistocene and younger basaltic flows 
of the eastern Snake River Plain between Arco and the Idaho 
Falls-Blackfoot areas (Fig. 6-1 ). These prominent landmarks, 
known as Big Southern, Middle, and East Buttes in their 
order from southwest to northeast, can be seen from dis
tances of 150 km or more. 

Big Southern Butte, the largest of the three, rises 760 m 
above the surrounding plain. It has a diameter of 8 km at its 
base and is somewhat elongated in a northwest-southeast 
direction. Middle Butte, located 19 km east-northeast of Big 
Southern, is 1.6 km in diameter and 335 m high. East Butte 
is situated 3 km east of Middle Butte, has a diameter of 3.4 
km at its base, and rises 300 m above the surrounding basaltic 
flows. Big Southern Butte and East Butte are rhyolitic domes 
whereas Middle Butte is an upraised block of stratified basalt. 

The origin of the buttes has long been anienigma. Russell 
(1902) was the first geologist to visit the buttes and offer an 
interpretation. He believed Big Southern and East Buttes to 
be steptoes, ancient rhyolitic volcanoes surrounded by a sea 
of basalt. He recognized Middle Butte as a fault block, but 
offered no further comments concerning its significance. 
Stearns and others (1938) suggested that East and Middle 
Buttes represent fault blocks of older rock uplifted and 
eroded.· Subsequent eruptions of basalt left the two buttes as 
step toes. 

Schoen (1974) interpreted the silicic buttes to be rela
tively young rock emplaced as viscous plugs and domes. He 
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FIGURE 6-1. Central Snake River Plain showing relation of Big 
Southern Butte, Middle Butte, and East Butte to other features 
on the plain. 



cites evidence from well logs, gravity and resistivity studies, 
and K-Ar dating to support his interpretation. He believed 
the source of the silicic magma to be remobilized rhyolitic 
basement. 

Armstrong and others (1975) report K-Ar dates of .30±. 
.02 MY and .6 ± .01 MY for Big Southern and East Buttes 
respectively. They state that Middle Butte could not be dated 
precisely because of contamination with atmospheric argon 
but is still relatively young (1.9 ± 1.2 MY). Schoen (1974) 
and Armstrong and others (1975) suspect that the basalt of 
Middle Butte was pushed up by a younger, still concealed 
rhyolitic dome. 

The chronological development presented above has 
been drawn from reports dealing with regional geology·. The 
authors of those reports undoubtedly were struck by the 
unique problem these prominent buttes present but did not 
conduct detailed studies of the buttes. Therefore, an investi
gation was initiated in 1976 to. study the geology of the 

buttes and the surrounding area, and to establish both petro
logically and structurally, the relationship of Big Southern 
Butte, Middle Butte, and East Butte to the basaltic flows 
which comprise the surrounding area. The objeCtive of this 
paper is to present some observations made during, and sub
sequent to, a brief field season in 1976; it is not meant to b_e 
a final report on the area. 

BIG SOUTHERN BUTTE 

Preliminary mapping has shown that Big Southern Butte 
consists of two coalescing cumulo domes, each which may 
have had more than one intrusive center (Figs. 6-2, 6-3, 6-4 ). 
The division into two domes is based on overall morphology 
and characteristic differences in respective rock types. The 
domes are aligned along a N 45 W trend with the southeast
erly dome having formed first. The relative ages of the two 
domes are inferred from unconformable relationships of 
respective rock types exposed in a roadcut near the top of 
the butte. 
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FIGURE 6-2. Geologic sketch map of Big Southern Butte. 
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FIGURE 6-3. High oblique aerial view southeast along the Arco rift 
zone (Kuntz, 19 77) toward Big Southern Butte, a 760 m-high 
silicic plug volcano surrounded by basalt flows. Arrows mark linear 
vent systems of the rift zone. (NASA-Ames photograph by Ronald 
Greeley, May, 196 9.) 

The first-formed dome is characterized by lavender-gray 
spherulitic, lithoidal rhyolite grading to a light gray rhyolite 
in the upper parts of the section. Flow banding is common. 
The rock is composed of microcrystalline quartz and alkali 
feldspar intergrowths. Small (less than 1 mm) phenocrysts 
of quartz are very rare. Mafic minerals are also rare; magne
tite is present as small equant grains (less than 0.1 mm) and a 

FIGURE 6-4. High altitude vertical aerial photograph of Big Southern 
Butte; North Robbers flow is on the east flank (right side) of the 
Butte. (Army Map Service frame 4417; 1953 ). 

dark green clinopyroxene is a very rare component. Devitrifi
cation spherulites are abundant and show some chloritiza
tion. 

Numerous and varied breccias are found on the slopes of 
Big Southern Butte in association with the first-formed 
dome. Most are interpreted to be crumble breccias based on 
criteria summarized by Parsons (1969). Crumble breccias 
form as a dome expands and grows and appear as non-sorted, 
non-bedded angular clasts in a fine-grained matrix. Average 
sizes of the clasts in the breccias at Big Southern Butte vary 



from one outcrop to another but generally are 5 to 10 em; 
clasts range in size from less than 1 em to over 1 m. 

In addition to the breccias, banded spherulitic obsidian, 
light dirty-gray pumice; and a honey-brown glassy welded 
tuff are found associated with the first-fomied dome. The 
obsidian is relatively widespread in occurrence but limited 
in outcrop. It is interpreted to represent the rapidly cooled 
upper margin of the dome. The pumice and the glassy welded 
tuff are minor rock types but might suggest some vent 
activity. 

It is believed that the development of the first-formed 
dome was primarily by internal expansion. Attitudes of. flow 
banding generally document flow outward from the center of 
the dome. Also the distribution of crumble breccias supports 
a gradually expanding dome. 

The younger dome of Big Southern Butte does not show 
the variability in outcrop as is seen in the older dome. It is 
composed of a white massive rhyolite, mineralogically similar 
to the other dome but lacking the abundant spherulites. 
There is only minor flow banding and breccias are not com
mon. In general the younger dome is very homogeneous in 
appearance, although some upper portions of the rhyolite 
are hydrothermally altered with small intricate caverns and 
patterns formed by solution and wind. A few small basaltic 
inclusions, presumably torn from the conduit during the 
ascent of the rhyolite to the surface, are found at one out
crop on the northwestern slope. 

Unlike the first-formed dome , a crater may be central to 
the younger dome. This interpretation is based entirely on 
morphology. Ascending the road which enters from the north 
side, one passes through a narrow section which in turn opens 
up into a large amphitheater about 800 m across. Whether or 
not this is the vestige of a crater or an erosional feature ,is 
yet to be determined. Two thin (1 0 to 20 em) ash layers 
intercalated with nonsorted, poorly consolidated breccias 

(vulcanian breccias?) overlie the massive white rhyolite and 
require that a vent was active late in the evolution of Big 
Southern Butte. 

A large section of basalt (at least 300 m) covers most of 
the northern slope of Big Southern Butte. The section dips 
uniformly 45°N45° E. The basalt was pushed up and tilted 
during the development of the rhyolite domes and therefore 
is older. A fa~lt, or series of faults, separates the basalt from 
the rhyolite . 

The lower part of the section is extremely altered; some 
parts are very hard and brittle while others will crumble when 
struck by a hammer. Presumably migration of magmatic 
fluids and exsolving gases released during the intrusion of the 
rhyolite is responsible for the alteration. No mineralization 
was observed. 

Unaltered basalt is found about halfway up the section, 
but the transition from altered to unaltered basalt was not 
observed due to scree-covered slopes. Steams and others 
(1938) interpreted some of the basalt to be younger than the 
rhyolite, originating from a cinder cone(?) within the amphi
theater of the younger dome. However, as a working hypo
thesis, this author believes all of the basalt on Big Southern 
to be older than the rhyolite. The basis for this hypothesis is 
the uniformity of thickness and dips of the basalt layers from 
one outcrop to another, the absence of .any observable flow 
lobes , and the lack of clear correlation between the basalt 
and the possible cinder cone. Hamilton ( 1965) reports to 
have observed interlayering of basalt and rhyolite within the 
basalt section, but at the time of this writing that part of the 
section had not been visited. A clear understanding of the 
relationship between the basalt and the rhyolite of Big 
Southern Butte is very important to understanding its devel
opment and history and much work remains to be done in 
order to unravel that relationship. 
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EAST BUTTE 

East Butte apparently has a simpler history than Big 
Southern. It is interpreted to be a single cumulo dome (Figs. 
6-5, 6-6a) without any evidence for a crater. Attitudes of 
flow banding indicate flow away from the center in all direc
tions. Breccias were not observed. Inclusions of basaltic 
and rhyolitic fragments are present in numerous outcrops. 

The rock types of East Butte contrast sharply with those 
of Big Southern Butte. Large (2 to 5 mm) phenocrysts of 
sanidine, quartz, and minor plagioclase occur in a fine-grained 
to glassy matrix. Dark greenish-brown clinopyroxene is also 
present as small phenocrysts. Although megascopically ~here 
may be two or three lithologic varieties, minerafogically they 
are similar, differing primarily in the amount of glass in their 
matrix. 

FIGURE 6-5. High altitude (U-2) vertical aerial photograph of Middle 
Butte (upper left and East Butte {lower right). (NASA-Ames Photo
graph 72-186, frame 5720; October 1972.) 

FIGURE 6-6a. Stereoscopic pair of aerial photographs (turn page 90° 
for viewing) of East Butte. (U. S. Geological Survey photograph 
GS-SWEZ 7-83, 84; October, 1971). 



MIDDLE BUTTE 

Middle Butte is composed entirely of stratified basalt 
(Figs. 6-6b) that dips about 10° to the south. Although de
tailed sections have not been described, samples were collect
ed from the scree which mantles the northern side. In thin 
section the basalt resembles other Snake River Plain basalts 
containing abundant feldspar, olivine, clinopyroxene, 
opaques, and interstitial brown glass. Calcite fills vesicles and 
has replaced some of the glass. 

The mechanism responsible . for elevating relatively young 
basalts to form Middle Butte is thought to be the intrusion of 
viscous silicic magma. Schoen (1974) reports that gravity 
data can be interpreted to support an hypothesis of rocks 
with a density less than that of the capping basalt beneath 
Middle Butte. The fact that Big Southern and East Buttes are 
silicic domes favors this hypothesis. 

STRUCTURAL SETTING OF THE BUTTES 

Two fundamental questions arise concerning Big South
ern, Middle, and East Buttes: Are the rhyolitic domes genet
ically related to the Snake River Plain olivine tholeiites? What 
structural process(es) control their localization? Discussion 
of the first question will be deferred until a later date after 
chemical and petrographic data have been evaluated. The 
question of structural control can only be approached at 
present by offering some observations which seem to be 
relevant. 

There are two factors which appear to play an important 
role in the structural control of the domes. One is the pre
sence of rift zones which are normal to the plain (see Prinz, 
1970; Greeley and King, 197 5 ). These zon~s are tensional 
features characterized by open fractures and lineaments 
along which many volcanic eruptions can be correlated, 
particularly some of the most recent. It is generally believed 
that Basin and Range structural elements, which are thought 
to underlie the Snake River Plain, may be the controlling 

FIGURE 6-6b. Stereoscopic pair of aerial photographs (turn page 90° 
for viewing) of Middle Butte. (U. S. Geological Survey photograph 
GS-SWEZ 7-85, 86; October, 1971). 
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influence of the rift zones (Schoen, 1974 ). Big Southern 
Butte lies near the southern end of the Arco Rift Zone 
(Kuntz, 1977) and is elongated in the direction of the trend 
of the rift. However, East and Middle Buttes do not lie on 
any observed lineaments which trend normal to the plain. 

The other factor which seems to be important is that the 
buttes lie along the axis of the Snake River Plain. A well
defined topographic high also coincides with the axis. Karla 
and King (1976) identified a broad northeast-southwest 
trending fracture zone north of the Hell's Half Acre lava 
field, along which a concentration of vents occur. Moreover, 
a well-defined lineament can be seen on aerial photographs, 
trending east-northeast from East Butte. Whether or not 
fracture trends can be extended along the entire axis <?f the 
plain remains to be seen. They are not readily observable 
in aerial photographs around Big Southern Butte but other 
factors may be obscuring the fractures. Some workers are not 
convinced that a major northeast-southwest set of fractures 
exist and that the lineaments of that orientation are aeolian 
features (Malde, 1971 ). Detailed analysis of aerial photo
graphs and field verification will be necessary before it can be 
firmly stated whether or not a northeast-southwest fracture 
set exists. 

It is too early to offer a model for the evolution of the 
area under discussion. At present, the interpretation of 
Schoen (1974) is considered a good working hypothesis. 
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In most discussions of Snake River Plain volcanism, the 
Craters of the Moon volcanic field is preeminent as it is the 
largest and best known feature within the province. Stearns 
and others (1938), however, noted that ~t is only one of sev
eral "rift zones" within the Snake River Plain. The objective 
of this paper is to show diversity of Snake River Plain volcan
ism by summarizing the geology of the Hell's Half Acre lava 
field which is dissimilar to the Craters of the Moon lava field 
and is probably more typical of most of the constructs that 
constitute the plain. 

The Hell's Half Acre lava field is one of several very fresh, 
large-volume basalt flows of the eastern Snake River Plain. It 
is located southwest of Idaho Falls and covers approximately 
400 sq. km (Fig. 7-1 ). On the ground, as well as from the air 
(Fig. 7-2), it is a prominent landmark. Interstate Highway 15 
crosses the flow between Idaho Falls and Blackfoot (geologic 
observation turnoffs are provided on both sides of the high
way); U. S. Highway 26 cuts through the southern tip of the 
field in a roadcut approximately 10 km northwest of Black
foot, and U. S. Highway 20 skirts around the northern edge 
of Hell's Half Acre, making its closest approach at 20 Mile 
Rock approximately 3 2 km west of Idaho Falls. 

It is expected that when Hell's Half Acre is adequately 
dated , it will be found to be quite young. The surface of the 
flow shows very little sign of weathering and is almost devoid 
of aeolian sediment that covers older Snake River Plain flows. 
Junipers growing on the flow have been dated by tree ring 

counts that give a minimum age for the flow of approxi
mately 1660 years b.p. (Steams and others, 1938); a pre
liminary date for charred material from beneath the Hell's 
Half Acre flow is 4100 ± 200 years b.p. (Kuntz, personal 
communication). 

FIGURE 7-1. Index map to Hell's Half Acre lava field. 



FIGURE 7-2. Mosaic of vertical aerial photographs of the summit vent region of Hell's Half Acre low shield. Dark patches are aa flows. The collapse 
crater at the summit is about 840 m long and is the result of multiple collapse and lava lake activity. An extensive lava tube can be traced from the 
summit (open arrow); the raised-rim craters marked by arrows may be associated with the tubes; similar crater-tube relations have been noted in 
Washington (Greeley and Hyde, 1971 ). Area of mosaic 4.2 km by 6.2 km. (US. Dept. of Agriculature Photographs CX0-1GG-31, 43; May, 1966.) 
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The basalts of the Hell's Half Acre field are typical of the 
Snake River Group (see Chapter 4, for stratigraphic nomen
clature). Using the definition of Yoder and Tilley (1962), 
the basalts are olivine tholeiites and are characterized by low 
silica (46-47%), high total iron (14.5-16% as Fe20 3), and 
low total alkali (3.3-3.4%). Petrologically , the basalts are 
somewhat intermediate in character and are comprised of 
5 to 10 percent modal olivine plus plagioclase phenocrysts in 
a matrix of olivine, plagioclase, augite and glass. Hell's Half 
Acre is somewhat unusual among flows of the eastern Snake 
River Plain in that lavas in some parts of the field have large 
numbers of olivine gabbro xenoliths that were carried to the 
surface from depth during eruption (Fig. 7-3). The xenoliths 
are considerably richer in MgO than the host basalts and may 
represent differentiates of Snake River Plain basalt. 

The flow units comprising the Hell 's Half Acre field all 
apparently originated from a single vent now marked by a 
small caldera-like central crater (Figs. 74 and 7-5). Eruptions 
involved several distinct phases between which there were 
apparently no significant time intervals. Steams and others 
(1938) observed that most flows in the eastern Snake River 
Plain originated from solitary vents characterized by short 
periods of activity. Hell's Half Acre seems to be in accord 
with this observation. 

FIGURE 7-3a. Olivine gabbro xenolith in a flow unit exposed in a 
summit pit crater at Hell's Half Acre. 

FIGU.f~.E 7-3b. Detail of xenolith, showing that xenolith occurs where 
there is a change in vesicularity in the lava flow. 



FIGURE 7-4. Oblique aerial view southeastward across the summit 
vents of Hell's Half Acre field. 

STRATIGRAPHIC DIVISIONS 

The Hell's Half Acre field can be subdivided into four 
"members," a member being defined as all of the products 
of a single phase of eruption. Each member is composed of a 
number of individual flow units. At Hell's Half Acre, the 
me~bers are, from oldest to youngest: 1) undifferentiated 
massive flow units (Qh), 2) fissure eruptives (Qhf), 3) flow 
units fed by rootless vents (Qhr), and 4) thin, near-vent flow 
units (Qhl). The distribution of these members is shown in 
Fig. 7-5. Members 3 and 4, Qhr and Qhl, are related to lava 
lake activity at the vent. 
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FIGURE 7-5. Geologic sketch map of Hell 's Half Acre flow. 
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Member Qh 

The oldest member (Qh) is about 10-20 m thick and 
makes up most of the Hell's Half Acre field. It is dominantly 
pahoehoe, but small areas of aa are located at the distal ends 
of some channels. This member consists of only a few over
lapping flow units, although delineating the exact extent of 
each is impossible as flow fronts are not traceable very far. 
Near flow fronts, the surface topography is extremely rough 
(Fig. 7-6) and shows well-developed pressure ridges and pla
teaus, collapse pits, and small pahoehoe toes and ropey 
textures. Away from the flow fronts, however, the topo
graphic relief becomes very low and approaches a nearly 
smooth surface almost lacking even the typical ropey pahoe
hoe structures. A similar observation was made for the· Wapi 
lava field by Champion ( 1973 ), but no satisfactory explana-
tion of this characteristic has yet been proposed. Lava tubes 
and extensive open channels are not found in the Qh mem
ber, although distribution paths of the lava are often appar
ent from surface features visible in aerial photographs. These 
distribution paths commonly follow depressions which separ
ate older flows. Flow fronts in Snake River Plain lavas are 
characteristically steep and nearly vertical at ground level, 
resulting in V-shaped valleys at contacts between relatively 
fresh lavas. Such valleys often acted as migration channels for 
lavas from later eruptions. 

Member Qhf 

Overlying the massive Qh flow units is the Qhf member, 
which is a sequence of thin fissure-flow units, spatter ram
parts, and spatter cones (inset detail, Fig. 7-5). The ramparts 
and cones mark a single northwest-southeast trending line
ament which transects the crater of the Hell's Half Acre vent 
(Fig. 7-4 ). The products of this phase of eruption are mainly 

southeast of the crater but a small area of spatter ramparts is 
also present on the northwest side. In the southeastern por
tion of the member, some exceptionally well-developed 
channels have distributed pahoehoe lavas away from the line 
of spatter cones. The fracture that served as the conduit for 
these lavas is considered to be part of a larger fracture zone, 
inasmuch as a set of parallel open cracks occur along strike 
just beyond the northwest margin of the Hell's Half Acre 
field. The vent fracture is vertical and approximately 4 km 
long with an extensional displacement of about 4 m. The 
secondary parallel fractures are also extensional but with 
lengths of only 0.5 to 1 km and displacements of 0.1 to 
0.6 m. 

FIGURE 7-6. Oblique aerial view of the margin of Hell's Half Acre 
field. 



FIGURE 7-7. Panoramic view of the wall of one of the summit pit craters showing very thin flow units; scarp in the background is the main summit 
"caldera" wall. 

Members Qhr and Qhl 

The members Qhr and Qhl are related to lava lake activity 
at the vent and overlie both the spatter cone lineament and 
the older massive flow units. The lower member (Qhr) is 
composed of two broad areas (Fig. 7-5) of pahoehoe lavas 
fed by rootless vents located along the paths of two lava 

tubes which extend from the ~rater at the vent. The upper 
member (Qhl) is composed of many thin channeled aa and 
pahoehoe flow units which resulted from repeated lava lake 
overflows (Fig. 7-2). The uppermost of these flow units can 
be traced locally back over the edge of the crater where 
their layering becomes vertical. These Qhl flow units are ex
posed in cross-section in the scarp-wall of the main crater 
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(Fig. 7-7) and vary in aggregate thickness from 1 to 5 m. 
All of the Qh1 flow units, because of rapid cooling, contain 
more glass than other lavas of the Hell's Half Acre field. 

GEOLOGY OF THE VENT 

The main vent at Hell's Half Acre is marked by a deep 
central depression with shallow depressions projecting to the 
northwest and southeast (Figs. 7-4 and 7-8). The deep cen
tral depression is formed by pit craters and curvilinear normal 
faults. The shallow depressions are floored by a lava lake sur
face (Fig. 7-9) and appear to have formed when drainback 
from the _lake caused the brittle crust to collapse. Vertical 
glassy layers, with bulbous, clinkery surface textures, and 
scoring caused by lava lake crust being dragged against ·still
plastic basalt are evident around most the outer crater scarp 
(Fig. 7-1 0). The central depression is also floored by lava lake 
crust without, however, the evidence of lava "plasticity" at 
fault scarps. The collapse which produced the central depres
sion apparently occurred after final solidification of the lake 
crust. 

Exposed in the walls of the pit craters (Fig. 7-7) is a series 
of layers which are interpreted as a succession of four lava 
lake crusts. The sequence of layers within each crust is the 
same: each crust is capped by 1 to 2m of thin (less than 30 
em) layers of scoriaceous lavas with rough lower surfaces and 
smooth upper surfaces. This thinly layered sequence grades 
downward into a 2 to 3 m zone, composed of many alter
nating dense and vesicular subhorizontallayers that are inter
gradational. This zone protrudes downward into crevices in 
the underlying thinly layered basalts which mark the top of 
the next lava lake crust. This sequence of lake crusts suggests 
a history of fluctuating lake levels. 

Within the main crater are many spatter cones and spatter 
ramparts. Most of the cones are incomplete and are preserved 
only as small fragments of the original cone structures. The 
breached structures are commonly flooded by the uppermost 
lava lake, although some thin; small-volume flows on the lake 

can be traced back to three of the cones. The arrangement of 
the cones and the pit craters within the vent forms two lines 
subparallel to, although not directly in line with, the Qhf
spatter cone lineament (Fig. 7-8). This parallelism suggests 
that the fracture zone that served as the conduit for the Qhf 
flow units also served as the conduit for later eruptions. 

Along the northeast side of the crater (Figs. 7-4 and 
7-8), there is a large (0.3 by 0.2 km) uplifted rectangular 
block . The displacement is "trap-door" in style with approxi
mately 15 m of upthrow along the southwest side of the 
block and slight downdrop along its northeast side. On the 
northeast side, the movement at the trap-door "hinge" was 
accompanied by considerable crushing. The other faces of 
the block, northwest and southeast, are cut by numerous 
slumps. 

FIGURE 7-8. Oblique aerial view northwest across summit vent area; 
black dots mark positions of "cones." 



FIGURE 7-9. Panoramic view northwestward across the lava lake surface at the summit region of Hell's Half Acre; Middle Butte (left) and East 
Butte (right) are on the horizon to the right. 

The block is capped by lava lake overflow layers (Qhl) 
which, because of the rotation, dip markedly-northeastward. 
Around the southeast end of the block, there also are Qhl 
flow units which show evidence of diversion around the 
block. The latter flow layers cannot be correlated with the 
uppermost lake crust. Therefore, the age of faulting of the 
block, while younger than the beginning of lake activity, 
is older than the lake crust immediately flooring the crater. 

FUMAROLIC DEPOSITS 

A late phase of minor vent activity at Hell's Half Acre 
was fumarolic. Various sulfates are distributed as crusts along 
fractures and as powdery deposits which fill cavities between 
flow units in the walls of the vent. Species identified are gyp
sum, bloedite (MgS04Na2so4 · 4H20), and thenardite 
(Na2S04). Similar deposits of gypsum have been found at 
Wapi lava field, and jarosite (?)was found at King's Bowl lava 
field. The timing of sulfate deposition is unclear, but because 
the sulfates occur within the lava lake flows and are trunca
ted by the lake-collapse scarps, they may be partly synchron
ous with lake activity. 

DISCUSSION 

The fractures associated with the Hell's Half Acre field 
are parallel to a regional tectonic grain. Many workers in dif
ferent parts of the eastern Snake River Plain (Walker, 1964; 
Prinz, 1970; Greeley and King, 1975; Karlo, 1976; Kuntz, 
1977) have observed that vents are often structurally con
trolled. Where this has been documented, the dominant 
orientation of vent-associated fractures, as at Hell's Half 
Acre, is northwesterly. These fractures appear to be the pri
mary tectonic features of the province and suggest that the 
direction of maximum extension is alo~g the axis of the plain 
rather than across it as is commonly believed. The inter
relationship between fracturing and volcanism for the plain 
is conjectural, but it is a reasonable assumption since the 
fractures appear to have served as lava conduits and since the 
development of the fractures and volcanism along the frac
tures were probably synchronous. At Hell's Half Acre, it 
cannot be demonstrated that the initial volcanism was frac
ture-controlled but as the extension fracture served as the 
vent conduit in the later stages of eruption, it is a reasonable 
probability. 
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FIGURE 7-10. "Grooved" lava at the scarp of the lava lake. 
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During the initial phase of eruption, the bulk of the Hell's 
Half Acre lava (Qh) was emplaced and, although it can be 
divided into internal flow units, there is no evidence to sug
gest that it was not essentially a single outpouring of lava. 
The succeeding fissure eruption phase (Qhf) is suggestive of 
a renewal of activity and may indicate that eruptive activity 
drastically decreased after the primary (Qh) eruption phase. 

The small-volume fissure eruptions of Qhf may represent are
opening of the conduit, perhaps through continued extension 
of the fracture . In any case, eruption soon became localized 
along the fracture at the initial vent site in the form of a lava 
lake whose level fluctuated with surges in activity. An early 
period of massive overflow from the lake produced two large 
flow units (Qhr) which were distributed primarily through 
lava tubes. Periodically, the lake was deflated by drain-back 
into the conduit with later resurgent activity refilling the 
lake, similar to the "piston" activity observed at Mauna Ulu 
in Hawaii (Holcomb and others, 1974 ). The cone remnants 
within the vent crater were probably produced during the 
various episodes of lake refilling. Fluctuations in lake level 
led to repeated overflows, producing Qhl flow units through
out this stage of eruption. A final deflation of the lake, lead
ing to collapse of the brittle lake crust, produced much of the 
present vent crater depression which was then locally deep
ened by the formation of pit craters and subsidence along 
curvilinear faults. 

CONCLUSION 

The vagaries of volcanic processes and the large number 
of vents within the eastern Snake River Plain led to diversity 
in volcanic "style." Hell's Half Acre is not an unusual.volcano 
for the eastern Snake River Plain and may represent a mid
range in volcanic diversity, although obviously no single vol
cano can be described as being wholly "typical" of the pro
vince. Features such as Craters of the Moon, Menan Buttes, 
Big Southern Butte, and others, are more widely known 



because of their unusual characteristics, and though signifi
cant, may not give a representative view of the province. 
Unfortunately, too few volcanoes have been described in 
detail and we as yet have only a partial understanding of 
Snake River Plain volcanism. 
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The Wapi lava field is one of several Holocene and latest 
Pleistocene volcanic fields on the central Snake River Plain 
(Fig. 8-1 ). In many respects, it is typical of the older fields 
of low shields that make up the present surface of the plain 
(see Chapter 3). Thus, study of the Wapi low shield is impor
tant in understanding the processes involved in the formation 
of this type of construct. 

The Wapi Field covers a large (300 km2) area that is 
elongate in the north-south direction and has three promi
nent lobes extending east, west, and northwest from the main 
mass of the field. The margin of the field is smooth on the 
north and east sides; where it ponded against the regional 
slope of the Snake River Plain on the south and west sides, 
the margin forms long, lingular flows where it occupies the 
drainages of small intermittent streams. Generally, the flows 
of the field have covered a typical plains surface of weathered 
lava and loess, but at their southern edge, they are super
posed on a field of sand dune blowouts (Fig. 8-2) which 
trend east-northeast from the area around Lake Minidoka to 
the vicinity of American Falls. 

The slope of the Wapi Field is typical of the low shields 
of the Snake River Plain; over distances of 10 to 20 kilo
meters, slopes are typically less than one degree. This flat 
slope is· a consequence of the very fluid pahoehoe lavas and 
relatively high rates of effusion that typify the Snake River 
Plain. The only area of the field having a steeper slope is in 
the vicinity of Pillar Butte, the summit region of the field, 
where the slopes range from so to 70. 

FIGURE 8-1. Landsat (ERTS) image showing the Wapi lava field (1), 
Craters of theM oon Na tiona! Monument ( 2 ), Cerro Grande lava field 
( 3 ), Hell's Half Acre lava field ( 4 ), and American Falls Reservoir ( 5 ). 
Area ofphotograph is 110 km by 120 km. 



FIGURE 8-2. High altitude (U-2 aircraft) aerial photograph of the 
southeast margin of the Wapi Flow (dark area on left) that is super
posed on a field of longitudinal sand dunes. Some of the active 
dunes are crossing the lava field (A}; dark patches (Band elsewhere) 
are aa lavas. Area of photograph is 13.3 km by 12.9 km. (NASA
Ames Photograph 72-186, frame 5710, October, 1972.) 

THE WAPI FIELD 

The Wapi Field is composed of numerous flow units of 
pahoehoe lava piled side by side and atop one another, of 
the type described by Walker (1972) as compound. The pre
sence of many kipukas along the south and west sides of the 
field suggest that the flows are rather thin (Fig. 8-3 ). Russell 

FIGURE 8-3. Vertical aerial view of a small kipuka (white area) within 
the Wapi lava field; note also the pressure plateau (A). (NASA-Ames 
Photograph 878-5-7, October, 1968.) 
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(1902) states that the average thickness of flows (made of 
many flow units) on the .Snake River Plain is 15 to 25 m and 
the Wapi Field appears to be typical of this figure, except in 
the very center of the field and in the vicinity of Pillar Butte 
where the total thickness may be 100 m. Near the margins of 
the field, the flow units are larger, tend to have greater local 
relief (as much as 10 m) and are characterized by large pres
sure ridges, pressure plateaus (Fig. 8-3) and collapse depres
sions (Figs. 8-4 ). This transition of the size of the flows from 
the periphery to the interior of the field is apparently a 
function of proximity to the vent area; thus, closer to the 
vent, many small pahoehoe flows have filled depressions in 
earlier flows and generally leveled the local relief. This effect 
is most pronounced toward Pillar Butte. 

FIGURE 8-4. Stereoscopic pair of aerial photographs showing several 
collapse depressions on a pressure plateau, Wapi lava field. Area of 
photograph is 840 m by 1540 m. (NASA-Ames Photograph 8781-3, 
4, October, 1968.) 

The lava of the Wapi Field has a filamented pahoehoe 
texture over 90 percent of its surface, with relatively minor 
portions broken into slab by pahoehoe or aa lavas. 

Surface Features 

Pressure ridges (Fig. 8-5) are common on the Snake River 
Plain. They were described by Russell (1902) as: 

" ... dome-like ridges, commonly from 10 to 30 
feet high, 20 to 70 feet wide, and from 50 to pos
sibly 500 feet long, which are usually cracked open 
at the top throughout their length, the cracks being 
open fissures usually 3 to 4 feet wide but sometimes 
as much as 10 feet. The fissures referred to narrow 
downward, and the basalt forming their walls is fre
quently columnar, the columns being at right angles 
to the outer surfaces of the ridges." 

FIGURE 8-5. Low altitude oblique view of a pressure ridge on the 
Wapi lava field. {Photograph by Ronald Greeley, University of Santa 
aara, June, 1977.) 



He also noted that these cracked ridges frequently occur in 
groups with their long axes subparallel. His projected mech
anism for the formation of these features was: 

"The similarity between the large ridges on the sur
faces of the older sheets of the Snake River lava and 
the hollow folds, corrugations, etc., observed at the 
Cinder Buttes [Craters of the Moon], leaves no room 
for doubting that the former, like the latter, were 
produced by lateral pressure in the surface portion 
of a lava flow." 

Russell attributed the size of the features to the fact that the 
parent flow had to move such a great distance over such a 
relatively flat surface. Russell does not specifically state the 
relationship between the orientation of the long axes of the 
pressure ridges to the flow direction, but it generally has been 
assumed that it is transverse to the principal direction of flow 
such that frictional drag of the flow underneath causes the 
crust of the flow to compress into a ridge. Wentworth and 
Macdonald (1953) state: 

"Many of them [tumuli], particularly those of 
highly elongate form, and the great majority of pres
sure ridges, apparently were formed by the horizon
tal thrusting and buckling of the flow crust caused 
by the pressure of fluid lava." 

Probably the most detailed work on the formation of 
pressure ridges was carried out on the McCartys Basalt Flow 
in New Mexico by Nichols (1946). In this study, the relation
ships between large morphologic features such as pressure 
ridges and collapse depressions are carefully described over 
the area of the last 10 km of the flow. Several models based 
on mechanical studies were advanced to explain the relation
ships observed. Among the most interesting · of Nichols' 

observations and interpretations that pertain to the Wapi 
Field are: ( 1) there are two kinds of cracks in the flow, one 
is wedge-shaped and is caused by stretching of the lava crust 
by uplift while another kind is polygonal and caused by 
thermal contraction of the cooling of the lava; (2) cracks 
formed in a slowly uplifting and thickening crust would be 
wedge-shaped as the upper crust would be stretched more 
than the bottom part of the crust which would have been 
liquid during all except the last stages of the uplift; (3) pres
sure ridges can be divided into two types: longitudinal ridges 
with axes parallel to flow direction (termed here flow ridges, 
Fig. 8-6) and transverse ridges with axes across the direction 
of flow; ( 4) the medial cracks in the pressure ridges are 

FIGURE 8-6. Oblique aerial view of a "flow ridge," a long, thin pro
jection of the lava field that appears to have been "inflated" into a 
ridge by lava after the general pattern of the flow was emplaced; 
jeep trail indicates scale. (NASA-Ames Photograph by Ronald 
Greeley, 1969.) 
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empty, although some are filled with "squeeze ups;" and 
(5) Nichols' rejection of the viscous drag model for the for
mation of the pressure ridges on the McCartys Flow and 
proposition of a domical collapse theory to account for 
them. 

Pressure ridges are the most ubiquitous large-scale feature 
on the Wapi Field and occur in a continuous series of sizes 
and shapes. They range in length from a nearly continuous 8 
km to as short as 10m. They range in height from 1 to 15m. 
Some of the ridges have a rounded domical form, but most 
are relatively flatsided with sides dipping 30° to 40°. The 
best-formed and largest pressure ridges occur on the eastern 
side of the field. The medial cracks of the major pressure 
ridges invariably lack flowouts and generally are 6 to 10 
meters deep, indicating that cracking occurred late in the 
history of the flow. 

The long continuous pressure ridges in the Wapi Field 
pass laterally into features termed pressure plateaus (Figs. 
8-3 and 8-4 ). Pressure plateaus are defined as: 

"A broad area of lava, generally pahoehoe, that has 
been bodily elevated by the intrusion of new lava 
into the lower, still congealed part of a flow without 
the addition of any new lava at the surface." (Gary 
and others, 1972.) 

The pressure plateaus of the Wapi Field are flat areas 
bordered by scarps. The edges of the plateau dip 30° to 40°, 
the same as the sides of the pressure ridges. Pressure plateaus 
range in width from 15 to 200 m. 

Collapse depressions (Figs. 8-4 and 8-7) are another class 
of surface features found in certain areas of the Wapi Field in 
abundance. The depressions range in size from 1 to 3 5 m 
across and are from 2 to 10 m deep. The largest and best
formed of the collapse depressions are on the eastern side of 
the field. Collapse depressions on the McCartys Flow are 
described by Nichols (1946) and Hatheway (1971 ). Many of 
their observations on collapse depressions on the McCartys 
Flow and elsewhere coincide with features seen on the Wapi 

FIGURE 8-7. Panoramic view of a typical collapse depression on the 
Wapi lava field; this structure is on the flow between Wapi Park and 
Pillar Butte. Arrow points to figure for scale. 

Field. These observations include: (1) the long axes of the 
collapse depressions are nearly always parallel to the direc
tion of the flow, and the surface of the flow between the 
depressions is relatively flat; (2) the scarp that faces in 
toward a collapse depression often overhangs the depression 
and the lower lip of the opening is grooved and striated, a 
phenomenon probably caused at the time of collapse when 
the lava was still soft and plastic; and (3) collapse depressions 
commonly have squeeze-ups within them, which are extruded 
after collapse occurs. 

Nichols (1946) states: "These depressions and others are 
formed by the collapse of the roofs of lava tunnels." The 
McCartys Flow is in the valley of the Rio San Jose, New 
Mexico and the bottom of collapse depressions are common
ly filled with water and alluvium, which prevents detailed 
study of the floors and interiors of the depressions. In com
parison, the collapse depressions on the Wapi Field can be 
examined in detail. Of the approximately 100 collapses 
studied, none were found with any connection to a lava tube 
system at either the upflow or downflow end of the depres
sion. 



From their shape and position, it is apparent that the 
collapse depressions of the Wapi Field are related to the flow 
system, but apparently they are not simply collapsed roofs 
of lava tubes. From observations of striations and squeeze
ups, it is believed that the formation of the depressions 
occurs relatively early in the flow history, before the flows 
have solidified. 

Age of the Wapi Field 

Several workers have attempted to determine the abso
lute age of the Wapi Field by digging under the edge of the 
flows and obtaining charcoal from the burned roots of sage
brush overridden by the flows. This is clearly the most viable 
method, but until recently all attempts have been fruitless. 
In July, 1977, a charred root sample was found, but the 
results were not obtained in time for inclusion here. 

Stratigraphically, the Wapi flows overlie the southern seg
ments of King's Bowl rift, ·which in tum have been overlain 
by the King's Bowl flo.ws, for which a cl4 date of 2360 ± 
150 years B.P. (Valastro and others, 1972) has been obtain
ed. Unfortunately, the King's Bowl lavas and the Wapi lavas 
are not in contact. From degree of weathering and vegetativt: 
cover, the Wapi lavas may be somewhat older than the King's 
Bowl flows. 

Paleomagnetic information from the Wapi Field and 
other nearby flows may provide an approximate absolute age. 
Figure 8-8 is a north polar projection of the Earth on which 
is plotted the virtual geomagnetic poles and 95 percent con
fidence ovals of several young flows along the Idaho Rift 
System, some of which are cl4 dated, and others that are 
thought to be similar in age.The group of poles, including 
those obtained for the Trenchmortar Flat, Watchman, and 
Rattlesnake Butte flows document an extensive eruption 
episode in Craters of the Moon at about 2100 years B.P. 
The pole for King's Bowl at 2360 ~ 150 years B.P. is in a 
different position and the Wapi pole is very close to it. The 
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FIGURE 8-8. North Polar projection of Earth showing virtual geomag
netic poles ( VGP) and ovals of 95 percent confidence for late 
Holocene c14 dated and undated flows along the Idaho Rift System, 
Snake River Plain, Idaho. Titles and names of flows, and c14 ages in 
radiocarbon years B.P. 

distinction between the virtual geomagnetic pole (VGP) posi
tions of King's Bowl and th~ flows at approximately 2100 
years B.P. allow us to disregard an earlier cl4 date of 2130 ± 
130 years B.P. (Prinz, 1970) as being slightly in error. The 
dotted arrow shows the progression of VGP positions with 
time between these two groups. The close similarity between 
VGP's for King's Bowl and Wapi lavas combined with the 
close proximity of the vents and the identical orientation of 
the rift segments along which the eruptions took place 
(Champion, 1973) suggest they probably formed at the same 
time. 

The short aa flows near the Pillar Butte area have also 
been sampled to determine any great temporal difference 
with the flows of the main mass of the field. Samples from 
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that area have a wider statistical distribution, thus the confi
dence oval is much larger and the pole position less accurate
ly known . The pole position suggests that the flows in the 
Pillar Butte area are somewhat younger than the rest of the 
Wapi Field. Unfortunately, as the Pillar Butte area is topo
graphically higher than the rest of the field, there is a good 
possibility that they have been rotated slightly during the 
deflation of the cone after the eruption. The axis of the 
rotation is in the proper orientation to mGve the pole for 
Pillar Butte flows from the position of the Wapi and King's 
Bowl poles, to the position it occupies. We can only say that 
at most the Pillar Butte flows are slightly younger (2300 
years B.P.) than the Wapi flows, and possibly very nearly the 
same age. 

PILLAR BUTTE 

Characteristic for most of the low shields making up the 
Snake River Plain, the Wapi lava field is capped with a 
steeper-profiled summit region. For the Wapi Field, the sum
mit region is referred to as Pillar Butte. The steep profile is 
at least partly attributed to the relatively low-volume flows 
that did not travel very far from the central vent, and the 
higher proportion of viscous aa flows. 

Pillar Butte is a prominent mass of agglutinate and layer
ed flows, possibly injected with dikes; the mass rises some 18 
m above the general summit region on the south side. This 
prominent structure served as a landmark for early travellers 
along the Oregon Trail, and still serves as a general reference 
point in the south-central Snake River Plain. 

The Pillar Butte summit region contains at least 11 dis
tinctive eruptive centers, identified by pit craters and former 
lava lakes. Flows from these centers are typically short and 
often contain small lava tubes and channels. Many of the 
tubes and channels were used repeatedly by subsequent 
flows, sometimes forming roofs over previous channels (Fig. 
8-9), or draining into older lava tubes through "skylights" 
(Fig. 8-1 0). The largest lava tube is Moss Cave (Figs. 8-11 
and 8-12). 

FIGURE 8-9. View of a small lava channel and lava tube formed in a 
flow from Pillar Butte; channel was roofed by a subsequent flow to 
form the lava tube (Station 7). 

The age relationships of the Pillar Butte flows to the main 
mass of the Wapi lava field is not clear everywhere. To the 
south, the aa flows for Pillar Butte are superposed on the 
Wapi lavas; however, on the west side of the Pillar Butte 
region, it appears that the Wapi lavas truncate those of Pillar 
Butte. 

Pillar Butte and the Wapi lava field are among the best 
preserved low shields on the Snake River Plain and are useful 
for understanding the style of volcanism involved in their 
formation. The guide that follows is keyed for a half-day 
field trip designed to point out the salient features of low 
shields. 



FIGURE 8-1 0. Drainage of surface flows in to Moss Cave lava tube (see 
Figs. 8-11 and 8-12). (NASA-Ames Photograph by Mike Lovas, 
1969.) 
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FIGURE 8-11. Diagram of Moss Cave lava tube. 
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FIGURE 8-12. View northward across the south flank of Pillar Butte, 
the summit region of the Wapi low shield; arrow marks the entrance 
to Moss Cave lava tube; "7" refers to station of field guide and indi
cates location of Figure 8-9. (Photograph by Ronald Greeley, 
University of Santa Clara, June, 1977.) 

GUIDE TO WAPI PARK, THE WAPI FLOW, AND 
PILLAR BUTTE 

This guide is keyed to stations identified in Figure 8-13. 
The trip begins in an area known as Wapi Park which is 
reached via a jeep trail off the main American Falls-Crystal 
Ice Cave road. The trip includes a hike of about 5 km and 
requires about a half-day; therefore, water should be carried, 
particularly during summer months. 

Wapi Park (Station 1) 

Wapi Park is a peninsula-like area (Fig. 8-14 ), formed by a 
linear vent that has been almost completely surrounded by 
lavas of the Wapi Field. The term "park" is commonly ap
plied to kipukas on the Snake River Plain, and there is no 
implication of recreational "park" qualities. A few small 
aspen growing along the flow margin in Wapi Park evidently 
indicate that there is sufficient moisture accumulating to 
support the growth. 

The linear vents at Wapi Park can be projected southwest
ward through a cinder cone kipuka in the Wapi Field to 
another linear vent system, Higgins Butte, on the southwest 
margin of the field. These three, older vents are similar in 
state of preservation, suggesting contemporaniety and may 
define a rift system (Greeley and King, 197 5). 

Using the method of Bullard (1976), a tunnel was exca
vated beneath the edge of the Wapi Field near Wapi Park 
and about 200 gm of charcoal were recovered. The sample 
has been submitted to obtain a cl4 date for the Wapi flows. 

The Wapi Field (Station 2) 

This "station" includes the 1.6 km hike from the parking 
area at Wapi Park to the edge of the Pillar Butte area. Note: 
Because of the lack of large prominent landmarks and the 
rugged local relief on the lava flows, it is often easy to 
become disoriented on the Wapi Field. The best landmark in 
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this region is the knob at Pillar Butte; keel? slightly to the 
east (left) of the knob as you walk toward the area and on to 
Station 3. For the return to the parking area, the vents of 
Wapi Park are the best landmarks; however, they may be con
fused with other vents in the area, so become familiar with 
their form and general position. Note that the parking area is 
at the south end of the vents. 

In the walk across the Wapi lavas, note the hummocky 
local relief, collapse depressions, squeeze-ups, and pressure 
ridges. Note also that the local relief changes from low over 
some of the plateau areas to fairly high ( 10 m) elsewhere. 
Imagine what the contact would look like if the Wapi flow 
were covered with a younger lava flow. 

FIGURE 8-14. Vertical aerial photograph of Wapi Park (light-toned 
area at top of photograph), the vent region of an older low shield 
that has been partly buried by the younger Wapi lava flows (dark 
area). Pillar Butte, the summit vent region for the Wapi lava shield, 
is visible at the bottom of the photograph. The field trip will leave 
the jeep trail in Wapi Park and proceed cross country over the 
pahoehoe lavas of the Wapi flow to the Pillar Butte area, a hike of 
about 1.6 km. Area of photograph is about 2.8 km by 4.4 km. 
(U !1 Department of Agriculture Photograph CYN-7B-106, August, 
1946.) 



Pillar Butte (Station 3) 

This station marks the northwest edge of the Pillar Butte 
flows which emanate from several small vents (Fig. 8-15) and 
flow around the west side of Pillar Butte, truncating older 
flows from the summit vents. The difference in time between 
the flows may have been only a matter of hours or days. 
Many of these flows are tube-fed; note the sinuous ridges 
(tubes) (Fig. 8-16), channels (Fig. 8-17), and "budding" lava 
toes. 

Pillar Butte (Station 4) 

Cross the north flank of the Pillar Butte summit region to 
Station 4, a region of several pit craters and vents that fed the 
northern part of the Pillar Butte area (Fig. 8-13). Take care in 
walking across some of the lava flows; many of the flows are 
shelly pahoehoe, a thin-shelled, gassy variety that is fragile 
and sharp (Fig. 8-18). Shelly pahoehoe is ~haracteristic of 
near-vent regions where devolatilization of the lava can occur 
rapidly to form cavernous blisters. 

FIGURE 8-15. Panoramic view of small pit crater at Station 3, Pillar Butte summit region. 
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FIGURE 8-16. View of a small lava tube that originates from pit 
crater shown in Figure 8-15; figure is standing on the ridge formed 
along the roof of the tube. 

FIGURE 8-17. Small sinuous lava channel associated with the pit 
crater shown in Figure 8-15. 



FIGURE 8-18. Shelly pahoehoe, a glassy variety of lava that is fragile; 
it is generally restricted to near-vent areas. 

Pillar Butte (Station 5) 

Walk from Station 4 toward the east side of the summit 
region. Some of the lavas are slabby pahoehoe flows con
sisting of thin, plate-like slabs of lava. Several prominent lava 
lakes were active in the summit regions. Note the "floors" of 
the summit crater that represent subsided lava lake surfaces. 
Cow dung bombs (Fig. 8-19) and spatter are present around 
many of the former lava lakes. 

FIGURE 8-19. Two, small cow-dung bombs near the summit of Pillar 
Butte. 

Pillar Butte (Station 6) 

This station marks the top of Pillar Butte, a mass of 
agglutinate, flows, and possibly dikes, that rises above the 
summit region (Fig. 8-20). A good perspective of the Pillar 
Butte flows to the south, as well as the surrounding terrain, 
can be gained from here. Wapi Park is clearly visible north
ward as are the trailers at Crystal Ice Cave. Several kipukas 
can be seen within the Wapi field. On a clear day, the bound
ing mountains on the north and south sides of the plain are 
visible. 
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FIGURE 8-20. Panoramic view of Pillar Butte (right side) and one of the pit craters in the summit region. Figures on left indicate scale. 

148 



Pillar Butte (Station 7) 

This station marks the general area south of Pillar Butte, 
and should be visited only if time permits. Features in this 
area are well-developed lava tubes (Figs. 8-9, 8-21, and 
8-22), lava channels, and other flow features such as dribblet 
spires (Fig. 8-23 ). 

Return to Wapi Park 

For the return to the parking area, walk on the west side 
of Pillar Butte (Figs. 8-24 and 8-25) toward the Wapi Park 
vents. A scarp forms the west side of Pillar Butte and .may 
represent a fault formed by either subsidence of the flow 
mass to the west, or uplift of the summit by inflation, or a 
combination of the two. 

Follow essentially the same path back across the Wapi 
Field to the parking area. 

FIGURE 8-21. Ice stalagmites and frozen pond on floor of Moss Cave. 
Rain, snow-melt, and ice-melt from the winter percolates through 
the lava tube roof and freezes; ice generally remains year-round 
despite the high temperatures on the surface in the summer. (NASA
Ames Photograph by Mike Lovas, 196 9.) 
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FIGURE 8-22. Ice stalagmites in Moss Cave. Forked-shaped stalagmite 
is about 30 em high. (NASA-Ames Photograph by Mike Lovas, 
1969.) 

FIGURE 8-23. A dribblet spire (a type ofhornito) on the flows south 
of Pillar Butte; canteen indicates scale. 



FIGURE 8-24. View of Pillar Butte from the south end of the summit 
region; arrow points to figure for scale. 

FIGURE 8-25. Panoramic view of a small flow that spilled out of a 
summit pit crater near Pillar Butte, visible to the right. 
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The Idaho Rift system traverses the Snake River Plain in 
east-central Idaho from the vicinity of Craters of the Moon 
National Monument south to the Wapi lava field. The Ijft is 
a series of sets of discontinuous tension fractures of distinctly 
different ages and trends (Prinz, 1970 ; Greeley and King, 
1975). One of the youngest of these fracture sets is the 
King's Bowl rift set which is made up of a discontinuous cen
tral fissure up to 2.5 m wide, flanked on both the east and 
west by additional subparallel tension fractures (Fig. 9-1 ). 
The central fissure of the King's Bowl rift set has been the 
source of several small lava flows, the largest of which covers 
about 4.5 to 5 km2 and is considered to have erupted from 
the fissure in the vicinity of the King's Bowl. King's Bowl is 
a large oval crater about 85 m long, 28 to 30 m across at its 
widest, and approximately 30m deep. 

Fractures in the King's Bowl rift can be entered and the 
rift examined in cross section at several points (Fig. 9-2). A 
trail descends about 30 m to the bottom of the King's Bowl 
and a tunnel descends about 46 m along the central fissure 
into the Crystal Ice Cave which is a collection of ice columns, 
stalactites, and stalagmites formed in a part of the rift that is 
relatively shielded from variations in surface temperatures. 

The object of this paper is to present and interpret the 
current knowledge of Crystal Ice Cave, King's Bowl crater, 
and the rift, as well as to present a brief synopsis of the 
sequence of events for the King's Bowl lava flow. Certain 
interpretations will, no doubt, change with the addition of 
further details from future studies. 

FIGURE 9-1. Oblique aerial view northward ·along King's Bowl rift. 
South Grotto are,a is in the foreground, marked by a series of low 
spatter cones. A series of "perched" lava lakes can be traced east
ward (to the right) from South Grotto. Note the en echelon offset in 
the fissure. Light areas marked by arrows mark zones along the fis
sure that have been blanketed by tephra erupted from the fissure. 
(Photograph by Ronald Greeley, University of Santa Clara, 1971.) 
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FIGURE 9-2. Longitudinal section of part of Crystal Ice Caves Rift, 
Idaho, based on sketch by James Papadakis. The King's Bowl is at 
the southern end of the section shown (from Halliday, 1976). 

CRYSTAL ICE CAVE 

Crystal Ice Cave displays massive ice formations develop
ed in a large cavity along the King's Bowl rift, set at a depth 
of about 46 m. It is located on the rift 230 m north of the 
north end of King's Bowl. Crystal Ice Cave was opened to 
the public in 1965, and the descent to the ice room allows 
several excellent views of the walls of the King's Bowl Rift. 
Particularly noteworthy near the start of the descent are 
gouges ripped into the wall rock by ejecta being thrown 
to the surface by volcanic eruption. 

History of Crystal Ice Cave 

It is reported that spelunkers penetrated the rift to a 
depth of nearly 245 m, which is the depth of the water table 
in this area (Prinz, 1970). Entrance into the rift for this 
exploration was made through South Grotto, a large, promi-

nent spatter cone located on the rift 1.6 km south of King's 
Bowl. The exact date and specifics of this descent are not 
well known, as they were never recorded and the descent was 
made by interested local spelunkers from Aberdeen, Idaho. 
Nevertheless, this exploration drew attention to the region 
and in 1956, two local cavers decided to see how deeply they 
could penetrate the King's Bowl vent itself. They found an 
opening in the north end of King's Bowl which carried them 
down to an ice floor. It is reported that the explorers found 
only one small opening toward th·e north end of this ice 
floor and, while the two were investigating this, one of them 
lost his flashlight down the hole. In attempting to retrieve 
the light, he entered the hole and descended about 3 m to a 
point where the passageway opened into a large cavity con
taining a spectacular array of massive columns, stalactites, 
and stalagmites of ice. The original designation of the ice cave 
was Liar's Cave, owing to the fact that the discoverers' story 
of this ice accumulation located under the lava flows and in 
the summer heat of the desert was unbelievable to those who 
had not seen it first hand. 

In 1961, a geologist who had an active interest in caving 
learned of Liar's Cave. James Papadakis came to southern 
Idaho from Texas to learn more about the ice cave. He re
explored the cave and was so intrigued by what he found that 
he decided to develop it commercially. The initial access to 
the cave was through King's Bowl, and in 1964 Papadakis 
blasted out a trail to the bottom of the crater. However, 
this only carried visitors down to the ice floor at the north 
end of the King's Bowl crater - few visitors wished to con
tinue on through the one small opening in the ice floor to 
complete the descent into the ice cave proper. Thus, Papa
dakis altered his plan for the cave. He located the point on 
the Great Rift directly above the ice cave and proceeded to 
blast out a 3 70 m long tunnel which descends a vertical dis
tance of about 46 m into the ice cave. The tunnel descends 
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along the King's Bowl rift and makes use of natural openings 
along the rift wherever possible. It begins from a point above 
the ice cave and trends north along the rift, crosses the rift 
at the half way point and "folds" back south along the rift 
in continuing descent (Fig. 9-3). The opening of this tunnel 
was a tremendous undertaking, especially when one app"reci
ates that it was accomplished primarily by two individuals -
James Papadakis and his father , Louis. Papadakis made 
several refinements to the ice cave tunnel through the years 
and it was largely through his efforts that the Great Rift was 
designated a U. S. National Landmark in 1968. Papadakis 
sold his interest in the cave in 1975 and major additional 
developments have been made by the new owners since that 
time. The most obvious recent addition is the Hanging 
Balcony, constructed into the rift at the base of the tunnel. 
As one looks to the south from the Hanging Balcony (Fig. 
9-3 ), the location of the discovery hole is near the top of the 
cave surmounting a massive flow of ice which slopes down 
from the roof. 

Formation of the Crystal Ice Cave 

Ice is fairly common in lava tubes, but only in areas 
which receive winter snows. This is quite clearly demonstra
ted in Hawaii where lava tubes above the snow line on Mauna 
Kea and Mauna Loa contain ice on their floors while those 
tubes located below the snow line do not. Snow accumulates 
on the Snake River Plain in the winter and the open rift pro
vides a protected spot where it can collect and, in some 
instances, persist throughout the year. The basalt flows are 
excellent insulators , demonstrated by the manner in which 
they retain heat under crusts which form over a still fluid and 
hot flow. The same quality also acts in an opposite sense, and 
where snow collects in pits in the basalt, under appropriate 
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conditions, such as protection from contact with the direct 
rays of the sun, snow and ice can be preserved for long 
periods of time. The presence of snow in a large protected 
cavity in the rock causes the ambient temperature in the 
cavity to be depressed and this, in effect, results in the forma
tion of a natural ice box. Surface water percolating down 
through the overlying rock and entering this natural ice box 
is crystallized by the low temperatures in the cave, resulting 
in the development of ice formation. However, as the 
ambient temperature of the cave fluctuates ever so slightly 
around the freezing point, surface water entering the cavity, 
as well as melt from the previously formed stalactites, can 
drip down and freeze, resulting in a gradual buildup of stalag
mites from the cave floor. In addition, as the humidity ·in the 
cave increases, slight fluctuations in temperature should 
result in condensation of ice from the vapor phase. Such slow 
accumulation would result in massive ice columns developing 
over long periods of time (see Chapter 1 0). 

With modest increases in the temperature, many of these 
columns begin to alter internally and the ice structure tends 
to become punky or charged with voids. The water released 
from the columns in this fashion, as well as other water being 
added from the ceiling of the cave spreads out on the cave 
floor, either to persist for a time as a water film on the sur
face of the already accumulated ice, or to recrystallize as a 
thin, new surface layer on the ice floor (Fig. 9-4 ). 

The process of ice column accumulation depends on: 
1) winter snow and subfreezing temperatures at the surface at 
least during part of the year, 2) a continuing source of sur
face water either as winter snows, or even rain, which perco
lates slowly through the overburden and into the cave, 3) an 
appropriate cavity or opening in which snow and then ice 
may accumulate, protected from summer's heat and the 
direct rays of the sun, and, 4) a slightly fluctuating tempera
ture near the freezing point of water in the cavity (the 
temperature extremes in the Crystal Ice Cave are 29° -
32.5°F). Many types of ice formations d~velop in this 

FIGURE 9-4. Ice stalagmite in Crystal Ice Cave. (Photograph by 
James Papadakis.) 
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environment; however, many of the more· delicate features 
are ephemeral and melt away. 

The depth to the water table in this region is 245 m 
(Table 9-1 ). The water temperature at that depth is 12.8°C 
and the air temperature above the water is 15 .8°C. Clearly 
the ice accumulation in the Crystal Ice Cave, as well as other 
settings in the lava flows where ice accumulates is a near
surface phenomenon, resulting 'from seasonal variations in 
temperature and climate at the surface. 

Age of the Ice Formations 

There is no presently known way to determine the age 
of the ice columns in the Crystal Ice Cave (C. C. Langway, 
Jr., personal communication). Where ice is datable, ages are 
based on seasonal variations in oxygen isotope ratios 
(0 18/0 16) or radiometric dating techniques, neither of which 
is apparently applicable to the cave ice. Even lacking exact 
ages, however, it is not difficult to accept the fact that mas
sive columns such as those in Crystal Ice Cave do not develop 
in only a few years. Obviously, the process has been going on 
for some time, but exactly how long remains unknown at this 
time. The King's Bowl flow is the youngest flow associated 
with this portion of the rift and is about 2000 years old 
(Prinz, 1970). Allowing a generous estimate of up to two 
hundred years for the vent and surrounding areas to cool 

after their active period, it seems possible that with similar 
annual weather conditions to those that exist at the present, 
the accumulation of ice in the Crystal Ice Cave could go back 
1700-1800 years, but this remains speculation. 

THE KING'S BOWL 

King's Bowl crater resulted, at least in part, from an 
explosive eruption. The prominent lava mounds (Fig. 9-5) 
situated around King's Bowl outline the limits of a lava lake 
which was present prior to the King's Bowl explosive event. 

TABLE 9-1 
WELL LOG FROM THE CRYSTAL ICE CAVE WATER WELL 

Driller: George Vollmer 
Elevation at surface at well site: 4932 feet (1503.3 meters) 

Source: U. S. Geological Survey 

FEET METERS 

0 - 15 Lava - broken, gray 0 - 5 
15 - 40 Lava - solid, gray 5 - 12 
40 - 73 Lava - broken, red 12 - 22 
73 - 80 Lava - hard, gray 22 - 24 
80 - 125 Lava - broken, red 24 - 38 

125 - 135 Lava - hard, gray 38 - 41 
135 - 180 Lava - medium hard, red 41 - 55 
180 - 195 Lava - hard, gray 55 - 59 
195 - 230 Lava - cinder, brown 59 - 70 
230 - 245 Lava - hard, gray and red 70 - 75 
245 - 252 Lava - hard, gray 75 - 77 
252 - 257 Lava - soft, black 77 - 78 
257 - 270 Lava - hard, gray 78 - 82 
270 - 279 Lava - broken, red 82 - 85 
279 - 315 Lava - hard and broken, gray 85 - 96 
315 - 328 Lava - broken, red 96 - 100 
328 - 335 Lava - hard and broken, gray 100 - 102 
335 - 3.50 Lava - soft, red 102 - 107 
350 - 420 Lava - hard, gray 107 - 128 
420 - 445 Lava - cinder, red 128 - 136 
445 - 460 Lava - clay and cinder, red 136 - 140 
460 - 475 Lava - hard, gray 140 - 145 
475 - 500 Lava - medium hard, black 145 - 152 
500 - 505 Lava - very hard, gray 152 154 
505 - 530 Lava - medium hard, gray 154 162 
530 - 560 Lava - hard, red 162 171 
560 - 565 Lava - soft, red 171 172 
565 - 595 Lava - hard, gray 172 181 
595 - 650 Lava - soft, red 181 198 
650 - 665 Lava- hard,gray 198 203 
665 - 675 Lava - soft, red and gray 203 206 
675 - 680 Lava - cinder, red 206 207 
680 - 705 Lava - medium hard, red 207 215 
705 - 715 Lava - broken, gray 215 - 218 
715 - 735 Lava - broken, red 218 224 
735 - 765 Lava - hard, gray 224 - 233 
765 - 785 Lava - very hard, gray 233 - 239 
785 - 800 Lava - cinders and water 239 - 245 

Water temperature at 774ft (236m), 55°F ( 12. 7°C) 
Air temperature above water at 774ft (236m), 60.5°F ( 15.8°C) 
pH of water 7.68 



FIGURE 9-5. View across the lava lake near King's Bowl, showing 
several "lava mounds" on the hori?on, considered to be remnants 
of the lava lake levee. (Photograph by John S. King, SUNY at 
Buffalo.) 

Presumably, the source vent for this lava lake was near King's 
Bowl crater; possible feeder dikes are visible in the Great 
Rift at the north end of King's Bowl. 

The King's Bowl lava lake was probably fairly short-lived. 
As lava erupted from the vent, it spread out and, as it became 
more viscous on cooling, it tended to wrinkle and form ridges 
at the outer limits of flow. This effect, possibly coupled with 
deflation of the lake at times and small overflows, is believed 
to have resulted in the development of natural levees which 
ultimately contained the lake at estimated depths of from 
2 - 3 m, as evidenced by withdrawal levels visible on some of 
the lava mounds. Although most of the lava mounds are con
sidered to be remnants of one of the two levees, there are 
local exceptions which do not seem to fit this hypothesis and 
their relationship to the lava lake is not as yet clearly estab
lished. The entire array of lava mounds around King's Bowl 
is locally referred to as "the Circle of Fire." 

Liquid lava which flowed from the vent crusted over 
quickly as it spread outward over the surface. However, the 
abundance of large squeeze ups west of the rift at King's 
Bowl (Fig. 9-6) indicate that molten lava remained present 
beneath the crusted surface and when fractures developed, 
the still liquid, but apparently cooling and more viscous, 
material squeezed up and out to the surface where it solidi
fied in the present globular masses. 

Liquid lava ultimately overtopped or broke through the 
containing levee at many points. This phenomenon is charac
teristic of both levels of the lake. There were large outflow 
channels associated with both lake levels through which 
much of the lava drained. However, flow patterns and chan
nels around many individual mounds indicate that lava also 
flowed out between these lev:ee remnants. The explanation 
for such a drainage remains obscure, although tumescence of 

FIGURE 9-6. View across the lava lake surface shqwing numerous 
squeeze ups, some more than 1 m across; lava mounds are in the 
background. (Photograph by John S. King, SUNY at Buffalo.) 
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the lake flow prior to the King's Bowl explosive event is a 
distinct possibility. The distribution of the lava mounds sug
gests that in some way they were more resistant portions of 
the levee than the intervening sections which were removed. 

The explosive event at King's Bowl followed or may even 
have contributed to the breakout of the lava lake. In the 
explosive event, the ejecta consisted of both large blocks and 
a lapilli-ash. On the west side of the rift, ejecta makes up a 
block field composed of fragments more than 100 em close 
to King's Bowl to 5 to 10 em at a distance of 245 m in a line 
due west of King's Bowl. Jaggar (1949) believes that such ex
plosions must be the result of interaction of ground water 
with magma. In the initial movement of magma to the sur
face, the lava seals itself off from the water table and main
tains that seal by outward pressure as long as its hydrostatic 
head is above the water table. However, on withdrawal of 
the lava, water may break into the conduit, resulting in a 
rapid generation of gas. Jaggar feels that accumulation of the 
gas of such an interaction is necessary to have an explosion -
" ... confinement is a first essential for steam pressure." 
Macdonald ( 1972) indicates, however, that violent eruptions 
are more often the result of a rapid generation of gas than 
they are the result of accumulation. He further points out 
that most volcanic explosions are really a sustained outrush
ing of gas measurable in seconds, minutes, or even hours. 
While no clear evidence is available in the case of King's Bowl 
crater, it is likely that the rapid generation of gas was pos
sibly coupled with a restriction of outflow of some sort. 

The outrushing of gas at King's Bowl may or may not 
have been preceded by a single violent explosion which car
ried larger blocks to the surface. It is possible that sufficient 
pressure was sustained in the outrushing process to pluck 
even the larger blocks from the walls and carry them out. 
Whatever the case, lapilli ash tephra was apparently win
nowed out by prevailing west winds and carried east of the 
rift. When the larger blocks fell on the west side, many of 
them broke through already formed crust of the lake, as well 
as squeeze-ups. This relationship of bombs to crust and 

squeeze ups identifies a partial sequence of the eruptive 
events. It is common to find impact holes in the solidified 
lava with radiating fractures extending out from them (Figs. 
9-7 and 9-8). In some instances, the impacting projectile can 

FIGURE 9-7. Small ejecta block thrown from the phreatic explosion 
that created King's Bowl. The lithic block impacted the crust of the 
lava lake before it had cooled completely, penetrating the crust to 
form radial fractures. (Photograph by Ronald Greeley, University 
of Santa Clara, 1974.) 



color is rendered by the presence of large subhedral to anhe
dral crystals of plagioclase. The lapilli particles themselves are 
angular to su bround in shape and vary from open scoriaceous 
to a very dense texture. Even when the washed sample has 
been thoroughly dried, the surface of all grains appear to 
have a highly reflective, varnish-like veneer. Some of the 
dense, dark particles give the appearance of being wet. Close 
examination reveals, however, that this veneer uniformly 
covers the grains, even being visible on the plagioclase crystal 
fragments and lining the open scoria cavities. 

In thin section, the lapilli grains retain their heterogene
ous character. Most of the particles are holocrystalline frag
ments with the common mineral paragenesis being plagioclase 
(An72-74) and olivine. A variety of textures characterizes the 
holocrystalline fragments with the common mineral para
genesis being plagioclase (An50_52), pyroxene, olivine, and 
an opaque mineral. Some grains are made up of plagioclase 
laths disseminated in a very fine-grained crystalline matrix. 
Although no detailed petrographic analysis has yet been 
made of the lapilli grains, an attempt was made to establish 
the character of the glassy veneer seen on the washed grains. 
Even under the highest petrographic magnification ( 400 x), 
little could be determined. There appears to be a very thin 
rind on each particle that is apparently crystalline as it 
appears birefringent between crossed nicols. A gypsum plate 
showed that the rind behaved much as a single crystal as the 
interference color was uniform around the periphery of each 
grain. It is apparent that more work should be carried out on 
the lapilli of King's Bowl to ( 1) detail its exact extent and 
thickness, (2) determine the size distribution of particles, 
and (3) define its petrographic characteristics more exactly. 

From what is already known about the lapilli, however, 
it is apparent, based on its lithic character and heterogeneity, 
that it was derived from a variety of superimposed flows 
(now exposed in the sides of the rift) during the King's Bowl 
phreatomagmatic eruption. The lapilli deposits seem to be 
quite local and of limited thickness, suggesting a tephra 
ejection event of very short duration. 

Volume of Ejecta; The Development of 
The King's Bowl Crater 

A considerable volume of material has been ejected from 
the King's Bowl crater. However, even if one imagines a 
throw-out field defined by the maximum distance of ejected 
lithic fragments (245 m) and the length of the King's Bowl 
crater (90 m) and assumes it to be covered by an uniform 
blanket equivalent in depth to the largest blocks presently 
found nearest King's Bowl (1.5 m), the calculated volume 
plus the estimated volume of lapilli and ash falls far short 
of that needed to refill the King's Bowl cavity. This indicates 
that the King's Bowl crater is not simply the result of force
ful ejection of material due to phreatomagmatic eruption. 
The conclusion must instead be reached that much of the 
missing volume has collapsed back into the vent. 

SUMMARY 

The Idaho Rift is made up of a series of rift sets of vary
ing trend and age. One of these rift sets, the King's Bowl rift 
has many unique aspects associated with it. The Crystal Ice 
Cave is a natural ice box resulting from subfreezing surface 
temperatures and snow during part of the year. Some of the 
snow accumulates in a protected area in the rift; spring melt 
water and possibly rain percolating through the lava into this 
cold setting resulted in an accumulation of ice columns and a 
variety of ice stalagmites and stalactites. The ice accumula
tion is a recent event but conceivably could mark a process 
that was initiated as much as 1800 years ago. Development of 
the Crystal Ice Cave has opened access of the rift to a depth 
of 46 m. 

King's Bowl crater is an explosion vent on the King's 
Bowl rift. It is one of several vents on the rift that erupted 
small lava flows. King's Bowl is unique in that it is the largest 
explosion crater along the rift. Lava flows erupted from the 
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FIGURE 9-8. Squeeze up with a hole formed by the impact of an 
ejecta block from King's Bowl. Scale is 10 em long. (Photograph by 
JohnS. King, SUNY at Buffalo.) 

still be found in place beneath the crust, while in other in
stances, the ejected blocks are wedged into fractured crust 
and squeeze ups which they did not fully penetrate. 

King's Bowl Lapilli-ash 

The lapilli-ash tephra from the King's Bowl is concentra
ted on the east side of the rift (Figs. 9-1 and 9-9). In a sample 
taken from the surface in the vicinity of one lava mound, 
buff-colored lapilli particles range in size from less than 1 mm 
to about 28 mm, although most particles are less than 5 mm 
in size. The characteristic color of the lapilli is caused by a 
coating of fine, light brownish dust. This finer material 
washes off the larger particles readily and, lacking it, the par
ticles are seen to be qu1te heterogeneous. The color of the 
lapilli is either black or red, although on some a lighter gray 

FIGURE 9-9. Vertical aerial photograph of the King's Bowl lava field 
showing the distribution of ash and other tephra (light-toned area) 
associated with King's Bowl; arrow marks the entrance to Crystal 
Ice Cave. ( U. S. Department of Agriculture Photograph CYN-78-
103.) 



FIGURE 9-10. View across King's Bowl lava field showing lava lake 
crust; drainage of lake and devolatilization resulted in subsidence 
of the crust, causing it to break into large, irregular slabs. Edge of 
flow is visible near the horizon. (Photograph by Ronald Greeley, 
University of Santa Clara, 1975.) 

fissure at King's Bowl were briefly held in a lava lake (Fig. 9-
1 0), the location of which is marked by two confinement 
areas indicated by lava mounds, believed to be remnants of 
the confining levees of the lava lake. The King's Bowl phrea
tomagmatic eruption occurred following emplacement, 
crusting, and fracturing of the lava lake. Block and born b
sized ejecta directed toward the west in many instances broke 
through crustal plates of the lava lake, as well as penetrating 
lava which had squeezed up through .fractures in the crustal 
plates. Lithic lapilli-sized fragments were carried eastward of 

the rift by prevailing west winds. It appears that there exists a 
greater void in the King's Bowl crater than can be accounted 
for by the volume of ejecta, indicating an internal collapse 
during and following cessation of eruptive activity at the 
King's Bowl vent. 
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10. STRUCTURE OF AN ICE STALAGMITE FROM 
CRYSTAL ICE CAVE, IDAHO 

Erick Chiang 
Ice Core Laboratory 

State University of New York at Buffalo 
Amherst, New York 14226 

An ice stalagmite from the Crystal Ice Cave in Idaho was 
collected and returned to the Ice Core Laboratory in Buffalo 
for petrographic examination. The ice was taken from the 
Idaho rift at a depth of 46 m from a location just north of 
the "Hanging Balcony" (J. S. King, personal communica
tion). Temperatures within the cave fluctuate around 0°C 
(± 0.5°C) while surface temperatures during the summer 
often range from 32° to 38°C. Runoff from the previous 
winter's melting snow seeps into the cave contributing to the 
continuing development of the ice forms. 

The general investigation of cavern ice, in particular 
stalactites and stalagmites, has been primarily conducted 
in the U.S.S.R., discussed in Dorsey (1940) and Shumskii 
(1964 ). Shumskii compiled all natural occurrences of ice 
types in a genetic classification in which stalactites and sta
lagmites are included as a form of congelation ice within the 
subgroup of extruded ice. Such ice is formed primarily by 
the "freezing of water draining along a (cold) solid surface." 
The type ice referenced is found in the Kungar Ice Caves in 
the Ural Mountians. 

The crystal structure of the stalagmite from the Crystal 
Ice Cave was examined to determine in which of two ways 
growth proceeded: 1) that of rapid and sporadic freezing , or 
2) that of slow and continuous freezing. If the ice developed 
in the former manner, it would be cloudy and possibly con
centrically layered due to entrapment of air bubbles between 
the layers. Crystallization would produce many small individ
ual ice grains with their optic axes in random orientation. If, 

however, the ice formed as a result of a slow and continuous 
process, it would be transparent due to the gradual expulsion 
of all dissolved air. Large single crystals would be able to 
develop through migratory recrystallization and the orienta
tion of ·the optic axes of the newly accreted ice would be 
parallel to the optic axis of the parent crystal. These proces
ses eventually produce a single, optically unif.)rm crystal. 

Initial observations of the small stalagmite of ice (Fig. 10-
1) from the Crystal Ice Cave show it to be clear and essenti
ally bubble-free (0.915 gm/ cm3 vs 0.9165 gm/cm3 for 
bubble-free ice at 0°C, Dorsey, 1940) but interspersed with 
soil particles and macro scale fractures. This suggests that the 
ice formed through a slow and continuous process. The clar
ity of the ice makes it possible to trace the individual crystal 
boundaries through thick sections when they are placed 
under crossed polaroids (Fig. 1 0-2). A further examination 
of the optical characteristics detail the internal structure 
and development of the stalagmite. 

FIGURE 10-1. The ice stalagmite sample. The sample is 30 em long x 
13 em diameter. 



4 2 

Section 3 

Section 2 

Section 1 

FIGURE 10-2. Diagram of ice stalagmite sample. 

LABORATORY PROCEDURE 

Three horizontal cuts were made through the sample, of 
which two are shown in Figure 10-1. The third cut was made 
approximately midway between the tip of the stalagmite and 
top of section 2 (Fig. 1 0-2). Horizontal thin sections were 

prepared from the bottom and top of section 2 and 3 respec
tively and placed under crossed polaroids and photographed 
(Figs. 10-3 and I 0-4 ). 

FIGURE 10-3. Horizontal thin section of the basal ice structure as 
seen through crossed polaroids. 

A fourth vertical cut was made through section 2, normal 
to the grain direction (trend of elongation in the horizontal 
plane) to demonstrate a portion of the intercrystalline 
boundary relationships (Fig. I 0-5). A superposition of the 
thin section photographs along with the observation of the 
crystal outlines made possible the depiction of the ice sample 
and its internal structure (Fig. I 0-2). 

The thin section prepared from the top of section 3 (Fig. 
I 0-4) exhibited the greatest number of individual crystal 
boundaries. The crystal boundaries can be distinguished 
through rotation on a Rigby universal stage. Seven separate 
bounded forms were recognized by this method (Fig. 1 0-2). 
Sections labeled I and 2 are optically uniform as are sections 
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FIGURE 10-4. Horizontal thin section of the ice structure as it 
appears near the top of the sample. Similarity in color indicates 
similarity in optical uniformity. 

4 and 5. The azimuth extinction angles for sections 3, 6, and 
7 vary from those of 4 and 5 by 6, +2 and -2° respectively. 
Orientation measurements performed on the separate grains 
indicate that the optic axes of all the crystals are oriented in 
the horizontal plane. The crystal boundaries of sections 1 and 
2 coincide with the fracture planes observed in the sample. 

RESULTS AND DISCUSSION 

The entire sample is composed of seven or eight large 
crystals which exhibit a complex intercrystalline boundary 
structure. The crystals are nonuniform in shape but are 
strongly oriented in the vertical direction. 

FIGURE 10-5. A vertical thin section through the center of section 2, 
as seen through crossed polaroids. 

The results of the orientation measurements indicate that 
all the crystalline forms are close to behaving as if they were 
optically uniform, i.e., as a single large crystal, with the 
exception of sections 1 and 2, which although showing hori
zontal orientation, lie in the N-S plane, 90° removed from 
the remaining crystals in the stalagmite. 



It is considered that the crystals are secondary features 
which resulted from ongoing accretion and migratory recrys
tallization. Continued internal alteration would most readily 
proceed along the fine boundary lines (marked by small dif
ferences in extinction angles) separating section 5 and 6, 
and section 6 and 7 (Fig. 1 0-2). 
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The King's Bowl lava field (Greeley and King, 197 5 and 
Chapter 9) is one of the youngest flows on the Snake River 
Plain, having been dated at 2130 ± 130 years B.P. (Prinz, 
1970) on the basis of charcoal recovered from beneath one of 
the flow units (Fig. 11-1 ). Despite the small size of the field, 
it exhibits an abundance of fresh basaltic features, including 
spatter cones, feeder dikes that can be traced vertically from 
the fissure into the flow, drain back of lava into the fissure, 
squeeze-ups, "grooved" lava, cross cutting relations of lava 
and fractures, overlap relations of flow units, and a phreatic 
explosion crate.,r. Thus, in a relatively short period of time 
(and distance) a wide variety of volcanic features can be seen. 

The King's Bowl lava field is a compound, fissure-fed lava 
flow that was erupted both as sheets of lava from the fissure 
and as localized eruptions from numerous point sources along 
the fissure, identified by small spatter cones. Overlap rela
tions of flow units show that different parts of the fissure 
were active at different times; however, the separation in 
time may have been a matter of only hours. 

Some of the flow units were impounded as lava lakes con
tained by self-constructed natural levees. In some cases the 

lava broke through the levees, flowed to a lower level (5 to 
10 m lower) and formed "perched" lava lakes. Repeated 
activity of this type resulted in terraced lava lake surfaces. 
This is particularly apparent in the flows east of South 
Grotto where at least four terraces can be recognized (Fig. 
11-2). 

Although the tour over the field could begin and end 
almost anywhere, the convenient place to start is at the 
visitor facility at Crystal Ice Cave, where permission should 
be obtained to walk off the main trails. Please note that a cer
tain amount of care should be exercised in walking across the 
lava to protect yourself (the lava is rather sharp and jagged, 
and there are deep holes and cracks in the field) and to pre
serve the fragile volcanic features. 

Several walking tours of the King's Bowl lava field are 
feasible, depending on the length of time available. In order 
of increasing lengths, possible tours are given in Table 11-1. 
Figure 11-3 is a geologic map of the field; Figure 11-4 is an 
aerial photograph showing station numbers. 



FIGURE 11-1. Oblique aerial view southward of part of the King's Bowl Flow, the main fissure and sets of parallel extensional fractures that have been 
covered by lava. NASA-Ames photograph by Ronald Greeley, 1969. 
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FIGURE 11-2. View southwestward of South Grotto, the southern 
end of the King's Bowl lava field (Station 11 ), showing several 
perched lava lakes (light-toned areas) contained by lava levees; linear 
features in foreground are extensional fractures that parallel the 
main fissure. Spatter cones mark the main fissure. Photograph by 
Ronald Greeley, University of Santa Clara, June, 1977. 

Key (Figs. 
11-3, 11-4) 

1. Stations 
1' 4, 5 

2. Stations 
L 2, 3, 
4,5 

3. Stations 
1, 2,-2A, 
3,4,5 

4. Stations 
1, 2, 3, 
4, 5, 6, 
7, 14 

5. Stations 
1-14 

TABLE 11-1 
GEOLOGIC TOURS OF THE 
KING'S BOWL LAVA FIELD 

Time and 
Features Distance 

Lava "mounds," channel-flow, 1.5 hours, 
lava lake crust, squeeze-ups, 1km 
ejecta block field, phreatic erup-
tion crater, vesicle cylinders, 
compound lava flows, feeder dikes 

As above, plus lava lake levee, 2.5 hours, 
superposed fresh flows, tensional 2.3 km 
fractux:es, age relations of flows 
and fractures 

As above, plus a lava lake 3.5 hours, 
3.9 km 

Same as 2 plus drainback of lava 4 hours, 
into fissure, change in flow tex- 3.7 km 
ture at flow front, exposure of 
tephra 

Same as 4 plus en echelon All day, 
fissure; spatter ramparts; 6km 
terraced, "perched" lava lakes 



STATION 1 (Viewing area Crystal Ice Cave) 

This station gives a good overall perspective across the 
field (Fig. 11-5). The view west and southwestward is across 
the surface of a former lava lake. The rock platform is built 
of material excavated from the Ice Cave tunnel and piled on 
one of the lava mounds (see Chapter 9). Although the origin 
of these mounds is not wholly resolved, some appear to be 
remnants of a levee that contained a lava lake. Several lava 
mounds are visible north of the lookout and on the horizon; 
examination of their distribution (Fig. 11-4) shows the pos
sible relationship to the former lava lake. 

Leave the lookout and walk north along the fissure, noting 
the different flow units. At least two, and possibly three, 
thinly bedded flow units overlie pre-rift, massive flows. The 
swirling pattern observed in -some of the young flow units is 
characteristic of near-vent areas (see Fig. 11-6 and Station 5) 
and are collapsed shelly pahoehoe flows, similar to those 
described by Swanson ( 1973 ). The contact between the pre
rift flow and the younger fissure flows is marked by a promi
nent soil horizon which often supports vegetation in the rift. 
It is from this soil horizon that charcoal was obtained for the 
C 14 date for the King's Bowl flows. This date applies to the 
earliest flow unit in the vicinity of King's Bowl. 
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Geologic Sketch Map of Kings Bowl Area 
E. Theilig, R. Greeley, and J. King 
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FIGURE 11-3. Geologic sketch map; circled numbers are keyed to text. 
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FIGURE 11-5. Oblique aerial view westward across the Crystal Ice 
Cave visitor center and the King's Bowl fissure; arrow marks Station 
1 (visitor overlook); dark hills are lava mounds. Photograph by 
Ronald Greeley, University of Santa Clara, June, 1977. 

FIGURE 11-6. Swirling pattern in thin flow units exposed in the wall 
of King's Bowl (Station 5 ); the pattern represents collapsed shelly 
pahoehoe blisters, as described by Swanson ( 1973) in Hawaii. Pocket 
knife indicates scale. 



Note the vertical gouges and grooves in the walls of the 
rift (Fig. 11-7), formed by phreatic eruption(s) from the rift. 
Blocks and smaller sized tephra can be seen on both sides of 
the fissure in this area. Continue along the fissure to Station 
2. 

FIGURE 11- 7. Vertical grooves and gouges (arrows) in the wall of the 
fissure fanned by ejecta from phreatic eruptions (near Station 1). 

STATION 2 

The age relationship of the younger King's Bowl flow to 
the older King's Bowl flow is apparent here by superposition. 
Note that the inner set of fractures cut the older flow and is 
in turn overlapped by the younger lava lake flow, indicating 

that extension occurred in the time between the emplace
ment of the two flow units. Follow the fissure northward 
across the road to Station 2A. 

STATION 2A 

This station marks the Creon's Cave area which includes a 
small lava lake, a small spatter cone, and several "perched" 
lava ponds. The flows from this eruption center also post
date the older flow that has been cut by the inner fractures. 
The Creon's Cave flows may be contemporaneous with 
the lava lake at Crystal Ice Cave, but as the two ate not in 
contact, the exact age relation cannot be determined. 

Several small flows which erupted from "point sources" 
can be seen along the fissure an additional 2 km north of this 
area. 

Return south along the fissure to Station 3. 

STATION 3 

Levees constructed by lava lake activity are well displayed 
here. As observed in active flows in Hawaii (Fig. ll-8a,b ), 
momentary halts in advancing flow fronts cause lava to con
geal and become fixed in place so that it forms a barrier to 
later surges in the flow. Mobile crusts on the flow, however, 
are often shoved over the congealed flow front by the surge 
and pile up, plate by plate, to form a levee. Occasional lava 
overflow of the juvenile levee forms lava tubes and channels 
(as seen here), adding to the levee. Thus, under certain con
ditions, substantial levees are built. 

Proceed southward al,ong the fissure to . .Station 4. 
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FIGURE 11-Ba. An actively growing levee, Mauna Ulu, Hawaii; tongues 
of pahoehoe are overflowing the levee at many points. This levee 
consists mostly of such tongues, although some plates of crusted lava 
from the lake surface have been pushed to the top of the 'levee as 
well. The fountain feeding this lake is visible in the upper left. 
Photograph by R . T. Holcomb, U. S. Geological Survey, January 21, 
1974;from Holcomb and others, 1974. 

FIGURE 11-Bb. Lava lake levee forming at the Mauna Ulu summit by 
acc;retion of slabs of lake crust that are shoved laterally. Photograph 
by Ronald Greeley, University of Santa Clara, November, 19 73. 

STATION 4 

Four features are of particular interest in this area: lava 
mounds, the lava lake surface, ejecta blocks and squeeze-ups. 
The lava mounds are_ all ~t about the same level, po_ss_ibly 
indicating an origin related to the lava lake. Note the "flow
outs" between the mounds. The lava lake crust is very 
smooth and flat in this area. As the lava lake subsided by out
flow, degassing, and drain back into the fissure, the crust 
settled and was broken into the plate-like masses observable 



today. Squeeze-ups are the bulbous masses of lava (Figs. 11-9 
and 11-1 0) ranging in size from 0.5 m to more than 2 m 
across; many are hollow. The squeeze-ups resulted from 
molten lava oozing through cracks on the lava lake crust, pos
sibly in response to the pressure generated by the crust as it 
subsided. 

FIGURE 11-9. Field of lava squeeze-ups on the King's Bowl flow. 
Many of the squeeze-ups are hollow, and some have been impacted 
by ejecta from King's Bowl. Squeeze-ups range from 0.2 to more 
than 1. 0 m across. Several "lava mounds " are on the horizon. 
Ejecta blocks (arrow) litter the surface. 

FIGURE 11-10. Linear squeeze-up formed on the crust of the lava 
lake, Station 4. 

Lithic blocks are scattered over this general area, increasing 
in frequency toward the fissure. The largest blocks are more 
than 2 m across and are found nearest King's Bowl. Although 
blocks (Fig. 11-11) are found on both sides of the fissure, 
they are prevalent on this, the west side. This is due, first, to 
their partial burial in tephra on the east side (described at 
Station 5) and, second, to a "sport" of a few years ago, 
before the area was declared a National Landmark, when 
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FIGURE 11-11. View across the King's Bowl lava flow showing part 
of ejecta block field that resulted from the phreatic explosion of 
King's Bowl. Blocks range up to 2 m across. "Lava mounds" are on 
the horizon. 

"four-wheelers" would push blocks into King's Bowl and into 
the fissure (J. Papadakis, personal communication). Blocks 
on the west side were protected by their relative inaccessi
bility. 

The blocks were thrown out by phreatic eruptions, contri
buting to the creation of King's Bowl in the process. Many of 
the blocks penetrated squeeze-ups and parts of the lava lake 
crust when the lava was still plastic, indicating near-contem
poraneity of the lava effusion and phreatic activity (Fig. 11-
12). 

Cross the fissure (take care) and proceed to Station 5. 

FIGURE 11-12a. Small ejecta block (left of pocket knife) thrown 
from King's Bowl which impacted the still-molten lava squeeze-up, 
indicating nearly contemporaneous phreatic explosion and lava 
effusion. 

STATION 5 

This station is a tourist overlook for King's Bowl (Fig. 11-
13; Chapter 9) which is a 85 m long, 30 m wide, 30 m deep 
crater on the main fissure, formed partly by a ·phreatic ex
plosion. The depression was enlarged by collapse, perhaps in 



FIGURE 11-12b. Ejecta block that impacted the lava lake crust. 

response to withdrawal of magma. The small hole at the 
north end of the crater near the tourist wall displays a feeder 
dike in the fissure that can be traced laterally into the King's 
Bowl flow (Fig. 11-14). 

The surface from the fissure eastward across the flow has 
been blanketed by fine-grained tephra erupted during the 
phreatic explosions. Prevailing westerly winds caused its 
deposition to the east. 

Follow the trail southward to the entrance of King's Bowl 
and descend into the crater. The walls of the crater provide 
an excellent opportunity to observe Snake River Plain lava 
flows in cross section (Fig. 3-4 ), a rare occasion in an area so 

FIGURE 11-13. Aerial view of the Crystal Ice Cave visitor center and 
King's Bowl, a phreatic explosion crater; numbers refer to stations in 
the field guide. Photograph by Ron Papson, University of Santa 
Clara, June, 19 77. 

little eroded. At the point where the trail enters the crater 
(south end of crater on east side), the upper flows show a 
swirling pattern (Fig. 11-6). This has been described by 
Swanson ( 1973) as resulting from the collapse of fragile 
shelly pahoehoe, a flow variety characteristic of near-vent 
activity where devolatilization creates gassy blisters in the 
lava. Subsequent lavas on the top of the blisters cause them 
to collapse, producing the texture observed here. 

A prominent soil horizon is visible at a lower level. This 
horizon can be traced laterally along the wall and gives some 
appreciation of the hummocky surface of the older lava flow 
and the wide variation in soil thickness. Beneath the soil hori
zon is a massive compound flow composed of several flow 
units. Note the vesicle patterns (Fig. 11-15) in these units. 
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FIGURE 11-14. View of dike-filled rift near King's Bowl overlook. 
Dike-lavas are clearly seen feeding the King's Bow/lava flow, both to 
the west (beneath figure) and to the east. "Lava mounds" are on the 
horizon. · 

At the bottom of the trail, a dike is exposed in the fissure 
in the north end of the crater (Fig. 11-16). Proceed (with care) 
over the rock pile northward into the fissure to observe the 
grooved walls of the fissure. 

Retrace the trail out of the crater and continue south 
along the fissure to Station 6. Note the drain back of the lava 
into the fissure (Fig. 11-17). In some places, drainback 
formed small lava tubes which emptied into the fissure. 

STATION 6 

This area marks several lava mounds (Fig. 11-18) and the 
southern boundary of the innermost lava lake (Chapter 9). 
Note the channelled flow between the mounds. 

FIGURE 11-15. Vesicle cylinders exposed in the wall of King's Bowl. 

STATION 7 

This area marks the edge of the young flow. Note the 
stratigraphic relations of the two flows in contact and the 
rugged relief on the older flow, then extrapolate that relief 
beneath the younger flow and compare with observations 
made of the flow cross sections in King's Bowl Crater. 

This station is near one of the several prominent pressure 
ridges formed in the older flow. Pressure ridges typically have 
a medial fracture along their axes. 

Follow the flow contact back to the fissure and continue 
to Station 8. 



FIGURE 11-16. View of the dike in the fissure at the north end of 
King's Bowl. 

FIGURE 11-17. North end of main part of King's Bowl flow, showing 
part of flow that drained back into the fissure (dark area); figure is 
on a levee formed on a channel that emptied into fissure. Summit 
of Grand View low shield is on horizon. 

STATION 8 

Examine the aerial photograph of this area (Fig. 11-4) and 
note the "blurred" appearance of the surface de ail. This area 
is blanketed by ash which was probably erupted from the fis
sure. It has not been determined if this eruption was contem
poraneous with the phreatic eruption of King's Bowl; how
ever, the ash field appears to be overlain by the King's Bowl 
flow. 
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FIGURE 11-18. View of a typical lava mound on the King's Bowl 
Flow. Lava mounds range from about 1.5 to 3.5 m high and are 
"plated" with smooth pahoehoe lava. 

STATION 9 

At this point, the prominent fissure ends. Walk eastward a 
few dozen meters to pick up the next segment. This en 
echelon arrangement of fissures and fractures is typical along 
the rift sytem. 

STATION 10 

This station is identified by the series of prominent spatter 
cones aligned over the fissure (Fig. 11-2). The southernmost 
spatter cone has been breached to the south and east by sub
sequent flows. South Grotto is the area where the greatest 
descent was made into the rift (Prinz, 1970). From this area, 
the fissure may be traced southward an additional 1-2 km 
beyond the road where small, isolated flow units and spatter 
cones are present. 

STATION 11 

From Station 10 to Station 11, the path descends a series 
of lava lakes arranged in terraces. Note the levees and flow
out relations from one lake to the next (Fig. 11-2). Squeeze
ups are present on many of the lakes (Fig. 11-19). 

FIGURE 11-19. Slab of grooved lava that was thrust up through the 
crust as a squeeze-up on one of the lava lakes in the South Grotto 
area (Station 11). 

STATION 12 

Contact between the flows from the King's Bowl area and 
fissure flows from South Grotto is seen here (Fig. 11-20). 
The age relations between flow units are not always clear. 
Observations of active flows in Hawaii (Fig. 11-21) show that 
young flows sometimes squeeze beneath older flows; thus, 
apparent superposition of flow units along the contact may 
not be a reliable indication of age. 

East of this point, the fissure flows cover the outer set of 
extensional fractures (note on aerial photograph). 



FIGURE 11-20. Oblique aerial view northwestward across the King's 
Bowl field, showing the contact between the King's Bowl flows 
(solid arrows) and the flows from South Grotto (open arrow) at 
Station 12; arrows indicate flow direction. 

FIGURE 11-21a. Fresh pahoehoe flow from Mauna Ulu, Hawaii, 
showing edge of flow that is raised above the surface, evidently as a 
result of contraction during cooling. Later flows can push beneath 
raised flow margins, as shown in Figure 21 b. Photograph by Ronald 
Greeley, University of Santa Clara, August, 1971. 
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FIGURE 11-21 b. Contact relation of two flows on Mauna Ulu, 
Hawaii. Younger flow (platy texture on left) has shoved beneath 
older flow on the right. 

STATION 13 

This station marks the levee of the lava lake associated 
with King's Bowl. 

STATION 14 

Borrow pit in the tephra, showing thickness of ash in this 
area to be about I m. Tephra ranges in size from ash to lapilli 
(pea-gravel sized; see Chapter 9). The rounded masses to the 
east are "mounds" that have been blanketed by tephra. 

Continue to parking lot. End of trip. 
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Split Butte is a volcanic structure of recent origin located 
in the south-central Snake River Plain at latitude 43 °N, longi
tude 113°20' W. It lies approximately 13.5 km west of 
King's Bowl and 22 km north of the Snake River. The Butte 
overlies basalt flows of the undifferentiated Snake River 
Group, which are Upper Pleistocene to Recent in age. 

The surface of the flows in the south-central plain are 
typically of low relief and locally slope about 6.0 m per km 
from northeast to southwest. The lavas were probably very 
fluid, as indicated by the low slopes and large areas covered 
by the flows. A single flow may cover several hundred km 2 

of the plain (Steams, Crandall and Steward, 1938). Russell 
(1902) estimated the thickness of the individual flows in the 
Snake River Group at 50 to 80 m; however, Steams, Cran
dall and Steward (1938) estimate thicknesses of 3 to 25 m 
for most of the flows. The nearby Wapi lava field basalts flow 
over fissures of the King's Bowl fracture set (Champion, 
1973) which implies that they are among the most recent 
flows in the area. The recent origin of the King's Bowl frac
ture set is indicated by the age of one of the earliest flows to 
emanate from it, which has been dated at 2130 ± 130 years 
(Prinz, 1970). The young Wapi flows encroach upon Split 
Butte from the southeast, indicating that the Butte predates 
the Wapi. 

A veneer of loess mantles all but the most recent flows of 
the Snake River Group, but many of the prominences on the 
lava surface remain exposed. 

Split Butte (Fig. 12-1) is a volcanic construct consisting 
of a tephra ring 550 m in diameter which at one time re
tained a lava lake. The tephra ring has a maximum relief of 
approximately 50 m relative to the surrounding plain. It is 
moderately asymmetrical and shows a greater accumulation 
of ash on the northeast, the result of prevailing south westerly 
winds during the eruption. The tephra, which consists of 
partially palagonitized sideromelane and lithic fragments, is 
thinly bedded and dips radially away from the center of the 
crater. A large "split" or gap 150 m wide occurs in the 
eastern section of the tephra ring (Fig. 12-2). The ring is in 
disconformable contact with the basalt of the lava lake and 
is discontinuous, as the lake basalt appears to have over
flowed a section of the tephra on the southwest. The lake 

crusted and solidified to an unknown depth, after which the 
central portion of the lake subsided, apparently due to with
drawal of magma in the subsurface. This resulted in an inner 
pit crater 420 m in diameter and approximately 20 m deep. 
A small cluster of spatter cones lies on the circular fracture 
along which collapse occurred, and colluvium from the frac
ture sc-arp together with unconsolidated loessal sediments 
cover the pit crater floor. Three parallel basalt dikes cut the 
tephra ring along the northwest rim of Split Butte. The thin, 
nearly vertical dikes are traceable for nearly 200 m before 
disappearing beneath unconsolidated sedimentary cover to 
the northeast. 

TEPHRA RING 

Outcrop Description 

The Split Butte tephra forms a low, asymmetric ring 
which has the greatest accumulation on the northeast side of 
the structure. The ring is also slightly elliptical, with the 
major axis oriented northeast-southwest, evidently re'flecting 
the prevailing wind direction during eruption. 

The tephra, which varies in color from black to reddish
brown, occurs in two basic types: thickly bedded to massive 
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FIGURE 12-1. Geologic map of Split Butte. 
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FIGURE 12-2. Oblique aerial view southwestward across Split Butte. 

basal layers which are poorly sorted and extensively palagoni
tized; and, above this, thin planar beds of well-sorted ash. 
The thinly bedded tephra, which comprises the bulk of the 
ring, dips 20° to 40° radially outward from the center of the 
crater. Individual layers are from 2 to 10 em thick and are 
the result of variations in grain size, sorting, and color of 
constituent materials. The thin layers also vary in resistance 
to erosion and this accentuates the bedding. Erosion of less 
resistant layers results.in low ridges and shelf-like projections 
of resistant material. Individual beds vary somewhat in thick
ness, but lack dune forms and cross bedding. Numerous lithic 
fragments up to L-2) m in diameter are found in the tephra 
and cause bedding sags in the layers below them (Fig. 12-3 ). 

FIGURE 12-3. Bedding sag in tephra below basalt ejecta block. 

Reversal of dip of the ash occurs close to the lava lake 
contact, with the tephra layers changing from their outward 
dip to an inward dip of 25° to 35° toward the center of the 
vent. The layers thus form an anticlinal-like structure, the 
axis of which is visible at several points around the ring 
(Greeley and King, 197 5). This dip reversal is depositional 
and represents the opposing primary dips of the eruption 
rampart. 

The Split Butte tephra is very porous and typically quite 
friable. Erosion of the outer dip slopes of the tephra ring. has 
produced a very irregular dissected topography that is most 
prominent in the thick eastern deposits. A large gap, or 



"split," occur~ in the eastern section of the tephra ring. The 
"split," after which the Butte was named, occurs at the point 
of greatest accumulation of the tephra and is either the result 
of removal of a large volume of tephra from the ring, or 
deposits never accumulated in this area. 

Petrographic Description 

In thin section, the tephra consists of round glass grains 
which lie in a matrix of angular clasts and very finely divided 
dark brown material. The glass grains, which comprise 30 to 
45% of the tephra, range in size from 0.5 to 4.0 mm in dia
meter, with an average size of approximately 2.0 mm. The 
glass grains are highly vesicular with the vesicles showing local 
flattening and stretching. Deformation of the light brown iso
tropic glass is also indicated by flow banding and trains of 
opaque inclusions (Fig. 12-4 ). The grains frequently contain 
inclusions of plagiqclase and olivine, which comprise 3-5% 
of the tephra. 

The vesicular grains lie in a matrix composed of smaller 
angular glass clasts which constitute 20 to 30 % of the tephra, 
and very finely divided glass which is rich in opaque minerals. 
The angular clasts range in size from 0.05 to 0.5 mm in maxi
mum dimension and are composed of light to medium brown 
glass having an average.refractive index of 1.612. Utilizing the 
relationship of the refractive index of natural volcanic glasses 
versus per cent Si02 (Williams, Turner and Gilbert, 1954), 
the Si02 content of the glass from Split Butte is estimated at 
4 7%. The clasts are less vesicular than the larger grains, with 
the vesicles, where present, typically spherical and generally 
less than 0.1 mm in diameter (Fig. 12-5). A thin layer of 
palagonite rims the glass grains in several of the samples 
studied and slight devitrification ·is ubiquitous. Secondary 
mineralization is also present in some samples, as evidenced 
by the presence of cryptocrystalline calcite, radiating clusters 
of elongate quartz crystals, and very fine-grained buff ma
terial filling many of the void spaces. 

FIGURE 12-4. Plastic deformation in large glass grains in tephra (X 30). 

INNER LAVA LAKE 

A lava lake consisting of an undetermined thickness of 
layered basalts was confined by the tephra ring (Fig. 12-6). 
The lava lake appears to have overflowed a section of the 
tephra ring on the southwest (Holcomb, personal communi
cation), causing the ring to be discontinuous. The lava lake 
is preserved as a continuous shelf of basalt which is covered 
by float and aeolian and colluvial sediments. The medium 
gray, fine-grained basalts are moderately vesicular and are 
composed of phenocrysts of labradorite (An 55-65%) and 
forsteritic olivine (Fo 78-88%) in a matrix of clinopyroxene 
and intersertal glass (Fig. 12-7). 
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FIGURE 12-5. Photomicrograph of glass clasts exhibiting blocky 
shapes and arrested vesicle growth (X 30 ). 

The central portion of the lake has subsided, forming a 
flat-bottomed pit crater 20 m .deep and 420 m in diameter. 
The pit crater is roughly circular and is bounded by the 
nearly vertical walls of the fracture scarp. A small cluster of 
spatter cones lies on the pit crater fracture. The spatter con
sists of highly oxidized, scoriaceous basalt which is very 
glassy and rich in iron oxide. These spatter basalts were 
apparently the last volcanic activity at Split Butte. 

BASALT DIKES 

Three parallel basalt dikes tangentially cut the tephra ring 
along the northwest rim of Split Butte (Greeley and King, 
1975) (Fig. 12-1 ). The nearly vertical, curviplanar dikes are 

FIGURE 12-6. Lava lake basalt in disconformable contact with 
dipping tephra layers. 

20 to 3 0 em thick and are traceable for over 200 m before 
being covered by unconsolidated sediments. The dikes are 
more resistant than the tephra they cut and form ridges 
standing 30 to 45 em above the tephra (Fig. 12-8). The dikes 
have dense, glassy chilled margins 5 em thick. Flow structure 
is frequently visible in the center of the dikes, which are 
moderately vesicular. The tephra in contact with the dikes 
exhibits an approximately 8 em thick baked zone which con
sists of tephra altered to a black, cindery layer. 

In thin section, the basalts consist of subhedral pheno
crysts of plagioclase (An 54-60%) and olivine (Fo 86-90%) in 
a glassy, opaque-rich groundmass (Fig. 12-9). Minor amounts 
of clinopyroxene and secondary calcite are also present. 

SURFICIAL FLOWS 

Surface flows of the undifferentiated Snake River Group 
have encroached Split Butte and completely surrounded it. 



FIGURE 12-7. Photomicrograph of lava lake basalt (X 30). 

The advancing lava stopped where it encountered the outer 
slopes of the Butte and formed a moat-like depression 2-5 m 
deep around the Butte. Numerous small pressure ridges up 
to 5 m high are aligned with their axes perpendicular to the 
flow direction. The flows are covered by discontinuous aeoli
an sediments, with prominences on the lava surface remaining 
exposed. 

A lobe of the Wapi flow basalts encroaches Split Butte in 
the southeast (Fig. 12-1 ). These Holocene basalts overlie 
Snake River Group basalts and are free of sediment cover. 
Although they are undated, Wapi flows cover fissures of the 
King's Bowl fracture set (Champion, 1973) which may be as 
young as 2130 years~ 130 years (Prinz, 1970). The flow sur
face is very irregular and has well developed ropy pahoehoe 
texture. 

FIGURE 12-8. Curviplanar, nearly vertical basalt dike exhibiting 
vesicular core and baked contact zone in the adjacent tephra. 

FORMATION OF SPLIT BUTTE 

Based on field studies and subsequent petrographic obser
vation and grain size analysis of its tephra, Split Butte is 
believed to be a maar crater resulting from the phreatomag
matic eruption of magma. Although there is little agreement 
on the definition of maars, they may be described as land
forms which are caused by volcanic explosion and consist 
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FIGURE 12-9. Photomicrograph of the dike basalt (X 30 ). 

of a crater, which reaches or extends below general ground 
level and is considerably wider than deep, and a surrounding 
rim constructed of material ejected from the crater (Oilier, 
1967). 

Maars are commonly attributed to phreatomagmatic 
eruptions or explosions resulting from the generation of 
steam from the interaction of groundwater with erupting 
magma (Walker and Croasdale, 1971 ). Oilier (1974) adds 
the restriction that juvenile magmatic material must be 
present in the ejecta. 

The phreatomagmatic nature of the eruption which 
formed Split Butte is indicated by the following observa
tions: 

The major component of the tephra is clear, light to 
medium brown siderom.elane, which occurs as fragments con
taining 3-5% crystalline material. Conversion of magma to 
such a glassy deposit suggests extremely rapid cooling, as 
would be achieved by quenching in water. The glassy frag
ments in the tephra occur in two forms, large vesicular grains 
and small dense clasts. The small clasts have few vesicles; the 
vesicles tend to be spherical and rarely show flow stretching. 
This is explained in other maar craters by rapid arresting of 
bubble growth in the magma as it was quenched (Heiken, 
1971 ). Stretched vesicles are diagnostic of cinder-cone pyro
clastics, which Walker and Croasdale (1971) term Strombo
lian type deposits. 

The clasts are shattered fragments of glass formed by 
quenching magma in water. They are blocky and commonly 
have .straight to slightly curved edges. In contrast, the ejecta 
from non-phreatomagmatic cinder cones is composed pri
marily of acheliths-particles whose form is controlled by 
surface tension rather than fracture planes (Walker and 
Croasdale, 1971) and have shapes ranging from spherical 
to filamentous. No such particles were seen among the clasts 
in the Split Butte tephra. 

The tephra of Split Butte contains numerous glassy grains 
ranging in size from 0.5 to 4.0 mm. These _rounded and vesic
ular grains commonly show well developed flow structure in 
the form of stretched and flattened vesicles. The surfaces of 
these grains appear to be fluid boundaries rather than frac
ture planes. The evidence indicates that the larger grains were 
chilled less quickly than the clasts and therefore originated 
under conditions of limited water interaction. 

Numerous crude accretionary lapilli are present in the 
tephra. They consist of nucleii of glass grains which are 
coated with thin layers of fine ash (Fig. 12-1 0). Moist con
ditions are necessary for the accretion of ash around a 
nucleus (Steams, 1925) and Moore and Peck (1962) indicate 
that water-rich ash clouds are primarily associated with 



FIGURE .12-10. Photomicrograph of tephra showing well-developed 
accretionary lapillus (X 30 ). 

phreatic eruptions of basaltic magma. The presence of accre
tionary lapilli in the tephra of Split Butte, therefore, provides 
additional evidence of a phreatomagmatic phase of activity. 

It is also possible to differentiate phreatomagmatic and 
non-phreatomagmatic basalt ashes on the basis of their grain 
size parameters. Walker and Croasdale (1971) have demon
strated that phreatomagmatic ash is generally finer grained 
and more poorly sorted than non-phreatomagmatic ash. Plot
ting median grain size versus variance reveals that ash from 
Split Butte falls in a distinctly different field than that 
occupied by known non-phreatomagmatic ash in a similar 
plot (Fig. 12-11 ). The tephras from Split Butte have consis
tently higher variances and finer median grain sizes than non
phreatoma.gmatic ash. Comparison of plots of ash from Split 
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Butte with plots of known phreatomagmatic ash reveals a 
much greater correlation (Fig. 12-11 ). The sorting and 
median grain size, therefore, indicate that Split Butte tephras 
are phreatomagmatic in origin. 

Other indications of water-rich conditions associated with 
a phreatomagmatic eruption at Split Butte are: 1) plastic de
formation of impacted ash layers below basalt ejecta blocks; 
2) the massive nature and extensiv·e palagonitization and 
secondary mineralization of the basal ash layers (Fig. 12-12); 
and 3) an estimated original height-width ratio of approxi
mately 1: 10 of the ash ring. However, since the amount of 
erosion is unknown, and the extremeties of the ramparts have 
been concealed by recent basalt flows, an accurate determi
nation of the height-width ratio is not possible. 

FIGURE 12-12. Sample of tephra from lower, massive ash layer exhib
iting extensive palagonitization and secondary mineralization (X 30 ). 

There are two basic mechanisms which form pyroclastic 
deposits: air fall or flow processes (Walker, 1971). Base 
surge is one type of flow process which is often associated 
with phreatomagmatic eruptions (Moore, 1967; Lorenz, 
1973 ). It is defined as a basal cloud of pyroclastic debris 
spreading radially outwards from a crater as a density flow 
(Moore, 1967). 

Studies by Sheridan (1971) and Walker (1971) indicate 
that statistical parameters may be used to differentiate air 
fall pyroclastics from flow deposits. Their data indicate that 
air fall deposits are coarse-grained and well sorted while flow 
deposits are fine-grained and poorly sorted. 

Comparison of the distribution parameters of ash from 
Split Butte with Walker's data (Fig. 12-13) indicates that the 
tephra of Split Butte seems to correlate fairly well with 
known flow deposits, although some air fall pyroclastics seem 
to be present as well. 

In conclusion, the primary mechanism of emplacement of 
the tephra is considered to be air fall based on the lack of 
dune .forms, channel ways, and cross bedding in the ash layers, 
and the presence of abundant accretionary lapilli in the teph
ra. Grain size analysis of the tephra, however, indicates the 
presence of base surge during the phreatomagmatic phase of 
the Split Butte eruption. 

SEQUENCE OF EVENTS 

The following sequence of events is hypothesized to have 
produced Split Butte (summarized in Fig. 12-14). 

Stage 1 : Production of the tephra ring 
During Late Pleistocene or Early Holocene, rising basaltic 

magma erupted at Split Butte as part of the widespread effu
sive activity of the eastern Snake River Plain. The rising 
basaltic magma encountered abundant near-surface ground
water, causing the phreatomagmatic explosions which pro
duced the tephra ring. The tephra was deposited primarily 
by air fall, with some base surge possibly active as well. 
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Prevailing southwesterly winds during the eruption resulted 
in thicker deposits of tephra on the northeast section of the 
ring. 

Stage 2: Emplacement of the lava lake 
The second stage in the development of Split Butte was 

the emplacement of the lava lake, which overflowed a section 
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FIGURE 12-14. Sequence of events. 
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of the tephra ring on the southwest. This shift in eruptive 
style was caused by the cessation of phreatomagmatic activ
ity at the vent. 

Phreatomagmatic activity is frequently observed to be 
followed by a period of eruption during which there is no 
water-magma interaction (Heiken, 1971 ). This lessening inter
action may be caused by the removal of access of water to 
the vent, consumption of groundwater supplies by the erup
tion, or by a greatly increased eruption rate lessening the 
effect of the water. The cessation of phreatomagmatic activ
ity at Split Butte is considered to be the result of an upward 
surge of magma. Such an increase in the hydrostatic head of 
the magma column has the effect of excluding groundwater 
from the conduit area, causing the phreatomagmatic phase of 
eruption to cease. Evidence of this increase in magmatic 
pressure is seen in the high level of the lava lake, which was 
maintained at a level of approximately 15 m above the 
surrounding plain. 

The emplacement of three parallel basalt dikes is con
sidered to have occurred during this stage of activity. The 
dikes tangentially cut the ring in the north and could have 
been propagated along slump fractures caused by the ~gita
ted, molten lava lake. The dike basalts bear strong composi
tional and textural similarities to the lava lake basalts, and it 
is therefore tentatively assumed that the dikes were fed from 
the lava lake at depth and are contemporaneous with it. 

Stage 3: Withdrawal of the magma 
Following partial solidification of the lava lake, the 

magma withdrew down the conduit. Removal of support 
resulted in the subsidence of the central portion of the lava 
lake, forming a circular pit crater 420 m in diameter which is 
today 20 m deep. As the crater floor is covered by an 
unknown thickness of aeolian sediments, the original depth 
of the pit crater is unknown. It is also unclear as to whether 
the pit crater is the result of a series of collapses or subsi
dence of a single large block; however, the flat nature of the 
floor may indicate the latter. 

Two coalescing spatter cones formed after the lava lake 
subsided and represent the last volcanic activity at Split 
Butte. The spatter deposits are on the ring fracture and may 
have been a degassing outlet for late stage liquids following 
subsidence. 

Stage 4: Erosion and encroachment of surface flows 
The fourth stage in the development of Split Butte was 

the erosipn of the Butte and its encroachment by surface 
flows. 

The soft, porous tephra has been extensively eroded 
since its deposition. The outer dip-slopes of the tephra have 
been deeply dissected, producing a very irregular topography. 
Talus deposits cover the lower 8 to 10 m of the pit crater 
scarp. They consist of fine-grained sediments and large blocks 
of basalt which have fallen from the pit crater wall. Aeolian 
sediments fill depressions in the surface of the surrounding 
flows and form deposits within Split Butte, where they cover 
the pit crater floor to an unknown depth. 

Flows from Snake River Group basalts and from the Wapi 
lava field have encroached Split Butte since its formation.
The Snake River Group basalts completely surround the 
Butte and form a ring-like depression 2 ... 5 m deep around the 
Butte. A small lobe of the Wapi flow has approached to with
in 400 m of Split Butte in the southeast. 

Formation of the Split 

The formation of the large split in the eastern section of 
the tephra ring remains an anomaly. The split has developed 
in the outer dip-slopes at the point of greatest ash accumula
tion, and assuming the tephra ring was continuous upon 
emplacement, represents the removal of a large volume of ash 

from the ring. 
The split may be the result of erosion caused by the pre

vailing strong southwesterly winds of the area, as there is 
close correlation between wind direction and orientation of 
the split. The wind may have been confined by the eastern 



section of the tephra ring and funnelled over the rim at the 
location of the split. The strong winds might notch the ash at 
the top of the ramparts and continue to erode downward. 
However, the large volumes of ash which have apparently 
been eroded are not visible beyond the tephra ramparts. 

There is no indication that the split is the result of vol
canic activity, either during or subsequent to the deposition 
of the ash, nor of the tephra being significantly finer-grained 
or better sorted than at other sections of the ramparts. 

SUMMARY AND CONCLUSIONS 

Split Butte is a maar crater which consists primarily of a 
moderately ass-mmetrical tephra ring with an approximate 
original height-width ratio of 1: 10, an inner lava lake, and a 
pit crater. 

The tephra is composed of partially palagonitized and 
devitrified sideromelane glass fragments having a silica con
tent of approximately 4 7%. The tephra is considered to be 
the result of phreatomagmatic eruptions, based on .composi
tional and textural evidence in the glass grains and clasts. 
Further evidence of the influence of groundwater is provided 
by the statistical analysis of grain size data of the ash, which 
correlates closely with similar data for known phreatomag
matic ash. 

The tephra has statistical parameters which indicate the 
presence of both base surge and air fall pyroclastics. The lack 
of dune forms, cross-bedding, and channelways, and the pre
sence of accretionary lapilli indicate, however, that air fall 
was the primary mode of emplacement of the ash. 

An inner lava lake apparently formed when groundwater 
became unable to interact with the erupting magma, possibly 
as the result of a greatly increased rate of eruption. The lava 
lake overflowed a section of the tephra ring on the south
west and three basalt dikes were emplaced in the ring during 
this stage of activity. Withdrawal of the magma caused the 
subsidence of the c_entral portion of the partially solidified 
lava lake, forming a shallow pit crater 420 m in diameter. 

A small cluster of spatter cones lies in the northern section 
of the circular collapse fracture and represents the last vol
canic activity at Split Butte. 

Erosion of ash, deposition of aeolian sediments, and 
encroachment of Split Butte by flows of the Snake River 
Group and Wapi lava field complete the development of 
Split Butte. 
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ABSTRACT 

Lava flows in the Craters of the Moon (COM) National Monument, 
Idaho, and its surrounding recent volcanic field, show significant 
radiance variations on LANDSAT (ER TS) images. Preliminary mapping 
has been conducted using digital LANDSAT imagery in conjunction 
with analysis of aerial photographs and field observations. The radiance 
variations are mainly due to three surficial properties of the flows: 
surface roughness, a result of the type of flow (aa, rough-surfaced or 
pahoehoe, relatively smooth); surface chemistry and mineralogy and 
its effect on ~he blue glassy coating of the exterior of the pahoehoe 
flows; and surface cover on the pahoehoe flows by weathering, vegeta
tion, and sediment. Surface roughness allows discrimination between aa 
and pahoehoe flows. Surface chemistry and mineralogy and surface 

cover make it possible to delineate between pahoehoe flows of different 
ages. Nearly all of the pahoehoe flows have a glassy crust that is blue 
due to electron transfer processes near included magnetite crystals. 
This blue crust gives these young pahoehoe flows an unusual spectra on 
LANDSAT images - marked decrease in radiance from MSS band 4 to 
7. The radiance variations due to the blue crust are diminished with 
geologic time because of an increased cover on the surface of the flows 
by vegetation, sediment and weathering. 

Digital processing of these radiance variations prcvides investiga
tors with a broad regional and multispectral perspective for geologic 
mapping of Holocene flows. The lack of accessibility and the predomi
nance of minor features, such as flow units, make the Craters of the 
Moon (COM) area and others like it difficult areas to study. Using 
LANDSAT in conjunction with aerial photographs and field investi
gations has resulted in the following: The border of the COM volcanic 
field has been defined by contrast stretching of the light areas on the 
LANDSAT image. The individual lava flows within the volcanic field 
have been delineated by contrast stretching of the dark areas. Classifi
cation of the LANDSAT digital data supervised by the investigator on 
interactive computers such as the General Electric Image-100 make it 
possible to map individual flows in detail. 

* Reprinted from Proceedings of the Tenth International Symposium 
on Remote Sensing of Environment, 19 75. 

** On sabbatical from Grand Valley State College, Allendale, Mich. 



INTRODUCTION 

LANDSAT (ERTS) provides geologists with a multi
spectral tool for geologic maping of broad outpourings of 
Holocene lava flows in arid to semi-arid areas. The Craters of 
the Moon (COM) National Monument and Wilderness Area 
and its surrounding volcanic field is one such area of recent 
volcanism that is well suited to study by satellite. The COM 
volcanic field is a large, remote area comprising over 1300 
square kilometres in south-central Idaho (Fig. 13-1 ). Study 
by aerial photographs requires the scrutiny of numerous indi
vidual photographs and, although many lava flow contacts 
can be discerned, the flows themselves are not easily discrimi
nated. The entire COM volcanic field is contained within a 
single LANDSAT image. In addition, the LANDSAT Multi
spectral Scanner (MSS) images span a larger spectral range 
which is separated into four distinct bands: MSS band 4, 
0.5-0.6 J1 m; 5, 0.6-0.7 p.m; 6, 0.7-0.8 p.m; and 7, 
0.8-01.1 J1 m. Field investigation in these areas is often 
arduous and the multiplicity of minor features are confusing 
from the ground. This is not to say that aerial photographic 
analysis and field research are not important, but rather that 
they can be greatly complemented by using LANDSAT 
images before, during, and after field investigation. 

The COM lava flows show significant variability in radi
ance both within and between the spectral bands of MSS 
images. Radiance variability between different flows is evi
dent in both single band images and color composites of 
several bands. Radiance variability of the same flows, particu
larly the youngest pahoehoe flows of this area, can be 
observed when the different spectral bands are compared. 
Such conspicuous band to band radiance differences appear 
to be uncommon (Rowan and others, 1974; Rowan pers. 
comm. 1975). Several enhancement and classification tech
niques were employed to utilize these radiance variations for 
delineating the volcanic units (mainly lava flows) of the COM 
area. 
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FIGURE 13-1. LANDSAT images (A-D) and a location map (E) of 
Craters of the Moon (COM) area, Idaho. A-D: MSS bands 4 (0.5-
0.6 p.m); 5 (0.6-0. 7 p.m); 6 (0. 7-0.8 p.m); and 7 (0.8-1.1 p.m) 
of August 27, 1972 scene E-1035-17525, E: Outline map. Craters 
of the Moon National Monument and Wilderness Area shown by 
dark area. 
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GENERAL GEOLOGY 

The Craters of the Moon (COM) lava flows are among the 
most recent eruptions of basaltic lavas that have occurred in 
the Snake River Plain area. Other nearby areas of a similar 
nature are Shoshone, Wapi (including King's Bowl), Cerro 
Grande, and Hell's Half Acre volcanic fields. These eruptive 
events are superimposed on a thick succession of mainly 
Pleistocene Snake River Plain (SRP) olivine tholeiites that 
have filled an arcuate generally east-west downwarp across 
southern Idaho. 

COM lavas are enriched in iron, phosphorous, titanium, 
and alkalies, and are considered by Leeman and others 
(1975) to have been evolved from the Snake River Plain oli
vine tholeiites. According to Leeman and others (1975), they 
are typically basaltic (olivine ferro-basalts) in composition, 
but do contain ferro-latites that have as much as 63.5 percent 
Si02. 

The two main flow types of the area, aa and pahoehoe, 
are characteristic of extrusives of this composition. The low 
viscosity olivine ferro-basalts developed into pahoehoe flows 
which traveled long distances out from the Great Rift (Fig. 
13-2) down the topographic gradient to the east-northeast 
and more extensively to the west-southwest (Fig. 13-1). 
Those flows with Si02 content around 60 percent (ferro
latites) formed aa flows. Some of these traveled to the north
east, but most also flowed to the southwest, although not as 
far as the less viscous pahoehoe flows. The· surfaces of the 
COM lava flows are dark reltative to the other geologic units 
in the immediate area. 

Although lava flows predominate, various types of vents 
were formed along the Great Rift in the COM volcanic field 
including over 20 prominent cinder cones greater than 100 
feet in height (Steams, 1928). Most of the cones are com
posed mainly of tephra which ranges in color from light gray 
to red to black. Large areas of the lighter colored tephra 
occur as patches along the Great Rift adjacent to the cones. 
Vegetation, mainly grass and sagebrush, but including trees, 

FIGURE 13-2. Portion of MSS band 6 of August 27, 1972, image 
modified by contrast stretching to increase contrast in dark (lava) 
areas. A=aa, B=Blue Dragon Flow, G=Great Rift, K=Kipukas (both 
light SRP lavas and dark COM aa flows), O=Older pahoehoe flows 
(see Fig. 13-4 jor their differentiation), Y=Youngest Blue Dragon
type flows, X=Contact between light and dark facies of youngest 
Blue Dragon-type flows. 3a-c=areas shown in Fig. 13-3. 



grows preferentially on the north slopes of the cones due to 
the moisture which is held as snow late into the spring. In 
MSS color-infrared composite images, the cones are pink 
where they are covered with vegetation. 

Kipukas, islands of older rock surrounded by younger 
lava, occur throughout the volcanic field. The more obvious 
of these in the LANDSAT image (Fig. 13-2) are large light
colored areas of older Snake River Plain (SRP) lavas, but 
there are also many smaller kipukas of COM lava and tephra 
surrounded by younger COM flows. 

Only the youngest of the COM lavas have been dated 
radiometrically. The flows and pyroclastic deposits of this 
volcanic field probably were extruded in a relatively short 
period of time, culminating with the flows dated around 
2000 years b.p. by Bullard and Rylander (1970, 1971 ). No 
dates for the older COM flows have been published. 

METHODOLOGY 

There are a number of high-quality LANDSAT 1 images 
of the COM area. Scene E-1035-17525, acquired August 27, 
1972, was selected for study, although other images were 
also examined. One of the fastest and least expensive tech
niques entails making color composites from diazo trans
parencies using 9 inch positive black and white fum trans
parencies. A variety of different effects can be produced by 
varying the exposure for the various bands. In this investiga
tion many of the initial observations were made using this 
process and later corroborated by more sophisticated tech
niques. The color additive viewer, also used in this study, pro
duces results similar to those of the diazo technique only it is 
an additive process rather than a subtractive process and is 
much quicker, more versatile, and can yield a better photo
graphic product. 

Computer compatible tapes (CCT's) were used extensive
ly in a digital analysis of scene E-1035-17525. These tapes 
contain all the radiance data collected by the satellite and 
therefore provide a more complete record than the multi
generation photographic products of limited dynamic range 
used in the diazo and color additive techniques. Classifica
tion maps of the flows were made using a General Electric 
Image-100 (Fig. 13-3). 

Additional computer image processing was done by 
California Institute of Technology's Jet Propulsion Labora
tory (JPL) at Pasadena, California. JPL's VICAR processing 
programs first geometrically rectifies and removes noise or 
imperfections in the data (Goetz and others, 1975). Contrast 
stretching proved to be a very useful technique for delineat
ing the lava flows in the COM area. Contrast stretching is a 
procedure which allows the investigator to examine only 
those parts of the dynamic range of the image of interest 
(Goetz and others, 1975). In this study, the input radiance 
values were reassigned to new gray levels to increase the con
trast of the dark portions of the image at the expense of the 
light portions (Fig. 13-2 and Fig. 13-4) and conversely to 
increase the contrast of the light portions of the image at 
the expense of the dark portions. 

RADIANCE CHARACTERISTICS OF FLOWS 
ON LANDSAT IMAGES 

The radiance variability of the COM lava flows and rela
ted pyroclastic deposits make it possible to map much of the 
volcanic field directly from the LANDSAT data. Field and 
laboratory investigation and the use of high- and low-altitude 
aerial photography must be incorporated into any complete 
and final mapping of this area just as they were used in this 
preliminary feasibility study. What the LANDSAT perspec
tive offers beyond these more traditional approaches is it's 
multispectral broad regional coverage. 
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FIGURE 13-3. Selected alphanumeric classification maps from GE 
Image 100 (See Fig. 13-2 for location). O= cinder, vegetation, &/or 
older covered pahoehoe flows, 1 & 2 =youngest pahoehoe flows, 
@ = aa. a. Highway flow surrounded by cinders, b. young Blue 
Dragon-type pahoehoe flow (no name) superimposed on older aa 
flow (Serrate Flow) and still older pahoehoe flow (Sunset Flow), 
c. Little Prairie Aa flow (with pahoehoe flow units on edge) sur
rounded by cinders. 

FIGURE 13-4. Identical portions (all 4 MSS bands) of August 27, 
1972, image modified by contrast in dark (lava) areas. MSS 6 same 
as Fig. 13-2. Note changes in radiance values from band 4 through 
band 7 in areas delineated in Fig. 13-2, especially light and dark 
facies of youngest pahoehoe flows (Yon Fig. 13-2, 4 on this fig
ure) 1-4 refer to different age (on the basis of radiance) pahoehoe 
flows ( 1 =oldest). 



The radiance variations of the flows on LANDSAT 
images are due mainly to three properties of the flow surface: 
surface roughness, chemistry and mineralogy, and cover. Sur
face roughness allows discrimination between aa and pahoe
hoe flows. Surface chemistry and mineralogy and surface 
cover make it possible to delineate different age pahoehoe 
flows. 

Flow Surface Roughness 

Surface roughness is much greater on aa flows than on 
pahoehoe flows. Not only do aa flow surfaces consist of 
blocks that range up to more than a metre on a side, but the 
surfaces of these flows typically have undulations with a re
lief of several metres. The amount of direct sunlight reflected 
from a rough surface is less than the sunlight reflected from a 
smooth surface, other factors being held constant. Therefore, 
the rough-surfaced aa flows of the· COM area have a dark ap
pearance on LANDSAT images which is mappable by digital 
classification techniques (Fig. 13-3c). 

In contrast to aa flows, the surfaces of the pahoehoe 
flows are relatively smooth and glassy. Irregularities may 
exist on the surface of pahoehoe flows and, of course, rope
like deformations a few centimetres in relief are common but 
even when pahoehoe flows develop irregularities, such as 
when they break up into slabs, the large broken sections 
often retain their smooth pavementlike character. If pahoe
hoe flows become so viscous they break up completely, then 
they must be classified as aa flows. Therefore, it is not un
usual to have an aa facies in the distal portions of a pahoehoe 
flow. These can best be resolved by careful examination of 
aerial photographs and/or field investigation. 

A third flow type, block lava (Finch 1933 ), makes up a 
small proportion of the COM volcanic field. Block lava flows 
have a significantly higher percentage of Si02, were more vis
cous during extrusion, and have more regular and typically 
larger blocks on their surfaces than do aa flows. Typically 
their flow margins in plan view are smoother than aa and 

pahoehoe flows. The Highway Flow just north of U. S. 
Highway 20-26Alt. 93 near the monument entrance is a 
block lava flow (Fig. 13-2 and Fig. 13-3a). By visual 
examination of this flow on black and white prints in the 
four MSS bands and classifications performed on the G. E. 
Image 100, it was found that this flow has radiance charac
teristics of both aa and pahoehoe flows (Fig. 13 -3a). It is 
not known whether this is an universal characteristic of block 
lava flows. 

Surface Chemistry and Mineralogy 

Pahoehoe flows characteristically have a glassy crust. 
In the COM area this crust has an unusual blue color. One 
flow, in what is now the COM Wilderness Area, was named 
the Blue Dragon Flow (Fig. 13-2) by Russell (1902, p. 106) 
because it displayed this blue glassy coating over its entire 
surface. Faye and Miller ( 1973) have offered an explanation 
for this blue glassy crust. Their findings indicate that the blue 
color is being reflected from the vicinity of partly-oxidized 
microscopic magnetite crystals in the outer glassy crust of the 

Blue Dragon Flow. They propose that electron transfer pro
cesses (Fe2+ -Fe3+ and probably Fe2+-Ti4J due to partial 
oxidation create absorption in the 0.55-0.7 11m region (Fig. 
13 -6a). A reflectance spectra (Fig. 13 -6b) of the surface 
sample of the Blue Dragon Flow run on a Beckman DK2-A 
Spectrometer at the Jet Propulsion Laboratory indicates that 
this increasing absorbance · (decreasing reflectance) extends 
out beyond the 0.7 11m limit, used by Faye and Miller, into 
bands 6 and 7 of LANDSAT. This trend corresponds to the 
decreasing radiance (Area 4, Fig. 13-4, observed in bands 4 
through 7 of the LANDSAT images). This area of pahoehoe 
flows (Area 4, Fig. 13-4) also makes an exception to the 
generality established in a preceding section that aa flows are 
darker than pahoehoe flows on LANDSAT images. Examina
tion of area 4 on Fig. 13-4 shows that these flows are as 
dark as aa flows on MSS band 7. 
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FIGURE 13-6. Reflectance (A) and Absorbance (B) Spectra of Blue 
Dragon Flow. A. Beckman DK2 -A Spectrometer chart with range 
extended to include LANDSAT MSS bands 6 and 7. B. From Faye 
and Miller ( 1973 ). 

When Murtaugh ( 1961) mapped the flo\vs within the 
Craters of the Moon National Monument , he delineated an 
area only a few kilometres in length on the west side of Big 
Cinder Butte as the Blue Dragon Flow. Before the field work 
of this investigation, examination of the enhanced LAND
SAT images indicated that a much larger area (Area 4, Fig. 
13-4) both inside and outside the monument had a similar 
Blue Dragon-type crust. Field work bore out this hypothesis 
by demonstrating that a very large area exists (Fig. 13-2 and 
Fig. 13-4) in which very young Blue Dragon-type lavas cover 
all the other lavas and cinder areas with which they are in 
contact. 

All the dates determined on COM lavas (Bullard and 
Rylander, 1970; 1971) have been from these young Blue 
Dragon-type flows. The young Blue . Dragon-type flows also 
can be differentiated into light and dark facies in the LAND
SAT images (Fig. 13-2). The cause of this difference is due 
to the more striking lighter blue crust of the light facies. 
An untested observation is that there also appear to be dif
ferences in the lichen types growing on the two facies. The 
two facies are nearly penecontemporaneous with the lighter 
facies always having a field relationship which indicates that 
it is the younger of the two (e.g., as squeeze-ups and pahoe
hoe toes where they are in contact). 

These young Blue Dragon-type pahoehoe flows are 
easily differentiated on enhanced LANDSAT images (Fig. 
13 - 2 and Fig. 13-4) and can be mapped on either the en
hanced images (Fig. 13-2 and Fig. 13-4 ), or the classifica
tion maps (1 and 2, Fig. 13 - 3). The light and dark facies, 
however, are not easily separable. Since the source of the 
light facies (2, Fig. 13-3) has not yet been discovered in the 
field and its relationship to the dark facies when in contact 
seems to be typically as squeeze-ups, it may have been fed 
through lava tubes within the dark facies which has hidden its· 
source. Only extensive field work can test this hypothesis. 

Surface Cover 

Aa flows and pahoehoe flows are affected very differ
ently by surface cover in the COM area. The aa flows show 
little effect of cover by either sediment, vegetation, or weath
ing and retain their dark color, so that they are commonly 
considered to be younger than the pahoehoe flows with 
which they are in contact. Field relationships clearly indicate 
that their eruptions alternated with the pahoehoe flows and 
that they can be either younger or older than a particular 
nearby pahoehoe flow. Their barren nature is due, in part, to 
the scant annual rainfall (25 - 45 em) in the COM area. Many 
flows erupted during historic times in the wet parts of Hawaii 



already have a mantle of vegetation (Stearns, 1928, p. 19) 
but this reasoning applies to both kinds of flows. The rubbly 
surface and extremely permeable nature of the aa flows must 
account for their inability, compared to pahoehoe flows, to 
develop grass and sagebrush populations. Any sediment or 
water that encounters the surface of these fl"ows sifts or runs 
down into the innumerable cracks. Only trees have managed 
to grow well on the aa surface suggesting that they are able 
to take seed in the deep cracks and grow up to within reach 
of the sunlight better than the smaller plants. 

Pahoehoe flows develop a cover of sagebrush and grass 
more quickly than aa flows, although the young 2000 year
old Blue Dragon-type pahoehoe flows are still nearly barren 
of vegetation. Field work made it clear, however, that while 
the other older pahoehoe flows have varying amounts of sur
face cover by sediment, weathering products and vegetation, 
nearly all of them also have a Blue Dragon-type crust. The 
effect of this Blue Dragon-type crust on the spectral radiance 
of these flows in LANDSAT images has been diminished by 
their surface cover of sediment, vegetation, and weatheirng 
products (See 0, Fig. 13-2). The greater the amount of 
cover, the lighter are the pahoehoe flows in the images and 
the less · is the change in radiance from MSS bands 4-7 (Fig. 
13-4). 

Three and perhaps four major pahoehoe eruptive phases 
have been differentiable by this method (See 1-4, Fig. 13-
4 ). The most recent set of flows of this sequence is the pre
viously described young Blue Dragon-type pahoehoe flows 
that are around 2000 years old (See 4, Fig. 13-4). The 
LANDSAT images thus appear to be useful as a relative age
dating tool for these flows (Fig. 13-3b). Age, however, is not 
the only factor which controls the amount of weathering, 
vegetation and sediment that cover these flows. Both water 
and wind have an impact and can be especially troublesome 
factors if they vary areally. The greatest effect of water is 
along the base of the Pioneer Mountains. The Great Rift with 
its greater amount of unconsolidated pyroclastic material is 
the area ·where wind plays a dominant role. Across most of 

the area, water's effect is controlled by the rainfall because 
streams traverse nor springs issue from the area. Rainfall, 

therefore, could be a major control on the weathering and 
vegetation cover (mainly sagebrush and grass on the pahoe
hoe). The rainfall decreases 20 em (45 em to 25 em) from 
north to south across the volcanic field but it has not been 
possible, at this stage, to measure the effects of this on the 
vegetation growth and, therefore, the radiance values in the 
LANDSAT images. It would be an interesting study to make 
randomly selected sagebrush counts on low-altitude infrared 
photographs of the major pahoehoe flows. This would not 
only indicate whether there is an areal distribution due to 
factors like climate, but could provide a measure of flow age 
based on the abundance of sagebrush in randomly selected 
plots on the 3 or 4 different pahoehoe flow types. 

Geologic Mapping of Digital LANDSAT Images 

Digital analysis techniques found to be most useful in 
this study are classification and contrast stretching. Examples 
of classification have already been touched upon in the pre
ceding discussion (Fig. 13-3). The ease with which these 
maps can be produced preliminary to field investigations and 
re-classified with new field data afterwards makes this a 
powerful tool in mapping Holocene flows. 

Contrast stretching (Fig. 13-2, Fig. 13-4, and Fig. 13-
5) delineates flows within the volcanic field (with results 
similar to classification techniques discussed above) and em
phasizes the outer contact between the COM volcanic field 
and the older Snake River Plain lavas surrounding it. The 
details of flows within the volcanic field are delineated by 
contrast stretching of the dark areas at the expense of the 
light areas (Fig. 13-2 and Fig. 13-4). The border of the vol
canic field is delineated by contrast stretching of the light 
areas at the expense of the dark areas (Fig. 13-5). Standard 
LANDSAT products show the outer boundary for much of 
the perimeter but after field work were found to be insuffici
ent in some areas, particularly where the oldest pahoehoe 
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FIGURE 13-5. Portion of MSS band 7 of August 27, 1972 image 
modified by contrast stretching to increase contrast in bright areas. 
Most of the Craters of the Moon volcanic field oversaturated black. 
Arrows show contact between COM lavas and SRP lavas "not appar
ent" on standard EROS products. Inset shows boundary ds it ap
pears on the 1947 State Geologic Map of Idaho {dotted) compared 
to boundary (solid) drawn from modified image and co"oborated in 
field. 

flows are exposed in isolated patches beneath the younger 
flows (see arrows, Fig. 13-5). This boundary (Fig. 13-5) is 
a marked improvement over the one shown on the 194 7 
State Geologic Map of Idaho (Ross and Forrester, 194 7). 

SUMMARY AND CONCLUSIONS 

Digital processing of LANDSAT images of basaltic lava 
flows in arid to semiarid regions can provide investigators 
with a broad regional and multispectral perspective for geo
logic mapping. Field research should be planned and carried 
out with the aid of LANDSAT images. The difficult accessi
bility of many volcanic areas as well as confusion caused by 
the predominance of minor features, such as the multiplicity 
of flow units, can be wholly or at least partly alleviated by 
using LANDSAT. 

The following observations have been made using digital 
techniques supported by aerial photography analysis and 
field work in the COM area: 

1. Rough-surfaced aa lava flows (low radiance) can be dif
ferentiated (Fig. 13-2) from the relatively smoother 
pahoehoe flows (higher radiance). Contrast stretching 
of the dark areas on the· LANDSAT image emphasizes 
these differences and allows individual flows to be de
lineated. 

2. Blue Dragon-type crusts are found on nearly all the 
pahoehoe flows in the COM area. This blue crust on the 
youngest ( 2000 yr. b.p.) pahoehoe flows causes them 
to have a marked decrease in radiance from LANDSAT 
MSS bands 4 through 7 thus making them distinctive 
on LANDSAT images (Fig. 13-4). This conspicuous 
change in radiance seems to be uncommon for rock 
units. 

3. Blue Dragon-type crusts on older pahoehoe flows do 
no~ result in a marked spectral radiance variation (from 
MSS 4-7) because of the blanketing effect of surface 
cover by sediment, vegetation and weathering products. 



Consequently, establishing a general eruption sequence 
may be possible for the entire volcanic field because of 
the essentially time-dependent blanketing effect by 
surface cover. Three or more major pahoehoe eruptions 
(Fig. 13-4) alternated with three or more major aa 
eruptions. Although the pahoehoe eruptive phases can 
be differentiated with respect to age, the aa age relation
ships must be determined by other means, e.g., by 
superposition determined on aerial photographs or in 
the field. At the present time, the 1300 square kilo
metres of the COM volcanic field has not been mapped 
in this detail. 

4. Analysis of selected small areas shows that LANDSAT 
imagery can be used to map, in detail, several flows 
that are in juxtaposition (Fig. 13-3). This mapping has 
been found reliable even to the point of differentiating 
small pahoehoe flow units on the edges of aa flows 
(Fig. 13-3c). 

5. The outer contact of the volcanic field with the older 
Snake River Plain lavas can be mapped with confidence 
(Fig. 13 -5) by using field checks and contrast stretch
ing of the light portions of the imagery. 
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Craters of the Moon National Monument, a vast area of 
cinder cones, spatter cones, and other volcanic features~ lies 
along the northern border of the Snake River Plain, midway 
between Arco and Carey, Idaho. Craters of the Moon was 
declared a national monument on May 2, 1924, by President 
Calvin Coolidge. Originally covering about 100 km 2, it now 
encompasses more than 200 km2. The monument lies about 
29 km southwest of Arco along U. S. Alternate Highway 93 
(Fig. 14-1) within Butte and Blaine counties and is adminis
tered by the National Park Service. It has an elevation of 
1630 min the southwest and increases northward to approxi
mately 1810 m where the Snake River Plain meets the 
Pioneer Mountains. 

Geological study of the Craters of the Moon area was 
initiated by I. C. Russell ( 1902). His description of the num
erous "fresh" lava formations led to further examination by 
Steams (1926, 1928) and Murtaugh (1961 ), who gave a more 
detailed account of the individual flows and geologic history 
of the area. Recently, Lefebvre (1975) has used Landsat 
(ERTS) images to differentiate flows and to aid in geologic 
mapping of Craters of the Moon (see Chapter 13 ). 

Craters of the Moon is an area of Quaternary lava flows, 
cinder cones, spatter cones, lava tubes, volcanic bombs, tree 
molds, and other features typical of basaltic volcanism. The 
dominant style of eruption has been the "plains" type (see 
Chapter 3 ). There are 55 cones with associated lava flows and 

14 fissures, many with spatter cones. Of the 27 distinct cin
der cones, most are asymmetric in plan view, evidently the 
result of the dominant southwesterly winds at the time of 
their formation. Numerous other cones lie partly buried by 
younger flows. 
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FIGURE 14-1. Index map showing location of Craters of the Moon 

National Monument. 



The Great Rift, part of the Idaho Rift System (Fig. 4-5), 
passes through the monument as a set of en echelon fissures 
which strikes N 35°W and occurs in a zone up to 3 km wide. 
The entire length of the Great Rift set is 55 km, 21 km of 
which lie within the monument (Prinz, 1970). These fissures 
are the major vents for at least the youngest lavas . Raisz 
( 1945) suggests that the fissures are an extension of what he 
terms the Olympic-Wallowa lineament, an alignment of fea
tures from Cape Flattery, Washington, through Craters of the 
Moon . He suggests that a form of recent tectonism may be 
the underlying cause of volcanic activity along the Great Rift . 
Hamilton and Myers ( 1966) suggest that the rift system is a 
tensional fracture caused by a northwest drifting crustal 
plate. Another possibility is that the rift may be a continua
tion of the tectonic activity associated with underlying older 
rocks of the southern Basin and Range Province. Thus, the 
entire rift system may be a continuation of the normal fault
ing which produced the mountain ranges both north and 
south of the Snake River Plain. 

Few dates have been obtained fo.r the basaltic flows in 
Craters of the Moon, although geomorphically the uppermost 
flows and features appear rather young. The Triple Twist Tree 
(Fig. 14-2) on the North Crater flow has been dated by tre.e 
ring counts as 1500 years old. Assuming a certain length of 
time for a sufficient accumulation of soil to support growth 
of the tree, the minimum age of this flow is estimated at 
1650 years. Recently, Bullard and Rylander (1970) obtained 
a C 14 date near the edge of the Craters <?f the Moon lava field 
by tunneling beneath a well developed pahoehoe flow (Fig. 
14-3) in the vicinity of Blacktail cinder cone to obtain char
coalized rootlets that yielded a date of 2080 ± 85 years B.P. 
Bullard ( 1971) found charcoalized roots by excavating the 
root system of tree molds in Trench Mortar Flat and obtain
ed a date of 2130 ± 80 years B. P. Although these dates are 
not valid for all recent flows in the area, they do give insight 
into the age of some of the later activity of Craters of the 
Moon. 

FIGURE 14-2. Triple Twist Tree along Devil's Sewer Trail. Tree ring 
counts indicate a minimum age for this flow as 1650 years B.P. 
(Photo by National Park Service.) 
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FIGURE 14-3. Diagram showing technique used by Bullard to-obtain 
charred material from beneath Craters of the Moon lava flow; c14 
dates of this material yielded 2080 + 85 years B.P. (from Bullard, 
1976). -

217 



Reconnaissance 
Mapping 

GEOLOGIC MAP OF 

CRATERS OF THE MOON 
NATIONAL MONUMENT, 

IDAHO 

J. G. MURTAUGH (1960) 

Abbreviations refer to flows rndicated in the text. 

"'_ .., ....,' Approximate 
boundary 

.· 

of lava flow. 

Boundary of 
lava flow 

Inferred boundary 
of lava flow. 

7--+ 

Direction of flow 
from vent. 

Inferred direction 
of flow. Vent not 
determined. 

Lava dome. 

Collapsed lava dome. 

Fissure zone bordered 
by spatter. 

Fault. 

Fault, in part a fissure. 

0 

0 

MILES 

3 

KILOMETERS 

0 Alluvium. 

Inferred eruption 
periods of 
basalitic flows. 

Quartz 

Oligocene ~ monzonitic 
~ IntrUSIVe. 

Miocene ~ Quartz latite 
L..±..J vitrophyres and 

basaltic 
vitrophyres. 

1'/.l L1..::..J Monoliths. 

FIGURE 14-4. Geologic map of Craters of the Moon National Monument (Murtaugh, 1961). 

00 

N 



Craters of the Moon basalt is a highly evolved olivine 
basalt of an iron-and-alkali-enriched lava series (Stone, 1969). 
A sample from the Sunset Cone flow contains phenocrysts of 
andesine, fayalitic olivine, titanomagnetite, and fluorapatite 
set in an intersertal brown glass matrix (Stone, 1969). Stone 
feels that if this represents the residual liquid from the Snake 
River magma source, more than 80% crystallization of the 
parent magma is indicated. 

Volcanoes in the Mountains 

The Pioneer Mountains form the northern boundary of 
the Snake River .Plain in the vicinity of the monument. 
Within the monument, they consist of two rock types: an 
older suite of Oligocene quartz latite vitrophyres and basaltic 
vitrophyres, known collectively as the Challis Volcanics, and 

a second suite of Miocene quartz monzonite to granodiorite 
intrusives (Fig. 14-4 ). Within the monument, small quantities 
of pyrite, galena, and sphalerite have been extracted from the 
Martin Mine. Minor amounts of gold and silver are the only 
valuable metals present. Recent basalt flows from the plain 
"lap up" against the mountains, forming embayments (Figs. 
14-5 and 14-6). 

Anderson (1929) describes two volcanic vents in the 
bounding mountains which lie on strike with the Great Rirt. 
Named the "Lava Creek" vents, they are composed of ba
saltic scoria and are thought to be an extension of the Idaho 
Rift System into the Pioneer Mountains. Flows from these 
vents opened onto the plain, forming a relatively thin aa flow 
field more than 2 km wide and 16 km long. 

FIGURE 14-5. Panoramic view from summit of Big Cinder Butte. Extensive lava flows in the distance embay the northern Pioneer Mountains (1 ). 
Great Rift is on the right with Big Oater area (2 }, Inferno Cone ( 3 ), Grassy Cone ( 4) and Sunset Cone ( 5 ). 
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FIGURE 14-6. Vertical aerial photograph of northwest Craters of 
the Moon region. Recent plain basalt embays the northern Pioneer 
Mountains (1). Grassy Cone (2), Sunset Cone (3), and Silent Cone 
(4) are relatively old cinder cones. The Highway Flow (5), Highway 
fault (6) and breached North Crater with associated flows (7) repre
sent some of the most recent volcanic activity in the area. (Photo
graph by U. S. Department of Agriculture, CVO 8T 10, 9-7-57.) 

Sunset and Grassy Cones 

These cones (Figs. 14-6 and 14-7) are relatively old and 
rise about 160 m above the surrounding plain. Three flows 
issue from Sunset cone but are largely blanketed with ash and 

FIGURE 14-7. Map of the northwest part of Craters of the Moon 
National Monument (National Park Service, November, 1975}. 

soil. Two pahoehoe flows breached the crater in the north
east (SuNE) and in the west (SuW). On the northwest flank 
of the crater, an aa flow (SuNW) approximately 6 m thick 
issued from a small parasitic cone. 

Both cones represent some of the earliest eruptive activ
ity in the monument. Two craters on the north side of Grassy 
Cone erupted lava simultaneously. The two flows merged and 
extended northward. A network of lava tubes, some as large 
as 5 m in diameter, formed within the flows. 



North Crater Area 

Of the flows described here, only the North Crater flow 
can be traced with certainty to the North Crater vent (Fig. 
14-8). An identifying characteristic of these flows is the pre
sence of monoliths in all except the Highway flow. Monoliths 
appear to be fragments of cinder cones which have been 

FIGURE 14-8. View northward across North Crater, the breached cin
der cone in the foreground, Craters of the Moon National Monument 
Visitor Center (1), the Highway Flow (2), the Highway Fault (3), 
Sunset Cone ( 4 ), monoliths ( 5 ), and North Crater flows ( 6 ). 

broken in place or have been rafted to their present position 
by flowing lava (Fig. 14-9). They range in size from about 
0.5 to 200 m long; some are up to 25 m high. Some mono
liths protrude as kipukas with younger flows diverted around 
them. 

The massive Highway flow (Fig. 14-1 0) issued northward 
from the North Crater vent and was confined to the valley 
between Sunset and Grassy Cones (Figs. 14-6 and 14-11 ). 
It has a surface braided with channels 3 to 6 m deep and has 
flow margins ranging from 3 to 15 m high. Flow units include 
pahoehoe, aa, and block flows. The Highway fault (Fig. 14-8) 
near U. S. Alternate Highway 93 forms a distinct scarp 5 to 
15 m high which cuts the Highway flow, exposing it in cross 
section. The fault scarp faces North Crater and must have 
formed soon after the emplacement of the Highway flow 
since pahoehoe lava from within the flow is draped over the 
scarp. The fault may have resulted from post-eruption sub
sidence. 

An unnamed flow, which may have originated from 
North Crater, contains large andesite xenoliths. These ande
site blocks are exposed only in the cross section revealed by 
the Highway fault and indicate that this flow may have swept 
past the scarp, picking up talus or transporting blocks which 
fell onto the flow surface. 

The North Crater flow is a recent flow having the "Blue 
Dragon" crust (Fig. 14-12) on many of the flow units. This 
term, as proposed by Russell (1902), refers to a glossy, irides
cent blue-white crust which is probably a result of weathering 
soon after extrusion. There are many large circular collapse 
depressions throughout the flow (Fig. 14-13 ), some of which 
are 15-20 m across. 

The Serrate flows to the east of Paisley Cone may be 
associated with North Crater. Each of the flows, including 
the Devil's Orchard flow, average about 20 m thick and con
tain several short pahoehoe flow units, although block and aa 
lavas predominate. 
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FIGURE 14-9. Photomosaic looking southwest from campgrounds towards North Crater ( 1 ). North Crater aa flow in foreground with monoliths (2), 
North Crater pahoehoe ( 3 ), Grassy Cone ( 4 ), Highway fault ( 5 ), and Inferno Cone ( 6 ). (Photograph by Ronald Greeley, University of Santa Clara, 
June, 1977.) 

FIGURE 14-10. Flow front of massive Highway Flow, looking north
ward toward the Pioneer Mountains. Arrow points to person. 
(Photograph by Ronald Greeley, University of Santa Clara, June, 
1977.) 

FIGURE 14-11. Aerial view of the Highway flow looking south 
toward North Crater. (Photograph by Ron Papson, University of 
Santa Clara, June, 1977.) 



FIGURE 14-12. Ropy pahoehoe with iridescent "Blue Dragon" crust. 
(Photograph by National Park Service.) 

The Registration Waterhole flow (Re) is found in the 
valley between North Crater and Paisley Cone and has been 
termed an endogenous dome by Steams ( 1926). The se
quence of events here includes eruption of pahoehoe lava 
which was partially covered by a thin aa flow. Registration 
Waterhole, a perennial fresh water spring is found just below 
the vent. Several similar springs appear throughout the monu
ment and contain water which is just barely above the melt
ing point of ice. Winter ice trapped in depressions, lava tubes, 
and channels is insulated against the summer heat by scoria
ceous basalt. As the ice slowly melts, it travels through crev
ices and other openings in the lava until pending at an 

impermeable layer of ice or lava. The location of waterholes 
is unpredictable, depending on annual temperature variations, 
fracture and joint patterns in the flows, and thermal charac
teristics of the basalt. 

FIGURE 14-13. Low oblique aerial view of the Devil's Sewer trail 
area, showing pahoehoe flows (light-toned areas and aa flows from 
North Crater (upper left). Monoliths ( 1) are fragments of old cinder 
cone walls that were rafted on the flows. Collapse depressions (2) 
appear throughout the flow. (Photograph by Ronald Greeley, Uni
versity of Santa Clara, June, 1977.) 

223 



224 

Big Craters 

Big Craters is a series of spatter cones and open fissure 
flows (Fig. 14-14) and is almost identical in size and shape to 
the vent area produced by the 1960 Kapoho eruption of 
Kilauea volcano, Hawaii (Parsons, 1970). The slopes of the 

FIGURE 14-14. Low oblique aerial view of Big Craters area. Parking 
area and trails (white lines) allow inspection of numerous spatter 
cones. The cones align along a fracture with some flows covering 
older cinder cones (left center). Inferno Cone (upper right) is com
posed of black cinders and has no summit crater. (Photograph by 
Ronald Greeley, University of Santa Clara, June, 1977.) 

agglutinate cones are 50-60 degrees near the summit and 
decrease to about 3 0 degrees near the base. The upper slopes 
are angular and rough whereas the lower slopes are smoother 
and have profiles similar to those of cinder cones (Fig. 14-
15). The cones range in height from 12 to 20 m and are 
aligned with the Great Rift. These spatter cones have chim
ney-like vent areas, most of which have collapsed, displaying 
a rubbly interior. Toward the northwest portion of the Big 
Crater area, however, two complete vents remain intact. They 
are nearly circular in plan view and show an hour-glass verti
cal cross section. Some of the vents may be connected by lava 
tubes at depth. In some cones, ice remains throughout the 
summer months, protected from the sun by deep cylindrical 
wells. These "ice wells" were described by Russell ( 1902) in 
his initial traverses. 

FIGURE 14-15. View of spatter cones in Big Craters area, looking 
south along the rift. Steep upper slopes are angular and rough, 
while lower slopes have gentle profiles. Big Cinder Butte (upper 
right} is the lar§est cone within the monument and has a total vol
ume of 2 x 10 m3. (Photograph by Ronald Greeley, University of 
Santa Clara, June, 1977.) 



Several large pahoehoe and aa flows were erupted from 
these vents. The northeast flow (BiNE) is a short pahoehoe 
unit that issued from an open fissure north of the spatter 
cones. Many of the older flow units are exposed in the walls 
of -the fissure. The north west flow evolved from flat pahoe
hoe to slab lava and eventually to a mixture of aa and pa
hoehoe. Part of this flow extends northward, where it is 
overlain by the North Crater flow and part extends south
ward, where it was diverted around Silent Cone. The south
west flow is an extensive aa flow mixed with small pahoehoe 
subunits which contain numerous channels throughout and 
overlie the north west flow. 

Lava Cascades 

Lava cascades (La) is a large collapsed lava "dome." A 
"dome" is a gently sloping accumulation of flows with 
little or no clastic ejecta which forms around a vent from 
which lava 'was quietly extruded. Lava cascades formed by 
surface collapse due to magma subsidence or withdrawal. 
Short pahoehoe flow units issued from marginal cracks and 
flowed down into the depression left by the collapse (Fig. 
14-16). 

Tree Molds 

Tree ,molds exist in some flows throughout the monu
ment (Fig. 14-17). As observed in active flows in Hawaii and 
elsewhere, some lava flows rapidly form crusts that effec
tively insulate tree trunks from the molten lava, preserving 
the wood or even preventing death of the tree. Later, the 
wood rots, leaving a perfect mold of the tree. In some places 
the grain of the wood has been preserved in lava. 

FIGURE 14-16. Lava cascades, channelized flow having a ''Blue 
Dragon" crust. (Photograph by National Park Service.) 

Big Cinder Butte 

This cinder cone has a total volume of 2 x 1o8m3 and 
rises 250 m above the plain-the highest cone within the 
monument (Fig. 14-1 0). It has no summit crater and termi
nates in a rounded cinder knob. A variety of volcanic bombs 
are found on the cone including cow dung, breadcrust, and 
spindle types. The rims of five or six older volcanoes are 
visible around its base. 

Several flows issued from Big Cinder Butte. The young
est, the northeast flow (BgNE), originated from a fissure on 
the north side of the cone and is a "Blue Dragon" pahoehoe 
flow. The Derelict flow is a short, black aa flow which ex
tends to the southwest and contains numerous monoliths. 
Southward, an unnamed block lava flow issues near the 
border of the Derelict flow. 
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FIGURE 14-17. Tree mold near Big Onder Butte. Lava flows knock 
over trees and bury entire portions. Texture is probably that of the 
tree bark after it was initially burned upon being buried by the lava. 
(Photograph by National Park Service.) 

Lava "Dome" Complex Flows 

The area east of Inferno Cone consists of a series of lava 
"domes." Many of the flow units contain lava tubes, and 
individual flow units are generally "Blue Dragon" pahoehoe, 
although some flat scoriaceous pahoehoe is also present. The 
lava tubes in this area may be part of a giant network in a 

single flow. Indian Tunnel is one of the largest tubes in the 
monument, reaching widths of over 15m (Fig. 14-18). Cres
centric rock heaps found in this area (Fig. 14-19) were 
probably used to secure tepees of the Indian tribes which 
frequented the caves. Numerous other tunnels and caves are 
common in this area, ranging in size from centimeters to 
meters (Figs. 14-20 and 14-21 ). Natural bridges, which are 
uncollapsed remnants of tunnel roof sections, occur here and 
in the southernmost part of the monument. Present uncol
lapsed sections may be as much as 1 km in length. 

FIGURE 14-18. Indian Tunnel lava tube. Many uncollapsed sections 
of this tunnel exist, some of which have widths up to 15m. (Photo
graph by National Park Service.) 



FIGURE 14-19. Crescentric rock heaps near Indian Tunnel (lava 
tube}. These were probably used to secure tepees of the Indians who 
camped in this area. The caves provided protection and cool areas 
for hot summer days. (Photograph by Ron Papson, University of 
Santa Clara, June, 1977.) 

FIGURE 14-20. Arco Tunnel (lava tube}, an example of the many 
tubes within the Cave area. 
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FIGURE 14-21. Area Tunnel (lava tube), an example of the many 
tubes within the Cave area. 

FLORA AND FAUNA OF CRATERS OF THE 
MOON NATIONAL MONUMENT 

Amy M. Stuart 

The first impression of Craters of the Moon National 
Monument is that the area is barren and desolate, consisting 
of lavas and cinder cones; however, many plants and animals 
have successfully adapted to the area, despite harsh climatic 
conditions. 

Paleobotany in the Snake River Plain 

Axelrod ( 1968) examined Eocene and Miocene flora pre
served in the beds of adjacent sedimentary rocks associated 
with Shake River Plain geologic events to determine the 
timing and topography in the subsidence of the Snake River 
Plain. The fossil floras investigated represent samples of 
forest zones existing under different climates. For each 
epoch; different zones occur as a consequence of elevation 
differences; therefore, climatic conditions provide a clue for 
estimating altit_udes of the Snake River Plain. 

Plants existing in the Eocene forests were hemlock, 
spruce, pine, maple, birch, aspen, fir, and oak, implying 
moderately high altitudes. Broad-leaved evergr~ens, usually 
associated with more tropical climates, were found on the 
fringe of what is now the Snake River Plain. Formation 
of the Snake River basin appeared to have begun during the 
Oligocene. By the Miocene, the uplands had subsided to a 
lowland basin. Many of the plants found in the Eocene also 
occurred in the Miocene, such as spruce, pine, hemlock, and 
maple, while others, such as the Tree-of-Heaven, beech, and 
dogwood were not indicated by Axelrod, which su~gests a 
lack of abundance or possibly absence of those species in the 
area at the time. The paleobotanic evidence of the Snake 
River Plain subsidence is supported by other geologic fea
tures. 



Fauna 

Numerous animals live in the area despite the harsh 
environment. The following mammals are most common: 
cottontail rabbits, chipmunks, squirrels, mule deer, antelope, 
bats, skunks , pack rats, pocket gophers, and badgers. Other, 
less visible, animals include bobcat and coyote. Steams 
(1928) reports that bears once inhabited the lava caves and 
that mountain sheep and buffalo were occasionally seen. 

Numerous birds also inhabit the area, although some are 
seasonal. The more commonly seenbirds are: mourning dove, 
sage grouse, killdeer, magpie, raven, crow, Clark's nutcracker, 
common nighthawk, mountain bluebird, great homed owl, 
and golden eagle. 

Flora 

The variety of flowers (Figures 14-22 to 14-28) found at 
Craters of the Moon National Monument is surprisingly large 
for such an arid area. Plants must adapt to extremes of heat 
and cold, dessication from lack of water, lack of nutrients and 
improper soil acidity, wind, lack of soil, and rooting depth. 

Different flowers appear to prefer either the "cinder 
garden habitat" or the "joint habitat" of the lava flows. On 
the cinder buttes, plants are rooted in loose tephra deposits 
mixed with variable amounts of both wind-blown and vol
canic dust. The most common plants found here are: dusty 
maiden or false yarrow (Fig. 14-24), buckwheat (Fig. 14-24), 
and dwarf monkey flower (Fig. 14-22). On the north-facing 
slopes of cinder cones where more moisture is available, open 
stands of timber pine (Fig. 14-26) are found. 

The absence of soil and moisture on basalt flows is 
extremely harsh on many plants. Fractures within lava flows 
trap soil and provide additional moisture, wind protection, 
and cooler temperatures than adjacent exposed areas. In the 
"joint habitat" scabland penstemon (Fig. 14-27) and gland 
cinquefoil are common, while in deeper crevices, tansybush, 
bush rockspirea and syringa (Fig. 14-27), Idaho's state 
flower, will thrive::-(Urban,. l971}: 

FIGURE 14-22. On left is dwarf monkeyflower (Mimulus nanus), tiny 
magenta-colored flowers, blooming in late June to early July, rarely 
greater than 5 em in height. On right is evening primrose (Oenothera 
caespitosa), white to pink flowers blossoming from early to mid
June. 

FIGURE 14-23. On left is scorpionweed, lavender flowers curving on 
stalks like that of a scorpion's tail, blooming from mid-June to mid
July. On right is western yarrow ( Archillea mille folium spp. lanu
losa), white flat-topped clusters of flowers blooming from late July 
to_e.arlyAugust, usually less than 60 em tall. 
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FIGURE 14-24. On left is buckwheat (Eriogonum); flower clusters are 
pom-pom .shaped, blossoming any time from early June to late 
August, depending on the variety, usually grow to about 25 em tall. 
On right is dusty maiden or false yarrow (Chaenactis douglasii), 
white to pink flowers aggregated in a head-type inflorescence, blos
soms from early July to mid-August, usually less than 15 em tall. 

FIGURE 14-25. On left is prickly pear cactus (Opuntta polyacantha), 
yellow, orange, or red flowers blooming in late June, fruits are 
edible. On right is squaw currant (Ribes cereum); bright red edible 
fruits mature in mid-July, leaves usually gray-green and sticky. A 
close relative, golden currant ( Ribes aureum) ripens in late July with 
orange, edible berries. 

FIGURE 14-26. On left is sunflower (Helianthus annuus), yellow 
flowers forming in heads about 6 em in diameter, usually solitary on 
stems, blooms from August to September, usually 60-120 em in 
height. On right is limber pine (Pinus flexilis); needles are bright 
green and are about 4 em long, born in clusters of 5. 



FIGURE 14-27. On left is syringa (Philadelphus lewisii), the state 
flower of Idaho; its fragrant white petals bloom in early July; the 
bush is usually less than 120 em tall. On right is scabland penstemon 
(Penstemon deustus), white to pink bilabiate blossoms flowering 
from mid-June to mid-July. 

FIGURE 14-28. On left is wire lettuce (Stephanomaria tenuifolia), 
appearing as branched fragile stems usually about 15 em high; the 
pink ray flowers bloom in late July. On right is rabbitbrush (Chryso
thamnus naueosus), a shrub with gray-green leaves usually less than 
60 em tall; the small yellow flowers bloom from mid-August to 
September. 
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In this chapter planetary features are presented and illus
trated as possible analogs to volcanic structures observed in 
the Snake River Plain. As discussed in Chapter 2, evidence of 
basaltic volcanism_-ot volcanism involving lavas with proper
ties similar to basalt-can be cited with varying degrees of 
confidence for all of the inner planets. Flood lavas are identi
fied on the Moon (Fig. 2-2), Mars (Fig. 2-5), and possibly 
Mercury. Large shield volcanoes are observed on Mars (Fig. 
2-5) and postulated for Venus (Malin and Saunders, 1977). 

In addition to flood lavas and shield volcanoes, plains
type basaltic volcanism (as defined in Chapter 3) is identified 
on the planets based on the types of surface fea~ures ob
served (Fig. 15-1 ). Many of the mare units on the Moon 
appear to be the result of "plains" volcanism, particularly 
mare units of Eratosthenian age (Greeley, 197 5). Units of 
possible volcanic origin cover more than 50 percent of the 
surface of Mars (Spudis and Greeley, 1976) and many of 
these units also may be of the basaltic-plains variety. 

Basaltic-plains features discussed here. include low shields 
on the Moon and Mars, lava flow textures on the lunar plains, 
lava tubes and channels in the form of sinuous rilles on the 
Moon and Mars, and various vent structures, such as pit 
craters and fissure vents. 

FIGURE 15-1. Viking Orbiter image of the Tharsis region of Mars, 
showing flows interpreted as flood-lavas. Variations in albedo repre
sent differences in aeolian erosion and deposition. Area of image is 
160 km by 180 km; north is to the right. (Viking Orbiter II frame 
42B31.) 

LOW SHIELDS 

Viking Orbiter pictures (Carr and others, 1976), taken of 
the southeastern part of Chryse Planitia during the search for 
the landing site for Viking Lander I, reveal a field of about 60 
small, low-profile structures (Fig. 15-2), tentatively identified 
as low shields (Greeley and others, 1977~ Greeley and Theilig, 
1977). The field is the "outwash plain" of a major martian 
channel of probable fluvial origin. The low shields appear to 
post-date both the channel and the plains on which they 
occur and are among the smallest volcanic features observed 
on Mars. The low shields average 2.5 km across; many have 
summit knobs-giving a two..:part profile-and summit craters. 



FIGURE 15-2. Low shield (arrow) about 4.2 km long in southeastern 
Chryse Planitia; a small "knob" several hundred km across occurs on 
the southern end of the low shield. (Viking Orbiter I frame 6A36.) 

FIGURE 15-3. Enlarged Lunar Orbiter framelets showing coalescing 
low shields associated with mare deposits (in Lacus Veris) in the 
Orientale Basin on the Moon. Shields appear to be related to a linear 
fissure vent; steep features on the fissure are interpreted as pyro
clastic deposits. Area of photograph is 22 km by 35 km; north is 
toward the bottom of photograph. (Lunar Orbiter IV photograph 
181 H2.) 

In size and morphology, the martian features closely resem
ble the low shields of the Snake River Plain, Idaho, such as 
Pillar Butte (see Chapter 8). 

Small shield-shaped features have also been identified on 
the Moon. Figure 15-3 shows several small coalescing shield
like constructs in the Orientale basin which appear to be 
associated with a fissure. They are low-profile structures a 
few km across, some of which have steeper elements near the 
central fissure that could be spatter and pyroclastic deposits. 
Other possible small shield volcanoes on the Moon (Fig. 15-4) 
include structures such as those near Hortensius (Fig. 15-4a) 
that are circular positive-relief features having central pit 
craters (Schultz, 1976). 

It is emphasized that the low shields described above are 
rather minor features in comparison to Mauna Loa and 
Olympus Mons. Rather, the presence of low shields signify 
plains-type basaltic volcanism. 
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FIGURE 15-4a. Three small (5 km in diameter) low profile domes 
(arrows) at 'JON, 332°E, just north of the crater Hortensius on the 
Moon. The domes have central summit craters, and are interpreted 
as possible low shields. Open-arrow indicates a line of possible cinder 
and spatter cones. Area of photograph is about 60 km by 85 km; 
north is to the bottom of photograph (Lunar Orbiter IV frame 
133 H 1·) 

FIGURE 15-4b. Small (6 km across) shield-shaped mass and sinuous 
rilles on the mare surface near Rima Aristarchus. Note the irregular 
summit depression on the shield. (Apollo 15 frame 2086.) 



FIGURE 154c. Oblique aerial view of a small shield and summ.it 
crater on the Snake River Plain; jeep trail indicates scale. (Photo
graph by Ronald Greeley, University of Santa Clara, 1971.) 

LUNAR FLOW TEXTURES AND 
RING MOAT STRUCTURES 

The lunar maria are generally devoid of well-defined lava 
flow fronts, the Imbrium flows representing notable excep
tions (Schultz, 1976~ Schaber and others, 1976). However, 
other features and textures on the maria resemble primary 
flow morphologies found in terrestrial lava fields, such as 
those in the Snake River Plain. Pahoehoe basalt flows typi
cally exhibit a ropy texture at fine scales (sub-meter sizes) 
that could not survive the long-term degradational processes 

on the Moon. Nevertheless, such flows also exhibit broader 
scale features (dimensions larger than 50 m) that might sur
vive meteoritic erosion on the younger lunar lavas. These 
features include (see Fig. 15-5): 

1. Tumuli and irregular knobs: maximum size ap
proaching 50 m. 

2. Circular collapse depressions: ranging from 10 to 
50 m. 

3. Irregular plateaus: ranging from less than 50 m 
to greater than 500 m. 

4. Irregular depressions: ranging from less than 50 m 
to greater than 500 m. 

5. Ridges: from very narrow widths to 20m. 
6. Linear depressions (moats) between pre-existing relief 

and subsequent floors. 

The association of these various forms produces a distinctive 
hummocky surface in several Snake River Plain basalt fields. 

FIGURE 15-5. Pahoehoe surface near the edge of the Wapi lava 
field. Lava morphology includes irregular plateaus, depressions, 
and knobs as well as circular dimple-shaped depressions. 
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Similar hummocky mare surfaces ocqu on the Moon and 
are most visible under low solar illumination. Figure 15-6 
illustrates in stereo a region in Oceanus Procellarum where a 
smooth mare surface clearly contrasts with a hummocky 
mare surface. The hummocky mare unit contains numerous 
interlinking irregular depressions and commonly exhibits ir
regular patches of smooth-surfaced units. Although a few 
regions display a directional trend, more characteristically, a 
surface grain is absent. Moreover, major sinuous rilles crossing 
such mare units are notably absent or rare. 

The mare-flooded interior of the Flamsteed Ring exhibits 
a similar hummocky surface that has been interpreted by 
Schaber and others (1976) as highly degraded lava termini. 
Figure 15-7 shows a portion of this surface and reveals that 
the irregular scarps comprise the borders of irregular plateaus 
or depressions, which resemble the features in certain Snake 
River Plain basalt fields. In this analogy, the irregular scarps 
are not the termini of individual flows but are remnants of 
differential subsidence within a single flow unit. 

FIGURE 15-6. Stereo view of lunar mare surface in Oceanus Procelarum, west of the Aristarchus Plateau (Apollo 15 frame 
AS15-2490, left, 2488, right). Smooth-surfaced lava plateaus (A), i"egular depressions (B), subdued circular depressions 
(C), and ring-moat structures (D). Bar represents 0.5 km; illumination from the right (east). 



Also within the Flamsteed Ring are numerous, small 
(50 to · 150 tp diameter) rings characterized by a narrow 
depression encircling a low-relief mound (Schultz, 1976; 
Schultz and Greeley, 1975; Schultz and others, . l976). Such 
structures are called ring moats (Figs. 15-7 and 15-8) and are 
common within or adjacent to hummocky mare regions arid 
mare regions with low-relief irregular plateaus and depres
sions. Ring-m.oat structures fall into three classes: moat sur
rounding a dome, moat surrounding a dome with subdued 

summit depression, and moat surrounding an interior mare 
surface. To date, eight mare regions have been found that 
display ring-moat structures and generally correspond to 
young (Eratosthenian age) titanium-rich mare basalts. Iso
lated examples also are recognized in other regions. The gr~at 
abundance of such features is illustrated by their spatial dis
tribution within the mare-flooded crater Letronne in sou
thern Oceanus Procellarum (Fig. 15-9). 

FIGURE 15-7. Stereo view of mare surface within the Flamsteed Ring on the Moon. A"ows locate i"egular plateau (A}, 
i"egular depression (B), and ring-moat ·structures (C, D) with central depressions. Bar represents 1.8 km. Illumination 
from the top (east). (Lunar Orbiter III-191-M, left, III-181-M, right.) 

239 



240 

FIGURE 15-Ba. Examples of lunar ring-moat structures in Mare 
Imbrium. Numerous ring-moat structures occur on the edge of one 
of the Imbrium flows. Examples include moats surrounding low
relief domes (A, B) and pitted domes (C, D). Illumination is from 
the right (east); bar corresponds to 300m. (Apollo 15 frame AS15-
1699.) 

Several origins for these features have been postulated 
(Greeley and Schultz, 1975; Schultz and Greeley, 1976) and 
fall into two classes: origins at the time of mare emplace
ment (primary surface features) and origins at later times 
(secondary features). The preservation of irregular depres
sions and plateaus of comparable scale suggests that such 
structures were formed contemporaneous with the emplace
ment of these units. As primary flow features, ring moats 
may be produced by the margins of thin (1 0 m) basalt 
flows surrounding pre-existing relief such as volcanic cones 
and tumuli (Fig. 15-1 0), a process that can be documented in 
the Snake River Plain basalt fields (Greeley and King, 1975). 

FIGURE 15-Bb. Examples of moat-surrounded domes (arrows A, B) 
within the mare-flooded crater Letronne on the Moon. In addition, 
note the small dome with summit pit that overlaps the subdued 
crater (C). Illumination is from the right (east); bar corresponds to 
300m. (Apollo 16 frame AS16-5492.) 



FIGURE 15-8c. Viking Orbiter image of ring-moat structures (arrows) 
in Chryse Planitia on Mars; note "bath tub" ring in the two large 
craters and the irregular, hummocky surface. These features are con
sidered to be indicative of relatively thin, fluid basalt flows. Area of 
photograph 25 km by 35 km; north is to the right. (Viking Orbiter I, 
image 65A56.) 
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FIGURE 15-9. The distribution of ring-moat structures within the 
mare-flooded lunar crater Letronne. Diameter of rings range from 30 
to 500 m; widths of moats range from 20 to 100 m. Circles indicate 
ring-moats; triangles, domes surrounded by moats; and squares, 
pitted domes (cones) surrounded by moats. Circles with interior 
cross locate craters larger than 1 · km in diameter. Sinuous lines cor
respond to wrinkle ·ridges. Hachured regions indicate non-mare 
(crater rim, highlands) surfaces. 
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FIGURE 15-10. The tephra cone, China Cap (arrow A, 385m india
meter) and the surrounding lava field in the Snake River Plain, 
Idaho. The tephra cone has been encroached by basalt flows, there
by producing a moat possibly analogous to the ring-moat structures 
on the Moon. Moat also occurs around smaller feature. Note the 
hummocky lava surface and smooth-surfaced plateaus, also similar to 
certain lunar lava surfaces. 

On the Moon, the central relief of larger ring moat structures 
(diameter greater than 300 m) commonly exhibit central de
pressions, which may represent volcanic cones (Fig. 15-7). 
The relief within smaller ring moat structures, however, gen
erally lack such central depressions and may correspond to 
tumuli. Other possible mechanisms of ring-moat formation 
include auto-intrusions within thicker (50 m) flow units and 
the inundation of impact craters. The latter process is be
lieved to be responsible for ring-moat structures approaching 
0.5 kni to 1.0 km in diameter. These different mechanisms 
are illustrated in Fig. 15-11. 
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FIGURE 15-11. Mechanisms that might produce lunar ring-moat 
structures. The first four (top to bottom) mechanisms are recog
nized in the Snake River Plain where pre-existing relief is encroached 
by thin lava flows. Sagging of a cooling lava crust with subsequent 
flowout has been postulated by McKee and Stradling ( 1970) for ring 
structures in the Columbia River Plateau near Odessa, Washington. A 
pre-existing crater rim -(bottom) may produce fractures in a cooling 
lava; this mechanism appears to be appropriate for ring-moat struc
tures larger than 0.5 km in diameter. 



Both ring-moat structures and the textured mare surfaces 
may be providing important clues to the style of mare basalt 
emplacement where distinct flow termini are absent. By 
analogy with the Snake River Plain ba~alts, certain lunar 
flows represent plains-basalt eruptions characterized by refi-
tively thin (1 0 m to 20 m) compound lava flows, low viscos
ity, and numerous local vents (Greeley, 1975, 1976). More
over, the close association of such regions with titanium-rich 
mare units recognized in the multi-spectral images of McCord 
and others ( 1976) suggests that this was a common late erup
tive phase of the western lunar maria. 

SINUOUS RILLES, LAVA TUBES, AND 
ASSOCIATED FEATURES 

Many lunar sinuous rilles are considered to be collapsed 
lava tubes and channels, ·as discussed by Kuiper and others 
(1965), Oberbeck and others (1969), Greeley (1971 ), and 
others. Analyses of the distribution of lunar sinuous rilles 
and their relation to other volcanic features show that they 
are not r_andomly distributed among the mare units. Some 
lunar basins, such as Crisium, contain few sinuous rilles, 
whereas other basins, such as Imbrium, have abundant 
sinuous rilles. By terrestrial analogy, their presence signals 
eruptions of plains-type basalts, i.e., sporadic eruptions of 
lava in contrast to flood-type eruptions. Figures 15-12 and 
15-13 show typical lunar sinuous rilles; figure 15-13 is par
ticularly interesting, as it shows the transection of one 
sinuous rille by a younger rille and the lava flows associated 
with it. Absence of obvious flow fronts and flow margins 
indicate the very thin character of the flow units associated 
with the rille-typical of plains-type basalt flows. 

A similar cross-cutting relationship by rille-associated 
deposits is observed on Mars, illustrated in figure 15-14, 
where a possible lava channel and associated flows are super
imposed over a set of graben. Lava tubes were first recog
nized on Mars on the flank of Olympus Mons (McCauley and 

FIGURE 15-12. Region of the Moon near the crater Herigonius show
ing several lunar sinuous rilles, interpreted as lava channels and col
lapsed lava tubes. Area of photograph is about 90 km by 120 km; 
north is to the left. (Apollo 16 metric frame 283 7.) 

others, 1972; Greeley, 1973). Viking Orbiter pictures show 
that most of the large martian shield volcanoes are composed 
of tube-and-channel fed flows (Fig. 15-15), similar to large 
shields on Earth. 

Martian lava tubes are also associated with many of the 
patera, the large, low profile constructs that appear to be 
unique to Mars (Carr and others, 1977). For example, the 
western flank of Alba Patera (Fig. 2-4) displays numerous 
tube-fed flows, some of which can be traced more than 400 
km. The roofs of many of the tubes appear to have ruptured 
during active flow and spilled lava from the rupture as a 
"rootless" vent to form small domes (Fig. 15-16). Similarly 
aligned vents, possibly tube-fed, are seen on the Snake River 
Plain. 
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FIGURE 15-13. Apollo 15 photograph of the lunar crater Krieger showing a sinuous rille and probable associated flows that overlap an older sinuous 
rille on the right side of photograph. Lack of discernible flow margins suggest extremely thin flow units associated with the rille. Area of 
photograph is 40 km by 50 km; north is to the bottom. (Apollo 15 metric frame 2082.) 



FIGURE 15-14. Mariner 9 image of the Ascraeus Mons region of Mars 
showing a channel and associated deposits that overlie a set of gra
ben. The channel deposits may be volcanic. Area of image is 40 km 
by 50 km; north is to the top. (Mariner 9 frame DAS 07111373.) 

FIGURE 15-15. Northeast lower flank and basal scarp of Olympus 
Mons on Mars (22°N, 130.5°W). Note prevalence of well defined 
leveed flows (as at A) and smooth ridges (B-F}, some of which have 
crater chains or rilles along their crests. Flows completely mantle 
and greatly subdue basal scarp here. Image height is approximately 
80 km (from Carr and others, 1977; Viking Orbiter II frame 47B25.) 
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FIGURE 15-16. Viking Orbiter mosaic showing lava flows on the 
northwest part of Alba Patera on Mars. The ridge-mounds appear to 
be a type of lava tube-fed construct formed by a series of "rootless" 
vents (after Carr and others, 1977). 

CENTRAL VENTS 

Central vents on planetary surfaces are generally recog
nized by their irregular (non-circular) shape and association 
with other possible volcanic features. Impact craters are more 
likely to be circular than endogenic depressions and several 
techniques to assess circularity have been derived. Some 
endogenic craters, such as maars, may be rather circular and 
some impact craters, such as those formed by oblique im
pact, may be non-circular, thus, circularity is not a definitive 
test for origin. Nonetheless, the technique is a useful tool 
when used in conjunction with photogeology to assess the 
origin of craters. 

Circularities for several categories of depressions (impact 
and volcanic craters on Earth, suspected impact and volcanic 
craters on the Moon) were determined and compared with 
vents on the Snake River Plain (Fig. 15-17). From this com
parison, it is clear that most impact craters have circularity 
indexes of 1 to 2, indicating a high degree of circularity (1 is 
a perfect circle), and most volcanic vents are non-circular 

- -- - -- -- - --· -- -- -- -- ---- ---

(index 3 and higher). Most pit crater and collapse depression 
values fall between 1 and 3 and are difficult to separate from 
impact craters on the basis of circularity. 

Irregular vents have been identified in several areas of the 
Moon and Mars (Figs. 15-18 and 15-19). Many of these vents 
have associated sinuous rilles that are probably collapsed lava 
tubes and channels and appear to be analogous to features on 
the Snake River Plain. 
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FIGURE 15-17. Comparisons of circularity indices for some endo
genic craters and impact craters on the Moon and Earth, using the 
method of Murray and Guest (1970); crosses indicate values for 
collapse depressions on basalt flows in the Snake River Plain. 

SUMMARY 

The identification of volcanic features and distinctive 
flow textures on planetary surfaces that appear to be analo
gous to the Snake River Plain suggests similar styles of erup
tion and modes of emplacement. Features include lava tubes 
and channels, low shields, cinder and spatter cones, ring-moat 
structures, and hummocky_-textured surfaces. Many of the 
extraterrestrial features', however, are much larger than their 
possible Earth analogs. This is normally taken to be a result 
of differing gravitational accelerations on the planets, but the 
effect is poorly understood. 

Although it is often tempting to apply terrestrial experi
ence directly to the interpretation of extraterrestrial surfaces, 
caution must be exercised to take into account differences in 
scaling and environment. Moreover, the possibility of vol
canism on the planets in forms not represented on the Earth 
is very real; while this may make the field frustrating at 
times, it also makes planetary volcanism exciting. 
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FIGURE 15-18. Comparison of "slot-shaped" vents on the Moon and Earth. Figure on left is part of a suspected vent and associated channel near the 
crater Delisle on the Moon (Apollo 15 frame AS15-2073); middle photograph is a view of the summit vent of Mauna Ulu in Hawaii; right 
photograph is an oblique aerial view of an elongate vent southeast of Big Southern Butte on the Snake River Plain. Lunar feature is about ten times 
larger than the terrestrial features. 



FIGURE 15-19. Comparison of Aratus CAin western Mare Serenitatis on the Moon (right photograph) with Bear Crater on the Snake River Plain. Area 
of lunar photograph is about 17 km by 25 km; terrestrial photograph is about 2.5 km by 3.3 km. Both features are vents for basaltic lavas (after 
Greeley, 1973). 
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FIGURE 15-20. Crater vent (Inferno Chasm) and associated 1 km long lava channel on the Snake River Plain, compared with similar appearing lunar 
sinuous rilles (right side) near the crater Prinz. Although their morphology and origin are probably the same, the lunar features are more than two 
orders of magnitude larger. 



REFERENCES 

Carr, M. H., H. Masursky, W. A. Baum, K. R. Blasius, G. A. Briggs, J. A. 
Cutts, T. Duxbury, R. Greeley, J. E. Guest, B. A. Smith, L. A. 
Soderblom, J. Veverka, and J. B. Wellman, 1976. Preliminary results 
from the Viking Orbiter Imaging Experiment: Science, vol. 193, p. 
766-776: 

Carr, M. H., K., R. Blasius, R. Greeley, J. E. Guest, and J. B. Murray, 
1977. Some martian volcanic features as viewed from the Viking 
Orbiters: in press, J. Geophys. Res. 

Greeley, R., 1971. Lunar Hadley Rille-Considerations of its origin: 
Science, vol. 172, p. 722-725. 

Greeley, R., 1973. Comparative geology of crater Aratus CA (Mare 
Serenitatis) and Bear Crater (Idaho): in Apollo 17 Preliminary 
Science Report NASA SP-330, p. 30-1-30-6. 

Greeley, R., 1973. Mariner 9 photographs of small volcanic structures 
on Mars: Geology, vol. 1, p. 173-180. 

Greeley, R., 1975. A model for the emplacement of lunar basin-filling 
basalts (abs.): in Lunar Science VI, p. 309-310, The Lunar Science 
Institute, Houston. 

Greeley, R., 1976. Modes of emplacement of basalt terrains and an 
analysis or mare volcanism in the Orientale Basin: Proc. Lunar Sci. 
Conf. 7th, p. 2747-2759. 

Greeley, R: and J. King, 197 5. Geologic field guide to the Quaternary 
volcanics of the South-central Snake River Plain, Idaho: Idaho 
Bureau of Mines and Geology, Pamphlet No. 160, 49 p. 

Greeley, R. and P. H. Schultz, 1975. Lunar ring-moat structures in 
Letronne and the Flamsteed Ring (abs.): Trans. Amer. Geophys. 
Union, vol. 56, p. 1015. 

Greeley, R., E. Theilig, J. E. Guest, M. H. Carr, H. Masursky, and J. A. 
Cutts, 1977. Geology of Chryse Planitia: in press, J. Geophys. Res. 

Greeley, R. and E. Theilig, 1977. Small volcanic constructs in the 
Chryse Planitia region of Mars: Submitted to the Geol. Soc. Amer., 
Annual Mtg. 

Kuiper, G. P., R. G .. Strom, E. A. Whitaker, and W. K. Hartmann, 1965. 
Interpretation of Ranger VII records: NASA JPL Tech. Rpt. 32-700, 
p. 9-73. 

McCauley, J. F., M. H. Carr, J. A. Cutts, W. K. Hartmann, H. Masursky, 
D. J. Milton, R. P. Sharp, and D. E. Wilhelms, 1972. Preliminary 
Mariner 9 Report on the Geology of Mars: Icarus, vol. 17, p. 289-
327. 

McCord, T., C. Pieters, and M. Feierberg, 1976. Multispectral mapping 
of the lunar surface using ground-based telescopes: Icarus, vol. 29, 
p. 1-34. 

McKee, B. and D. Stradling, 1970. The sag flowout: a newly described 
volcanic structure: Geol. Soc. Amer. Bull., vol. 8I, p. 2035-2044. 

Malin, M. C. and R. S. Saunders, 1977. Surface of Venus: evidence of 
diverse landforms from radar observations: Science, vol. 196, p. 987-
990. 

Murray, J. B. and J. E. Guest, 1970. Circularities of craters and related 
structures on Earth and Moon: Modern Geology, vol. 1, p. 149-159. 

Oberbeck, V., W. Quaide, and R. Greeley, 1969. On the origin of lunar 
sinuous rilles: Modern Geology, vol. 1, no. 1, p. 7 5-80. 

Schaber, G., 1. M. Boyce, and H. 1. Moore, 1976. The scarcity of map
pable flow lobes in the lunar maria: unique morphology of the 
Imbrium flows: Proc. Lunar Sci. Conf. 7th, p. 2783-2800. 

Schultz, P. H., 1976. Moon Morphology. University of Texas Press, 
Austin, 626 p. 

Schultz, P. H. and R. Greeley, 1975. Lunar ring-moat structures: 
constraints on degradational models (abs.): Trans. Amer. Geophys. 
Union, vol. 56, p. 1015. 

Schultz, P. H. and R. Greeley, 1976. Ring-moat structures: preserved 
flow morphology on lunar maria: in Lunar Science VII, p. 788-789, 
The Lunar Science Institute, Houston. 

Schultz, P. H., R. Greeley, and D. E. Gault, 1976. Degradation of small 
mare surface features: Proc. Lunar Sci. Conf. 7th, p. 985-1003. 

Spudis, P. and R. Greeley, 1976. Surficial geology of Mars: A study in 
support of a penetrator mission to Mars: NASA TM X 73,184, 54 p. 

251 





16. IDAHO: INDIAN COUNTRY TO STATEHOOD 

Cynthia R. Greeley 
Tempe, Arizona 

253 



254 

16. IDAHO: INDIAN COUNTRY TO STATEHOOD 

Cynthia R. Greeley 
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Idaho, the last of the fifty states to be seen by white men 
(Wells, 1965), is a land of rugged scenic beauty with towering 
mountains, deep canyons, mineral springs and vast expanses 
of volcanic lava flows. The physical characteristics of north
ern Idaho differ greatly from those of southern Idaho with 
the north having heavily tim be red forests and thousands of 
beautiful mountain lakes. Southern Idaho also has majestic 
mountains; however, a large portion of southern Idaho, 
termed the Snake River Plain, is a very inhospitable, dry 
region covered with sagebrush. Southern Idaho contains 
huge sand dunes, as well as some of the most recent lava 
flows in the United States. Great volcanic craters, mountain
like buttes, and deep fissures are stark evidence of the re
gion's active geologic past. Extensive lava flows were active 
in southern Idaho approximately 2,000 years ago (Greeley 
and King, 1975). Due to a lack of sufficient rainfall, these 
lava flows have not decomposed to a great extent, and the 
barren area is considered to be almost a desert. The Snake 
River, which flows through southern Idaho, is a tributary 
of the Columbia River and has played an important part 
in the history of southern Idaho. The variances in northern 
and southern Idaho have led to different patterns of settle
ment, lifestyles, and actual hostilities between the two areas. 
The purpose of this paper is to trace the development of 
southern Idaho. 

The 1800s in southern Idaho can be roughly divided in to 
three categories. From 1800 to 1860 southern Idaho was 
basically the domain of the Indians and the fur trappers. 
The twenty-year period of settlement by the Americans 
began in 1860. Included in the 1860 to 1880 period were 

the arrival of the missionaries, the mining boom, the transi
tion period between temporary and permanent settlers, and 
the colonization by the Mormons. The period of 1880 to 
1900 was a time of growth and economic development for 
all of Idaho. After coming to terms with political and religi
ous controversies, Idaho achieved statehood July 3, 1890. 

Indian Country 

For the first half of the nineteenth century, the region 
now known as southern Idaho remained Indian country. 
Many of the place names currently in use in Idaho have been 
derived from Indian words, possibly including the name of 
the state itself. Beal ( 1942) expressed the popular opinion 
that the word "Idaho" comes from a Shoshoni Indian expres
sion, Ee-dah-how, meaning "the sun is coming down from the 
mountain tops; however, Etulain and Marley (1974) contend 
the word has no Indian basis and was, in fact, invented by a 
politician in 1860. 

Southern Idaho was the homeland of several tribes of 
Shoshoni Indians. They had formerly lived in the Montana 
and Dakota country but had been driven west by the power
ful and unfriendly Blackfoot Nation. The largest Shoshoni 
tribe in southern Idaho were known as the Snake Indians. 
Theories vary concerning the origin of the name. Beal (1942) 
states the Snake Indians were so named because of their 
characteristic of quickly concealing themselves when dis
covered, 'like a snake.' Fisher (193 7) believes the name 
originated because the Indians ate snakes and dug their 
food from the earth, while Trenholm and Carley ( 1964) 
contend the name originated when an Indian was asked his 
tribal sign and made a serpentine movement intended to 
suggest the weaving method (in and out motion) used for 
tribal basket and shelter making, but the movement was 
misinterpreted to mean snakes. 

The Snake Indians shared customs with the Shoshoni 
group, but they also developed particular characteristics. 
In general, their culture was based on pride, strength and 



courage. Superstition appears to have played a large part 
in their religion and everyday life. Although they were 
comparatively peaceable to the whites, to become a great 
warrior was a brave's highest ambition. Leadership came 
not by heredity, but by cunning, wisdom,. and courage. 
Considerable importance was attached to tribal status, the 
basic organization of which was the family unit. The women 
did the majority of the manual labor; they dressed the game 
and gathered nuts, berries, and camas roots (for making 
bread), made the clothing, bows, arrows, and e.ven the lodges. 

The entire nation of Snake Indians consisted Qf many 
hundreds, but it was divided into different bands with vastly 
different temperaments. Some had a wild nature, while 
others, derogatorily termed "Diggers" because they used a 
pointed stake to dig their food from the ground, were con
sidered weak and passive and were looked down upon by the 
other tribes. The Sheepeaters numbered approximately two 
hundred and were composed of renegades from the other 
tribes. 

The warlike Bannock Indians are believed to have come 
to southern Idaho from Oregon. The whites had reason to 
fear the Bannocks above the other Indians because they were 
the most fierce and the most willing to fight for their home
land. The name Bannock seems to have originated when a 
Scottish trapper saw them eating acorn cakes which reminded 
him of Scotch bannock cake (Beal, 1942). The Bannock tribe 
was relatively small, but when there was need of numerical 
strength, such as when they journeyed east over the moun-
tains into Blackfoot country to hunt buffalo, they teamed up 
with the Shoshoni, with whom they maintained a good rela
tionship. The Bannock retained their individual culture and 
dialect as long as pqssible, but by the early 1900s, intermar
riage with the Shoshoni took its inevitable toll. 

Fur Trappers 

The trail blazed into Idaho by Lewis and Clark in 1805 
was soon followed by the fur trappers and traders. Some of 
the Indians were friendly toward these mountain men, but 

the Bannocks could not resist the temptation to harrass those 
who entered their domain. Peter Skene Ogden, leader of 
southern Idaho fur trapping expeditions from 1824 to 1829, 
re_corded in his journal for June 8, 1826 that during the pre
ceding ten months the Bannocks had stolen 180 traps and 
killed thirteen whites (Madsen, 1958). 

Frequently, trappers would marry Indian women. The 
advantages of the so-called squaw men we're numerous. Not 
only did they gain a willing and efficient help-mate for the 
ardous work, but it was also a way of ingratiating the trapper 
with a particular tribe, thereby being allowed to trap unhar
rassed. 

Fur trappers seldom worked on an individual basis; they 
were company men. They would go out in large groups of 
forty or more, establish a base camp, then spread out in 
groups of two or three to set their traps. For more than 
twenty years, from 1824 to 1846, the Pacific Northwest was 
the territory of the Hudson Bay Company (Rich, 1959). It 
was Hudson Bay Company policy that no American fur tra
ders would be allowed west of the Rockies, but the westward 
push of the American Fur Company was a constant threat 
and led to sharp competition. One tactic used by Hudson Bay 
Company was to overtrap the Snake River and its tributaries, 
thereby devastating the beaver population to such an extent 
that a westward move through Idaho by American trappers 
would prove unprofitable. Peter Skene Ogden and others 
carried out this policy in the late 1820s for Hudson Bay, 
taking as many as 80,000 pelts in one season (Williams, 
1971 ). 

Nathaniel Wyeth played an important part in the history 
of southern Idaho when he established a trading post at Fort 
Hall in 1834. Wyeth had originally planned to sell his supply 
of goods to trappers at the 1834 rendezvous in Wyoming, but 
his plans went awry and he was left with one hundred thirty 
horses, forty employees, and a large stock of goods. His only 
alternative was to establish what he hoped to be a successful 
trading post; he built Fort Hall in southern Idaho, overlook
ing the Snake River. Hudson Bay Company, which opposed 
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Wyeth's competition in "their" territory, sabotaged his 
efforts for success and established their own supply center, 
Fort Boise, to the northwest of Fort Hall. Hudson Bay Com
pany bought Wyeth out two years later and used Fort Hall as 
a center for supplying Americans . and Indians. This was a 
reversal of policy on the part of the company. In the past 
they had refused to supply American trappers, but now they 
saw Fort Hall as a means of obtaining pelts from Americans 
as well as Indians. Fort Hall was, therefore, well stocked with 
British goods. 

Wyeth's business failure at Fort Hall actually helped con
tribute to the American settlement of the West. Several men 
from Wyeth's company chose to settle the area and estab
lished the first farms in the Snake River Country. Also, the 
strategic location of Fort Hall near what was to become the 
Oregon · Trail established its importance as a supply station 
for emigrants who by the early 1840s had begun to move 
westward. 

Missionaries 

When a new territory was opened, it was usually the mis
sionaries who fill~d the gap between the· explorers and the 
settlers and so it was in Idaho. With the backing of the 
American Board of Commissioners for Foreign Missions, a 
small group of missionaries, including Reverend Henry 
Spalding and his wife, decided to take the word of God to 
the Indians of the Pacific Northwest. Mrs. Spalding and 
another woman in the group thus became the first women to 
cross the American continent (Lavender, 1963 ). They fol
lowed fur traders westward from Missouri and found them
selves at the 1836 rendezvous in Wyoming. At the rendezvous 
they were joined by a band of Nez Perce Indians who led 
them westward to Idaho .. The missionary group, which had 
been existing on dried buffalo meat for lack of other food, 
pulled into Fort Hall August 3, 1836. They obtained as many 
supplies as the Fort could spare, including much needed fresh 
vegetables. The determined missionaries then followed the 

Snake River into · Oregon, but the Spaldings returned to set 
up a mission at Lapwai, .in northern Idaho, in 1836. Their 
daughter was the first white child born in Idaho. 

Emigrants 

By the end of the 1830s, stories had drifted back to the 
East about the Oregon Country and California. The American 
frontier was then Missouri. The broad and treeless plains of 
Indian country had temporarily stopped the western migra
tion, but tales of the bountiful country that lay beyond were 
enough to spark interest for a westward movement. 

Obstacles faced by those who wanted to follow the sun 
were monumental. Huge distances through savage Indian 
country, deserts and mountains would have to be crossed 
in one season. Even though wagons had not yet crossed the 
continent successfully, many still decided to move west, 
some with their entire families. Some turned back, but for 
those who reached the southeastern corner of what is now 
Idaho, near Fort Hall, the decision whether to turn north to 
Oregon or south to California had to be made. A precedent 
was set. The California-Oregon Trail was established with 
Fort Hall as a stopping place. It was a post where food sup
plies could be obtained, as well as valuable information about 
the trail and the Indians. It has been estimated that over two 
hundred thousand emigrants passed by Fort Hall on their 
way to California and Oregon in the 1840s and 1850s (Beal, 
1942). A reconstruction of the old Fort Hall can be visited 
today. After the California gold rush had run its course, 
many of the unsuccessful fortune seekers found their way 
back to southern Idaho to settle. 

In the meantime, the heavy emigrant traffic of the late 
1840s and early 1850s led to problems. Animosity grew 
between the whites and the Indians and a series of attacks 
on the wagon trains followed. By the mid-1850s, stories of 
massacres were commonplace. An incident which occurred 
near Soda Springs, southeastern Idaho, in 1961 was typi
cal. A family had fallen behind their wagon train when they 



stopped to look for a horse which had strayed. They found 
that Indians had stolen the horse, but by the time they 
retrieved it, darkness had fallen. Planning to catch up to the 
train the following morning, they went to bed. Man, woman, 
and children were killed in their sleep that night (Anderson, 
1940). After the Almo Creek Massacre of 1862 in which 300 
whites died, wagon trains through southern Idaho were pro
vided with military escort. 

Settlement 

The first permanent settlers of Idaho were Mormons who 
inadvertently thought they were in northern Utah (Wells, 
1965). In 1860, thirteen men .and women moved north from 
Salt Lake City and decided on a site on the Cub River they 
called Franklin. Pioneer life in southern Idaho was difficult. 
The country was rough and covered by sagebrush. The swift 
streams were dangerous to cross and the entire area was in
fested with rattlesnakes and mosquitoes. The people who 
settled there had to be resourceful and determined; they also 
had to be able to depend on each other and to cooperate on 
joint ventures. Group effort was especially important in 
organizing the irrigation projects so essential to farming in 
that region. The Mormons possessed the prerequisites for a
successful pioneer life; their church bond gave them addi
tional strength to face the hardships. They had been driven 
out of more lucrative farmlands, but they were determined 
to make this unhospitable land their home. It was the Mor
mon's knowledge of irrigation ·that insured the success of 
their colony. More Mormon families moved to the Franklin 
region, and soon a sawmill, gristmill, creamery and various 
stores appeared. The settlers continued to spread out over the 
countryside, and their communities thrived. Although the 
Mormons had attempted to maintain friendly relations with 
the Bannocks by providing them with food and refusing to 
quarrel with them, harrassment by the Indians finally led 
them to ask the military for assistance. 

This request, coming on the heels of the Almo Creek 
Massacre, prompted the United States government in 1863 to 
send a detachment of infantry with howitzers and a unit of 
cavalry to southeastern Idaho. After the soldierS won a 
decisive battle at Battle Creek, the Bannocks were forced to 
sign a peace treaty and move to a reservation (Beal, 1942). 
The troubles with the Indians did not end; however, the 
effectiveness of the Indians to terrorize the settlers was 
sharply reduced. 

Fort Hall, which had to be closed due to Indian attacks in 
18 55, was destined to become part of the Fort Hall Indian 
Reservation. In 1868, the Fort Hal.} Reservation was the 
home of nearly· twelve hundred Bannock and Shoshoni 
Indians (Madsen, 19 58). Generally, the ·Shoshoni accepted 
reservation life. The Bannock, however, were not passive and 
there were frequent instances of their "going off the reserva
tion" in search of food and they were involved in raids 
against whites as late as 1878. 

The year 1860 brought another influx of Americans into 
Idaho. Gold and 'silver were discovered and miners who had 
not hit paydirt in California flocked back to the land they 
had merely passed through earlier. During the decade from 
1866 to 18 7 6, placer mining was extensive in southeastern 
Idaho. Nearly. every stream yielded gold and, along some 
stretches of the Snake River, there was considerable hydrau
lic mining. Southern Idaho was very active in mining, but 
even more extensive mining took place in central and north
ern Idaho during this period. 

Another type of mining took place in southern Idaho. In 
1843 emigrants noticed that when water from some of the 
springs evaporated, salt crystals remained. The area, located 
in the southeastern part of the state, was named Salt Springs 
Valley. The settlers later boiled the water in large pans, 
drained the water off and were left with a residue of pure 
white salt. The Salt Spring Valley salt mine became one of 
the earliest organized business ventures in southern Idaho. 

257 



258 

With productive mines scattered throughout the area, an 
organized system of transportation was needed. Stagecoach 
runs were established, but more substantial methods of 
moving people and equipment were needed. After 1880 rapid 
construction of railroads took place. After the Oregon Short 
Line was built by the Union Pacific across southern Idaho 
between 1882 and 1884, farming settlements sprang up in all 
parts of the territory. 

Struggle for Statehood 

Idaho became a territory of the United States in 1863 
but did not achieve statehood until 27 years later. Bitter sec
tional controversy between northern Idaho and southern 
Idaho was the primary reason for the long delay. 

The volcanic regions of southern Idaho that had at first 
appeared barren and useless for agriculture proved to be 
otherwise. It was discovered that cattle and sheep could graze 
successfully on the abundant grasses that covered the region. 
Once irrigation came to the Snake River Basin, the area 
proved to be amazingly fertile and productive. The interests 
of southern Idaho then lay in the areas of farming; cattle 
and sheep, while northern Idaho was predominantly con
cerned with mining. 

The controversy between the North and the South also 
centered around the fact that southern Idaho was dominated 
by Mormons and northern Idaho was not. Due to a general 
misunderstanding of concepts, Mormons were traditionally 
persecuted by both Protestants and Catholics. Open animos
ity existed between the religious groups. The Mormons were 
also feared politically because they tended to vote as a solid 
bloc for their own candidates and could, therefore, wield 
considerable political strength. 

Idaho's territorial legislature met first in Lewiston, which 
was a mining town in northwestern Idaho. Some of the legis
lators had to ride horseback several hundred miles to attend 
the session. When a movement by some of the legislators to 
relocate the capital to more centrally located Boise was met 

with resistance, the pro-Boise legislators stole the territorial 
seal and legislative records and moved to Boise anyway 
(Winther, 194 7). Many of the officials of the early Idaho 
territorial period were inept, corrupt, or both. Fortunately 
for Idaho, the caliber of men in high public office improved 
during the later territorial years. 

The clash over permanent location of the capital in 1864 
grew into a movement with northern Idaho attempting to 
join eastern Washington in a new territory to be called 
Columbia. The attempt failed, but other boundary realign
nwnts were attempted during the next twenty years. 

After bitter religious and political turmoil, northern 
Idaho and southern Idaho finally came to terms in 1888. 
Compromises were made-the location of the capital was to 
be Boise in the south; the University of Idaho was to be 
located in the northern town of Moscow. By 1890 the terri
tory of Idaho had gained enough population to become 
eligible for statehood. The Congress of the United States 
admitted Idaho as the forty-third state July 3, 1890. 
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The trip starts at the southern boundary of the Snake River Plain and continues northwest to the northern boundary near 
Craters of the Moon National Monument (Fig. 17-1 ). 

The Snake River Plain volcanics are varied and include both rhyolitic members (Big Southern Butte, East Butte, and possibly 
Middle Butte) and extensive basaltic members (e.g., Hell's Half Acre, Cerro Grande, and Craters of the Moon lava fields). The 
relation of volcanic activity to the structural framework of the plain has been explored previously in this guidebook and is only 
briefly mentioned while describing particular features along the route. 

Mileage 

Cumulative Difference 

0.0 0.0 

5.4 5.4 

7.3 1.9 

Head north on 1-15 at junction with I-15W. The mountains to the right are part of the Pocatello 
Range; the highest peak here is Camelback Mountain (2006 m). The mountains consist of Precambrian 
metasediments, plus Cambrian marine sediments; limestone being the dominant rock type. Alluvial 
sediments to the right are part of the Tertiary Salt Lake Formation and consist of poorly consolidated 
sand, silt, and gravel. From here to Blackfoot, these sediments have been highly dissected, forming 
cliffs up to 30-50 m high. 

Ferry Butte (Fig. 17-2) at approximately I 0 o'clock. This basaltic shield is part of the Snake River 
basalt group. Rising 130 meters above the surrounding plain, it was a prominent landmark for early 
travelers along the Oregon Trail. Until the advent of modem dams and bridges, the Ferry Butte cross
ing was one of the few places that the Snake River could be forded safely. 

Cutoff to Fort Hall; continue straight. Built by Nathaniel Wyeth in 1834, the Fort Hall trading post 
.was the only outpost for hundreds of miles. It was later sold to the Hudson's Bay Company and used 
as a base for fur-trading operations. As fur-trading declined, Fort Hall became a welcome post for 
emigrant trains. Although the original fort (21 km west of here) burned to the ground in 1856, a 
reconstruction of the old adobe fort has been built at Ross Park in Pocatello. 



FIGURE 17-1. Landsat (ERTS) photograph of the eastern Snake 
River Plain. Hell's Half Acre flow (1), Snake River (2), American 
Falls reservoir (S), East and Middle Buttes (4), Big Southern Butte 
( 5 ), Cerro Grande lava field ( 6 ), Wapi flow and King's Bowl Rift ( 7), 
Craters of the Moon lava field ( 8 ), Lost River Range ( 9 ). Arrows 
indicate trend of the Great Rift system. Area shown is 136 km by 
142 km. 

FIGURE 17-2. High altitude (U-2 aircraft) vertical aerial view of Ferry 
Butte (1) with the Snake River (2) meandering to the west. Large 
circular patches (3) are caused by circular pivot irrigation (CPI) 
systems. Photograph is approximately 12 km by 14.6 km. (NASA
Ames Photograph 72-186, frame 56 76, October, 19 72.) 
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Mileage 

Cumulative Difference 

13.9 

17.7 

20.0 

20.6 

24.8 

26.9 

36.3 

6.6 

3.8 

2.3 

0.6 

4.2 

1.2 

9.4 

Terrace in the Salt Lake Formation. Mountains on the right are the northernmost extension of the 
Portneuf Range and consist primarily of Triassic volcanic rocks with subordinate 1 urassic sandstones 
and limestones. 

Blackfoot River. 

Exit from 1-15 and junction with Route 26, heading northwest toward Arco. 

Snake River. The Snake River (Fig. 17-1 ), the largest triputary of the Columbia River, is the main 
drainage channel for southern Idaho. Dams along its length impound water for both agricultural and 
recreational uses. The Snake River has had an ever-changing course. Once flowing along the northern 
border of the plain, the Snake River was diverted southward by successive lava flows. 

Hell's Half Acre flow. The lava field (Fig. 17-1) is basalt of recent origin and covers approximately 400 
km 2. The basalt is an olivine tholeiite with 5 to 10 percent olivine and plagioclase phenocrysts in a 
matrix of olivine, plagioclase, augite, and glass. Some areas contain large numbers of olivine gabbro 
xenoliths, presumably torn from the feeding conduit at depth during eruption. All flows on the field 
have apparently issued from a central vent (Fig. 17-3) (see Chapter 7). 

Two prominent buttes (Fig. 17-4 and Chapter 6) appear on the horizon at approximately one o'clock. 
East Butte (Fig. 17-5) on the right rises 300m above the surrounding plain and has a basal diameter of 
3.4 km. It is a rhyolitic dome of almost uniform composition. The rock typically consists of large (2-5 
mm) phenocrysts of sanidine, quartz, and plagioclase in a fine-grained to glassy matrix. Inclusions of 
basaltic and rhyolitic fragments are common. Armstrong and others (1975) have dated the butte at 0.6 
±0.01 m.y. Middle Butte (or West Butte) to the left rises nearly as high as East Butte and lies 6.4 km 
west of it. Middle Butte (Fig. 17-6) has no exposed rhyolite and appears as an upraised block of 
stratified basalt dipping 10° to the south. The basalt is similar to other Snake River Plain basalts and 
contains abundant feldspar, olivine, and pyroxene. 

Big Southern Butte (Fig. 17-7), which lies at the southern end of the Arco rift zone (Kuntz, I 977), 
can be seen at approximately eleven o'clock. This rhyolitic dome, similar to East Butte, has a basal dia
meter of 8 km and rises 760 m above the plain. The entire butte is elongate northwest-southeast (Fig. 
17-8) and consists of two separate cumulo domes aligned N45°W. The southeast dome is a lavender
gray to light gray spherulitic, lithoidal rhyolite with some chloritization present. This older dome may 
have formed by internal expansion with flow outward from the center. The base has talus accumula
tions of non-sorted, non-bedded, angular clasts in a fine-grained matrix, which is indicative of gradual 
expansion. The younger dome (northwest) consists of white massive rhyolite with some small basaltic 
inclusions, possibly torn from the conduit. Remnants of a possible central crater 800 m in diameter 
are visible at the summit. Large sections of basalt, which may have been pushed up and tilted during 
development of the dome, dip 450N 45ow (see Chapter 6). 



FIGURE 17-3. Vertical air photograph of Hell's lialf Acre vent area. 
The caldera-like vent is elongate in line with other features, suggest
ing a rift zone eruption. Photograph is approximately 2. 7 km by 3.1 
km. (U. S. Department of Agriculture Photograph CX0-1GG-31, 
May, 1966.) 

FIGURE 17-5. Vertical aerial photograph of East Butte. Area shown is 
approximately 3 km by 3 km. (U.S. Geological Survey Photograph 
GS SWEZ, 7-84, October, 1971.) 

FIGURE 17-4. View northeast from Route 26. East Butte is on the 
right and Middle Butte is on the left. (Photograph by Ronald Pap
son, University of Santa Clara, June, 1977.) 
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FIGURE 17-7. Oblique aerial view of Big Southern Butte, looking 
north. Vent area for Robber's basalt ( 1) is along the A reo Rift Zone. 
(Photograph by Ronald Greeley, University of Santa Clara, June, 
1977.) 

FIGURE 17-6. Vertical aerial photograph of Middle Butte. Area 
shown is approximately 3 km by 3 km. ( U. S. Geological Survey 
Photograph, GS-SWEZ, 7-86, October, 1971.) 

FIGURE 17-8. Vertical aerial photograph of Big Southern Butte. The 
older dome ( 1) and the younger dome (2) align N450W. The alluvial 
fan (3) and emergency landing strip (4) are visible in the upper left
hand corner. Area covered is about 3. 0 by 3.3 km. (Army Map 
Service Photograph 4416, 1953.) 



Mileage 

Cumulative Difference 

38.8 

45.8 

47.2 

47.5 

48.0 

2.5 

7.0 

1.4 

0.3 

0.5 

The summit region for an unnamed low shield is seen to the left (Fig. 17-9). 

View of Middle and East Buttes to the right. 

Cedar Butte vent area visible on the left. Cedar Butte (Fig. 17-1 0) is an andesitic lava cone, relatively 
old in appearance, with flows covering about 26 km2. The Cedar Butte andesite consists of a few 
feldspar phenocrysts with occasional olivine and pyroxene phenocrysts within a matrix of stubby 
oligoclase crystals in brown or green glass (Niccum, 1969). 

Explosive eruption activity here is associated with ring and radiating fractures in the older andesites 
(Niccum, 1969). During the final stages of eruption, the eastern half of the vent area was downthrown 
along a north-south trending normal fault, leaving a scarp as much as 60 m high in places. One of the 
last andesite flows cascaded down this scarp. The last stage of activity was the formation of cinder 
cones along three fissures. One of these was breached and the exposed throat exhibits dike-like coat
ings along the King's Bowl Rift. The recent Cerro Grande basalt flow laps up against the north-south 
fault scarp previously mentioned. 

Atomic City on road to left. 

Entering National Reactor Testing Site (NRTS), Energy Research and Development Administration 
(ERDA) facilities. The center covers approximately 2300 km 2 and since 1946, over 50 experimental 
reactors of various types have been in operation. Originally under the jurisdiction of the Atomic 
Energy Commission, the newly formed ERDA presently controls operations. 

The NRTS contains the "sinks" for Birch Creek, Big Lost River, and Little Lost River. In conjunction 
with site selection for the NRTS, many geologic studies of subsurface conditions were undertaken 
(Walker, 1964 ). Well logs indicate an interlayering of lava and sediments. In the southeastern portions 
of NRTS, basaltic lavas are interbedded with a few thin layers of sediment, whereas to the northwest 
(in a zone trending northeast), large accumulations of sedimentary material are interbedded with the
lava. This may be a function of extensive basalt flows in the south that created a depositional trough 
northward where sediments of the mountains accumulated. Sediments in this main trough occur 
mainly in three large bodies intercalated with basalt: 1) the upper mass, exposed at the surface in 
places, locally more than 100 m thick, 2) another mass approximately 70 m thick with a basal eleva
tion of about 1250 m, and 3) a large deposit, locally 170 m thick, with its upper margin at 1200 m 
elevation. These large deposits may all be the result of runoff accumulations of glacial periods; the up
per deposits associated with the Pinedale Glaciation and the deeper ones with the Bull Lake and 
Buffalo Glaciations (Walker, 1964 ). Major recent basalt flows include Furey basalt, Atomic City ba
salt, Cerro Grande basalt, and Robber's basalt-all of which lie between Big Southern Butte and Middle 
Butte. The Robber's basalt flows issue from a rift that trends southeast from Big Southern Butte (Fig·. 
17-7). Legends suggest that the area was the scene of a stage robbery in the early mining days and that 
three gold ingots are still buried somewhere in the area. 
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FIGURE 17-9. Unnamed basalt vent showing low shield typical of 
Snake River Plain basalts. (Photograph by Ronald Greeley, Univer
sity of Santa Clara, June, 1977.) 
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FIGURE 17-10. Oblique aerial view showing Cedar Butte vent area ( 1) 
and Cerro Grande basalt vent area (2). (Photograph by Ronald 
Greeley, University of Santa Clara, June, 1977.) 

Lost River Range in the distance at twelve o'clock. The Lemhi Range lies immediately to the east; 
Saddle Mountain reaches an elevation of 3290 m. 

Road cut through Cerro Grande basalt. This flow covers 195 km2 (Fig. 17-1) and is 76 m thick near 
the vent; flow margins are about 3-6 m high. The flow originated from a fissure 10 km southeast of Big 
Southern Butte (Fig. 17-1 0). 

Junction with Route 20. Tum left, towards Arco. 
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Road on left leads to the Experimental Breeder Reactor-! (EBR-I), a national historic landmark admin
istered by ERDA and the National Park Service. EBR-I was the first reactor in the world to generate 
usable amounts of electricity. On December 20, 1951, enough power was generated to light four light 
bulbs. The next day, the experiment was repeated and sufficient energy was produced to power the 
entire EBR-I building. Within the next ten years, the facility demonstrated the feasibility of nuclear 
power. 

Lost River: for most of the year, this river bed is dry, the water being diverted for agricultural and irri
gation purposes upstream. The Big Lost River and Little Lost River enter the Snake River Plain 
through the valley north of Arco. In the wetter seasons, the Lost Rivers flow through this channel to 
an area where the water percolates through the underlying basalt, about 33 km east of Arco. This 
water is believed to reappear at the Thousand Springs area along the Snake ·River, some 150 km 
southwest. 

Junction with Routes 22 and 88; continue north on Route 20. 

Craters of the Moon volcanic vents can be seen at ten o'clock. 
View of Arco Peak (Fig. 17-11) at about one o'clock. Dipping beds contain Carboniferous marine car
bonate rocks with some quartzites. Many of the Paleozoic rocks throughout the Lost River Range ·are 
strongly folded and faulted by normal and thrust faults. 

Junction with Route 93A in Arco. Tum left toward Craters of the Moon. Arco has the distinction of 
being the first city in the world to be completely powered by nuclear energy. 

The original site of Arco, built in 1879, was just south of .here. Being the intersection of two stage 
lines, it was originally called "Junction." The post office, however, did not accept the name and it was 
subsequently changed to Arco. 

To the right a young lava flow blocks the valley of the Big Lost River to the ·north. 

Road to right was originally part of the old state highway connecting Carey and Arco. It still serves as 
an access to the Lava Creek mining district, now mostly inactive. The mines contained various metals 
such as silver, gold, lead, zinc, copper, and tungsten, but are principally known for the silver ore pro
duced from 1883 to 1887. 

Margins of relatively fresh lava flows. ·The basalts here are typical of the Snake River Plain. Road cuts 
show the internal structure and cooling units within the flows. The mountains to the right are the 
Pioneer Mountains and consist primarily of the Tertiary Challis volcanics, a suite of quartz latite and 
basal tic vitrophyres. 

Enter Craters of the Moon National Monument (Fig. 17-12). 

Headquarters and visitor center. The monument is situated on the Great Rift and has 14 fissures 
marked by both cinder and spatter cones. Most flows within the monument are Recent and contain 
numerous tubes with collapsed and uncollapsed sections. (See Chapters 13 and 14.) 
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FIGURE 17-11. Area peak showing dipping beds of Carboniferous 
marine sediments. (Photograph by Ronald Greeley, University of 
Santa Clara, June, 1977.) 
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The road log follows the course of the Lake Bonneville flood (Fig. 18-1) and is split into two parts. The first half is approxi
mately 90 miles in length, round trip, starting in Pocatello, heading south toward Red Rock Pass, and then returning to Poca
tello. Many flood effects, such as channeling, scouring, and deposition of boulder bars, can be seen. The second half of the trip 
is approximately 35 miles, one way, starting at the north end of Pocatello, then heading southwest towards American Falls, and 
ending at Massacre Rocks State Park. Flood features along the Snake River will be examined as well as local stratigraphy. 

Pleistocene Lake Bonneville overflowed at Red Rock Pass near Downey, Idaho. Flood waters washed through Marsh Creek 
Valley and eventually to the Portneuf River Valley, scouring and eroding the surfaces. As waters entered the ancestral American 
Falls lake, an extensive gravel delta was deposited. This additional inflow to the Snake River eventually broke through the basalt 
dam which had previously· impounded waters. Erosion from these waters produced the many features (e.g., abandoned spill
ways, boulder bars, channels, and terraces) seen from American Falls to Massacre Rocks. 
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The field trip starts at Upper Ross Park, heading south on Business Route 1-15, at the southern end of 
Pocatello. 
Tum right onto Interstate Highway 1-15, heading south. The cliffs on the right cut the basalt of the 
Portneuf River valley, two superimposed flows informally termed the McCammon Basalt (lves, 1964). 
These flows, which at one time filled the valley, appear to be continuous southeastward beyond Lava 
Hot Springs and may have originated from vent structures near Alexander, Idaho, on the Bear River. 
The flows entered the Portneuf valley near McCammon and spread southward a short distance toward 
Arimo and northward about 30 km. The dark gray to black basalt locally displays well developed 
diktytaxitic texture. Throughout the valley the two are each about 15 m thick and exhibit columnar 
structure. Well logs near Pocatello indicate that the lower basalt flowed over valley alluvium approxi
mately 10m thick (Trimble, 1976). Organic material from beneath the lower flow has been dated at 
33,000 ± 1600 years B.P. and 35,000, ± 3000 years B.P. (lves, 1964). To the south, near McCammon, 
the flows dammed Marsh Creek forming a temporary lake._Mollusks from these lake beds have been 
dated at 32,500 ± 1500 years B.P. (lves, 1964 ). The upper surface of the McCammon Basalt was 
scoured by Lake Bonneville floodwaters and thus is older than the flood. 
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FIGURE 18-1. Map showing northern extent of Pleistocene Lake 
Bonneville and area covered by subsequent Bonneville floodwaters., 
The diversion of the Bear River into Lake Bonneville by basalt flows 
north of Thatcher evidently caused the initial spillover at Red Rock 
Pass. (From Malde, 1968.) 
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In the valley to the right lies the Portneuf River which empties into the American Falls reservoir to the 
north. The Portneuf originates in the mountains on the east side of the Pocatello Range, flows south
ward to Lava Hot Springs, westward towards McCammon, then finally northward toward Pocatello. 

At this point, the road veers left through a canyon-like constriction. Rocks on either side are members 
of the Precambrian Pocatello Formation (Fig. 18-2). On the left are primarily dark gray to black silt
stones and slaty argillites; to the right is a "tillite series" (Ludlum, 1942), consisting of thick layers of 
metadiamictite interstratified with a few beds of limestone and dolomite (Trimble, 1-976). The con
striction is termed the Portneuf Narrows and confined the floodwaters of Lake Bonneville to a depth 
of 120m (Malde, 1968). 
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FIGURE 18-2. Generalized geologic map of the southern section of the Pocatello quadrangle, Idaho. McCammon basalt (Qp) and 
boulder bars (Qb) predominate in the valley between Pocatello and Inkom. Precambrian metasediments (PE) constricted the 
Bonneville floodwaters at Portneuf Na"ows. (From Trimble, 1976.) 
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Inkom. To the left are prominent basalt cliffs which display well developed columnar jointing (Fig. 
18-3 ). The basalt west of the river has been stained white by dust from a local cement plant. 

Bridge crossing over the Portneuf River, which veers southward toward McCammon. Marsh Creek, the 
only major tributary of the Portneuf River, has cut the wide valley to the right. 

The interstate crosses the surface of the McCammon Basalt. The basalt forms a plateau which is dis
sected to the east by the Portneuf River and to the west by Marsh Creek (Fig. 18-4 ). 

Intersection of Route 30N., Lava Hot Springs (to the east) was used by Indians as a source of hot 
water. Continue south on Interstate Highway I-15 toward Red Rock Pass. 

FIGURE 18-3. Oblique aenal view of basalt cliffs southeast of Inkom 
along Interstate Highway I-15. The basalt extended from Pocatello 
to McCammon, covering the entire valley. Subsequent erosion has 
produced the vertical cliffs along the river valleys, exhibiting excel
lent columnar jointing. The Portneuf River is in the foreground with 
the cement plant in the lower left comer. Photogr(lph by Ronald 
Greeley, University of Santa-Clara; June, 19-77. 

FIGURE 18-4. Oblique aerial view looking southward toward Red 
Rock Pass (1). The PortneufRiver (2) and Marsh Creek (3) dissect 
the McCammon basalt, forming a plateau ( 4 ). Interstate Highway 
I-15 crosses the plateau and heads south toward Elkhorn Peak (5). 
Water from Lake Bonneville overflowed Marsh Creek valley and 
spilled over to the Portneuf River, cutting chanrzels ( 6) in the sur
face. Photograph by Ronald Greeley, University of Santa Qara, 
June, 1977. 
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The·flow edge of the McCammon Basalt can be seen to the right: The extensive basalt flows dammed 
Marsh Creek to the west and formed a lake, deposits from which are as much as 30 m deep and extend 
about 3.2 km south of Arimo. 

The Bonneville Flood, which occurred in the Late Pleistocene, is one of the latest geologic events 
along the Snake River in southeastern Idaho. To understand the catastrophic effects caused by the 
voluminous discharge of Pleistocene Lake Bonneville, we must first trace the events which ultimately 
led to the overflow at Red Rock Pass. 

The Bear River, which heads in the Uinta Mountains of Utah (Fig. 18-1) presently accounts for 43 per
cent of runoff into Great Salt Lake. Bear River, however, was at one time a tributary to the Snake 
River by way of the present day Portneuf River (Fig. 19-1 ). The ancestral Bear River was subsequent\y 
dammed and diverted by several basalt flows issuing from vents near Alexander. The impounded 

. . 

waters formed Lake Thatcher (Fig. 18-5) within a basin between the Bear River Range and the Port-
neuf Range. Periodic overflow at the northern rim of Lake Thatcher allowed discharge into the Port
neuf River. Successive basalt flows, however, soon raised the north rim to a higher elevation than that 
of the south rim ( 1660 m) thus forcing the lake to overflow southward and cut through a quartzite 
divide to Lake Bonneville. This greatly augmented inflow caused by the capture of the Bear River, 
initiated the rise in the level of Lake Bonneville, and caused its eventual spillover at Red Rock Pass. 
Other factors-such as changes in regional climate-may also have influenced Lake Bonneville, but the 
Bear River inflow is seen as the most important (Malde, 1968). 

Exit Interstate Highway I-15 onto Route 91, heading toward Preston. The conical mountain is Elk
hom peak with an elevation of 2743 m·. 

View of Red Rock Pass ahead. 

Red Rock Pass. This was the outlet of Pleistocene Lake Bonneville. The pass divides the northern 
Malad Range to the west with the Portneuf Range to the east. The outlet channel is 120 m wide at the 
top and 100 m deep. The initial overflow of Lake Bonneville quickly cut through an old alluvial bar
rier at Red Rock Pass, and probably accounts for the catastrophic effects of the flood. Removal of 
these unconsolidated materials proceeded rapidly and the tremendous discharge of water continued 
until a resistant rim. of Paleozoic shales, limestones, and dolomites (Fig. 18-6) was encountered. Dis
charge diminished and erosion of these more resistant rocks continued at a slower rate. The .elevation 
of Lake Bonneville at time of overflow has been estimated at 1565 m (Williams, 1952). The pass has 
now been graded to the Provo shoreline elevation of 1457 m (Malde, 1968). Estimates on the age of 
the flood vary; Bright and Rubin (1965) estimate 18,000 years B.P. while Malde (1968) believes 
30,000 years B.P. is more reasonable. 
Reverse direction and head north toward Pocatello. 



FIGURE 18-5. Large gravel deposits in Lake Thatcher lake beds near 
the Bear River. Photograph by Ron Papson, University of Santa 
Clara, June, 19 77. 

FIGURE 18-6. Eroded remnants of Paleozoic shales, limestones, and 
dolomites at Red Rock Pass. As overflow waters from Lake Bonne
ville reached these more resistant rocks, the flood diminished and 
subsequently cut down to the present level at a reduced rate. Photo
graph by Ron Papson, University of Santa Qara, June: 1977. 
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Downey. As much as 5.5 m of bouldery cobble gravel was deposited in this area as a result of the flood 
(Bright and others, 1965). Water filled the valley from wall to wall, depositing boulders and cobbles 
along its path. The velocity of the water at this point has been estimated at 7.6 m/sec. The maximum 
discharge has been calculated at approximately 4.3 x 105m3 /sec with a total flow volume of about 
1600 km3 (Malde, 1968). In comparison, discharge over Niagara Falls is only 5.5 x 103m3/sec, a 
factor of 75 less. Malde (1965) believes that the catastrophic flooding effects continued for a few 
weeks with voluminous discharage continuing for at least one year. 

Junction with Interstate Highway I-15; head north toward Pocatello through Marsh Creek valley. Pedi
ments and high level alluvial fans border the mountain ranges. 

Exit.Interstate Highway I-15 at junction with Route 30N. Turn left toward Indian Rocks State Park. 

Indian Rocks State Park. Shoshone Indian petroglyphs (or "rock carvings") are found here. 

Road veers right and descends along a basalt cliff of Marsh Creek Valley. As water from Lake Bonne
ville descended the valley, it met this constriction cut into the McCammon basalt. The highly erosive 
floodwaters plucked and stripped basalt from the cliffs and widened the valley. During periods of very 
high discharge, water overflowed the basalt plateau (Fig. 18-4 ), scouring its surface. Overflow waters 
cut channels on the plateau (Fig. 18-4 ), spilling into the Portneuf River to the east. View of Scout 
Mountain (2654 m) straight ahead. 

Cross Marsh Creek. 

Veer right onto Marsh Creek Valley Road. 

Basalt cliffs across valley on right. 

Boulder train (boulder bar) extends from cliff. Canyon constriction along the flood path intensified 
the flow and increased the erosion. Basalt boulders (Fig. 18-7) were tom from the cliffs and were 
deposited in more tranquil water, sometimes several kilometers downstream. The immense size of 
these boulders (up to 5 min diameter) is evidence of the tremendous power of the flood. 

Sag in basalt flows along cliff (Fig. 18-8). 

View of Marsh Creek emptying into the Portneuf River. 

Stop just south of the cement plant. Examine the basalt surface here and observe scour patterns (Figs. 
18-9 and 18-10). Water laden with debris pitted and fluted the surface. 

Tum left onto Portneuf Valley Road. Road to right passes the cement plant and terminates in Inkom. 

Boulders on right. 

Note basalt cliffs across the valley. Boulder bars are streamlined in the direction of the flood. 



FIGURE 18- 7. Typical boulder bar along the Bonneville floodpath. 
High velocity waters tore these boulders from exposed cliffs, trans
ported· them downstream (as much as a few kilometers), and then 
deposited them in more tranquil waters. The large size (up to 5 min 
diameter) indicates the tremendous force of the flood. Photograph 
by Ron Papson, University of Santa Qara, June, 1977. 

FIGURE 18-8. Basalt cliffalong Marsh Creek showing flow sag (ar
row) and typical columnar jointing. Photograph.by Ronald Greeley, 
University of Santa Clara, June, 1977. 
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FIGURE 18-9. Scour and fluting on basalt surface near Inkom. Photo
graph by Ronald Greeley, University of Santa Clara, June, 1977. 

FIGURE 18-10. Scour and fluting caused by floodwaters of Lake 
Bonneville. Photograph by Ronald Greeley, University of Santa 
Clara, June, 19 77. 
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View of basalt scarps across the valley. At one time the entire valley was covered with basalt. Portneuf 
Narrows (Fig. 18-11) can be viewed downstream. The narrows is a constriction which impeded the 
floodwaters, causing the waters to build up to a depth of 120 m. 

Veer left. 

Exit Portneuf Narrows. 

Cross Fort Hall Road. 

Veer right. 

Tum right onto Bannock Highway. 

View of channel cut into surface of basalt of Portneuf Valley (Fig. 18-12 ). 

Tum right onto Cheyenne Avenue. 

Cross Portneuf River. 
Road curves left. Basalt cliffs begin and continue northward. 

Boulders at base of basalt cliff (Fig. 18-13) on right. 

Lower Ross Park. End of first half of field trip. Walk around the park and examine scoured basalt 
cliffs and rounded boulders. Rounded quartzite boulders can be found resting upon basalt surfaces. 
Upper Ross Park can be reached by short trails up the cliffs; the reconstruction of the Old Fort Hall 
is in the Upper Park. 

The second half of the field trip will follow the path of the Lake Bonneville floodwaters downstream along the Snake River. 
Bonneville overflow entered the Snake River through ancestral American Falls lake at the north end of the Portneuf Valley. 



FIGURE 18-11. View of Portneuf Narrows looking west from Port
neuf Road. Water was 120 m deep at this construction during 
periods of maximum discharge. Photograph by Ronald Greeley, 
University of Santa Clara, June, 1977. 

FIGURE 18-12. Oblique aerial view of channel cut in the McCammon 
basalt near Pocatello. Photograph by Ron Papson, University of 
Santa Clara, June, 1977. 

FIGURE 18-13. Typical boulder transported by the Bonneville Flood. 
Water erosion rounded these boulders in short distances (several km 
maximum) and short periods of time (approximately six weeks) 
during the maximum discharge of water. Photograph by Ron Pap
son, University of Santa Qara, June, 1977. 
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Start the second half of the trip heading west on Interstate Highway I-15W at junction with 1-15. 

Pass beneath Route 91. Waters from Lake Bonneville entered ancestral American Falls lake "in this 
area, forming the deltaic deposits of the Michaud Gravel. This deposit extends approximately 29 km, 
almost to American Falls and rests conformably on the surface of the American Falls lake beds. The 
Michaud Gravel is 15 to 24 m thick artd grades from boulders about 3m in diameter near Pocatello to 
cobble sized sediments toward Michaud (Fig. 18-14 ). Calculations indicate that the water velocity near 
Pocatello was approximately 11 m/sec and 3-4 m/sec near Michaud. A minimum age for the deposition 
of the gravel is 29,700::!: 1000 years B.P. (Trimble and Carr, 1961). 

112° 30' 

FIGURE 18-14. Diagram showing the Michaud delta northwest of 
Pocatello, Idaho. Contour lines show the longest dimension (in feet) 
of the largest boulders. (From Trimble, 19 76.) 
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FMC Corporation on left. The road to right leads to a gravel pit in the Michaud Gravel. Quarries such 
as this are found throughout the Michaud flats and expose the poorly sorted gravel deposits in cross 
section (Fig. 18-15); The lithology of the gravel is mostly basalt and quartzite. Deposits locally con
tain mollusks and in a few places, specimens of Bison alleni have been found (Hopkins, 1951 ). 

Pocatello airport to right. 

Bannock Creek (Fig. 18-16). West of here the Michaud deltaic deposits consist of pebbly sand, eventu
ally decreasing in grain size to a fine sand. Bannock Range to the east. 

To the right for the next few miles Big Southern, Middle and East Buttes are visible in the distance. 
Studies are currently being conducted to determine the origin of the buttes and their relation to the 
surrounding Snake River volcanics (Chapter 6). American Falls Reservoir is on the right (Fig. 18-16). 

Bridge over the Union Pacific railroad tracks. The Grandview Terrace can be seen across the reservoir 
(Fig. 18-16). Deposits are tan, brown, or pinkish silt and fine sand, and are probably marginci.l deposits 
formed on the margin of the Pleistocene American Falls lake. These deposits may be fine-grained 
equivalents of the Michaud Gravel (Carr and Trimble, 1963). 

Continue west on Interstate Highway I-15W. Route 39 heads north toward the city of American Falls. 
The completion of the American Falls dam in 1927 allowed 110,000 acres of new land to be irrigated. 
Presently, the dam is being partly reconstructed to provide additional hydroelectric power and to rein
force the old dam. 

Ferry Hollow (Fig. 18-17) on the right. Excellent exposures of the Pliocene Walcott Tuff are visible in 
the valley walls (Fig. 18-18). The underlying Neeley Formation was laid down in a shallow lake and 
consists primarily of pink siliceous tuffs and tuffaceous sandstones (Stearns and Isotoff, 1956). Minor 
amounts of marl, silty clay, and conglomerate are often interbedded with the volcanic beds. The Wal
cott Tuff (formerly called the Eagle Rock Tuff) overlies the Neeley Lake Beds with a slight discon
formity and consists primarily of rhyolitic welded tuff, typical of nuee ardente volcanic activity. Four 
distinct phases of the formation have been described by Steams and Isotoff (1956) and can be seen at 
this outcrop. Phase 1, the lowest, is a thin layer of loose white and gray ash grading upward to a black 
well-bedded glass shard tuff. Phase 2 is a hard black obsidian contining numerous spherulites 3-6 rnm 
in diameter. Phase 3 (Fig. 18-19) consists of friable gray to black, fine-grained obsidian shards honey
combed with lithophysae up to 5 em in diameter. Phase 4 is a dark red brittle pitchstone at the top of 
the formation. 
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FIGURE 18-15. Outcrop of Michaud Gravel in Union Pacific quarry 
near junction of Interstate Highway I-15W and Route JON. Well
rounded, poorly sorted rocks were deposited as the Bonneville 
floodwaters entered the ancestral American Falls Lake. Photograph 
by Ron Papson, University of Santa Clara, June, 19 77. 
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FIGURE 18-16. Geologic sketch map along the Snake River in the 
American Falls area. (After Trimble and Carr, 1961.) 
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FIGURE 18-17. Geologic sketch map of Ferry Hollow area. Outcrops 
of the Neeley Formation, Walcott Tuff, and Little Creek Formation 
are exposed in the valley walls. (After Carr and Trimble, 1958.) 

FIGURE 18-18. Outcrop of Walcott Tuff(lower dark layer) and Little 
Creek Formation (upper light area) in Ferry Hollow. Photograph by 
Ronald Greeley, University of Santa Clara, October, 1977. 
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Above the Walcott Tuff, with a slight disconformity, lies the Little Creek Formation (Fig. 18-18). 
The lower part of this unit is a tan, fine-grained rhyolitic tuff containing reworked fragment of the 
Walcott Tuff. The upper part consists of light-gray to tan basaltic tuff and ash mixed with varying 
amounts of sand and clay (Fig. 19-20). The following geologic history of this area has been proposed 
by Steams and Isotoff (1956): 

I) Deposition of Neeley lake beds and volcanic tuffs. An ephemeral lake confined in a shallow basin 
received ash fall from several volcanoes. In addition, streams washed loose ash into the basin. 
2) The area underwent uplift which caused Neeley Lake to drain. Slight erosion of the lake beds took 
place at this time. 
3) Deposition from a nuee ardente of the Walcott rhyolitic tuff. Basal white ash indicates quick chill
ing of hot material with the colder ground. 
4) Deposition of pink siliceous silt (Little Creek Formation) containing weathered blocks of the Wal
cott Tuff. There are indications that Neeley Lake was revived and deposition of rhyolitic ash occurred. 
All these events occurred in the late Tertiary. 

FIGURE 18-19. Left-Phase 3 (Stearns and Isoto[[, 1956) of the Wal
cott Tuff. This friable obsidian layer is honeycombed with lithophy
sae up to 5 em in diameter. Right -Close-up of lithophysae in 
obsidian shard matrix. Photographs by Ronald Greeley, University 
of Santa Clara, October, 1972. 
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American Falls lake beds and Cedar Butte basalt dam on right. 
To the northwest is the Cedar Butte vent area (Fig. 18-21 ). Extensive basalt flows from the vents ex
tended northward and abutted the Big Hole Basalt. Lava also entered the Snake River channel forming 
a basalt dam. 
Prior to the eruption, the Snake River occupied a channel roughly parallel to the present channel but 
was a few kilometers to the north (Stearns and others, 1938). The river was restricted and formed 
ancestral American Falls lake with an elevation of approximately 1356 m. The lake extended almost 
64 km northeast, to the present city of Blackfoot and was approximately 19 km wide. The American 
Falls lake beds (Fig. 18-22) were deposited behind this basalt barricade, the maximum elevation of 
deposition being approximately 1341 m. They consist of a lower coarse gravel layer grading upward to 
a fine-grained sand and silt layer. Above this are interbedded layers of calcareous and noncalcareous 
clay with some sand. 
Occasional overflow and seepage occurred throughout the history of the lake. As Bonneville flood
waters entered American Falls lake, depositing the Michaud Gravel, the augmented inflow caused the 
dam to be breached, with initial overflow diverting northward, around the Cedar Butte vents, and 
southward in the approximate position of the present Snake River channel (Fig. 18-23a). The overflow 
produced a series of cataracts along the present Snake River, and along abandoned channelways, such 
as the old Lake Channel (Fig. 18-24) and erosion produced narrow channels with scalloped shaped 
alcoves upstream (Fig. 18-25). Lake Channel was cut and eventually abandoned as floodwaters sub
sided. The course of subsequent flow is indicated in Figures 18-23b and 18-23c and represents the 
final stages of the flood. Normal river erosion finally broke through the Cedar Butte basalt dam (Fig. 
18-26). The softer lake beds behind the dam were easily eroded and produced the steep cliffs across 
the river. The present course of the Snake River (Fig. 18-25d) reflects the long history of diversion by 
volcanic activity and erosion by the Lake Bonneville flood. 
The alcoves at the heads of channels, as well as the channels themselves, may not be a result of the 
Bonneville flood. Steams and other (1938) believe these coves are a result of a "sapping" process 
where water percolating through a weak, permeable basalt layer removes parts of that layer causing 
the overlying basalt to collapse into the resulting void. Successive collapse would cause the retreat of 
these springs and form a channel along its path. In the case of Lake Channel, water was supplied by 
percolation from ancestral American Falls Lake. 
Historic site on right. On the W<\Y west for John Jacob Astor's Pacific Fur Company in 1811, a group 
of men led by W. P. Hunt explored the Snake River Valley. They passed here on October 26 and 
headed downstream where raJ?ids overturned their canoes. One man and much gear was lost, but after 
splitting into three parties, they continued afoot to Fort Astoria at the mouth of the Columbia River. 

From this point, a stratigraphic section of the area can be seen upstream (Fig. 18-27). 
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FIGURE 18-20. Exposure of the Pleistocene Little Creek Formation 
showing typical weathering surfaces. Photograph is approximately 
5 m high along right margin. Photograph by Ron Papson, University 
of Santa Clara, June, 1977. 

FIGURE 18-21. Vertical air photograph of area covered by overflow 
of ancestral American Falls Lake. Cedar Butte rents ( 1/ were the 
source of lava which dammed the Snake River. Floodwaters cut 
Lake Channel (2) and the numerous alcoves found here (3). Many 
abandoned spillways ( 4) and abandoned waterfalls are found north 
of the Massacre Rocks vents ( 5 ). Recent sand dunes can be seen as 
high albedo areas trending in an east-west direction. U.S. Geological 
Survey Photograph GS- VEl, 1-117, October, 1954. 
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FIGURE 18-23a. Routes of initial American Falls Lake overflow as a 
result of Bonneville floodwaters. 

FIGURE 18-22. View of cliff in American Falls lake beds exposed on 
north bank of the Snake River near Neeley, Idaho. These beds were 
deposited behind the Cedar Butte · basalt dam (arrows) in the ances
tral American Falls Lake. Photograph by Ron Papson, University of 
Santa Qara, June, 19 77. 
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FIGURE 18-23b. As overflow diminished, Lake Channel was aban
doned and successive water routes drained toward the south. 
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FIGURE 18-23c. After the catastrophic effects of the Lake Bonneville 
flow ceased, waters slowly downcut the Cedar Butte dam until the 
Snake River reached its present base level. 
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FIGURE 23d. Sketch map of Massacre Rocks area. Lake Channel and 
other abandoned spillways end in steep cliffs. Areas of major boul
der bar depositions can be seen. The Cedar Butte vents and maxi
mum extent of associated flows is also visible. (After Carr and 
Trimble, 1963.) 



FIGURE 18~24. Oblique aerial view of Lake Channel, an abandoned 
spillway for ancestral American Falls Lake. Photograph by Ronald 
Greeley, University of Santa Clara, June, 1977. 

FIGURE 18-25. Oblique aerial view of alcoves which occur through
out this area. Photograph by Ronald Greeley, University · of Santa 
Clara, June, 19 7Z 

FIGURE 18-26. View upstream of breached Cedar Butte basalt dam 
(old level is in dashed line). Deposition of the American Falls Lake 
beds occurred behind this {lam. Photograph by Ron Papson, Uni
versity ofSanta Clara, June, 1977. 
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FIGURE 18-27. View upstream at Hunt Party historic site with expo
sure of local stratigraphy in southern bank; Neeley Lake beds ( 1 ), 
Walcott Tuff(2}, Little Creek Formation (3), and Massacre volcanics 
(4). 

Main entrance to Massacre Rocks State Park. The name refers to an 1862 ambush, supposedly by 
Indians, of an emigrant train at this point. 

The rocks southwest of the entrance represent the eroded vents for the volcanic rocks in this area 
(Fig. 18-21 ). The wide distribution of material from these vents, extending more than ·so km2, sug
gests that the original cone was more than 300 m high and several km in diameter (Stearns and others, 
193 8 ). These "Massacre Volcanics" are younger than the Walcott Tuff and consist of basaltic cinders 
and fragments of basement rocks. Following deposition, a period of gentle folding and faulting oc
curred, as evidenced by offsets in pyroclastic beds in the area. Subsequent eruption of the Cedar Butte 
vents mentioned above buried the Massacre volcanics and presently form the rimrock along this sec
tion of the Snake River channel. As Bonneville floodwaters poured over the basalt, the Snake River 
channel was deeply eroded, leaving many abandoned spillways and waterfalls (Fig. 18-21 ), the rem
nants of which can be seen along the northern bank of the river. Boulder bars, similar to those farther 
south, appear near the visitor center and are also scattered along the flood path (see Fig. 18-25d). 

In the upper campground an unique geologic feature, called the "Devil's Garden," consists of pinnacles 
of resistant material. A possible explanation of this feature is that hot gases (rich in silica) rose through 
previously deposited pyroclastic m·aterial and precipitated · silica, cementing the particles together. 

End of road log. 
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Ronald Greeley and JohnS. King 
Department of Geology and Department of Geological Sciences 
Center for Meteorite Studies State University of New York at Buffalo 
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Tempe, Arizona 85281 

Driving time, with stops: approximately 6¥2 hours 
Driving distance, round trip: 89 mi (143 km) 

On this field trip we will examine some of the Quaternary volcanic features of the south-central Snake River Plain (Fig. 19-1 ). 
Specific features include King's Bowl Lava Field and other features of the Idaho Rift System (one of the longest exposed rifts in 
the United States), Bear Trap Cave (an uncollapsed section of Bear Trap lava tube, one of the major tubes on the Plain, traceable 
for more than 21 km), and Split Butte (a young tephra cone crater which once contained a basaltic lava lake). 

After leaving the paved road about 18 km from American Falls, the trip continues on gravel and graded dirt roads that are 
generally passable for moderate-clearance passenger cars. If the area has received much rain, the dirt roads beyond Crystal Ice 
Cave may require four-wheel drive vehicles. 

The road log was developed when the route crossed the Snake River via the 1927 dam, rather than via the new highway 
bridge; thus, differences in mileage may occur. 

Mileage 

Cumulative Difference 

0.0 0.0 Initiate road log; mid-town American Falls, traffic light at junction of Business Interstate I-15W and 
Idaho Rt. 39. Proceed west on Idaho 39 (sign reads Idaho 39 North) toward Aberdeen across the 
Snake River, following the signs to Crystal Ice Cave. 

* Mter Greeley and King, 1975. 
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L3 1.3 

The American Falls reservoir was created in 1927 with the completion of the American Falls dam. The 
project was begun in 1923 with the aim of putting 110,000 acres of new land under irrigation (Beal, 
1g-42).-The dam was planned and erected across the Snake River below the old town site of American 
Falls, then on the east bank. This meant that the entire established city of American Falls had to be 
moved to a new location farther to the east. The 1927 dam was constructed at a cost of $3,060,000. 
It was 1593 m long and 25 m high. When the reservoir filled, it contained 1, 700,000 acre feet of 
water. Presently, the dam is being reinforced and partially reconstructed. 

STOP 1. Tum left to parking area for field trip orientation and to examine the stratigraphic section 
exposed in banks of Snake River a hundred meters downstream from the railroad bridge. Cross the 
Snake River below the American Falls dam. A local stratigraphic section is exposed in the north bank 
of the river but is presently inaccessible due to construction. Figure 18-16 is a geologic sketch map 
around American Falls. 

Although our interest is in Holocene volcanic features, the general geologic history for the area can be 
summarized as follows (after Prinz, 1970, supplemented by Stearns and Isotoff, 1956; Trimble and 
Carr, 1961; Carr and Trimble, 1963): 

1. Deposition of the Pliocene Starlight Fm. (the nearest exposures are about 2 km SW of American 
Falls); consists mainly of rhyolitic tuff, welded tuff, and tuff breccia, and locaHy numerous basalt 
flows and layers of basaltic tuff. 

2. Erosion, followed by deposition of the Pliocene Neeley Fm.; consists of light tan to orange brown, 
fine- to coarse-grained rhyolitic tuff. 

3. Deposition of the Middle Pliocene Walcott Tuff (exposed in river bank); consists of a lower mem
ber of white to gray bedded friable tuff containing spherulites and an upper dark obsidian welded 
tuff; conformably overlies the Neeley Fm., which may have been deposited in a quiet lake (Carr 
and Trimble, 1963). 

4. Some faulting, local erosion, and possibly some folding. 

5. Deposition of the Pleistocene (?) Little Creek Fm. (uppermost units on west side of river); consists 
of interbedded basaltic and rhyolitic tuffs, with rhyolitic material more prevalent at the base. Dia
toms common in some layers indicate accumulation in lakes or ponds for some parts of the forma
tion. 

6. Explosive eruption of Pleistocene Massacre Volcanics and associated basaltic lavas (vents at Mas
sacre Rocks, Eagle Rock, and Table Mountain, all southwest of American Falls), marks the earliest 
extensive basaltic activity in this part of the Plain and consists of basaltic flows, dikes, agglutinated 
cinder tuffs, cinder beds, and tuffs. 
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7. Faulting; gentle folding, erosion; erosion of steep-sided canyons. 

8. Deposition of the Pleistocene Raft Fm. (nearest exposure is about l. 7 km south on the east bank 
of the Snake River ) ; consists of light-colored calcareous bedded quartz silt and fine sand of pre
dominantly fluvial deposition, although some parts of the formation accumulated also in lakes. 

9. A long period of erosion, in which the Snake River cut an ancestral valley in the weakly resistant 
Raft Formation. 

I 0. Eruption of the Pleistocene Big Hole Basalt, a series of undifferentiated lava flows erupted from 
numerous vents on the Plain west of the Snake River. Deposition of loessal deposits appears to 
have followed the emplacement of the Big Hole Basalt. The loess is commonly less . than 9 m 
thick, but 6.5 km south of American Falls, it may be at least 30 m thick. The loess may have 
been derived from · the Raft Fm, 

Deposition of the Sunbeam Formation, consisting of alluvial and colluvial deposits of silt and 
minor interstratified sand and gravel. 

II. Eruption of the Pleistocene Cedar Butte Basalt from vents about 17 km southwest of American 
Falls. Th'e predominantly olivine basalt built up a low shield and filled the Snake River Valley. 
North, the flows abutted the Big Hole Basalt. The basalt dammed the river and impounded the 
water to a maximum level of about 1356 m above sea level, forming ancestral American Falls 
lake. The lake was more than 60 km long, extending nearly" to Blackfoot. Overflo'Y poured 
around the margins of the dam through two major spillways (Fig. 18-23), one to the north of 
Cedar Butte, the other approximately along the present channel. 

12. Deposition of the Upper Pleistocene American Falls Lake Beds (exposed along the Snake River 
and along the shore of American Falls Reservoir); consists of light-colored calcareous sand, silt, 
and clay, and a layer of white diatomaceous clay. 

13 . Overflow of Lake Bonneville through Red Rock Pass 80 km southeast of Pocatello. By this time, 
American Falls Lake (see 11 above) was about two-thirds filled with sediments. The water from 
Lake Bonneville entered the shallow lake near Pocatello, depositing the Michaud Gravel, a deltaic 
sand and gravel deposit about 30,000 years B.P. 

14. The catastrophic flood of Lake Bonneville greatly increased the discharge at the dam and accel
erated downcutting of the spillways, particularly along the southern channel so -that eventually 
the northern passage was abandoned. 

15. Just before the northern channel was abandoned, the Grandview terrace was cut(between 1350 
and 1360 m elevation). At later stages the Aberdeen terrace (between 1338 and 1350 m eleva
tion) and Sterling terrace (between 1329 and 1338 m elevation) were cut. 
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16. The dam was finally breached and the lake drained as the river cut into soft sediments. 

Return to Idaho 3 9 and continue toward Aberdeen. 

View of Big Southern Butte at eleven o'clock. This well-known landmark, 70 km distant, is about 8 
km in diameter and rises nearly 80 m above the Plain. It is a kipuka composed dominantly of rhyolite 
flows and explosion debris with some basalt. The degree of erosion indicates an age older than the sur
rounding basalt flows. 
On the left is a center pivot irrigation system (CPI) developed by Frank Zyback around 1950. A cen
tral water source supplies a series of sprinklers set on an aluminum pipe. The pipe rotates around a 
central point producing a · circular field of irrigation. These systems are completely automatic and 
require very little attention. 

Road junction, take left branch. 

Road junction, tum left on North Pleasant Valley Road. 

Potato shed on right. These distinctive structures are common in southern Idaho. The sprinkler sys
tems seen throughout the area are called wheel lines. 

End of pavement (as of July, 1977). 

Road junction, tum right. Ce:'Tietery on right. 

Road bears left. 

Pillar Butte is in view on the horizon at one o'clock. Pillar Butte is composed of predominantly a-gglu
tinated lava and marks the summit of the lava cone of the Wapi lava field. The flows immediately 
surrounding Pillar Butte are both pahoehoe and aa. 

Tum right. 

Pillar Bu ·~te and part of the "Napi lava field in view to the left. 

CAUTION-blind hill. This circular depression appears to have been a lava lake. 

Cattle guard, take left fork. 

Cattle guard. 

Pressure ridges on right. 

Road junction. Dirt track to left goes to Wapi Park (Fig. 19-1 ), which is the best approach to Pillar 
Butte; 4-wheel drive is required to reach Wapi Park. 

STOP 2. OveJ;"View of general area. Park on side of road and walk up the hill to the right of the road to 
the rim of Grandview Crater. Facing generally north, the trailers at the rift mark Crystal Ice Cave. With 
the trailers at twelve o'clock, the other features can be identified by "clock" directions (Fig. 19-2). 
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FIGURE 19-1. Sketch map of field area showing the location of 
named features and field trip stops. The major Holocene lava fields 
are stippled. Main roads are shown as heavy lines; however, the roads 
beyond Crystal Ice Cave (from American Falls) are often impassable 
to conventional vehicles. 
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FIGURE 19-2. Stop 2. "Clock diagram," keyed to the various features 
in the field area as viewed from the rim of Grandview Crater .. Dia
gram is oriented with trailers (Crystal Ice Cave) at twelve o'clock. 
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Pillar Butte at eight o'clock marks the only known vent area for the Wapi lava flow. The typical low 
profile for the flow and the steeper slopes of the summit lava cone are well displayed here. The Wapi 
flow is one of the youngest on the Plain and probably typifies the flow-lava cone struct1.;1res that 
make up most of the Plain. Most of the Wapi flow is composed of pahoehoe lava. The steeper slope 
near the vent can be attributed partly to the accumulation of more viscous aa lava flows. A series of 
unnamed vents is visible at nine o'clock. These have been partly flooded by the Wapi flow. 

Split Butte is visible across the Wapi flow at between nine o'clock and ten o'clock. From about ten 
o'clock to one o'clock, the King's Bowl lava field and other features of the King's Bowl rift set are 
visible. This area is described below at Stop 6. 

A low lava shield is visible at one o'clock. This is the summit area of Bear Crater. On a clear day, the 
Pioneer Mountains, marking the northern boundary of the Snake River Plain, are visible on the hori
zon beyond Bear Crater. 

From about one o'clock to two o'clock, a series of low topographic profiles mark large, aligned vents 
that are approximately parallel to the King's Bowl rift set. These vents include Wildhorse Corral, 
Cottrel 's Blowout, and Inferno Chasm. 

Big Southern Butte is visible between two o'clock and three o'clock. 

Queen's Bowl Crater on the right. 

Holocene flows of pahoehoe basalt erupted from the Great Rift are on the left. 

Road junction, Crystal Ice Cave road and BLM (Bureau of Land Management) road to Minidoka. In 
wet weather, 4-wheel drive vehicles are recommended for the trip from here to Split Butte and return. 

Road climbs about 1.5 m onto pahoehoe flows of the King's Bowl Lava Field. 

Road crosses the east set of tensional fractures that parallel the King's Bowl rift. 

Road leaves the King's Bowl Lava Field. 

Road crosses rift fractures. 

Margin of the Wapi flow can be seen a few hundred meters to the left. 

Road begins to climb the axis of an unnamed lava tube system (Fig. 19-1 ). Lava tubes commonly form 
broad topographic highs along their axes. 

On crest of lava tube axis. View ahead is across small valley that separates this lava tube from Bear 
Trap lava tube a few km away (Fig. 19-3 ). 

Road junction. Continue straight on the main track. 

A collapsed section of Bear Trap lava tube is to the right of the road. 
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Road junction, tum left (toward Minidoka). Note that road crosses the axis of Bear Trap lava tube. 

STOP 3. BEAR TRAP LAVA TUBE (Figs. 19-3 and 19-4 ). (See separate section on lava tubes). 
CAUTION: Rattlesnakes often inhabit the basalt ledges around lava tube entrances. This is an uncal
lapsed segment of a 21 km long lava tube that appears to have originated in the vicinity of the Idaho 
Rift. The tube trends westward where it is eventually buried by Holocene lava flows from Craters of 
the Moon. Bear Trap and other lava tubes were important in the emplacement of the extensive lava 
flows in the Plain because they were effective mechanisms to feed advancing flow fronts miles from 
the source with very little drop in lava ten1perature. 

Continue westward on the side road along the axis of the tube in the downflow (Fig. 19-3) direction 
2 km to a second (and better) uncollapsed section of tube. 

The segment of Bear Trap lava tube exposed here displays many features common to lava tubes. Walls 
on both sides of the tube and the roof s~ction exposed over the entrance display typical "layered" 
lava of Oilier and Brown (1965). They attribute this layering to horizontal partings that develop along 
shear planes in a single flow. Whether or not one chooses to accept this "shear plane concept," layer
ing does develop within single flows as can be demonstrated by tracing the partings laterally to points 
where they merge. Conversely, single layers often bifurcate into two layers, which may remerge (?) to 
form one layer. Thus, layering such as this cannot be attributed to multiple flows. However, multiple 
flows and flow units are also present here, evidenced by oxidized and brecciated zones between units. 

A short distance inside the entrance, the layered lava walls (Fig. 19-5) are covered with a lava-tube 
lining, (a layer of lava that accretes to the tube interior during active flow). In general, linings range in 
thickness from less than one inch (approximately em) to a few more than several feet (approximately 
m). Multiple linings often accrete when the tube serves as a conduit by repeated eruptions. The lining 
here at Bear Trap shows peculiar pitting which has been observed elsewhere (Greeley, 1971) but has 
not been explained. 

The shelf that occurs approximately 1 m above the floor may represent a period when the flow 
through the tube was constant enough for accretion to occur along the wall. Alternatively, it may 
represent downcutting by active flow below a previous level. Lateral erosion has been demonstrated in 
other areas (Greeley and Hyde, 1972; Greeley c:tnd Baer, 1971 ), and indirect evidence has been cited 
for downcutting (Swanson and Peterson, 1974 ), in active lava tubes. 

The original floor of Bear Trap tube here is covered with colluvium and other detritus to an unknown 
depth. The end of the tube is about 50 m from the entrance. It is marked by a sudden "plunge" of the 
roof in a smooth downward arc. This "roller coaster" profile has been noted in other lava tubes; how
ever, Bear Trap tube is too weathered to determine if this i~ the case. 
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FIGURE 19-3. Stop 3. Sketch map of the Bear Trap lava tube area. 
Bear Trap Cave is adjacent to the road junction at mileage 36.5. A 
second cave is about 2 km west. 
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43.2 0.8 
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Tum vehicles around and retrace the jeep track eastward (Fig. 19-3) back to the first cave (2 km) and 
resume the road log. NOTE: The mileage from the first cave to the second and return is NOT on the 
log. 

Split Butte is visible ahead at eleven o'clock. 

Road junction, Bear Trap emergency landing strip to the left. Continue straight. 

Road junction, tum left off main road, toward Split Butte. 

Road junction, continue straight. 

Road junction, take right branch. 

Road junction, turn left and park. 

STOP 4. SPLIT BUTTE (See Chapter 12). 

Although Split Butte is one of the older exposed features in this part of the Plain, it is still young 
enough that its salient features are well preserved. This guide is keyed to a walk counter-clockwise 
around the crater rim, beginning from the parking area (Figs. 12-1 and 19-6). 

Station 1: 

Walk to the top, of the crater rim, up the jeep trail. Recapping from the geologic history of Split Butte 
given earlier, the earliest event discernible is the eruption of tephra, visible as the "Split," opposite this 
point, which built a tephra cone; prevailing westerly winds resulted in theasymmetric distribution of 
tephra on the east rim. This was followed by the formation of a lava lake whose center was slightly 
offset from the center of the tephra cone which contained it. The lava lake appears to have spilled over 
the tephra rim in about this area, evidenced by in situ basalt on the outer flank of the crater rim. Wea
thering prevents tracing the lateral extent of the overflow. Withdrawal of magma resulted in the forma
tion of the central pit crater in the former lava lake. Concurrent with, or subsequent to, the lava lake 
activity, three en echelon basalt dikes intruded the tephra on the northwest side of the crater .. Follow
ing the formation of the pit crater, minor fountaining produced low spatter-and-cinder mounds on the 
flow and bank of the crater, on the west side. The flanks of the cone-crater were encroached by 
younger lava flows, the youngest of which are the Wapi flows to the southeast. 



FIGURE 19-5. Interior of Bear Trap lava tube, showing typical 
layered lava (left half of photograph, behind figure) and in situ lava 
tube lining that covers the layered lava (right half of photograph}. 
From Greeley, 1971. 

FIGURE 19-6. Vertical air photograph of Split Butte. This structure 
consists of an outer tuff cone which enclosed a basaltic lava lake. 
Withdrawal of magma and the subsequent subsidence of the lava lake 
resulted in the interior pit crater. (NASA-Ames Research Center 
photograph 951-1-4, May 1969.) 
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Station 2: 

Beginning near this point and continuing counter-clockwise around the outer crater rim about a hund
red meters, both inward-dipping and outward-dipping tephra exposures occur and their relation to the 
basalt can be established. In several places, the tephra has eroded to expose the "underside" of the lava 
lake; Near the beginning of the exposed contact with the basalt, the tephra is visible as a broad arch, 
demonstrating the "turn over" of the tephra layers from the crater interior, over the rim, to the out
ward-dipping flank of the crater. Split Butte is one of the few places where this relationship is clearly 
demonstrable. Here, also, the axis of the tephra rim plunges slightly westward, beneath the zone where 
the basalt lake appears to have spilled over the rim. 

Station 3: 

Continue to the "split." The tephra in this area contains several very large (larger than 30 em in dia
meter) basalt blocks which were ejected with the finer-grained material. From this point, the Holocene 
Wapi flows and Pillar Butte are visible eastward. 

Station 4: 

Proceed northwest to the pit crater rim. This area contains two prominent mounds of red cinder and 
spatter that represent the last known volcanic activity_ at Split Butte. The cone may have formed 
during the subsidence of the lava lake, or from much later activity. East and West from the cinder
spatter cones are exposures of the lava lake basalts in the walls of the pit crater. The surface of the lava 
lake in the pit crater is buried by colluvial and alluvial material to an unknown depth. 

Station 5: 

Continue an additional 150 meters westward to the tephra outcrop. Near the rim crest, watch for the 
narrow (30 em) dikes. The three · dikes are nearly vertical and can be recognized as standing above the 
tephra. Figure 19-7 shows the best exposure, on the northwest part of the rim. From here to the 
"split," the outcrop of the tephra is more extensive. Note the variations in color and grading of parti
cle sizes. 

Station 6: 

Proceed counterclockwise around the outside crater rim along the base of the basalt scarp. Most of the 
tephra that contained the lava lake has been eroded on this, the windward crater flank, leaving the 
basalt scarp. However, some remnants of the inward dipping tephra is visible in several places along the 
base of the scarp. 

Return to the vehicles. Retrace route back to road junction to Crystal Ice Cave (mileage point 27.1), 
as follows: 

Split Butte parking area. Proceed north on dirt track. 



Mileage 

Cumulative Difference 

44.2 0.5 

45.0 0.8 

46.2 1.2 

50.2 4.0 

50.9 0.7 

51.1 0.2 

52.0 0.9 

60.3 8.3 

60.6 0.3 

89.0 28.4 

Road junction, take left branch. 

Road junction, continue straight. 

Road junction, turn right onto main Minidoka-Arco road (turn toward Arco). 

Road junction, continue straight. 

Bear Trap lava tube (Stop 3), continue on main road. 

Road junction, tum right. 

Road junction, continue straight. 

Road junction, turn right to Crystal Ice Cave. 

STOP 5. KING'S BOWL LAVA FIELD AND CRYSTAL ICE CAVE (Chapters 9, 10, 11). 

At this stop we will examine the King's Bowl rift set and consider its relationship to the Great Rift 
system. Individual features include King's Bowl, a phreatic explosion crater formed in the rift, cinder
spatter cones on the rift, bulbous squeeze-ups, and other fresh lava flow features in the King's Bowl 
Lava Field. We will also be guided through Crystal Ice Cave to examine the cross-section exposed in 
the walls of the rift and secondary features, such as the spectacular ice formations. 

Return to vehicles and retrace route back to American Falls. 

American Falls. END OF TRIP. 
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FIGURE 19-7. South rim of Split Butte showing the outward dipping 
tephra layers (on the right) in disconformable contact with the 
younger basalts of the lava lake that was partly contained by the 
tephra cone. 
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