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ABSTRACT 
Cassia County lies in the extreme south central part of Idaho, bordering Utah 

and Nevada. In this report about 2,000 square miles of the eastern part of the 
county are described. 

The area is almost wholly in the Great Basin section of the Basin Range physio­
graphic province, but its northern part extends into the Snake River Plains section 
of the Columbia Plateau Province. It is therefore a region characterized by isolated 
ranges (in part partially dissected block mountains) rising above aggraded desert 
plains. Toward the north the ranges end by plunging beneath the Snake River 
Plains, consisting of a young lava plain or plateau. 

Within the district there are five mountain ranges, South Mountain, Albion 
Range, Malta Range, Black Pine Range, and the Sublett Range. Most of them 
rise abruptly from vast alluvial plains and are in a youthful to mature stage of 
dissection. Several bear distinct fault scarps which produced their block pattern. 
The Albion Range is the highest and rises to about 10,451 feet A.T. or to more 
than 5,000 feet above the alluvial plain at its northwestern base. The others are 
from 1,000 to 2,500 feet lower. These ranges bear witness of an interesting physio­
graphic history and carry the remains of old erosion surfaces which may be corre­
lated with the Snowdrift, Gannett, Elk Valley, Dry Fork, and Blackfoot surfaces 
described by G. R. Mansfield in southeastern Idaho. In addition, the Albion Range 
bears evidence of two stages of Pleistocene glaciation, the early considerably older 
and far more extensive than the younger. The Albion Range has also the further 
distinction of containing the interesting "Cassia City of Rocks," a small area of 
weirdly carved monoliths, spires, pinnacles and castellated forms in granitic rock 
in the heart of the Range. Less than half the area is mountainous. The two major 
basins are known as the Raft River Valley and the Goose Creek Valley. The 
climate of the region is semi-arid, with an average rainfall of less than 11 inches. 

The rocks of the region comprise sedimentary beds of Proterozoic, Cambrian, 
Mississippian, Pennsylvanian, Permian, Upper Miocene (?), and Quaternary age, 
granitic rocks probably intruded in late Cretaceous or early Eocene time, flows of 
quartz latite and locally basalt intercalated in and lying above the tuffs and other 
strata of Upper Miocene (?) age, and flows of Snake River basalt of Quaternary age. 

The Proterozoic strata are especially interesting, for they comprise a thick series 
of marine sediments, formerly mainly clean sandstones along with some limestone 
and shale beds, now entirely recrystallized and changed to vitreous quartzite, 
micaceous quartzite, marble, mica schist, and sillimanite schist. This series of 
rocks is new to the state and is evidently of pre-Beltian age. To it is given the 
name, Harrison series. The strata fall naturally into three lithologic units with 
a combined thickness of more than 9,000 feet. The lowest unit is the thickest and 
is composed of more than 6,000 feet of massive, evenly bedded white, generally 
fine-grained, vitreous quartzite, with occasional somewhat micaceous layers and 
thin beds of schist, the middle division consists of marbles, white quartzites, and 
schists, and the upper division is made up of white vitreous quartzite much like 
the lower. 

The Cambrian beds are quartzites and limestones, but these have a very 
restricted distribution. The Mississippian series is represented by the Brazer 
formation only, which here consists of more than 2,000 feet of massive limestones 
with considerable sandstone and carbonaceous shale. The Pennsylvanian consists 
of the Wells formation of about 3,000 feet of cherty limestones and sandstones, and 
the Permian of the Phosphoria formation, of which the Rex chert is a conspicuous 
member. 

There is no evidence of further s~dimentation until Upper Miocene (?) times, 
when beds of gravel, sand, clay, marl, and volcanic ash were deposited. In the 
upper part of this series are intercalated flows of lava, mainly latites, with lava 
also capping the series. This series is correlated with the Payette formation in 
southwestern Idaho and also with the Salt Lake _formation in southeastern Idaho. 
Quaternary deposits are widespread and include the vast alluvial fan deposits of 
the aggraded desert basins, terrace or beach deposits of old Lake Bonneville, JZ-lacial 
deposits of two distinct stages, loess deposits, hillside wash, and recent alluvial 
deposits. 
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The intrusive granitic rocks occur only in the Albion Range and South Moun­
tain, and have in the main the composition of granodiorite, except at the margins 
of the stocks and the small batholith where there is reversal of the usual zoning and 
instead of being more basic, the marginal zone has the composition of granite, 
much of it porphyritic and gneissic. Pegmatites are abundant about the margins 
of some parts of the stocks and batholith. Weathering of the granitic rock in the 
main batholith in the southern end of the Albion Range has produced the strange 
"City of Rocks." The process involved has been largely one of granular disintegra­
tion, the result of hydration coupled with case-hardening or surface induration and 
other factors. 

The Upper Miocene(?) lavas have the composition of quartz latites and quartz­
tridymite · latites. Differences in the flows are physical rather than chemical. 
Most flows have a thick basal zone of black porphyritic glass (feldspar vitrophyre), 
a central zone of pinkish or bluish-gray porphyritic aphanitic rock, and a thin top 
zone of black glass similar to that at the base. Basalt, locally intercalated in the 
series, is an olivine-rich variety in which the alteration of olivine to iddingsite has 
given the rock a faint reddish or purplish cast. The younger Snake River basalt 
is also an olivine-bearing basalt. 

The highly metamorphosed state of the Harrison series suggests Proterozoic 
deformation in the region prior even to the deposition of the Beltian strata, for in 
localities nearest Cassia County the Belt series shows no such metamorphism as 
the Harrison. The most notable epoch of deformation occurred, however, at the 
close of the Cretaceous period during the Laramide revolution when the Carbonifer­
ous and older strata were complexly folded by great tangential compressive stresses 
acting from a westerly direction, and then sliced by great low-angled overthrust 
faults similar in every way to the well known overthrusts in southeastern Idaho. 
As a consequence the strata have been thrown into northerly and northwesterly 
trending synclinoria and anticlinoria, mainly overturned to the east, and the older 
rocks have been brought over the younger by the great overthrusts. It is because 
of this thrusting that the Proterozoic strata have been brought to view in the 
Albion Range, where they now rest on Carboniferous strata. This fault has been 
given the name of the Albion overthrust, is similar in all respects to the Bannock 
overthrust in southeastern Idaho, and probably· represents a westward extension 
of the same general faulting. Following the great compression relaxational stresses 
were set up and the over-deformed mass was restored to a condition of equilibrium 
by normal faulting. Late in the deformative period, which probably extended also 
into the early Tertiary, came intrusion of a granitic magma and the development 
of the Cassia batholith and its outliers. 

Erosion followed the building of the Laramide mountain system and continued 
in Cassia County more or less uninterruptedly to the Miocene, by which time the 
surface had been reduced to a peneplain. Uplift near the middle of the Miocene 
or earlier, perhaps augmented by faulting, caused the erosion of deep, wide valleys, 
which were later filled with lacustrine and fluviatile deposits of Upper Miocene (?) 
age, and finally more completely buried by great showers of volcanic ash and flows 
of latitic lava. The further record, to rather late in the Pliocene, is not readily 
deciphered, but apparently uplift occurred near the end of the epoch and erosion 
again reduced the surface to peneplanation before its close. 

The next most conspicuous epoch of deformation is that wil.ich followed the 
late Pliocene planation and took place early in the Pleistocene when the earlier 
strata and structures were broken by great normal faults of northerly trend so 
characteristic of the Great Basin country and which have set off several of the ranges 
into their present tilted block outline. The Basin Range structure was thus super­
posed on the earlier structures. Movement along the fault planes apparently 
recurred until within comparatively recent times, as is evidenced from the youth­
_fulness of the fault scarps and the partial destruction of several Pleistocene erosion 
surfaces. In the eastern part of the district the late block or normal faulting is not 
so pronounced and there remains .evidence of -a Pliocene erosion surface (Gannett), 
as well as of three Pleistocene cycles of erosion (Elk Valley, Dry Fork, and Black­
foot), each inaugurated by regional uplift. 

After the early Pleistocene faulting had ceased, or had largely ceased,' there 
came deformation of a different kind-the Snake River downwarp. Fault block 

i 
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and other ranges alike end against the present Snake River Plains by plunging 
beneath its surface, reappearing again in somewhat changed form in the mountains 
on the north side of that great depression. The subsidence apparently reopened 
older fault planes and through these issued great floods of the Snake River basalt 
which partly filled the vast depressed basin. 

Glaciation occurred in the Pleistocene, apparently before and after the inaugura­
tion of the Blackfoot cycle of erosion. During the earlier epoch much of the east 
slope of the Albion Range was covered by glaciers from its crest to its base. The 
basin between it and South Mountain was also filled and from it tongues extended 
completely across the south end of the Albion Range. 

Ore was discovered in the district about 1880, but the production has been 
small. Mineral deposits occur in both the Albion Range and the Black Pine 
Range, the former in the Stokes district and the latter in the Black Pine district. 
This distribution is genetic as well as geographic, as shown by the character and 
age of the mineralization. Deposits in the Stokes district occur dominantly as 
fissure veins in the pre-Cambrian strata and belong to the quartz-galena group of 
mesothermal character. These are centered more or less closely about a stock of 
granitic rock, a small outlier of the Cassia batholith, and are obviously related 
genetically to the late Cretaceous or early Eocene period of magmatic activity. 
In addition to a dominant quartz-galena filling, the veins contain inconsequential 
amounts of chalcopyrite, tetrahedrite, sph.alerite, and pyrite. The galena is 
argentiferous. Some early production was obtained from the oxidized ores, but 
the enriched zone was shallow. 

Unlike the deposits in the Stokes district, those in the Black Pine occur as 
irregular replacements of limestone and have as their chief metals silver ~nd zinc. 
This group clearly belongs to the epithermal base-metal type and has for its essential 
minerals variable amounts of sphalerite, tetrahedrite (freibergite), jamesonite, and 
accessory pyrite, cinnabar and realgar, associated with a quartz, and locally barite 
and calcite, gangue. There are no igneous rocks in the vicinity of these deposits, 
but from the character of the deposits, including the nature of the mineralization 
and the similarity to epithermal base metal deposits elsewhere in the State and 
surrounding states, it is believed that the ores are genetically related to a younger 
Tertiary epoch of metallization, particularly to intrusive granites of late Miocene 
(?) age. 

Other mineral resources in the district are building stones of various· kinds, 
some of which have been utilized, limestone and marble, quartzite, volcanic ash, 
mica, feldspar, clay, cyanite, and road metal. Water resources and phosphate 
possibilities are not discussed herein. Another resource not yet utilized is the 
scenic attraction of the "Cassia City of Rocks." This unique area is surely worthy 
of development and deserves recognition as a National Monument. 

Among the more notable contributions made as a result of the study of this 
area may be listed the following: 

1. Recognition of a thick series of marine Proterozoic strata of pre-Beltian 
age which opens a new chapter in the geologic history of the State and which 
contributes additional data to the pre-Cambrian history of the West. 

2. Discovery of great low-angle overthrust faults similar to those farther east 
in the Rocky Mountain province. Their occurrence serves to extend the typical 
Rocky Mountain structures much farther west than heretofore was supposed. 

3. Recognition that the Basin Range faulting of the block or normal type is 
superposed on the Rocky Mountain structures and that this faulting is in no way 
related to the earlier epoch of deformation. 

4. Determination that the Basin Range faulting within the area is mainly early 
Pleistocene. This suggests that perhaps much of the normal faulting within the 
Basin Range province is of. similar age and therefore much younger than the 
mid-Tertiary age usually assigned. .. 

5. Confirmation of the Snake River Plains area as a great synclinal depression 
or downwarp whose basin has been partly filled with Snake River basalt. Age of 
the subsidence, based on the relation of the downwarp to involved Basin Range 
faults and to early Pleistocene erosion surfaces, is determined as mainly or probably 
wholly Pleistocene so far as Cassia County is concerned. 
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6. Correlation of the Tertiary sedimentary and volcanic strata with the Upper 
Miocene Payette formation in the southwestern part of the State and also with the 
Salt Lake formation in the southeast part, which in the past has been tentatively 
assigned to the Pliocene. This correlation, based on stratigraphic succession and 
tracing of the formation from one area to the other, makes the Payette and Salt 
Lake equivalent formations and both of Upper Miocene age. 

7. Recognition of the erosion surfaces so admirably interpreted and described 
by G. R. Mansfield in southeastern Idaho as extending also into the south part of 
the State. 

8. Recognition of two stages of Pleistocene glaciation within the district, the 
earlier much older and far -more extensive than the younger (late Wisconsin). 

9. Discovery that granitic intrusion followed the overthrusting ascribed to the 
Laramide revolution, which adds to the likelihood that the Idaho batholith, of 
which the Cassia batholith is considered an outlier, is also late Cretaceous or early 
Eocene and not late Jurassic or early Cretaceous, as has been recently suggested. 

10. Establishment of two epochs of metallization within the district, the older 
characterized by mesothermal quartz-galena veins and genetically related to the 
late Cretaceous or early Tertiary magmas; the younger characterized by epithermal 
base metal replacements of limestone with sphalerite, tetrahedrite, jamesonite, 
cinnabar, and realgar, quartz, calcite and barite as the distinguishing minerals and 
supposedly related to Tertiary intrusives of later age not exposed at the surface. 

11. Description of the "Cassia City of Rocks" and ascribing its origin to deep 
granular disintegration of granitic rock induced mainly by hydration and aided by 
conditions of aridity favorable to casehardening or surface induration of the dis­
integrated rock and by favorable structures within the granite, together with its 
physical setting in the heart of the Albion Range. 

12. Discovery of the Phosphoria formation (Permian) which may prove to be 
of economic significance. 

13. Recognition of changes in the character of the Brazer formation (Upper 
Mississippian) which suggest increasing approach to the western shore of the 
Carboniferous sea. 

14. Petrographic descriptions of the granitic rocks, the Tertiary quartz latites 
and basalt, and the Snake River basalt. 

15. Description of the geography of a region never before described and the 
assignment of names to two major mountain ranges. 

i 
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THE GEOLOGY AND MINERAL RESOURCES 
OF EASTERN CASSIA COUNTY, IDAHO 

By ALFRED L. ANDERSON . 

INTRODUCTION 

PURPOSE AND SCOPE OF THE INVESTIGATION 

As a result of revived interest in mining in Idaho during the past 
decade, attention was naturally directed to Cassia County as a possible 
new field for development. The region seemed to offer attractive 
inducements, for it was known · that soine lead, zinc, and silver ores 
had been shipped from the district since 1880 and that other mineral 
resources existed. As most of the County had never received geological 
investigation, little or no geologic information was available and this 
factor served to increase general curiosity and brought urgent requests 
for a survey of its resources. In response to these requests the writer 
was detailed by the Idaho Bureau of Mines and Geology to obtain and 
make available such information as pertains to its general geology and 
its mineral resources. 

Because· only one field season could be devoted to the investigation, 
the geologic mapping and study of nearly 2,000 square miles of virgin 
territory of necessity had to be of broad reconnaissance nature. Special 
consideration was given, however, to the mineralization in the Stokes 
mining district in the Albion Range and to the mineralization in the 
Black Pine district in the Black Pine Range. Special study was given 
the non-metallic resources, such as building stone, limestone, marble, 
and others. The widespread distribution of the Phosphoria formation, 
which in southeastern Idaho contains valuable beds of phosphate, was 
definitely recognized, but there was,no time to study the formation in 
the detail that is desirable, and it was not ascertained whether the 
Phosphoria formation contains phosphatic shales in this region or not. 

Inasmuch as most of Cassia County has been a large blank qn the 
geologic map of the State, every effort was made to fill this gap. A 
thick series of pre-Cambrian strata was recognized and mapped with 
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as much detail· as possible, but time did not permit its separation into 
several distinctive lithologic units. Some Cambrian strata were also ' 
recognized, but these form only a very small part of the map area. 
Carboniferous sedimentary rocks are also widespread, and the Missis­
sippian series (Brazer formation) was dist~nguished arid mapped sepa­
rately from the others, but it was not feasible to differentiate between 
the Pennsylvanian series (Wells formation) and the Permian series 
(Phosphoria formation) on the geologic map. Tertiary strata Wayette 
or Salt Lake formation) are widespread but are so intimately inter­
calated with and so extensively capped by latitic lavas that they cannot 
be adequately represented on the map. As nearly half of the area is 
concealed by Quaternary deposits, the mapping of an area of such size 
was greatly simplified. Intrusive granitic bodies, supposed outliers of 
the Idaho batholith, were also distinguished, as well as vast floods of 
younger acidic lavas whose relations to the Tertiary strata have already 
been mentioned. These lavas cover large areas, and, because of their 
general simple structure, were readily mapped. Only one other forma­
tion was distinguished-namely, flows of Snake River basalt. 

Special studies were made of the geologic ,structure of the district. 
It was thought that much additional data might be obtained on the 
Rocky Mountain structure so typically represented in southeastern 
Idaho and also that its relation to the typical structure of the Great 
Basin country might be definitely established. Special effort therefore 
was made to discover evidence of the great low-angled overthrusts and 
the relation of these to the fault block ranges which were suspected to 
exist in the region. Several of such great overthrusts were found and 
likewise much evidence of faulting so characteristic of the Great Basin 
country. It was also found possible to date the Great Basin structures 
with greater precision than heretofore has been possible. In addition, 
further information was obtained on the Snake River downwarp and 
in particular its relation to the previous structures. 

Physiographic features were given consideration and a complicated 
topographic history was deciphered. It was thought that study of 
this region might afford a better understanding of the physical his­
tory of the State, concerning which there has long been so much con­
troversy. Special attention was given t~e "Cassia City of Rocks," 
a comparatively unknown spot of weirdly carved monoliths, spires, 
pinnacles, etc., whose forms were known to be sculptured in massive 
granite but whose origin was an unsolved problem. 

Stratigraphic problems were anticipated and effort was made espe­
cially to correlate the supposed Tertiary strata with the Payette 

i 
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formation of southwest Idaho and with the Salt Lake formation in the 
southeastern part of the State. Attempt was then made to determine 
the stratigraphic relations of these two known formations to one an­
other. The pre-Cambrian strata were studied, especially with the idea 
that the sedimentation here recorded might aid in a better understand­
ing of Proterozoic paleogeography in the general region. Curiously, the 
pre-Cambrian strata proved to be pre-Beltian and were recognized as 
new to the State. 

It is within the scope of this report to treat the essential features of 
the geology and mineralization and to make such interpretations and 
conclusions as the facts obtained seem to justify. · The district holds 
a strategic position and the key to the solution of several obscure 
geologic prob!ems. 

FIELD WORK 

Field work started in the district on June 15, 1930, and continued 
with only minor interruption because of inclement weather until August 
27, 1930. Progress was rapid, for between June 20 and August 10 the 
writer was assisted by Mr. D. C. Livingston, who rendered valuable 
service in preparing a topographic sketch map of the district and in 
aiding with geological mapping. This left the writer free to devote his 
entire time ·to an investigation of the mineral resources, to the study 

• and interpretation of physiographic, structural, and stratigraphic prob­
lems, and to geological mapping~ 

Lack of a suitable base map was a serious handicap to geological 
mapping and prevented any work other than reconnaissance .. Forest 
maps with topography were available for part of the area and were 
most useful, but most of the district had only township plats made by 
the General Land Office and surveyed as early as 1872. Most of these 
were wholly unsatisfactory as a base for geologic work. Some of the 
township plats had been resurveyed during the past two decades and 
these were of considerable value. Preparation of a suitable base map 
for the geology was therefore necessary, and this duty kept Mr. Living­
ston busy for most of the summer. Unfortunately, geologic mapping 
had to be done before the completion of the base map and it was neces­
sary to use any available map to record geology. Fortunately, timber 
maps of the forest divisions were especially accurate and these covered 
the most critical areas in the district. 

Control for the topographic, sketch map was from points established 
during the old Wheeler survey, but it was soon discovered that the 
latitude and longitude of these points had been incorrectly given and 
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that the points were more than half a mile from their correct position. 
Most of the mapping was then done from section and township corners 
by intersection on desired points and their elevations were obtained by 
calculation from vertical angles or from barometric readings. 

ACKNOWLEDGMENTS 

The writer is especially indebted to Mr. D. C. Livingston for his 
services in the field. His topographic sketch map clearly outlines the 
major physiographic features and gives strong clue to much of the 
structure. Mr. Livingston was assisted in this work by Mr. Carroll 
Livingston. Acknowledgment is also due Mr. Leslie R. Vance, a gradu­
ate of the School of Mines, who assisted the writer in his studies of the 
geology and mineral resources. 

Others in the district have also contributed to the work, and the 
writer especially wishes to convey his gratitude to Mr. W. J. Burridge, 
President of the Silver Hills Mining Company. Appreciation is also 
extended the forest supervisor of the Minidoka National Forest at 
Burley, Idaho, who so kindly furnished maps and directions to pros­
pects and watering places. 

The writer also wishes to express his gratitude to Dr. E. S. Bastin 
of the University of Chicago, who so kindly read the section of the 
report dealing with the economic geology; to Dr. R. T. Chamberlin, 
also of the University of Chicago, for his helpful suggestions pertaining 
to the section on structural geology; and to Dr. J. H. Bretz, of the 
University of Chicago, who gave his time to the reading of the sections 
describing the physiography of the region. The writer is also greatly 
indebted to Dr. G. F. Loughlin of the U.S. Geological Survey, who read 
the section dealing with the pre-Cambrian stratigraphy and who offered 
some very valuable suggestions. 

PREVIOUS GEOLOGIC WORK 

Previous information on the district is confined to a single brief 
report by Larsen, 1 who described the occurrence of cinnabar in the 
Black Pine district on the eastern slope of the Black Pine Range. He 
also mentioned the presence of nearby deposits containing zinc, silver, 
and copper, or silver, lead, and zinc. 

Some work, mainly of a reconnaissance nature, has been done in 
adjoining areas, and this work affords some clue to the geology within 

t Livingston, D. C., Tungsten, cinnabar, molybdenum, and tin deposits of Idaho: Univ. of Idaho 
School of Mines Bull. 2, Vol. 14, 1919, with a chapter by E. S. Larsen, U.S. Geological Survey, on the 
occurrence of cinnabar near Black Pine, Idaho, pp. 65-67. 
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the district. Lignite beds1 have been described in the Goose Creek 
Basin in the western part of the County, and a survey was made of the 
water resources 2 in the same region. Reconnaissance studies have also 
been made in the adjoining counties3 on the east, and also in the Snake 
River Plains area4 on the north. The adjoining region in Utah5 has 
also been briefly treated. 

1 Bowen, C. F., Coil and lignite in Boise and Cassia counties, Idaho: U.S. Geol. Survey Bull. 531-H, 
1913. 

2 Piper, A. M., Geology and water resources of the Goose Creek Basin, Cassia County, Idaho: Idaho 
Bureau of Mines and Geology Bull. 6, 1923. 

a Piper, A. M., Possibilities of petroleum in Power and Onedia Counties: Idaho Bureau of Mines and 
Geology Pamphlet 12, 1924. 

4 Russell, I. C., Geology and water resources of the Snake River Plains of Idaho: U.S. Geol. Survey 
Bull. 199, 1902. 

5 Butler, B. S., Loughlin, G. F., Heikes, V. C., and others, The ore deposits of Utah: U.S. Geol. Survey 
Prof. Paper III, 1920. 
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FIGURE 1. Index map showing location of area. 
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GEOGRAPHY 

LOCATION 

The area under investigation lies wholly within Cassia County near 
the extreme south central part of Idaho bordering the State of Utah 
(Figure 1). It is bordered on the east by Power and Oneida counties, 
on the north by parts of Power, Blaine, and Minidoka counties. On 
the west the line separating R. 21 E. from R. 22 E., Boise meridian, 
was taken as the boundary. As outlined, the district lies mainly between 
42° 00' and 42° 40' north latitude and between 113° 00' and 113° 50' 
west longitude. 

TOPOGRAPHY 

PHYSIOGRAPHIC SETTING 

Eastern Cassia County lies mostly in the Great Basin section of the· 
Basin and Range province1 and is characterized by isolated ranges (in 
part partially dissected block mountains) rising above aggraded desert 
plains. Its northern part, however, merges abruptly with the Snake 
River Plains section of the Columbia Plateau province, whose charac­
teristic feature is that of a young lava plain or plateau. 

Most of the ranges are elongated in a northerly direction and those 
that reach the Snake River Plains section end by plunging beneath the 
lava-floored plateau. Most of them rise abruptly above vast alluvial 
plains and are in a youthful to mature stage of dissection. Several of 
the ranges still bear distinct physiographic evidence of the faults that 
produced their tilted block outlines. The larger intervening desert 
basins open to the Snake River Plains and are not sharply defined 
from it. 

MOUNTAINS 

There are five mountain ranges in the area, three of them of major 
magnitude. Of the five, two have never been officially named, and one 
of these is the largest range in the district, and perhaps the highest in 
Idaho south of the Snake River Plains. Three of the ranges lie near the 
west border of the district and two along the east side. Those on the 
west include South Mountain, Albion Range, and Malta Range, named 
in order from west to east. These are parallel, closely grouped ranges 
and are separated by only minor alluvium-floored basins. The names 
assigned to the Albion and Malta ranges are new. Those on the east 

1 Fenneman, N. M., Physiographic divisions of the United States: Annals of the Assn. of Amer. Geog., 
Vol. XVIII, No. 4, 1928. 
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side of the County are the Black Pine Range and the Sublett Range, 
named from south to north. Foothills, or the lower northern flank of 
the Raft River Range, extend into the southern part of the district. 
This range, unlike the others, is a domed uplift with its axial line at 
right angles to the elongation of the other ranges. 

Most of the ranges . exhibit notable differences among themselves, 
especially in the character of their dissection, determined mainly by the 
nature of the rocks which compose them. These differences can be 
presented only through individual description. Order of presentation 
is not based on the size of the ranges nor on their relative importance, 
but in their order from west to east as listed above. 

SOUTH MOUNTAIN 

South Mountain, also known as Middle Mountain, is a northerly 
extending prong of the Goose Creek Mountains of northwestern Utah 
and northeastern Nevada. It ends south of Oakley about 12 miles 
from the State line. This mountain has a pronounced tilted-block 
appearance with its crest or axis very near its eastern margin (see topo­
graphic sketch map). Its slope to the east is steep or abrupt and 
resembles a little-eroded fault scarp. Its slope to the west is longer 
and much more gradual, approximating an angle of about 18°. Streams 
on its western slope have carved relatively shallow valleys, streams on 
the east side are few and have caused little migration of the drainage 
divide. A comparatively low depression extends diagonally across the 
range to the northwest and divides it into two sections, one offset 
slightly from the other. The crest of the two sections is angular and 
attains an elevation above 8,000 feet A. T ., or neady 2,000 feet above 
the floor of the narrow basin which separates it from the Albion Range· 
These outstanding characters are well represented on the topographic 
map. 

Several valleys have been carved in the steep eastward facing scarp 
and these have the characteristic appearance of glaciated valleys 
(Plate I, A). Such wide, shallow, U-shaped valleys are characteristic 
of only this range and the Albion and Raft River ranges. The basin 
which separates South Mountain from the Albion Range also has the 
appearance of a glaciated trough. Low, much-eroded patches of 
moraine at the mouths of many of the U-shaped valleys confirm the 
glacial origin of these valley~. 

ALBION RANGE 

The Albion Range is probably the most imposing range in Idaho 
south of the Snake River Plains. It is 36 miles long, extending into 

11 
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A. CHARACTERISTIC VALLEY OF SOUTH MOUNTAIN AND THE ALBION RANGE 
Valleys of the two ranges are characteristically wide and shallow, t ypically U-shaped, except on the west­
ward slopes. Courses are straight. These valleys are presumably the result or an early epoch of glaciation. 

Il. EROSION SURl>ACE ON THE SUMMIT OF THE ALBION RANGE 
Old erosion surface preserved on t he summit of t he Albion Range east of Mount Harrison. This surface 
Hes at an elevation above 8,000 feet A.1.'. and is cut acro~s the folded pre-Cambrian Harrison series. This 
surface was formed prior to mid-i\1iocene time and is now probably mainly an exhumed surface. It is 

probably equivalent to the Snowdrift peneplain defined by Mansfield in southeastern Idaho. 
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A. MOUNT HARRISON 
Mount Harrison has a broad summit surface lying nearly 1,000 feet above the Snowdrift (?) peneplain 
which is shown in the immediate foreground. Its appearance suggests a still m ore ancient erosion 
surface, but more than likely it is a part of the Snowdrift surface elevated through recen t normal faulting. 
Pleistocene glaciers have carved cirques on its eastern side. Note t he broad, gently undulating surface of 

the Snowdrift (?) peneplain. 

B. CACHE PEAK FROM THE NO RTH 
Cache Peak, the highest point in Idaho south of the Snake River Plains. Note the two wide rock terraces 
on both sides of the main peak. These are the remnants of the Snowdrift ('?) peneplain preserved in the 

southern section of the Albion Range. 



GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY 9 

Idaho from Utah, and ends at the north by plunging beneath the Snake 
River Plains. It rises to a maximum elevation of about 10,451 feet A. T. 
or more than 5,000 feet above the plains at its base. But in spite of its 
size and prominence it has never received an official name, having been 
mentioned only in connection with its two highest parts, Mount Ham­
son and Cache Peak. Because the U.S. Forest Service has designated 
this part of the Minidoka National Forest as the Albion Mountain 
division, it is here proposed that the term, Albion, be adopted to desig­
nate the entire range. 

The Albion Range is sharply set off from the parallel ranges on 
each side, although not widely separated from either. It rises more 
or less steeply and on its western and northwestern sides presents a bold, 
even front, little indented by the steep valleys on its flanks. East of 
Oakley the range swings in a gradual curve to the northeast. Its east­
ern side is less regular and is interrupted by three basin-like embay­
ments, named respectively from north to south the Albion, the Elba, 
and the Almo basins. At these embayments there is a very noticeable 
narrowing of the range, giving the range the appearance of two broad 
domes. The most southerly dome culminates in Cache Peak at 10,451 
feet A. T. Its width there is about 10 miles. The broad dome to the 
north culminates in Mount Harrison at an elevation of about 9,200 feet 
A. T. I ts distance across is about 12 miles. 

The summit of the range is not sharp as in the other ranges in the 
district, but is broad and notably flat or.level. This character is sug­
gested from a distance by the evenness of the sky-line and is strikingly 
confirmed from the summit itself. Its surface is very gently rolling, 
as illustrated in Plate I, B, and is covered with a deep mantle rock. 
Its gentleness of surface is quite out of harmony with the steep flanks 
of the range and it has every appearance of an "old land" surface, 
uplifted and subsequently scarcely affected by erosion. This surface 
is exceptionally well retained about Mount Harrison, where it lies at 
an elevation between 8,000 and 8,500 feet A.T., or from 500 to 800 feet 
below the highest crest of the range. The highest crest itself carries 
another similar surface of about two square miles whose appearance 
suggests the remnant of a still more ancient surface (Plate II, A), but 
it is very likely a detached part of the other surface brought to its 
present elevation as a result of comparatively recent normal faulting. 
Even more of the main summit erosion surface remains about Cache 
Peak and, as shown in Plate II, B, forms a distinct broad terrace on 
both sides of the peak. This surface extends for nearly five miles south 
and west of the peak ( or behind the peak as shown in the picture). 
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Cache Peak is apparently a monadnock on this surface. The erosion 
surface may correspond with the Snowdrift peneplain of pre-Middle 
Miocene age described by Mansfield 1 across some of the higher ridges 
in the mountains in southeastern Idaho. As will be explained later, the 
old erosion surface in the Albion Range may be an exhumed surface 
from which Upper Miocene strata have been stripped off by erosion. 

Another striking character of the range is its notable lack of dis­
section except by shallow U-shaped valleys with uniformly steep 
gradients (Plate I, A, Plate II, B, and topographic map). These broad 
shallow valleys lie mainly on the east side of the range and especially 
on the slopes which descend to the three basins. Their form is strongly 
suggestive of glacial action, particularly as the valleys are remarkably 
straight and some of them, at their mouths, have minor surface-irregu­
larities suggestive of old moraines. Additional criteria of glacial origin 
are afforded near the south end of the range near Almo, where the 
U-shaped valleys extend directly across the range as illustrated in 
Plate III, A, and have their heads in the basin which lies between 

· South Mountain and the Albion Range. These valleys are not occupied 
by streams except for what water is ·collected within the range. The 
topographic relations strongly suggest that the basin between the two 
ranges was once a center for ice accumulation from which glaciers · 
moved eastward across the Albion Range and northward up the basin 
and over the low divide into Birch Creek drainage. The glacial stamp 
in this part of the range is especially well shown on the topographic map. 

In a few places the characteristic smooth slopes of the range have 
been sculptured into sharper lines and the higher parts given a more 
alpine appearance. This work is obviously the product of a younger 
stage of glaciation, much less extensive than the one that carved the 
long U-shaped valleys. The development of high cirques is the most 
outstanding feature of this glaciation. Mount Harrison bears such 
a cirque on its northeast side, as illustrated in Plate II, A, and in the 
floor of the cirque nestles beautiful Lake Cleveland (Plate III, B). The 
floor of the cirque is not much below the level of the old erosion surface. 
A cirque on the southeast side of Harrison is much deeper but much 
less perfect. Cache Peak has also been sculptured by mountain gla­
ciers. On its north side is a large cirque in which lie five small lakes, 
known locally as Independence Lakes. These are at an elevation of 
8,500 feet A. T. Cache Peak has also been much steepened on its 
southeast side where the descent is nearly vertical for 3,000 feet. 

1 Mansfield, G. R., Geography, Geology, and Mineral Resources of part of Southeastern Idaho: U.S 
Geol. Survey Prof. Paper 152, 1927, p. 14. · · 

• 
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A. GLACIAi, VALLEYS ACROSS THE ALBION RANGE 
These U-shapcd valleys extend entirely across the southern end or the Albion Range from the wide basin 
between South Mountain and the Albion Range. Ice presumably filled the basin in front of South Moun­
tain and overnowed across the Albion Range into the Almo Basin in the foreground. The Cassia City of 
Rocks is hidden behind the row of peaks. Cacho Peak on the extreme right. Vegetation expresses the 

general aridity of the region. 

B. LAKE CLEVELAND 
Lake Cleveland is a small glacial lake lying in a cirque of late \Visconsin age on the northeast side of l\1ount 
H,mison in the Albion Range. Note the general smoothness of the old erosion surface on the right, whose 

general level is but little above that of Lake Cleveland. 
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Glaciers of this epoch did not form at levels below 8,000 feet A.T ., nor 
did_ they extend much below that elevation. 

MALTA RANGE 

The Malta Range is a young tilted block mountain at the east base 
of the Albion Range. It is about 34 miles long and ends on the south 
about three miles from the Utah line and on the north about two miles 
beyond t~e end of the Albion Range, where it, too, terminates by plung­
ing beneath the Snake River Plains. It attains an elevation of about 
8,200 feet A. T. in its highest part opposite Cache Peak, more than 3,000 
feet above the desert plain at its east base. This range is as wide as 
the Albion Range and nearly as imposing from its eastern side. It has 
not received a name, in spite of its prominence. It is here proposed 
to name it the Malta Range from the town not far from its eastern base. 

This range is very similar to the young fault block ranges in south­
ern Oregon, and, like them, has its crest very near the margin of the 
block, with a steep, precipitous scarp facing the east (Plate XIV, B) 
and a long gradual slope to the west (see topographic sketch map). Its 
steep eastern scarp has not been greatly modified by erosion where the 
range is low, but along higher parts it has been much broken by land­
slides. Some of the landslide blocks have traveled several miles from the 
base of the range. The back or west slope of the range shows the same 
progressive dissection from early youth iri its lower northern end to 
early maturity in its higher parts farther south. I ts tilt-block appear­
ance has been mainly retained because of the late date at which the 
range was formed and because it bears a comparatively resistant cap­
ping of lava above a base of very easily eroded tuffs. Wherever streams 
have cut through the lava into the tuff, destruction of the block form 
has been rapid, hastened largely by landslides. The west slope of the 
range blocks the Albion, Elba, and Almo basins, and, between them, 
the Malta Range actually lies against the lower slope of the Albion 
Range. Two streams, Cassia Creek and Raft River, have maintained 
their courses across the faulted and tilted block, thereby dividing the 
range into three sections, separated by narrow canyons. 

Glaciers have left a mark on the high middle section of the range 
where outlines of cirques are faintly discernible. These glaciers extend­
ed to somewhat lower altitudes on the east side of the range than on the 
west, but not far below the crest on either side. The glaciated val­
leys with their headward cirques are mostly cut through the lavas 
into the underlying soft tuffaceous beds, and this has greatly favored 
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the development of landslides. This land movement has largely 
destroyed the earlier glacial forms. 

BLACK PINE RANGE 

The Black Pine Range is in the southeast corner of Cassia County 
and, like the Malta Range, does not extend outside the district. It is 
isolated from alI other ranges and rises steeply from broad piedmont 
alluvial slopes and irregular pediments or bordering rock floors to a 
maximum elevation of 9,700 feet A.T. near its central part, or 3,800 feet 
or more above its base. From a distance it appears as if composed of 
three segmented masses as shown in Plate IV, A, with the two end seg­
ments plunging in opposite directions to the level of the surrounding 
alluvial plain. Its southern end lies approximately at the Utah line 
and its other end about 17 miles to the north. The range is wider than 
most in proportion to its length, having a maximum width of nine 
miles. Its plan is not elliptical, as its domical profile might suggest, 
but it is mainly bounded by straight lines. Its north end appears as 
though it had been sliced obliquely and this feature destroys what 
would otherwise have been a rectangularly blocked range (see topo­
graphic sketch map). 

Unlike the Albion Range, the Black Pine has been deeply dissected 
into a stage of early maturity, and the valleys, instead of being wide and 
shallow, are narrow and steep, as shown in Plate IV, B. Summits com­
prise narrow ridges of irregular profile, bounded by exceedingly steep 
slopes. Dissection has not been simple, but the erosional cycle has been 
several times interrupted by uplift during which youthful valleys have 
been carved in the floors of the older valleys. The present valleys are 
extremely youthful and have steep sides several hundred feet high. It 
is probable that this young stage of dissection corresponds to the late 
Blackfoot cycle, described by Mansfield, 1 in the mountains of south­
eastern Idaho. Above the present stream valleys lie the remnants of 
older broad and shallow valleys in the Black Pine Canyon region in the 
southern end of the range, these more than a mile wide. This earlier 
stage of erosion may correspond to the Dry Fork Cycle in the moun­
tains of southeastern Idaho, also described by Mansfield. Above this 
surfacethe slopes rise very steeply, but still older surfaces are not suffi­
ciently well preserved to admit their interpretation and correlation. 

Features of glacial origin near the summit of the range have not • 
been well preserved, for the floors of the high glacial troughs have been 

l Prof. Paper 152, op. cit., p. 17. 
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A. BLACK PINE RANGE 
Shows the three-segment character of the Black Pinc Range, with the southern end (right) plunging to the 
level of the desert plain. The central part rises to 9,700 feet A.T. The deep notch between t he middle and 
right segment outlines the course of the Kelsaw fault, that on the left side an overthrust fault. Picture 
also shows the southern end of the Raft River Valley, with its monotonous flatness of surface and charac-

teristic vegetation. Distance across to the Black Pine Range is eleven miles. 

B. DETAILS IN THE BLACK P I NE RANGE 
Shows the east side of the middle segment, with its deep, steep valleys and sharp ridges, quite unlike the 
wide, shallow valleys and wide intervening ridge tops of the Albion Range. In the foreground are the 
exhumed triangular facets of a normal fault. Pole Canyon follows the fault from the left, but in the center 
of the view turns off at right angles. Saddle outlining the fault continues ahead. The rocks belong to the 
\ Ve1ls formation. Note absence of outcrops on these exceedingly steep slopes. The \Veils invariably 

gives smooth slopes. 
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A. SUBLETT RANGE 
This view in the Lake Fork drainage area shows the advanced stage or dissection of the Sublett Range. 
In the picture arc recorded the cycles responsible for its dissection: the Gannett erosion surface (g) on the 
highest ridges; t he E lk Valley (e) below; the Dry Fork (cl) at a still lower level; and the steep valleys of 
the Blackfoot cycle (b) . The Gannett surface is probably late Pliocene in agP, the others Pleistocene. 
These surfaces arc carved in rocks belonging to the \Velis and Phosphoria formations. Note the 

absence of outcrops. 

B. VIEW OF THE NORTH END OF THE SUBLETT RANGE 
The wide valley surface (cl) at the level from which the Qicture was ta.ken. cec.ocds. th<,. Ut;r Fock. q<:JR,. 
Picture was so taken that the ste,p, narrow canyons of the Blackfoot cycle fail to show. At higher 
levels may be observed the rock terraces corresponding to the Elk Valley (e) and Gannett (g) surfaces. 

• 
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largely destroyed by subsequent valley cutting. From the position and 
character of outwash on the northeast flank of the range it is probable 
that two epochs of glacial erosion are recorded, the earlier at an eleva­
tion of 500 feet and the younger 200 feet above the present valley 
bottoms. 

Shore features of ancient Lake Bonneville are well displayed along 
the lower eastern and southeastern slope of the range. These constitute 
a series of two or three excellently preserved beach terraces. It is 
interesting to note that, had Lake Bonneville not found outlet else­
where, a 50-foot increase in the lake level would have caused it to spill 
over Kelton Pass at the south end of the range into Raft River Valley. 

SUBLETT RANGE 

About half of the Sublett Range is in northeastern Cassia County 
and the remainder in Power and Oneida counties. It, too, is an isolated 
range, much longer and broader than the Black Pine, and rises steeply, 
except on the north, above aggraded desert plains and minor bordering 
rock floors or pediments, but with slopes and borders less regular than 
in the other ranges. It ends on the north by plunging gently beneath · 
the Snake River Plains. By reason of its gradual descent several of 
its higher parts have been detached or isolated from the main range 
and rise as islands along its northwestern border. Summit levels are 
lower than in nearby ranges and the highest seldom exceed 7,500 feet 
A. T. The mountain, therefore, loses the range-like aspect of its neigh­
bors and appears more as a broad and maturely dissected low upland 
or plateau. Its pattern is complex and consists largely of parallel 
ridges, trending ·northwestward, and locally northeastward, separated 
by steep narrow valleys. Drainage lines and ridge patterns are ob­
viously greatly influenced by the character and structural trends of 
the underlying strata. 

This plateau-like area has been deeply dissected and everywhere has 
steep slopes. I ts erosional history is complicated but much more easily 
interpreted than the· stages recorded in the development of the Black 
Pine Range. At least four cycles of erosion are recorded on the ridge 
tops and in the present valleys (Plate V). These probably are to be 
correlated with the Gannett, Elk Valley, Dry Fork, and Blackfoot 
cycles interpreted and described by Mansfield 1 in the mountains farther 
east. The earliest represents a widespread erosion surface in late stages 
of m~turity or early old age now preserved on the narrow crests of the 

1 Prof. Paper 152, op. cit., pp. 12-19. 
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highest ridges in the range. Below are.ridge crests that record the floors 
of broad and relatively shallow valleys, produced probably during the 
Elk Valley cycle. Again, below the terraces and uplands of the Elk 
Valley surface and above the present stream valleys, lies a group of 
high-level valleys or terraces ascribed to the Dry Fork cycle. This 
surf ace lies from 300 to 500 feet below the next highest surface and in 
most places about 300 feet above the bottoms of the present stream 
valleys. The rejuvenation of the region by uplift at the close of the 
Dry Fork cycle enabled the streams to cut their present sharp-featured 
canyons in their valley floors. These valleys are narrow, with sides so 
steep that landslides are conspicuous features and in parts of some 
valleys, as along upper Lake Fork, have caused serious obstruction to 
drainage. · None of the surfaces have been affected by glaciation and 
it seems probable that the range, because of its relatively low elevation, 
escaped glaciation almost entirely. 

RAFI' RIVER RANGE 

Raft River Range is mainly outside the district in Utah, but as part 
of its northern slope lies within the south margin of the district, and as 
its structural features aid in solving some of the structural problems 
within Cassia County, it will be given brief description. This range 
differs from the others in that it is a partially dissected anticlinal uplift 
or domed range with its axis trending from east to west at right angles 
to the elongation of the other ranges. Its eastern end is south of Black 
Pine Range and is separated from it by the low, wide Kelton Pass. Its 
west end appears to merge with the Grouse Creek or Goose Creek 
Mountains. Most of its northern flank appears as a dip slope of moder­
ate steepness, considerably modified by erosion. Its summit appears 
notably broad and flat and attains an elevation greater than the highest 
point in the Black Pine Range. General surface features are much the 
same as those in the Albion Range and South Mountain and the slopes 
have many broad shallow valleys and ridges with broad gently rounded 
crests. Piedmont alluvial slopes extend some distance up its flanks. 

BASINS AND PLAINS 

RAFI' RIVER VALLEY 

Raft River Valley forms a vast aggraded alluvial plain from 10 to 
15 miles wide, enclosed by the Black Pine and Sublett ranges on the 
east, Raft River Range on the south, Malta Range on the west, and 
open to the Snake River Plains on the north. I ts origin is entirely 

• 
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structural and not erosional, but its floor has been raised to its present 
level by the waste from the flanking ranges and in its northern part by 
flows of Snake River basalt. In places at the base of the Black Pine 
and Sublett ranges the alluvial plain joins narrow irregular rock floors 
or pediments. From its lower or central parts the alluvial plain rises 
at first almost imperceptibly and then more steeply far up the flanks 
of the ranges. In places a difference in elevation of more than 1,000 feet 
is shown between the edge and the center of the basin. The intervening 
slopes represent broad alluvial fans, which coalesce into a broad pied­
mont alluvial plain. The appearance of this wide valley is well pictured 
in Plate IV, A, taken near the south end of the valley, across to the 
Black Pine Range 11 miles distant. 

In three places the Raft River Valley is separated from other basins 
by low divides, little higher than its own margin. One of these reen­
trant basins lies between the Black Pine Range and the Sublett and 
joins with the broad basin east of the Black Pine Range. Another low 
basin or reentrant lies between the Black Pine Range and the Raft 
River Range. This low, wide divide is known as Kelton Pass, and 
descends gradually on the other side to Curlew Valley north of Salt 
Lake. Another lies south of the Malta Range, but differs from the 
others in that it is not so much a divide as a pass from a higher level 
basin (Almo Basin) to a lower level basin. 

GOOSE CREEK VALLEY 

Goose Creek as it enters Idaho from Utah and Nevada flows through 
a narrow valley or canyon, but at the reservoir about three miles south 
of Oakley the valley opens into a wide aggraded plain that spreads fan­
like to the north and eventually merges with the Snake River Plains 
not far south of Burley. At Oakley the valley plain is about five miles 
wide, and where it probably merges with the Snake River Plains it has 
a width of 12 to 15 miles. I ts surface is more level than that of Raft 
River Valley, mainly because its origin is more largely due to obstructed 
drainage induced by flows or floods of Snake River basalt. Bordering 
piedmont alluvial slopes are much less conspicuous than about the 
Raft River Valley. 

SNAKE RIVER PLAINS 

The Snake River Plains is the dominant physical feature of southern 
Idaho. · It is essentially a vast young lava plain or plateau, which 
stretches as an arc concave to the north across the south part of the 
State from Wyoming to Oregon, a distance of 400 miles, and which 
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forms a surface from 50 to nearly 125 miles wide. · As will be discussed 
in greater detail in another section, the lava plain represents a partial 
filling of a great downwarp or geosyncline, called by Kirkham 1 the 
Snake River Downwarp. Its surface is generally featureless, except for 
occasional low lava domes. This plain crosses the northern end of the 
district, and, as mentioned earlier, covers the downwarped ends of the 
Albion, Malta, and Sublett ranges. The boundary separating the Plain 
from the Raft River and the Goose Creek basins is difficult to define 
and must be arbitrary. A line connecting the ends of the ranges prob­
ably is as good as any other that might be selected. 

DRAINAGE 

All the drainage, except that from the east and southeast slope of 
the Black Pine Range, is northward and eventually runs into the Snake 
River either in surface streams or underground. Raft River and Goose 
Creek are the two main tributaries of Snake River in this part of the 
State, but at present only Raft River carries surface water the entire 
distance to the Snake. Waters in Goose Creek have been entirely 
diverted for irrigation in the Goose Creek Valley. 

Raft River pursues an interesting course through the district. One 
of its niain headward branches, Junction Creek, has its source in the 
basin between South Mountain and the Albion Range, where, joined 
by Cottonwood Creek, it flows southward along the basin and enters 
the South Fork of Raft River about four miles from the State line in 
Utah. From there Raft River swings to the east and crosses the Albion 
Range, and, on the other side, turns to the northeast into Almo Basin. 
It is there joined by several tributaries from the east slope of the Albion 
Range and also several from the north slope of the Raft River Range. 
Here it again turns to the east and flows through a narrow valley 
across the southern end of the Malta Range into the main Raft River 
Valley. Its course is then Northward to Snake River, and, for most of 
the distance, it is nearer the western side of that great valley than the 
eastern. Several miles nertheast of Idahome, however, it has been 
deflected around the edge of a Snake River basalt flow to the east 
margin of the wide valley and continues along the edge of the flow to 
the Snake River. Near the center of Raft River Valley it is joined by 
Cassia Creek, one of its principal tributaries, and in the upper end of 
the Valley by Clear Creek. The latter drains the north slope of the 
Raft River Range, whereas Cassia Creek with its numerous headward 

1 Kirkham, V. R. D., A geologic reconnaissance of Clark and Jefferson and parts of Butte, Custer, 
Fremont, Lemhi, and Madison counties, Idaho: Idaho Bureau of Mines and Geology Pamphlet 19, 1927, 
pp. 6-14, 24-25; also Snake River Downwarp, Jour. Geology, Vol. 39, 1931, pp. 456-482. 
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tributaries rises on the slope of the Albion Range bordering Elba Basin 
and then flows directly across the middle part of the Malta Range to 
Raft River Valley. 

Goose Creek has most of its tributaries outside of the district. 
Birch Creek, also rising in the basin between South Mountain and the 
Albion Range, flows northwestward and joins Goose Creek not far from 
Oakley. It has numerous tributaries from the west slope of the Albion 
Range as well as several smaller ones from the east slope of South 
Mountain. Although streams are relatively abundant along the west 
slope of the Albion Range to the north, all of them soon disappear at 
the edge of the alluvial plain before reaching Goose Creek. Curiously 
enough, Goose Creek is also turned to the northeast in the northern 
part of Goose -Creek Valley by a flow of Snake River basalt and its 
former channel joins the Snake River at Burley. 

The Albion Range is well watered and most of its valleys carry 
permanent streams at least to the base of the mountain. Several of the 
larger ones already mentioned actually have sufficient volume to carry 
them to Raft River or Goose Creek. It is not feasible to mention all 
the streams, but Marsh Creek and its tributaries, which supply water 
for irrigation in Albion Basin, are worthy of description. This system 
drains the northeast slope of the Albion Range, flows northeast through 
the center of Albion Basin, and then, unlike Raft River or Cassia Creek, 
does not continue across the Malta Range but turns northward along 
the west base of the range to the Snake River Plains. On reaching the 
Snake River Plains it swings sharply to the west along the outer edge of 
the Snake River basalt and enters the Snake River west of Declo. 

Malta Range has no permanent streams and few springs. The Black 
Pine Range is similar. The latter is thoroughly dissected by canyons, 
but only Eight Mile Canyon, Six Mile Canyon, and Kelsaw Canyon on 
the west side of the range carry water, and only Sweetzer Canyon on the 
northeast side. None of these streams extend far from the base of the 
range. Some of the other canyons with intermittent streams have 
names, although dry for most of the year. Most notable of these are 
Rice Canyon, Formation Canyon, and Black Pine Canyon on the south 
end of the range, and Mineral Gulch, East Dry Canyon, and Pole 
Canyon on the east side. 

Drainage of the Sublett Range is mainly by intermittent strea~s. 
Sublett Creek, with its tributary, Lake Fork, is the largest stream m 
the range and carries a large volume of water throughout the year. 
South Heglar Canyon, North Heglar Canyon, and Calder Creek repre-
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sent the main drainage systems in the north end of the range, ~ut these 
carry no water at present except at their very heads. 

CASSIA CITY OF ROCKS 

Erosional forms of extraordinary interest have been carved in gran­
ite in the southern part of the Albion Range west of Almo. These are 
enclosed in a large basin excavated in the core of the range and are 
entirely hidden from view on the west by the high quartzite flank of the 
range and partly hidden from the east by a row of hogback ridges. 

Within the basin the rock city is unfolded in all its silent splendor. 
It is the site of a maze of weirdly carved forms scattered aimlessly about 
the basin, but more closely grouped near its upper western margin. The 
forms are distributed over an area of about nine square miles or a dis­
tance of nearly six miles from north to south. Their distribution is not 
uniform, but resembles scattered villages or hamlets with more widely 
scattered outlying forms between. One of the larger villages lies in the 
upper drainage of Johnson and Almo creeks, but the one with most 
features of interest and at the same time most easily accessible, lies in 
the upper drainage of Circle Creek along the road between Almo and 
Oakley. Entry into the rock city is either from Oakley over the high 
western rim of the basin, from Almo through valleys across the hogback 
ridge, or from the south end of the basin. 

Such features as found herein are probably no better displayed any­
where in the world, and probably surpass the curious Buffalo rocks1 in 
the Buffalo Mountains in Australia. These groups of strange and 
bizarre rocks are among the most attractive features of the region and 
inspire a feeling of awe whenever seen. It is not easy to describe them. 
No two groups or individuals are alike-there is diversity in the indi­
viduals and in the character of the groups. The illustrations must be 
closely examined and studied to appreciate the details in these curious 
forms. General views of the groups and some of the individual mem­
bers are afforded in the illustrations (Plate VI and following). Some 
of the individuals appear as great domed monoliths rising high above 
the floor of the basin (Plate VI, B). Others rise to lesser elevations and 
offer greater detail and variety of forms. Near.the southern end a row 
of glistening turrets and fortresses stretch across a low saddle keeping 
guard of the road (Plate VII, A) and the city behind. Elsewhere rocks 
project as towers and spires from100 to 150 feet above the basin floor. 
Some of the forms resemble miniature skyscrapers or bear marked 

1 Dunn, E. J., The Buffalo Mountains: Victoria Geol. Survey Memoir No. 6, 1908. 
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A. CASSIA CITY OF ROCKS 
General view of a part or the Cassia City of Rocks showing some of the domed monoliths and other forms 

near the lower margin of the curious granite outcrops. 

B. DOMED MONOLITH 
One of thC' nume>rous monoliths in the rock city. Such bodit--S rise steeply above the sandy floor of the 

basin and arc usually Cree from coar5e lragmental debris at their bases. 
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A. SOUTH ENTRANCE TO THE ROCK CITY 
These bodies keep watch in front of the silent rock city. 

B. THE THREE SENTINELS 
This shows the marked resemblance of some of the forms to the rock walls in the famous Zion Canyon 

in Utah. 
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A. THE ORIENTAL T EMPLE 
Some of the forms resemble Oriental temples and mosques. One can easily imagine this area as belonging 

to a fable city in The Arabian Nights. Note the horizontal Jointing in the granite. 

B. OLD WOMAN ROCK 
Many or t he curious forms resemble animals, some human beings. Most interesting of these is the old 

woman in the picture above. Note the Grecian frieze effect. 
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A. GIANT TOADSTOOL 
Shows the peculiar result of ·weathering of the. granite-removal of disintegrated rock from beneath an 

upper indurated crust. 

B. PEDESTAL ROCK 
Perched high on the tapering stem is a large block, hollow on the 
inside. Weathering has continued inside the block beneath the surface­
hardened shell. The rock grains loosened by weathering have dropped 

to the ground, leaving only the outer shell. 
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resemblance to some of the interesting rock walls in the famous Zion 
Canyon in Utah (Plate VII, B). Others resemble curious Oriental 
mosques or temples (Plate VIII, A). Taken as a whole, one is reminded 
of some strange fairy land. 

Closer observation leads to the discovery of even more curious and 
fantastic forms. Not the least of these are the groups of rocks and 
individuals that have quaint resemblance to human forms or images 
and to animals. Some of these appear as natural as though sculptured 
by human hands. Most· curious of these is the "Old Woman" carved 
in the granite ledge with her side to the wall, as so strikingly brought 
out in Plate VIII, B. It requires little more imagination to see other 
forms on the same rock, much as in an ancient Grecian frieze. Other 
forms have quaint resemblances to elephants, birds, dragons, chickens, 
toadstools (Plate IX, A), a-qd have earned such names as "Old Hen 
with Her Chicks," "Dragons Head," ~'Elephant Rock," "Giant Toad­
stool," and others. In addition there are pedestal rocks (Plate IX, B), 
natural bridges, caves, bathtub rocks (Plate XIII, B), hollow boulders 
(Plate XIII, A), and other weird and grotesque forms (Plate XI and 
Plate XII). · Additional features and forms will be pointed out later in 
the section where the origin of this fantastic city is discussed. 

The rock city is easily accessible and not far from the main line of 
travel (Old Oregon Trail, U.S. Highway No. 30), yet it is scarcely 
known to the people within the surrounding region and entirely un­
known to the world in general. It has vast possibilities as a national 
playground and is surely worthy of consideration as a National Monu­
ment. 

CLIMATE 

The aridity of the region is at once suggested from its inclusion 
within the Basin and Range physiographic province. The mean annual 
precipitation in the southern part of the County is about 10 inches and 
in the northern part 11.58 inches. In places favored by higher relief 
the total rises somewhat, but in parts of Raft River Valley the precipi­
tation is much less. Much of the precipitation comes in the winter 
months in the form of snow and in the spring months as rain. Summer 
and autumn months are usually cloudless, but local convectional 
storms accompanied by torrential downpours are not at all uncommon, 
especially in midsummer. During 14 years the Minidoka Irrigation 
Project in the _northwestern part of the County has been favored on 
an average with 238.6 clear days, 57.8 partly cloudy days, and 68.8 
cloudy days per year. Without irrigation the successful growing of 
crops generally has proved impossible. 
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Because of its altitude and aridity the daily range in temperature 
is great at all seasons. During the summers the days are hot, but, 
owing to the clear atmosphere, radiation is rapid and the nights are 
cool, a daily range from 100°F. at mid-day to 50°F. at night being not 
uncommon. During the winter the cold is moderately severe and varies 
considerably with the altitude. Temperatures as low as -16°F. have 
been recorded at Oakley and 0°F. is not unusual anywhere in the dis­
trict for short periods. Even during the period of severe cold in winter, 
daily temperature ranges of 30°F. are not uncommon. Killing frosts 
rarely occur between May 16 and October 15 in the areas adapted 
to farming. 

VEGETATION 

The vegetation adapts itself closely to the climatic conditions, vary­
ing in character and quantity with exposure to sun and wind and with 
the distribution of moisture and temperature. The moister bottoms 
are covered with reeds, rushes, and wild grasses. The lower mountain 
slopes and foothills together with the exposed upper. slopes and drier 
bottoms and broad basins are largely covered with sage brush, inter­
spersed with grasses and weeds that are utilized for grazing. 

Arid though the region is, timber is not wholly absent. The lower 
foothills are generally studed with juniper, which, though rarely exceed­
ing 15 feet in height, is valuable as a source of fence posts. On favorable 
slopes of the upland where the precipitation exceeds the average, there 
are thick stands of lodge pole pine, Douglas fir, spruce, and possibly 
other conifers. Such patches of timber are seen mostly on the high 
north slopes of the ranges and only rarely on the high eastern slopes. 
From the south the Black Pine Range appears absolutely barren of tim­
ber, but from the n·orth many small patehes are seen on the steep slopes. 
Forested slopes covering several square miles occur on parts of the 
Albion Range, but generally the patches are much smaller and end 
against the sage brush with great abruptness. The Sublett has more 
timber than the others and has supplied several small sawmills. Poles 
are removed yearly from all the forested areas. Some protected basins 
and creek bottoms are choked with dense aspen growths. Some of the 
rocky places in all higher parts of the district are covered with moun­
tain mahogany. 

CULTURE 

Burley, the county seat, with a population of approximately 5,000, 
is the largest town. It is in the heart of the Minidoka Irrigation Project 

• 
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and is the trade center for a large surrounding area. Principal produce 
of the Project are potatoes, sugar beets, red clover seed, alfalfa, beans, 
grain, poultry, swine, sheep, and dairy cattle. 

Albion, in the heart of Albion Basin, is a small agricultural com­
munity, whose principal asset is the State Normal· School. Oakley is 
also in the center of an irrigated tract in the Goose Creek Valley. Its 
population is nearly 1,300, to which may be added about 800 more for 
the population of the entire tract. Its agricultural products are essen­
tially the same as those of the Minidoka Project. Elba and Almo, each 
in their respective basins on the east side of the Albion Range, are in 
small irrigated tracts. Idahome in Raft River Valley is the terminus of 
a branch railroad and its chief asset is a grain elevator. Malta, a small 
community on Raft River bottoms, is a trade center for the middle 
Raft River Valley. Strevell, Naf, and Stanrod are small communities 
near the Utah line. Naf and Stanrod are in small farming tracts at the 
base of the Raft River Range. Strevell has a wireless station and 
landing field belonging to the air mail service, and in addition, a hotel. 

Dry farming is practiced on the borders of the Sublett Range with 
notable success along its west margin near Sublett post office and also 
near the northwest part of the range in the youthful to submaturely 
dissected, loess-covered high basin trenched by the lower Heglar can­
yons. Wheat is the only produce of the dry farm district. 

The mountainous regions are practically uninhabited and serve as 
grazing grounds or range lands for large flocks of sheep and large herds 
of cattle. The Sublett and Black Pine ranges are especially given over 
to the grazing of cattle, and it is probable that cattle are nearly as 

· numerous in the Albion Range. Grazing of sheep and cattle is one of 
the most important industries in the district. 

TRANSPORTATION 

The Minidoka-Buhl branch of the Oregon Short Line (Union Pacific 
system), which crosses the northwestern part of the district, supplies 
the principal outlet for the region. From Burley a branch line extends 
up the Goose Creek Valley to Oakley. A second branch also extends 
from Burley to Idahome in the lower end of the Raft River Valley. 
All other towns, except Declo, are without direct rail connection. Declo 
is on the Idahome branch. 

An excellent system of county, state, and national roads makes 
most parts of the district readily accessible. The Old Oregon Trail, 
now the main arterial highway across southern Idaho, extends entirely 
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across the northern end of the district and passes through Declo and 
Burley and the heart of the south side of the Minidoka Irrigation 
Project. About three and one-half miles from the west margin of Raft 
River Valley it is joined by the South or Ogden branch of the Old 
Oregon Trail, which enters the Raft River Valley over Kelton Pass and 
extends its full length, passing through Strevell, Malta, and Idahome. 
Oakley is joined to Burley, 27 miles distant, by a graded and graveled 
highway. From Oakley a secondary road in fair condition leads south­
eastward along the old Boise-Kelton stage route up.Birch Creek and 
across the Cassia City of Rocks. Another road extends directly east and 
across the Albion Range and descends to Elba: An excellent surfaced 
highway also joins Albion with the Old Oregon Trail near Declo. From 
Albion a secondary road passes southward through Elba and Almo to 
the Cassia City of Rocks. Secondary roads also extend from it to 
Raft River Valley along Cassia Creek and also through Raft River 
Narrows east of Almo. The highway from Malta to Sublett warrants 
special mention, as well as its extension into Black Pine Basin. The 
basins and foothills of the ranges are nearly everywhere accessible, 
mostly on roads which are not maintained and seldom used except by 
sheep wagons. The Heglar region is served by roads deep with mud 
at certain seasons of the year and as deep with dust at other seasons. 
Roads in fair condition extend far up the valleys in the Sublett Range, 
but few do so in the Black Pine and Albion Ranges. 

,. 
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GENERAL GEOLOGY 

STRATIGRAPHIC GEOLOGY 

GENERAL OUTLINE 

Stratified rocks are widely distributed in Cassia County, but the 
stratigraphic column is far from complete. The Proterozoic era is rep­
resented by a great thickness of sedimentary marine strata of probable 
pre-Beltian age; the Paleozoic by Cambrian (?) and Carboniferous sedi­
ments; and the Cenozoic by sedimentary and volcanic strata of mid­
Tertiary age and by unconsolidated Quaternary deposits. 

Time allowed for study in the district did not permit detailed studies 
of the stratigraphy and accurate measurements of sections. Most of 
the formations differ little in character and thickness from their respec­
tive occurrences in nearby areas where they have been studied in 
greater detail. 

The stratigraphy is briefly summarized below: 

STRATIGRAPHY OF EASTERN CASSIA COUNTY 

Thickness 
QUATERNARY: (feet). 

Recent: Alluvium. · 
Pleistocene: Hill wash and older alluvium; moraine and glacial out­

wash; and loess. Undifferentiated from Recent alluvium on the 
geologic map. 

Unconformity. 
TERTIARY: 

Upper Miocene (?): Payette or Salt Lake formation (chiefly stratified 
ash, tuff, conglomerate, clay, and marl, and in its upper part inter-
bedded with latite, rhyolite, and basalt flows).. . . . . . . . . . . . . . . . . 2,500± 

Unconformity. 
CARBONIFEROUS: 

Permian: Phosphoria formation (shale, limestone, and chert, possibly 
with phosphatic shales) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 700± 

Unconformity. 
Pennsylvanian: Wells formation ( chiefly cherty limestones and sand-

stones) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,900± 
Unconformity: 
Mississippian: Brazer formation (massive limestone, subordinate car-

bonaceous shale and sandstone). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,000± 
Unconformity. 
CAMBRIAN (?): Undifferentiated quartzite and limestone. . . . . . . . . . . . . . . 800± 
Unconformity. 
PRE-CAMBRIAN (?): Harrison series ( chiefly quartzite, lesser schist and 

marble) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9,000-t-
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PRE-CAMBRIAN ROCKS 

Strata of pre-Cambrian age are widely distributed in the Albion 
Range and South Mountain, and, outside of the district, in the Raft 
River Range. These comprise a thick series of quartzites and a lesser 
thickness of schist and marble. Neither the base nor the top of the 
series is exposed, and its exact thickness is undetermined, although 
more than 9,000 feet of beds occur in the district. The most complete 
section is across the northern part of' the Albion Range, where the 
strata have been arched into a broad anticline. As the best exposures 
are on the flanks of Mount Harrison, it is herein proposed that the 
series be known as the Harrison series. 

HARRISON SERIES 

CHARACTER AND DISTRIBUTION 

The Harrison series falls naturally into three well defined lithologic 
units, a lower division composed mainly of quartzite, a middle division 
of quartzite but containing some schist and marble, and an upper divi­
sion of quartzite. Of the three divisions the lowest is by far the 
thickest. It was not feasible to separate these on the geologic map in 
the time available for study, especially as structural doming, faulting, 
and inadequate exposures make tracing of beds exceedingly arduous. 
The shallowness of the valleys on the slopes of the ranges also has not 
been favorable for exposing adequate sections. All three divisions are 
represented in the northern section of the Albion Range, but only two, 
and largely the lower, appear in the southern half. 

Lower division: The lower division of the Harrison series is most 
widespread along the east flank of the Albion Range from the south 
edge of the Albion Basin to the Utah line. It forms there the exposed 
east limb of a broad anticline or dome, but as the dome has not been 
symmetrically eroded and as the axis lies near the east margin of the 
range, the lower division disappears beneath the younger members 
westward. It does, however, appear on the west flank of the range 
south of Cache Peak, where the anticlinal axis lies near the center of 
the.range. 

The lowest part of the division is mainly a light gray to white pure 
quartzite with thick, even bedding, but it contains some slightly mica­
ceous members. As much as 3,000 feet of these quartzites appear in 
the hogback ridges which enclose the Cassia City of Rocks. Very little 
of this part, however, appears in the northern section of the range, for 
there erosion has not carved as deeply into the series. Above, there 
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appears about 2,000 feet more of slightly micaceous quartzites alternat­
ing with numerous thick beds of pure quartzite and a few thin beds of 
mica schist. This part is best displayed in the northern section of the 
range, especially in Conner Creek Valley, and on the north slope facing 
Albion Basin. Most of it has been eroded from or is concealed in the 
Cache Peak section, except on its western side. The upper part of the 
division is mostly a thick, even bedded quartzite, mainly light gray or 
white, much like the lower part. It has some darker micaceous beds. 
It is distinguished readily from the lower part, however, by the presence 
of a thin pebble bed, whose character has been changed under the 
intense metamorphic agencies to a conglomerate gneiss. Pebbles have 
been much squeezed and rudely orientated as in an· augen gneiss, 
and are in part outlined by tiny foils of greenish muscovite. Micro­
scopic examination reveals complete recrystallization of the original 
constituents and the development of greenish muscovite, and micro­
cline. Zircon and apatite are accessories. This bed is conspicuous on 
Howell Creek, Conner Creek, and on the slope east of Cache Peak. 
Thickness of the entire upper part is probably not less than 1,500 feet. 

Middle division: The middle division is most widely distributed in 
the north section of the Albion Range, mainly on its west side, but also 
on its crest and over nearly its entire part north of Mount Harrison. 
It extends along the west flank of the southern section only as far south 
as Carson Creek. From there to the Utah line it has been entirely 
removed by erosion. Likewise only a small patch remains at the north 
end of South Mountain. 

This division differs markedly from that below in containing much 
more schist and also two or more marble or limestone members. Its 
maximum thickness is probably no less than 2,000-3,000 feet. The 
boundary between this and the lower division cannot as yet be accu­
rately defined, but it lies probably not far beneath the lowest calca­
reous member. 

The lowest part of the division is well exposed on the ridge that 
encircles Lake Cleveland. Here the series is composed of more than 
500 feet of impure crystalline limestone or marble, calcareous quartzite, 
pure quartzite and schist, the calcareous beds comprising several hun­
dred feet of the whole. The marble is, in part, micaceous and has small 
amounts of phlogopite. Above, the division becomes increasingly mica­
ceous and arenaceous and is mainly a micaceous quartzite with thin 
beds of garnetiferous mica schist. Near the center of the division the 
rock is mainly massive white quartzite, rather· evenly bedded, but with 
a few slightly micaceous beds and thin beds of schist. This zone is 



26 BULLETIN 14, IDAHO BUREAU OF MINES AND GEOLOGY 

probably not more than 1,500 feet thick. Its character is much the 
same as that in the central part of the lower division. These beds form 
the crest of Mount Harrison and are widespread to the north. They 
are in turn overlain by a second series of crystalline limestones or 
marbles, schist, and thin. beds of quartzite, the entire series measuring 
probably more than 500 feet in thickness but not more than 1,000 feet. 
The exact number of marble beds has not been satisfactorily deter­
mined. In places but one bed measuring from 60 to 100 feet was seen, 
in others there seem to be several beds. Where but one marble bed 
appears, other members have probably been removed by faulting. 
Much of the marble is massive, pure white or mottled, but some is 
thinly bedded. In one place a bed of massive white and mottled bluish­
gray marble is followed by a much thicker series of thinly bedded partly 
calcareous gneiss, interbedded with layers of medium to coarse grained, 
indistinctly banded marble, several hundred feet thick, and again over­
lain by a bed of grayish-white laminated marble. The entire thickness 
of the calcareous series is perhaps over 400 feet. Much of the white 
marble is a high-calcium carbonate, but the bluish-gray facies is some­
what dolomitic. A thin section of a more intensely altered facies of the 
marble shows in addition to coarse calcite grains, some muscovite or 
talc, quartz, titanite, apatite, and magnetite, also some large grains of 
hematite. Evidently, the marble has in part been subjected to contact 
metamorphism as well as to dynamometamorphism. 

A schist member at the top of the marble series is especially worthy 
of description. This member is about 150 feet thick, and may betraced 
without much interruption along the wide saddle between the two main 
sections of the Albion Range, as well as along the west flank of the north 
section and over much of the north end of the range. It shows little 
change in character from place to place, but consists essentially of a 
very fine grained grayish-black schistose rock studded with small crys­
tals of pinkish garnet. Microscopic study is necessary to identify other 
minerals because of their minute size. These consist of variable 
amounts of quartz, graphite, sericite, chlorite, biotite, andalusite, silli­
manite, cyanite, plagioclase, microcline, magnetite, titanite, rutile, apa­
tite, and zircon. These are not uniformly distributed through the 
member, but give rise to layers richer in one or more of the constitu­
ents, usually in quartz, graphite, and sillimanite. Some of the lower 
layers are more quartzose and are comparatively rich in chlorite and 
have few other minerals_. In other parts sillimanite needles predomi­
nate and with graphite form the main constituents. Andalusite inva­
riably accompanies the sillimanite, usually in much subordinate 
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amount, but in places it exceeds the sillimanite. Its usual occurrence is 
in small grains or rods or as much larger metacrysts crowded with other 
mineral constituents. Cyanite is only abundant locally, especially in 
one locality near the north end of the range where it forms nests or 
masses of long-bladed crystals in the garnetiferous schist. These lenses 
of cyanite attain a foot in thickness and the individual blades a length 
of seven inches. Other minerals are always very minor accessories, 
except garnet, which is uniformly distributed through the schist in 
excellent crystals seldom more than one-eighth of an inch in diameter 
and generally closely spaced. Most of the schist might be classed as 
a garnetif erous sillimanite schist. The presence of such alumina-rich 
minerals as sillimanite, andalusite, and cyanite strongly implies that 
the original rock was a clay shale. 

Upper division: The upper di vision of the Harrison consists of white 
dense vitreous quartzite, in part massive with ill-defined. bedding and 
in part distinctly bedded or layered in beds six to eighteen inches thick. 
Exposures occur at the base of the Albion Range east of, Oakley near 
Slide Creek and may compose the main quartzitic rock in South Moun­
tain. It is also exposed along the base of the north section of the Albion 
Range in beds much disturbed by faulting. From 400 to 500 feet of 
these beds may be seen where the Albion highway crosses. the range 
south of Declo, but the exact thickness of the section cannot as yet be 
given, as higher parts have been eroded. 

CORRELATION AND AGE 

The Harrison series is continuous with the ancient strata in the 
Raft River Range which comprise the greater part of that range, and 
which have been assigned to the Algonkian. 1 

Rocks most similar to the Harrison series are those in the Hailey 
quadrangle2 on the north side of the Snake River Plains about 90 miles 
distant. These have been divided into two formations-a lower series 
of arenaceous strata 6,600 feet thick, the Hyndman formation, much 
the same as the lower division of the Harrison; and an upper series of 
quartzose and calcareous strata at least 1,560 feet thick, the East Fork 
formation, much like the middle division of the Harrison. Similarities 
are sufficiently striking to suggest correlation of the two groups of rocks. 
Those in the Wood River region have been assigned tentatively to the 
Algonkian largely because of their great degree of metamorphism, much 

1 Butler, B. S., Loughlin, G. F., Heikes, V. C., The Ore deposits of Utah: U.S. Geol. Survey Prof. 
Paper 111, 1920, p. 78. 

2 Umpleby, J. B., Westgate, L. G., and Ross, C. P., Geology and ore deposits of the Wood River 
region, Idaho: U.S. Geol. Survey Bull. 814, 1930, pp. 9-17. 
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greater than that shown in adjoining masses of Paleozoic rocks. Some 
of the metamorphism is assigned to igneous emanations, but it is noted 
that the contrast in metamorphism between this group and the Paleo­
zoic is marked whenever the formation boundaries are crossed, irrespec­
tive of distance from intrusive rocks. On the other hand, C. P. Ross, 
who has worked in the Custer quadrangle, immediately northwest of 
the Hailey quadrangle, reports limestone with some quartzite similar in 
lithology and degree and character of metamorphism to the East Fork 
formation, apparently stratigraphically well above dolomite which con­
tains Silurian fossils. The weight of present evidence in the Hailey 
quadrangle, however, favors the conclusion that the Hyndman and 
East Fork formations are probably Algonkian. 

The Harrison series is surely not to be correlated with the Belt series 
of late Algonkian age so widely distributed in northern Idaho and 
western Montana, nor is the series to be correlated with the late Algon­
kian rocks in the Wasatch Range in Utah. Not only does the Harrison 
series show a much greater degree of metamorphism than the members 
of the Beltian series and other rocks of supposed Algonkian age, but 
it also shows an entirely different manner of origin, being made up 
mainly of marine sediments instead of continental deposits as in the 
other series. The Belt rocks are characterized by their general lack of 
metamorphism, except in the vicinity of granitic intrusives, and are 
composed in large part of sandstones, shales and argillites, and lesser 
limestones, deposited mainly in shallow waters and distinguished by 
sun cracks and ripple marks, cross-bedding, and highly colored layers, 
especially reddish or purplish and greenish. The rocks in the Wasatch 
Range are more or less similar and are described by Blackwelder1 as 
alternating beds of sandstone or quartzite, slate, and conglomerate, 
not greatly indurated, composed of poorly assorted materials, with 
sandy beds, yellow, gray, and red, and shaly layers, purple, maroon, 
and green, further distinguished by much cross-bedding, ripple marks, 
and mud cracks. Beneath this series he has found another, however, 
composed of mica schist and metaquartzites. 2 This characterization 
of the Belt series and its supposed equivalent in Utah is vastly different 
from the thick white quartzite series with its beds of schist and marble 
in Cassia County and the Raft River Range in Utah, where the rocks 
are especially distinguished by their whiteness of color, well assorted 
materials and regularity of bedding, and by their extre.me degree of 
metamorphism, which has been sufficient to change the calcareous • 

1 Blackwelder, Eliot, New light on the geology of the Wasatch Mountains: Geol. Soc. Amer. Bull., 
Vol. 21, 1910, pp. 517-542. 

2 Blackwelder, Eliot, Wasatch Mountains revisited: Geol. Soc. Amer. Bull., Vol. 36, I 25 abstract, 
pp. 132-33. 
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members to coarse marble, the shale to sillimanite schists with acces­
sory andalusite, cyanite, and garnet, and the included pebble beds to 
conglomerate gneiss. The great degree of metamorphism is regional 
and is not due to igneous intrusion, for the series shows the same 
degree of metamorphism throughout, only slightly enhanced near the 
contact with the intrusive granite bodies. As additional evidence that 
the great metamorphism is not the result of igneous intrusion, may be 
cited the lack of metamorphism in the Carboniferous limestones and 
sandstones lying beneath the overthrust block of the metamorphic 
series east of Oakley in near proximity to the granitic stocks. 

Local and regional evidence therefore favors an ancient date for the 
meta-sedimentary series, probably pre-Beltian. It is likely that the 
Harrison series is the equivalent of the new series of pre-Cambrian 
rocks mentioned by Blackwelder1 in the Wasatch Mountains,. which 
consist largely of silvery mica schists and white metaquartzites, whose 
age is intermediate between the gneisses of supposed Archean age and 
the quartzite-slate series in the Cottonwood canyons, which he regards 
as probably late Algonkian. The Harrison series is thus very likely 
older than the Belt series or the late Algonkian rocks and perhaps be­
longs in the central or lower part of the Proterozoic, perhaps to the 
Huronian, if such a correlation can ever be made between the western 
pre-Cambrian and that of the Lake Superior region or the Canadian 
shield. 

CAMBRIAN SYSTEM 

Strata belonging to the Cambrian are believed to lie along the north 
base of the Raft River Range as windows beneath an over-riding sole 

-of the Harrison series. As only a narrow border extends across the 
State line into Idaho there was little opportunity afforded for studying 
this system. 

These beds appear to be made up of a lower series of massive quartz­
ites, in part fine grained and in part conglomeratic, white to pinkish in 
color, more or less similar to the Brigham quartzite in southeastern 
Idaho described by Mansfield. 2 The quartzite has been so broken by 
major and minor faults that little could be learned of its lithologic 
sequence or of its thickness, except that it exceeds 300 or 400 feet. 
Above it lies a series of shales and grayish limestones, probably corre­
sponding to the Middle Cambrian limestones in southeastern Idaho. 
But here again the limestones have been so sheared because of their 

1 Geol. Soc. Amer. Bull., Vol. 36, 1925, op. cit., p. 132. 
2 Prof. Paper 152, op. cit., p. 52. 
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nearness to the overlying fault zone, that they have a distinct schistos­
ity, sufficiently severe to obliterate all fossils that may have existed. 
More than 500 feet of the grayish limestone, usually with poorly pre­
served bedding, appear on the slope west of Stanrod. The quartzite 
occurs mainly at the base of the range between Stanrod and Naf. 

Cambrian rocks are widely distributed over western Utah1 and 
everywhere the early or lower strata are composed of quartzite and 
sandy shale and the upper part of limestones and dolomites. Much 
variation in thickness occurs, but in the west and north part of the 
State the Cambrian attains a thickness of more than 9,000 feet. 

CARBONIFEROUS SYSTEM 

Strata of Carbonifeous age are well represented in eastern Cassia 
County, where they constitute the only rocks in the Black Pine Range, 
most of the rocks in the Sublett Range, and two small areas in the 
Albion Range. All three series of the Carboniferous system are present, 
the Mississippian, Pennsylvanian, and Permian. These consist chiefly 
of limestone and sandstone, together with subor,dinate cherty and shaly 
members, including possible beds of phosphatic shale, and differ little 
in lithology and thickness from the Carboniferous rocks described in 
southeastern Idaho. 

MISSISSIPPIAN SERIES 

Mississippian strata include only the Brazer formation, which differs 
from that farther east in containing a little more shale and sandstone. 
Its presence is largely inf erred ·from its lithologic resemblance to the 
Brazer limestone elsewhere. The Madison limestone, which lies below 
the Brazer formation, was not recognized nor was its presence suggested 
from faunal studies. As the base of the Brazer was nowhere qefinitely 
established, it is not likely that erosion has brought the Madison lime­
stone to view. 

BRAZER FORMATION 

The Brazer formation is believed to occupy most of the southern 
segment of the Black Pine Range, the northern end of the Sublett 
Range, and the small patch of Carboniferous rocks at the north end of 
the Albion Range. In the Black Pine and Sublett ranges it appears as 
an overthrust block on younger Carboniferous strata, but in the Albion 
Range it appears as a window beneath an over-riding block of pre-

1 Prof. Paper III, op. cit., pp. 78-79. 

• 

• 
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Cambrian strata. In all places its presence is mainly inferred from the 
massiveness of some of its limestone members and their tendency to 
form pronounced ledges. 

In southeast Idaho, according to Mansfield, 1 the Brazer is charac­
terized by massive, generally light gray limestone that is prominent 
as a ridge and- cliff marker and which in certain beds is highly fossilifer­
ous. Especially conspicuous and characteristic are cup or horn corals 
distinguished by their large size and numerous slender septa. Locally 
the limestones are arenaceous and interbedded with sandstones. Strata 
similar to these occur in Cassia County, but a thick shale bed is also 
included. 

Massive, white or light gray limestone i~ topographically conspicu­
ous in the southern end of the Black Pine Range, where beds form cliffs 
and ledges and otherwise produce rugged country. The base was not 
definitely established, but the lowest part exposed consists of several 
hundred feet of black carbonaceous shale with a little sandstone above 
and below and interbedded with thin bedded dark gray limestone. 
This part of the series is well exposed at the heads of Black Pine and 
Kelsaw canyons. Thin bedded limestones, some members abundantly 
fossiliferous, alternating with some massive beds continue for several 
hundred feet and possibly a thousand feet above the shale horizon. 
Above this appears the most characteristic part, consisting of about 
400 feet of non-fossiliferous light gray massive limestone, usually much 
broken and shattered but with the fractures healed with calcite. Bed­
ding is generally indistinct and the limestone forms the most pro­
nounced ledges in the district (Plate X, A). In part it is slightly cherty, 
but for the most part it is composed of relatively pure limestone 
adapted for industrial use. This member forms the host for most of 
the replacement mineral deposits in the Black Pine district and may 
be readily traced across the range by the cliffs and ledges it produces. 
Above are some more thin bedded dark gray limestones, non-ledge 
forming, with some intercalated argillaceous members and sandstones. 
Fossils collected from the series in Black Pine Canyon in Sec. 8, T.16 S., 
R. 29 E., and identified by Mr. George H. Girty of the U.S. Geological 
Survey are as follows: 

Triplophyllum ? sp. 
Stenopora sp. 
Rhombopora sp. 
Productus cora 

Productus aff. inflatus 
Pugnoides sp. 
Productus phosphaticus ? 
Eumetria ? sp. 

Mr. Girty refers the lot to the Brazer on one count only. He states 
that except for the forms listed as Eumetria ? sp., this formation might 

1 Prof, Paper 152, op. cit., p. 63. 
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better be Wells than Brazer, and if that one form could be interpreted 
as some uncommon or unknown species of Hustedia, the lot might be 
assigned tentatively to the Wells. This collection is apparently from 
the limestones above the main light gray massive cliff-forming beds. 

Strata in the north part of the Sublett Range differ li~tle from those 
mentioned above. The lower part, where exposed in the lower walls 
of South Heglar Canyon, consists of black carbonaceous shales and 
some sandstone or quartzite overlain by nearly a thousand feet of thin 
and massively bedded limestones, some fossiliferous. In this horizon 
is also a bed of intraformational conglomerate or breccia about 50 feet 
thick, made up of sharp angular pieces of black and reddish chert. 
Above is about 60 feet of massive limestone, then thinner beds of more 
shaly character. In the steep canyon walls the limestones form freqv.ent 
ledges (Plate X, B), but on more gentle slopes outcrops are usually not 
so conspicuous. Above the breccia and shaly limestones again occur 
the light gray massive ledges so characteristic of the Black Pine area 
and form the series of pronounced ledges which make up the upper 
part of Cedar Peak ridge and also the white ledges on Badger Peak to 
the north. Again no fossils were found in them. A collection made from 
ledges in this series of strata in Sec. 7, T. 11 S., R. 30 E., in rocks 
mapped as Pennsylvanian by Piper1 in Power County contains the 
following fauna: 

Lithostrotion sp. Crinoid stems 
Campophyllum sp. Euomphalus ? sp. 

In addition to these, large cup or horn corals are abundant. Mr. 
Girty states that the fauna of this lot suggests the Brazer ·fauna more 
strongly than any other. 

Another collection from North Heglar Canyon in Sec. 10, T. 11 S., 
R. 30 E., in the limestones below the upper massive members contains: 

Stenopora aff. carbonaria 
Polypora sp. 
Rhombopora sp. 

Productus semireticulatus 
Productus cora 
Pustula aff. porrecta 

Mr. Girty much more tentatively includes these among the Permian 
lots. ·u is possible that these are from a small window of Permian 
rocks beneath the over-riding block of Brazer, but the field relations 
strongly suggest that this horizon belongs in the Brazer. Fossils in the 
hills north of the main range in Sec. 3, T. 10 S., R. 28 E., consist of cup 
corals and colonial types, Syringopora sp. 

Strata in the north end of the Albion Range apparently consist • 
mainly of the light gray massive limestone, with some beds of darker 

1 Piper, A. M., Possibilities of petroleum in Power and Onedia Counties: Idaho Bureau of Mines and 
Geology Pamphlet 12, 1924. 
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A. EXPOSURE OF BRAZER FORMATION IN THE BLACK PINE RANGE 
The white rock is the massive white or light gray limestone in the Brazer formation overlying black car­
bonac ous shales and sandstone. ~r ost of the ore deposits in the Black Pine Range arc in this limc>stone. 

Silver Hills mine in the lower foreground. 

B. CHARACTERISTIC OUTCROP OF T HE BRAZER FORMATION 
'fhc Brazer formation tends to form pronounced ledges in conspicuous contrast to the smooth slopes 

produced by the sandstones ol the Wells formation, 
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gray color and some of shale. Some of the beds contain poorly pre­
served forms of cup corals. It is possible that this same horizon is also 
exposed in places in the window of Carboniferous rocks west of Elba. 

PENNSYLVANIAN SERIES 

Pennsylvanian strata consist of the Wells formation alone. This 
formation resembles the Brazer but contains much more sandstone and 
much chert, especially in the limestones. It assumes great prominence 
in the Black Pine and Sublett ranges, but unlike the Brazer does not 
form cliffs or ledges, but everywhere the slopes are smooth (Plate IV, B, 
and Plate V, A). Its characters differ little from the Wells in southeast­
ern Idaho. In some places it is associated with the overlying Permian 
series and because this association is so intimate, on account of folding 
and faulting it was not possible to differentiate the two series in the 
time available for work. 

WELLS FORMATION 

The Wells formation is much more widely distributed than the 
Brazer. It comprises the middle and northern segments of the Black 
Pine Range as well as part of the southern. It, together with the 
Permian series, comprises much of the southern and western part of 
the Sublett Range. It also is present in the mid-part of the Albion 
Range between Elba and Oakley; in the window beneath the pre­
Cambrian rocks. 

In southeast Idaho the Wells formation has three variable but fairly 
distinct parts-a lower sandy and cherty limestone facies, a middle 
sandy facies, and an upper siliceous limestone. The lower beds are 
generally more sandy and cherty than the massive beds in the upper 
part of the Brazer formation. The middle sandstone member forms 
steep slopes strewn with debris, but makes few or inconspicuous ledges 
except in the steeper-walled valleys and then rarely. The upper sili­
ceous limestone member forms prominent ledges or knobs along the 
hillsides, but in some places it is absent. 

Cherty limestones and sandstones of the lower division are espe­
cially well displayed in the north section of the Black Pine Range. The 
limestones are dark gray to bluish gray and the chert is largely in the 
form of nodules but occurs also in bands and irregular masses or 
streaks. On weathering, the surface is usually strewn with the chert 
masses and fragments. These sandy and cherty limestones and their 
interbedded sandstones have an observed thickness of about 800 feet. 
Some horizons are fossiliferous with fossils both in the sandy and cherty 
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limestone members. Fossils collected in Sec. 25, T. 14 S., R. 28 E., 
have been identified by Mr. Girty as follows: 

Triticites secalius ? 
Stenopora sp. 
Polypora sp. 
Rhombopora sev. sp. 
Derbya? sp. 

Productus semireticulatus 
Spirifer triplicatus 
Composita subtilitia 
Plagioglypta ? sp. 

These Mr. Girty definitely assigns to the Pennsylvanian (Wells 
formation). 

Alternating beds of cherty and sandy limestone and sandstone also 
make up rocks in the southeast part of the Black Pine Range. These 
are similar to the strata in the north end of the range and although no 
fossils were obtained from them, probably belong to the lower division 
of the Wells. These are apparently overlain by Brazer beds as a result 
of thrust faulting. 

It is possible that the middle segment of the Black Pine Range has 
some rocks of the lower division, but most of the strata belong to the 
middle and upper divisions. The middle sandy section is nearly 2,000 
feet thick, and in addition to sandy limestones has much sandstone. 
It forms topographically the highest part of the Black Pine Range but 
fails to give good ledges (Plate IV, B), although the steep slopes are 
well strewn with debris. Most of the sandstone, both in debris and in 
the outcrop, has a characteristic brownish color, but fresh rock is gray. 
Above the sandstones on the steep west slope of the middle segment of 
the range is a light gray limestone member about 100 feet thick which 
tends to form ledges and which might represent the uppermost division 
of the Wells. Only poorly preserved fragments of fossils ·were found 
in it. 

Both the middle and upper division of the Wells formation were 
recognized in the Sublett Range and it is probable that some of the 
lower division may also be present. Sandstones similar to those in 
the middle section of the Black Pine Range are most widely distributed, 
especially in the area south of Sublett Creek and east of Lake Fork. 
Here, too, the sandstone forms smooth slopes only infrequently broken 
by ledges. Some subordinate beds of limestone occur-in it and some 
of it is cherty, but these beds are all too easily confused with the cherty. 
Permian series which lies above. In several places fossiliferous beds of 
the lower division appear in lower slopes of stream courses which cross 
anticlinal structures. In Sec. 36, T. 12 S., R. 29 E., a fauna with 
Composita subtilitia and Euomphalus? sp. was collected and in Sec. 35; 
T. 11 S., R. 28 E., a fauna with Composita subtilitia. Mr. Girty states 
that these lots may belong together and are more likely Wells than 

• 
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either Brazer or Phosphoria. Although these two localities are more 
than eight miles apart, they apparently come from the same strati­
graphic horizon. The upper white siliceous limestone is also widely dis­
tributed. It tends to form knobs along the hillsides or on the ridges and 
is useful as a marker for the overlying Permian series. 

The Wells formation is also well represented in the Albion Range in 
the low ridge or window between the two main sections of the range 
east of Oakley. The upper part of the Brazer may be present in the 
exposures nearest Elba, for there the strata are composed of light gray, 
poorly fossiliferous limestones which tend to form ledges. Their dip 
soon carries them from sight below the younger strata and above them 
appear in turn cherty and sandy limestones much like those in the 
northern end of the Black Pine Range. These cherty and sandy lime..: 
stones carry a limited fauna, although crinoid stems are abundant in 
places. Fossils collected in Sec. 27, T. 13 S., R. 24 E., and identified 
by Mr. Girty include Productus cora? and Clriothyridina? sp., which 
he states may be either Brazer or Wells but more probably the latter. 
These alternating sandstone and limestone beds carry to the top of 
the divide from the east and may carry over to the north end of the 
exposure on the lower western slope of the Albion Range. Sandstones 
of the middle division occupy most of the west slope of the range. 
These sandstones are identical to those in the other ranges and like 
them carry subordinate calcareous members. Again limestone occurs 
in the upper part. but whether it actually represents the top member 
or the lower brought into position by faulting was not definitely deter­
mined. It is probable that some of the limestone toward the north end 
of the exposure might be the upper member. 

PERMIAN SERIES 

Permian strata in this area constitute a single formation, the Phos­
phoria. This formation is of great economic and scientific interest 
because in the areas studied by Mansfield in southeastern Idaho it 
contains valuable and extensive deposits of high-grade phosphate rock, 
which is the chief mineral resource in that region. 

PHOSPHORIA FORMATION 

The Phosphoria formation is widely distributed in the Sublett Range, 
where it lies above the upper limestone member of the Wells formation 
and is found as bands along the flanks of the larger folds or in the 
complex crumplings in the folds or along the borders of the faulted 
areas. Its presence is definitely established on both sides of Sublett 
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Creek, for several miles on each side of Lake Fork reservoir, and extends 
into the detached hills of older rock northwest of the main mountainous 
area. Most of its duplication and widespread occurrence within the 
area is due to faulting. It is not surely recognized in either the Black 
Pine or Albion Ranges, but it may occur in both, especially as much 
chert characteristic of the upper part of the formation occurs on the 
lower western slope of the middle section of the Black Pine Range. 

Although the Phosphoria formation is not of great thickness (never 
more than 700 feet), it maintains a nearly uniform character over wide 
areas. Where studied in the region to the east the formation contains 
two distinct lithologic units, upper and lower. The upper unit, which 
consists of massive limestones and cherts, is called the Rex chert mem­
ber, while the lower unit comprises the phosphatic shales, with which 
are included beds of limestone and of fetid limestone. 

Both units· appear in the Sublett region, but little was learned of 
the lower unit. In places the upper limestone of the Wells formation 
is emphasized by the relative weakness of the beds immediately above, 
which have retreated, causing knobs and ledges of the underlying rock 
to form. This relation suggests that soft phosphatic shales may lie 
above, and that the lower division of the Phosphoria may differ little 
from that in southeast Idaho. Weak shaly beds were noted in the field, 
but little significance was attached to them at the time, for it was not 
until after fossil determinations were made that the Phosphoria was 
definitely established or recognized. Fossils were collected from a weak 
shaly member not far above the top of the Wells on the divide between 
South Heglar Canyon and Shirley Creek in Sec. 8, T. 12 S., R. 29 E. 
Fossils were abundant in this member, but consisted of a single species, 
Pugnoides weeksi,. which Mr. Girty states rather definitely determines 
the formation to be Phosphoria and probably the shaly part in which 
beds of phosphate occur. Until further investigation is made in the 
area, nothing can be said as to the character of the lower part of the 
Phosphoria. I ts thickness is probably not less than 200 feet. 

The Rex chert member above is the conspicuous part of the Phos­
phoria formation, and because of its superior hardness stands out in 
strong cliffs and ledges. Such ledges are strikingly shown near the 
reservoir at the junction of Lake Fork and Sublett Creek and. on the 
west slope of one.of the outliers northwest of the main range, northwest 
of Heglar post office. The Rex Chert member is composed of massive 
chert in the lower part or lower 75 feet, above which are massive beds 
of gray limestone, some of them crowded with fossils, especially Pro­
ductus, and also beds of flinty or cherty shale. Some of the upper lime-



GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY 37 

stone also contains much chert, which makes it indistinguishable litho­
logically from the lower part of the Wells. Detritus above the upper 
division of the Phosphoria is especially strewn with chert fragments. 
The thickness of the upper unit is probably not less than 400 feet. 
Cherty facies of the Rex chert member is generally non-fossiliferous, but 
locally contains sponge spictules and casts of crinoid stems. Collections 
made of fossils from other members of the Phosphoria formation and 
submitted to Mr. Girty for identification suggest that the formation is 
very widespread from Cold Spring Canyon along the border of Raft 
River Valley northward to the Snake River Plains. It will require 
detailed study of the entire range to evaluate its true limits and to sepa..: 
rate it from the Wells formation. Fossils collected in Sec. 3, T. 13 S., 
R. 29 E., at the edge of Sublett Creek Valley, contain the following: 

Stenopora aff. carbonaria 
Rhombopora sp. 
Schizophoria sp. 
Derbya? sp. 
Pustula subhorrida 

Pustula sp. 
Productus phosphaticus ? 
Composita subtilitia 
Cleiothyridina ? sp. 
Bellerophon sp. 

Mr. Girty states that this collection is also probably Phosphoria, 
but that it represents the limestone member distinguished in many 
occurrences, though not here, by containing Spirif ernia 1)'Ulchra fauna. 
A collection from Sec. 10, T. 13 S., R. 29 E., on the other side of the 
valley and on the opposite side of a fault is also recognized as Phos­
phoria, but without suggestion as to any definite part. This fauna 
contains the following: 

Leioclema ? sp. 
Pustula subhorrida 

Streblopteria montpelierensis 
Plagioglypta ? sp. 

Another collection from Sec. 36, T. 12 S., R. 29 E., is likewise recog­
nized as Phosphoria, but again without suggestion as to any definite 
part, and contains Stenopora ajf. carbonaria arid Pustula subhorrida. 

There is strong likelihood that the Phosphoria also outcrops in the 
middle section of the Black Pine Range, particularly along the lower 
western slope or the lower foothills tributary to the main high central 
part. Considerable chert was noted in surface debris, but such material 
could as well be derived from the lower .division of the Wells. 

TERTIARY SYSTEM 

GENERAL FEATURES 

In Cassia County the Tertiary is represented by both sedimentary 
and volcanic rocks and as these are commonly interbedded, it is difficult 
to describe the sedimentary alone without mention of the intercalated 
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and overlying lavas. At one time the Tertiary rocks probably mantled 
the entire region, but even though erosion has subsequently removed 
comiderable of the strata from the later elevated parts of the district, 
and alluvium has covered much of it in the depressed areas, it remains 
today one of the most widespread of the geologic formations. The same , 
series of rocks continues eastward into the region where it has been 
described as the Salt Lake formation, and also to the west where it has 
been described as typical Payette formation. 

Tertiary rocks may be divided into two parts-a lower part consist­
ing wholly of sedimentary strata, and an upper -part consisting of alter­
nating beds of lava and sediments. There is no apparent break between 
the two parts and the sedimentary strata of the upper part are similar 
to those of the underlying part. Exposed thickness of the Tertiary 
strata is estimated at 2,500 feet, the upper 800 feet of which constitute 
the upper division. As a whole the Tertiary rocks are mainly volcanic 
as much of the sedimentary material consists of bedded ash and tuff. 

DISTRIBUTION AND CHARACTER 

Best exposures of the Tertiary strata are in western Cassia County 
at the margin of the district where Bowen 1 has described the occurrence 
in the lower division of clay, shale, volcanic ash, sandstone, conglomer­
ate, and some lignite, all well stratified and for the most part regularly · 
bedded. Clay and shale predominate in the lower part, volcanic ash 
and sandstone in the upper part. The ash beds consist of white or gray 
ash of pumiceous character. The sedimentary members of the upper 
division are similar to those of the upper part of the lower division, but 
are intercalated with flows of acidic lava. A composite section of the 
Tertiary strata measured along Trapper Creek west of Oakley is repro­
duced below from Piper's2 report on the Goose Creek Basin: 

GENERALIZED COMPOSITE SECTION OF LATE MIOCENE(?) ROCKS MEASURED 
ALONG TRAPPER CREEK WEST OF OAKLEY 

Member 
1. Rhyolite3 cap rock .............. , ............................ . 
2. Volcanic ash or "lake beds," gray to white, bedded, friable ........ . 
3. Rhyolite .................................................... . 

Thickness 
(feet) 
101 
12 

115 
4. Volcanic ash, gray to white, stratified, locally cross bedded, poorly con-

solidated .................................................... . 
5. Rhyolite .................................................... . 

132 
28 

l Bowen, C. F., Coal and lignite in Boise and Cassia counties, Idaho: U.S. Geol. Survey Bull. 531-H, 
1913, pp. 252-262. 

2 Idaho Bureau of Mines and Geology Bull. 6, op. cit., p. 28. 
3 Microscopic studies by Mr. E. S. Larsen show that the rhyolites are actually quartz latites, Bull. 6, 

op. cit., pp. 27, 30. 

.. 
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6. Volcanic ash showing local crossbedding. One bed of buff sandy clay 
grading downward into typical ash..... . . . . . . . . . . . . . . . . . . . . . . . . . 120 

7. Rhyolite. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
8. Volcanic ash beds, outcrops masked by talus. . . . . . . . . . . . . . . . . . . . . 410 
9. Rhyolite... . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 

10. Volcanic ash, gray, coarse................................. . . . . . 29 
11. Lignite and alternating fine white clays, some intercalated ash. Five 

lignite beds 0.2 to 1.0 foot thick. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
12. Two strata of fine white clay grading downward into typical volcanic 

ash.......................................................... 255 
13. Lignite, enclosed by fine white clay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
14. Volcanic ash, clay, sandy clay, and ashy sandstone.. . . . . . . . . . . . . . . 232 
15. Dense white to blue clay, several intercalated streaks of carbonaceous 

shale......................................................... 7 
16. Conglomerate, loosely consolidated, pebbles of limestone, chert, and 

quartzite....................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
17. Fine sandy clay, clayey ash, fine blue shale, and typical volcanic ash 

inter bedded. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
18. Conglomerate, sandy at top. Pebbles of limestone, chert and quartzite 12 
19. Volcanic ash, with some intercalated argillaceous beds, to bottom of 

exposed section. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 + 

From this section it is readily seen that the series may be divided 
into two parts representing two periods differing in the inte;nsity of the 
volcanic activity. The upper division includes members 1 to 9 of the 
composite section and comprises the lava flows and intercalated beds 
of poorly consolidated volcanic ash. The lower division includes the 
remainder of the section, but no marked difference in character sepa­
rates the two. 

Some of the sandstone and conglomerate in the upper division of 
the series outcrops in the canyons at the west base of South Mountain, 
but elsewhere in the district the sedimentary strata are largely con­
cealed by the upper lavas. The strata at the west base of South Moun­
tain are continuous with those of the Goose Creek region. 

The Malta Range is carved wholly in the Tertiary series, but most 
of the sedimentary strata are concealed beneath the capping lava flows. 
Here and there near the west base of the tilted block range the gullies 
have cut through the lavas and have exposed the underlying stratified 
rocks. Most of the disclosed strata consist of tuff or ash of pumiceous 
character, resembling powdered and semi-consolidated pumice and con­
taining variable amounts of plagioclase and augite fragments, and mag­
netite grains. The tuff or ash is regularly bedded, as shown in Plate 
XVI, A, and the difference in the individual layers is mainly in the 
coarseness of the various constituents and also· in their relative propor­
tions. A much thicker sequence is shown along the east front of the 
range, but unfortunately exposures are largely obscured by landslide 
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blocks of the cap lava and such strata as are exposed at the base of 
these blocks are wholly inadequate for study. Locally, near the south 
end of the range, about 400 feet of the strata are exposed, wholly of 
pumiceous material. Much ash, but including some clays and shales, 
also form low hills in the wide basin south of Almo, and appear also at 
the base of the Raft River Range. Some of the shale is well compacted 
and has greenish and bluish colors. 

Some remnants of the tuff and shale also lie at the north end of the 
Albion Range in places beneath the lava. This sedimentary rock 
belongs to the upper division of the series and its position suggests that 
it was originally deposited on a nearly level surface or the old erosion 
surface coextensive with that now exposed on the summit of the range 
near Mount Harrison and Cache Peak. 

Most of the upper part of the series with intercalated lavas and 
lava cappings has been eroded from the area east of the Raft River 
Valley, leaving only remnants of some of the lowest flows and the 
underlying sedimentary strata. Much white or gray pumiceous ash 
and also dark gray basaltic tuff, the latter composed mainly of well­
compacted brownish glass and plagioclase and augite fragments, remain 
in parts of the Sublett Range and in the wide valley between it and the 
Black Pine Range. Much of this is beneath a thin flow of dark glassy 
lava. Along lower Sublett Creek these strata contain an intercalated 
flow of .basalt. Members still lower in the series appear at the north 
end of the Black Pine Range. These are more typically sedimentary 
and consist of conglomerates and marls or fresh-water limestones. The 
conglomerates are relatively soft and loose textured, and are composed 
of angular to subangular and even rounded pebbles. These are com­
posed of local materials and the pebbles are usually sandstone, lime­
stone, and chert from the Wells formation in a calcareous or sandy 
matrix. These beds also appear in the southern slopes of the Sublett 
Range. Beds of marl or fresh-water limestone, measuring about 100 
feet thick, outcrop at the north tip of the Black Pine Range under a 
partial capping of white volcanic ash. Fresh water gastropods are 
numerous in the marl. A thin bed of conglomerate underlies this 
member. 

Exposures suited for measurement were not observed east of the 
Raft River Valley, but at least 500 feet of beds, including lavas, were 
seen at the surface. The total thickness is probably much greater, for 
the strata above have accumulated on and largely buried a topography 
of considerable and varied relief. East of Raft River Valley the strata 
are much like those of the Salt Lake formation as exposed in the Fort 
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Hall Indian Reservation1 a few miles to the east. One is indistinguish­
able from the other in lithologic character and manner of deposition, 
and both have the same association with igneous rocks. 

CORRELATION AND AGE 

Definite correlation of this series is not wholly possible, as the only 
fossil shells found in it consist of fresh-water gastropods similar to those 
found farther east in the Salt Lake formation. Unfortunately, these 
shells have no diagnostic properties, for they range throughout the 
Tertiary. Stems and broken fragments of plants have been found in 
several places west of 'Oakley associated with lignite, but no specimens 
were found which could be identified. 

CORRELATION WITH THE PAYETTE FORMATION 

The strata have striking lithologic resemblance to the Payette for­
mation in southwest Idaho, in which abundant Upper Miocene fossil 
plants have been found. Bowen, 2 and later Piper, 3 attempted correla­
tion of the strata in the Goose Creek area with the Payette beds, but 
were not wholly successful because of early confusion in the designation 
of the Payette horizon. Both concluded that the Goose Creek strata 
must be older than Payette. Subsequent work has corrected the early 
error. To show its bearing on the general problem, the earlier work will 
be briefly reviewed. 

As first described by Lindgren, 4 the Payette consists of a thick series 
of lake beds composed of shales, clays, sands, and tuffs of white or light 
color above a series of lavas dominantly basalt but with rhyolite at the 
top. Fossil plants in the sedimentary series were assigned to the Mio­
cene and to the Pliocene, indicating two series of sedimentary strata, 
nearly indistinguishable lithologically, to the younger of which he gave 
the name Idaho formation. In 1904, while working in the Owyhee 
Mountains of Owyhee County, he5 assigned the Payette to the Eocene 
on a revision made by Knowlton on the Payette flora. 

Bowen 6 cited the resemblance of the Goose Creek beds to· the Pay­
ette formation of the Snake River Valley region in lithologic character, 
degree of consolidation, and manner of deposition; and also the associa-

1 Mansfield, G. R., Geography, geology, and mineral resources of the Fort Hall Indian Reservation, 
Idaho: U.S. Geol. Survey Bull. 713, 1920, pp. 54-55, 70. 

2 Bull. 531-H, op. cit., p. 14. 
3 Bull. 6, op. cit .. p. 35. 
4 Lindgren, Waldemar, Description of the Boise quadrangle: U.S. Geol. Survey Geol. Atlas, Folio 

45, 1898. 
Mining Districts of the Idaho Basin and the Boise Ridge, Idaho: U.S. Geol. Survey Eighteenth Annual 

Rept., pt. 3, 1898, pp. 625-736. 
5 Lindgren, Waldemar, Description of the Silver City quadrangle: U.S. Geol. Survey Geol. Atlas, 

Folio 104, 1904. 
6 Bull. 531-H, op. cit., p. 14. 
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tion with rhyolites similar in all respects to those in the Snake River 
Valley; all of which have been regarded by Lindgren and others as of 
early Tertiary age. He stated: 

"It cannot be said, however, that these strata are the equivalent of 
the Payette formation, because (1) in the Snake River Valley the rhyo­
lite is older than the Payette b~ds, whereas in the Goose Creek district 
the rhyolite is interstratified with the upper division of the sedimentary 
rocks, which are chiefly older than the rhyolite; (2) the Payette forma­
tion in the Snake River Valley is associated with basalt. In the Goose 
Creek plateau no basalt is present and the rhyolite is older than the 
basalt of the Snake River Plains adjacent on the north. The Goose 
Creek district was occupied by a lake prior to the rhyolite extrusion. 
If the rhyolite of the Goose Creek district and that of the Snake River 
Valley are of the same age, the Sn~ke River Valley, to which Goose 
Creek is tributary, must also have been occupied by a lake prior to the 
advent of the rhyolite and therefore before the deposition of the Pay­
ette formation. This would mean either that the old lake in which the 
Payette beds were laid down was in existence earlier in the Eocene 
epoch than the deposition of these beds or that an earlier lake whose 
history is not yet known occupied the valley. No evidence of the 
existence of such a lake has yet been observed in the Snake River 
Valley. 

"If, on the other hand, the rhyolite of the Goose Creek district is 
younger than that of the Snake River Valley, the sedimentary strata 
of the two localities may be of the same age and all belong to the 
Payette formation." 

Buwalda1 in a more recent work in southwestern Idaho established 
the existence of two series of tuff beds on the basis of vertebrate fossils 
found in the area covered by Lindgren in the Silver City geologic folio. 
From the field identification of fossil teeth, the beds in the vicinity of 
Rockville, near the western boundary of the Silver City area, are termed 
middle to late Miocene and are older than or contemporaneous with 
the rhyolite flows of the region. He then inferred that the lithologically 
similar beds which border Snake River farther east and called the Pay­
ette formation by Lindgren are definitely younger and of a late Miocene 
age or more recent. 

With the new data as to the age of the Payette formation Piper2 

stated his belief that the Goose Creek series was contemporaneous with 
the rhyolites of the Snake River Plains and the Silver City region and 

1 Buwalda, J. P., A preliminary reconnaissance of the gas and oil possibilities of southwestern and 
south central Idaho: Idaho Bureau of Mines and Geology Pamphlet 5, 1923, p. 2. 

2 Bull. 6, op. cit., p. 35. 

• 



GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY 43 

older than the Payette formation described by Lindgren or equivalent 
to the Upper Miocene strata mentioned by Buwalda. His assignment 
differs from Bowen's only in that the series belongs to the Miocene 
instead of the Eocene. 

More recently Kirkham, 1 who has restudied the Tertiary strata in 
southwestern Idaho, redefined the Payette and Idaho formations and 
assigned the Payette formation to the series of strata beneath the rhyo­
lite and the Idaho formation to the strata above. The Payette sedi­
ments beneath the rhyolite contain Upper Miocene flora and are con­
tained between the flows of Columbia River basalt. The Idaho lake 
beds above the rhyolite yield a Pliocene flora. 

In light of these most recent findings there is no difficulty in cor­
relating the sedimentary series with its intercalated and capping flows 
of lava in Cassia County with the Payette formation farther east, since 
both lie below the rhyolite horizon. The rhyolite or acid lava cap is 
the same in the two regions, for the writer as well as Kirkham 2 has 
traced the capping flows westward from Cassia County into the region 
described by Lindgren in the Silver City folio and has found them 
continuous. The most notable change from southwestern Idaho to the 
south and southeast part of the State is the great decrease in the number 
of Columbia River basalt flows in the Payette and the corresponding 
increase in the number of acid lava flows in the same stratigraphic 
horizon or above. 

CORRELATION WITH THE SALT LAKE FORMATION 

Statement has already been made of the similarity of the Tertiary 
series in Cassia County to the Salt Lake formation in the Fort Hall 
Indian Reservation. The lower Salt Lake strata are mainly sediment­
ary composed of conglomerates, marls, limestones, and clays, overlain 
by white or gray pumiceous ash or tuff and containing and capped by 
flows of acidic lava. This general sequence is the same as in Cassia 
County and the strata in the two districts are indistinguishable. 

Mansfield3 has assigned the Salt Lake formation tentatively to the 
Pliocene on the relation of the acid lavas in its upper part to the rhyo­
lites in Yellowstone National Park. Such fossils as have been found in 
the series have not been of determinative value or are of long-ranging 
types. In Yellowstone Park the "Canyon" conglomerate, which, 
according to W. C. Alden, may prove to be younger than the main 
body of the rhyolite, has yielded fossil remains that were identified by 

1 Kirkham, V. R. D., Revision of the Payette and Idaho formations: Journal of Geology, Vol. XXXIX, 
1931, pp. 193-239. 

2 Kirkham, V. R. D., Oral communication. 
3 Prof. Paper 152, op. cit., pp. 111-112. 
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Prof. 0. C. Marsh as belonging to the skeleton of a fossil horse of 
Pliocene time. 1 These rhyolites, according to Mansfield, extend west­
ward from Yellowstone Park along the northern parts of the ranges 
into the Fort Hall Indian Reservation, not absolutely continuous, but 
the occurrences are so numerous and the characters of the rocks so 
similar that there seems little reasonable doubt that the rhyolitesin 
that region and the Yellowstone National Park are of essentially the 
same geologic age. He mentions that the rhyolite and the Salt Lake 
formation are here interbedded and associated with beds of volcanic ash. 

Similar views are shared by Kirkham, 2 who shows that the Salt Lake 
formation with intercalated and overlying flows of lava extends almost 
continuously about the margin of the upper end of the Snake River 
Plains and that the upper flows are continuous with those in Yellow­
stone National Park. These relations have been observed by the writer, 
who has also traced the flows to the Park from the region near the 
Fort Hall Indian Reservation. 

Outcrops between the Fort Hall Indian Reservation and Cassia 
County are not absolutely continuous, but occur at sufficiently close 
intervals in the region to make it certain that they belong together and 
that their separation is due only to erosional stripping. Because the 
stratigraphic relations, lithology, and other factors are so similar be­
tween the series in Cassia County and the region described by Mansfield 
and Kirkham and because the volcano-sedimentary series is beneath 
similar essentially continuous sheets of acidic lava, the suggestion is 
very strong that the two are of the same age and remnants of a former 
continuous blanket deposit. Since the present report was· written/ 
Kirkham has further suggested that although no definite flora or 
fauna from the Salt Lake formation has as yet been determined, it may, 
from its relations to the rhyolite, eventually prove to be contempora­
neous with the Payette formation. The Salt Lake formation would 
thus be equivalent to the Payette formation and belong in the Middle 
and Upper Miocene instead of in the Pliocene epoch. Blackwelder,4 
who has studied the Salt Lake series in the region of the Wasatch Range 
in Utah, also considers the formation to be not younger than Miocene. 

QUATERNARY SYSTEM 

The rocks of the Quaternary consist for the most part of uncon­
solidated sand, gravel, and mud that occupy the floors of the larger 

1 U.S. Geol. Survey Geol. Atlas, Yellowstone National Park folio (No. 30), 1896. 
2 Kirkham, V. R. D., Pamphlet 19, op. cit., p. 34. 
3 Kirkham, V. R. D., Snake River Downwarp, Jour. of Geology, Vol. 39, 1931, p. 472. · 
4 Blackwelder, Eliot, Wasatch Mountains revisited: Bull. Geol. Soc. Amer. abstract, Vol. 36, 1925 

pp. 132-33. 

.. 
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valleys and the broad aggraded desert basins between ranges; and of 
coarser or finer debris, less well stratified, which has accumulated here 
and there along the lower slopes of the mountains. Most of it is the 
result of fluviatile action where the products of rock disintegration and 
decay have been washed from the valleys and slopes of the mountains 
into the structural depressions and basins, its deposition aided in large 
part by damming of these basins by flows of Snake River basalt. Some 
of it, however, is the product of glacial activity, but these deposits are 
not nearly so extensive as the others, and have for the most part been 
masked by the younger debris carried down from the same localities. 
In some places aoelian deposits are extensive. 

The Quaternary deposits are all unconformable upon older rocks 
and range in age from Pleistocene to Recent. It was not found prac­
tical to separate them m mapping. 

PLEISTOCENE SERIES 

The Pleistocene series includes most of the Quaternary deposits, 
although it is not always easy to draw a line between them and the 
deposits of more recent age. Most of the waste now in the broad basins 
is unquestionably Pleistocene in age and its deposition may even have 
started in the Pliocene. The extensive and thick alluvial-fan deposits 
at the base or on the lower slopes of the mountains were mainly com­
pleted during the Pleistocene and have received only minor contribu­
tion since. Terrace deposits in· connection with old Lake Bonneville 
are also Pleistocene. Deposits of two glacial stages are present, but 
morainal forms of the earlier have been much subdued and mainly con­
cealed, whereas those of the younger, although fresh and unmodified, 
are only locally abundant. For convenience the Pleistocene deposits 
will be described as hill wash and older alluvium, glacial deposits, and 
aeolian deposits. 

HILL WASH AND OLDER ALLUVIUM 

The lower slopes of most of the hills and ranges are covered with 
rock fragments and soil which effectively conceal the underlying forma­
tions. In the main this material is poorly sorted or without definite 
arrangement, but in places it merges with fluviatile deposits and 
becomes a part of the vast alluvial plain at the base of all the ranges. 
The upper limit of the deposits, as mapped, is the general line that 
marks the outcrop of the older, underlying formations, or the line 
where the debris of these rocks is sufficiently characteristic and abund­
ant to indicate clearly the strong probability of their occurrence be-
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neath. The line is much generalized, especially where it lies between 
the Tertiary sediments and hill wash. It was especially difficult to 
mark the boundary between the alluvium and the older rocks about 
the margin of the Sublett Range and in some places a line taken a mile 
or two on either side would have served as well. 

Near the borders of the mountains the deposits have been slightly 
trenched and the surface has been made somewhat irregular, but away 
from the base of the ranges the alluvial plain has a smooth surface, in 
places floored with gravel, but usually concealed by aeolian soil. The 
materials of the hill wash arid older alluvium are mostly local or derived 
from nearby sources and are composed of pebbles and sands of quartzite, 
sandstone, limestone, and chert. On the south slope of the Black Pine 
Range the hill wash and alluvial-fan material are relatively thin. The 
thickness in the center of the basins could not be obtained, but probably 
ranges from hundreds of feet.in the smaller basins to a thousand feet or 
more in the center of Raft River Valley. 

Terrace deposits are extensive only on the southeast and east slopes 
of the Black Pine Range, where they form a series of sloping beaches, 
each corresponding to a stationa·ry period in the development or history 
of old Lake Bonneville. From the position of these terraces, in part 
upon alluvial fans or the piedmont alluvial plain, it is clear that the hill 
wash and piedmont deposits were largely completed in the pre-Bonne­
ville epoch and so are of Pleistocene age. 

OLDER GLACIAL DEPOSITS 

Moraines and outwash of an early epoch related to the carving of 
the broad U-shaped valleys in the Albion and Raft River ranges and 
South Mountain are poorly preserved. Such deposits have in large part 
been smoothed over and largely concealed by younger deposits. Gla­
ciers from the basin between South Mountain and the Albion Range 
extended to the edge of the plain a short distance south of Oakley and 
left there an outwash plain of fine materials along with occasional 
quartzite erratics. At the same time ice also crossed the Albion Range 
and deposited moraine in the Almo Basin several miles from the edge . 

.. 

of the mountain. In a few places irregular· topography still obtains, ~-
although greatly reduced from its former dimensions because of filling 
from the higher slopes. Glaciated quartzite boulders are common, but 
granite has apparently long since weathered away. The outwash 
merges and is mainly indistinguishable from the other alluvial deposits 
in the Basin. Much outwash was also deposited on the south side of 
the Almo Basin derived from glaciers in the Raft River Range. 
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Glacial deposits may be recognized in other parts of the Albion 
Range, particularly on the east side. Moraine from both the Malta 
and Albion ranges end in steep banks within a few dozen feet of one 
another south of Elba. Erratics rest high on the alluvial slopes border­
ing Conner Creek. Large angular quartzite boulders are common in 
the Albion Basin near the foot of the mountain southwest of Albion. 
Only glaciers could transport such boulders and carve such wide 
U-shaped valleys in the resistant quartzites of the range. Most of the 
basin filling was probably accomplished before or during the glacial 
epoch. In places erratics occur on the west side of the range, but 
glaciation was not nearly so extensive on that side. 

Extremely high and steep alluvial slopes occur on the northeast side 
of the Black Pine Range, now deeply trenched by valleys issuing from 
the range. These abnormally steep and partially dissected slopes might 
represent moraine and outwash from early glaciers, whose present sur~ 
face is stranded about 500 feet above the present valley floors at the 
edge of the mountain. A lower terrace in the trenched alluvium might 
record the outwash of younger glaciers; this terrace now 200 feet above 
the present valley floor. A few miles to the east these high terraces 
descend to the level of the Lake Bonneville terraces. Unfortunately, 
the gravel in these high terraces stands in steep smooth slopes and it 
was not found possible to examine the deposits in detail or learn much 
of their character. 

YOUNGER GLACIAL DEPOSITS 

The only glacial deposits of younger age were definitely recognized 
in the Albion Ra.age high above the alluvial basins and usually not 
below 7,500 feet A. T. These deposits are characterized by extreme 
freshness in form and materials and occu.c below the glacial cirques near 
the top of Mount Harrison and below Independence Lakes on the north 
side of Cache Peak. Lake Cleveland is held in large part behind a 
morainal dam. Deposits continue only a short distance below the lake. 
Moraine is more extensively developed below Independence Lakes and 
not only confines the five little lakes in the basin at the head of Green 
Creek, but actually descends to the very foot of the mountain on a 
gradient so steep that from a distance the morainic forms appear to 
overlap one upon the other. Subsequent drainage has done very little 
to modify the form of the drift and out'Yash. 

AEOLIAN DEPOSITS 

Windblown deposits are conspicuous only in the northeast part of 
the district in the broad basin between the outlying hills and the main 
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Sublett Range at Heglar, at the north end of the range near the Snake 
River, and to a lesser extent on the slope east of Sublett post office. 
A smaller area also lies on the east slope of the Albion Range north of 
the town of Albion. Areas of aeolian deposits may be distinguished as 
the only places where dry farming has been successful, and, unless the 
slopes are too steep, are marked by summer fallow or wheat fields. 
They are found mainly on the leeward side of ridges or hills where 
check in wind velocity has permitted settling and accumulation of dust. 

The deposits are typically loess, in color and texture and in ability 
to stand in vertical banks. Lack of horizontal lamination and a dis­
tinct vertical parting also favors their wind-born origin. North of 
Heglar the loess has been submaturely dissected and the surf ace is 
closely similar to the rolling Palouse Hills in the northern part of the 
State. The deposits show great range in thickness from a mere film 
where the wind sweeps across the ridges to 50 or 100 feet or more on 
the east slopes and to even greater thicknesses on the floors of sheltered 
basins. Along the Snake River, a mile or two to the north of the area, 
loess banks a hundred feet or more high may be seen from the highway. 
The loess deposits near Albion are not so thick and do not entirely 
conceal the older formations below. 

The source of the loess is in part from the fine silts blown from near 
the centers of Raft River and Goose Creek valleys and carried to the 
northeast by the prevailing winds, but most of it is probably of glacial 
origin and has its source in the outwash of the early glaciers.. Both 
areas of loess accumulation are in the direct path of the prevailing 
winds from the main centers of glaciation in the south end of the Albion 
Range and the outwash plain near Oakley. 

RECENT SERIES 

ALLUVIUM 

In the broader valley bottoms and along the courses of so many of 
the larger streams, such as Raft River, Marsh Creek, Sublett Creek, 
and Cassia Creek, are narrow bands or broader areas of commonly well· 
sorted and fine or locally gravelly flood plain deposits. In some places 
these merge gradually with the older alluvium plain, but more gener­
ally they lie between low bluffs. 

Landslides also are abundant, not only in the Malta Range where 
the volcano-sedimentary series has especially prepared an unwieldy base 
for such movement, but also in the Sublett Range, where the over­
steepened valleys of the Blackfoot cycle have favored mass-movement 
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of debris into the valley bottoms. In places in the Sublett Range 
valleys have been partially filled by these slides. 

IGNEOUS GEOLOGY 

GENERAL OUTLINE 

The igneous geology in eastern Cassia County is represented by 
intrusions of granitic rock and by extrusions of acid lavas and basalt. 
These have occurred in different epochs in the Tertiary period, begin­
ning first with the intrusion of plutonic bodies either late in the Creta­
ceous or early in the Eocene. Next occurred the extrusions of latites 
and perhaps other acid lavas, locally basalt, during the late Payette 
epoch, probably late in the Miocene or early in the Pliocene. Last was 
the extrusion of the Snake River basalt rather late in the Quaternary. 
Each of these has followed certain periods of structural unrest and each 
is in no way related to preceding or following periods of volcanism. 

These rocks are less widely distributed in eastern Cassia County 
than the sedimentary rocks and less widespread than in adjoining areas 
on the west and north. Very likely Cassia County was at one. time 
entirely blanketed by lavas of the Tertiary epoch, but due to later 
mountain-building movements such rocks have been largely eroded 
-from the higher lands and concealed beneath alluvium in the depressed 
areas. Nevertheless, large areas of each kind remain within the dis­
trict. Flows of Snake River basalt were added well after the develop­
ment of the present topographic features of the district. 

INTRUSIVE ROCKS 

DISTRIBUTION AND EXTENT 

Intrusive rocks occur as a large stock or small batholith, to which 
the name Cassia batholith has been given, as smaller stocks or cupola­
like masses which comprise higher parts in the roof of the major batho­
lith, and by smaller dikes of associated pegmatite. These cover more 
than 60 square miles, mainly in the southern part of the Albion Range 
and in South Mountain. The Cassia batholith has its southern end 
about two miles north of the Utah line and forms the core for most of 
the south part of the Albion Range. It extends northward over Cache 
Peak and far down its western and northeastern flanks. Outliers extend 
as far north as Conner Creek and Cottonwood Creek in the northern 
section of the Range and appear frequently along the west slope of the 
southern section. The two most northerly stocks are in valley walls 
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and are undoubtedly continuous beneath the quartzite capping which 
separates the two valleys. Those on the west flank of the range repre­
sent higher cupola-like bodies rising above the larger Cassia batholith 
and are continuous with each other and with the greater body beneath 
a thin shell of the pre-Cambrian quartzite series. The gra:q.itic bodies in 
South Mountain appear mainly in the steep eastward facing scarp be­
neath a thin capping of the pre-Cambrian strata. Outliers here, too, 
appear along the more gentle westward slope. This granitic body is a 
part of the main Cassia batholith in the Albion Range and has been 
brought to its present p.osition overlooking the intervening basin by 
comparatively recent faulting, which has separated the South Mountain 
block from the Albion Range. Had erosion continued everywhere to an 
additional depth of 500 feet the granitic rock now exposed at the surface 
would probably have been more than doubled. 

Erosion has carved more deeply into the eastern side of the Albion 
Range, especially south of Cache Peak, and has there exposed much 
more of the batholith. When once the resistant quartzite shell was 
pierced erosion in the granite was comparatively easy and rapid and 
the elongated basin-like area that contains the Cassia City of Rocks 
was carved. From this basin an excellent vertical section of the batho­
lith may be had. Its walls plunge somewhat more steeply than the 
slopes of the range and the dips of the overlying sedimentary strata, and 
the body thus grows larger with depth. More than 5,000 feet of granitic 
rock is exposed from the top of Cache Peak to the bottom of the basin. 

STRUCTURAL FEATURES 

The Cassia batholith has the characteristic features usually assigned 
to batholiths; that is, it forms a plutonic mass exceeding 40 square 
miles in surface area. It is dome-shaped and has steeply plunging walls, 
without apparent bottom. In places its contact with the invaded strata 
is sharp, but more generally there is a transition zone between invading 
and invaded rock. This ~one is usually not more than 100 feet wide 
and seldom more than 50 feet. Through this interval the gtanitic rock 
appears to merge gradually with the quartzitic strata and it is usually 
impossible to fix a precise boundary between the two formations. Much 
of the outer part of the batholith and the stocks has a gneissic banding 
and this structure is carried into the sedimentary strata, adding to the 
difficulty of separation. Such transitory relation suggests a marked 
infiltration of magmatic material from the igneous body into the 
invaded strata during the intrusion. In most places the transition zone 

.. 
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is slightly darker in color than the rock on either side, due mainly to 
enrichment in biotite. 

Jointing is a pronounced structure in some parts of the batholith 
and its outliers, and locally plays an important role in the origin of the 
curious forms in the Cassia City of Rocks. Much of the batholith in 
the City of Rocks area is cut by widely spaced joints, often outlining 
blocks as much as 30 to 40 feet across. In places, however, the joints 
are more closely spaced and locally produce a sheeted structure in the 
granitic rock. Usually the jointing is not noticeable except where 
weathering has accentuated the joint fractures. One set of joints trends 
to the northwest, another to the northeast, and a third set is nearly 
horizontal. 

PETROGRAPHY 

GRANITIC ROCKS 

The batholith and its outliers are composed of rock ranging from 
granite to granodiorite in composition, with granite usually as the outer 
border of the bodies and the granodiorite as the great inner core. This 
order of gradation is the reverse of that usually found in plutonic bodies, 
for normally, granodiorite comprises the marginal zone and the more 
acid rock the inner part. The two main facies may in part be distin­
guished by texture. The granodiorite has an even grain, whereas the 
g.ranite is porphyritic and usually gneissic. In this way the batholith 
shows a progressive change from a medium to coarse even grained rock 
in the central part to porphyritic rock outward; at first faintly gneissic 
but. becoming increasingly more gneissic toward the margin, passing 
locally to augen gneiss. Smaller bodies differ from the larger only in 
having the characteristics of the outermost part and have rarely the 
composition or texture.of granodiorite. 

Most typical of the granodiorite facies is the core of the batholith 
in which the Cassia City of Rocks is carved. Near the south end of 
the Rock City the granodiorite is light gray to nearly white and is of 
medium to medium-coarse grain. Smoky grains of quartz are numerous 
and are in a chalky white feldspathic mass, together with a liberal 
sprinkling of partially altered biotite flakes. In common with most of 
the rock in the area, it is friable as a result of granular disintegration and 
is readily reduced to sand. Its texture is typically hypautomorphic 
granular in thin section and its dominant constituents are_ oligoclase 
(53%), quartz (25%), microcline (12%), and biotite (7%), and its 
accessories include magnetite, zircon, and apatite. The oligoclase shows 
considerable zoning and has irteriors as basic as acid andesine. Crys-
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tals are always twinned polysynthetically and this twinning is occasion­
ally combined with that of the carlsbad and pericline laws. The plagio­
clase is much altered to large flakes of secondary white mica and has 
occasional seams or veins of a clay mineral. The latter is a product of 
surface weathering, but the development of muscovite is the result of 
a deep-seated process. The microcline forms large enveloping grains . 
and shows from its cementing relations that it was the last mineral to 
complete its crystallization. I ts twinning is usually indistinct. In 
sharp contrast with the plagioclase, the microcline shows only slight 
alteration to kaolin and sericite. Biotite and quartz show no unusual 
characters, the biotite occurring in scattered leaves or flakes partially 

,,lter.o chlorite, and the quartz in rather large anhedral gra~. 
\1~ircot;\8:lre unusually plentiful. In addition to the secondary prodl!t 
· !lreadf'given, are epidote and zoisite. 

Near 'the head of Circle Creek the rock shows some notable differ­
ences, mainiy in a greatly increased muscovite content and locally in 
the development of tiny reddish garnets. This rock is also of medium 
grain, has a light gray color and is composed entirely of light minerals. 
It has the usual hypautomorphic granular texture and is composed 
essentially of quartz (44%), acid andesine (30%), microcline (12%), 
muscovite (8%), and garnet (3%), and with magnetite, apatite, and 
zircon as additional accessories. Quartz is exceptionally abundant, but 
the batholith as a whole is comparatively rich in silica. There has been 
no change in the mineral relationships, but occurrence of so much mus­
covite and garnet suggests that pneumatolytic action has been promi­
nently connected with the intrusion. Muscovite is prominent through­
out much of the body, accompanied or unaccompanied by biotite, and 
for the most part the inner core might be classed as a muscovite­
biotite granodi<;>rite. 

Toward the margin the rock maintains essentially its same coarse­
ness of grain, but scattered phenocrysts appear and these form much 
larger sizes. Most of the phenocrysts are from one-fourth of an inch 
to one inch long, but some attain a length of as much as six inches. 
With this change in texture most _of the rock also assumes a faint gneissic 
banding, which becomes increasingly more pronounced in the outer 
marginal zone. In all places examined the marginal rock has the com­
position of granite with the large phenocrysts composed of microcline, 
but the other minerals are essentially those in the granodiorite. A 
specimen from the stock on Cottonwood Creek in the north section of 
the Albion Range is representative of the non-gneissic facies. It shows 
numerous large microclines in a ground mass of medium grain composed 
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of quartz, oligoclase, biotite, and muscovite. The microcline is the 
most striking, for it tends to hold an idiomorphic outline, yet its outer 
borders are minutely irregular where it penetrates and partly wraps 
around other minerals. Often it holds rounded grains of other min­
erals, particularly quartz and plagioclase. Otherwise the rock is no 
different from the granodiorite, except for its greatly increased micro­
cline content. The oligoclase has altered almost entirely to a sericitic 
mass, but the microcline shows scarcely a sign of alteration. Quartz is 
abundant and tends to form granular masses. Accessories are zircon, 
magnetite, apatite, and rutile. 

Specimens from the stock on Conner Creek and from the north side 
of Cache Peak are representative of the gneissic prophyritic granite. 
These differ from the rock just described in that the sections are 
streaked with finely granulated zones of quartz and feldspar and with 
similarly disposed zones or lenses of coarse granular quartz in which 
biotite plates or flakes are arranged parallel to the banding or schis­
tosity in much the same way as in a recrystallized micaceous quartzite. 
Except for the granulated zones or cataclastic structure and the more 
or less pronounced parallel orientation of the minerals, the rocks have 
the same list of minerals in the same proportions and in the same rela­
tions as in the non-gneissic variety. Alteration of the oligoclase to 
secondary white mica is probably more pronounced, but the microcline 
remains perfectly clear. The biotite occurs only in the quartz masses. 
Accessory minerals as well as secondary products are the same as before. 

The gneissic shell or transition zone has essentially the same com­
position as gneissic granite, but its gneissic structure is much more 
pronounced and cataclastic structures are much more evident. The 
zone is mostly represented by a coarse grained strongly banded lenticu­
lar gneiss composed of alternating quartzose and feldspathic lenses or 
seams, the quartzose parts rich in biotite. Some layers also alternate 
with seams of nearly pure pegmatitic material. As in the gneissic granite 
the quartz occurs mainly as granular aggregates in lenses or seams with 
parallel orientated biotite, but the microcline and plagioclase lie in any 
position in the border zones. In general the microcline predominates, 
but locally it is subordinate to the oligoclase. The microcline invariably 
holds numerous inclusions or remnants of quartz and oligoclase and 
also shows less alteration to white mica than does the oligoclase. Large 
flakes of muscovite are commonly present and also the usual accessories 
of the granite, such as zircon and magnetite. Garnet also appears as 
an unfailing constituent, but it is always very subordinate. The rock 
continues to show increasing amounts of quartz as it nears the little 
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altered quartzite. Large muscovite flakes and minor amounts of feld­
spar continue in most places for some distance into the quartzite. 
Locally, instead of such a f eldspathic shell, the border is dark colored 
and composed largely of hornblende, with lesser quartz, epidote, titan­
ite, oligoclase, microcline, and zoisite. 

Such changes in the texture of the rock from massive in the center 
to gneissic at the margins of the bodies may perhaps be explained on 
the assumption of powerful lateral pressures during the crystallization 
of the rock, a process designated by the term piezocrystallization. Dur­
ing such action, the plagioclases are commonly said to be broken down 
to form microcline. 

PEGMATITES 

Pegmatite dikes and sills are not especially numerous about the 
main batholith and most of the stocks, but they do show in great abund­
ance in the upper part of the granite and the overlying shell in South 
Mountain and attain their maximum development in the southern part 
of the mountain near the Utah line. These apparently constitute the 
only differentiates of the deep-seated granitic masses, unless the quartz 
veins in the north should also be so regarded. 

The pegmatites range from thin seams to lenticular bodies 50 feet 
or more across and several hundred feet long. In general they have the 
texture of coarse-grained granites, but some are composed almost wholly 
of graphic granite. The minerals of the pegmatites are not especially 
large, although some of the pegmatites near the Utah line have been 
prospected for mica, but neither the muscovite nor the biotite crystals 
exceed two or three inches in diameter. 

Specimens from a large pegmatite on the upper slope of South 
Mountain and typical of all the pegmatites in the district were exam­
ined microscopically. The body is composed of a light gray or white 
coars~-grained rock, in part coarsely granular but in part graphic, made 
up of milky white feldspar, grayish quartz, and muscovite. Some of 
the muscovite flakes are two inches or more across, but much of it is 
in smaller scales and crystals. The feldspar is also less than two inches, 
but locally at least as in the Cassia City of Ricks, crystals six inches 
long have been weathered out and occasionally are strewn on the sur­
face. In addition to the minerals listed the microscope reveals minor 
amounts of garnet, zircon, apatite, titanite, rutile, magnetite, with occa­
sionally colum bite and sericite. The feldspar is oligoclase, approaching 
albite in composition, and is invariably intergrown with orthoclase as 
antiperthite. Some of the quartz is a late introduction and forms vein-

.. 
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lets cutting the other minerals. One such veinlet contains scattered 
garnets. 

The pegmatites have apparently had a profound influence on the 
metamorphism of the quartzites, for the transitional shell attains its 
greatest thickness in areas where pegmatites are most abundant. In 
these areas large flakes of muscovite are also developed in the quartzites 
long distances from any observed granite rock. The metamorphism is 
undoubtedly the result of the transference of volatile constituents from 
the intrusive magma and such volatile matter would be especially con­
centrated in the areas where pegmatites are now most abundant. 

AGE OF THE INTRUSIVES 

The Cassia batholith and its outliers may be assigned with consid­
erable assurance to the late Cretaceous or early Tertiary and may be 
correlated with the intrusives of that age in the Rocky Mountain region 
rather than with the late Jurassic intrusives of the Coast region. It is 
believed that the main epoch of folding and faulting in southeastern 
Idaho1 has been a part of the great mountain-building disturbance that 
came in the interval between the end of the Cretaceous period and the 
early part of the Tertiary, generally known as the Laramide revolution. 
At this time the great low-angled overthrusts, such as the Bannock 
overthrust in southeastern Idaho, and the Albion overthrust in Cassia 
County, came into being. The Albion Range is carved mainly in an 
overthrust block of pre-Cambrian sediments resting upon Carboniferous 
strata. Unfortunately the intrusive bodies were not seen in contact 
with the Carboniferous rocks, but veins related to the intrusive pass 
from the younger to the older overlying rocki;;, proving that the min­
eralization followed the completion of the overthrusting and that the 
granitic bodies themselves are probably younger than the overthrusts. 
Such relation favors an early Tertiary date for the intrusion and links 
it with the early Tertiary intrusions in Utah. 

The Cassia batholith is probably an outlier of the well known Idaho 
batholith. Although the Idaho batholith has generally been regarded 
as .of late Cretaceous or early Eocene age, Ross2 considers the evidence 
rather indefinite and suggests that the batholith is probably as old as 
late Jurassic or early Cretaceous, or the same age as the Coast Range 
batholiths. Should the Cassia batholith actually be an outlier of the 
Idaho batholith, as the writer strongly believes, the evidence in Cassia 
County would tend to affirm the earlier assignment of the intrusives to 

1 Mansfield, G. R., Prof. Paper 152, op. cit., pp. 169-170. 
2 Ross, C. P., Mesozoic and Tertiary granitic rocks in Idaho: Jour. Geology, Vol. 36, pp. 673-693, 1929 
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the late Cretaceous or early Eocene. That the Cassia batholith does 
not belong to the younger granitic rocks of Miocene age(?), recognized 
elsewhere in the State, 1 is certain, for the Upper Miocene or Lower Plio­
cene lavas rest on the eroded surface of the body in the City of Rocks 
area. 

WEATHERING OF GRANITE 

Weathering of the granite rock in the district takes on an added 
interest, for in it lies the explanation of the weird and fantastic forms 
in the Cassia City of Rocks. The weathering of the granite here is not 
vastly different from the weathering of similar rock in arid and semi­
arid regions elsewhere, but the results obtained are far more striking. 
Most of the weathering may be ascribed to a form of granular disinte­
gi:ation in which the granite is reduced to an arkosic sand of remarkably 
fresh appearance. Studies of the disintegrated products show that the 
feldspars are scarcely altered or affected by decomposition and the bio­
tite no more than partially decomposed. The floor of the basin in which 
the City of Rocks stands is strewn with the fresh arkosic sands admixed 
with more or less silt and organic matter. Studies of the more or less 
disintegrated materials still retained on the outcrop show the same 
freshness of grain, with only slight evidence of chemical decay along 
cleavages, crystal boundaries, and fractures. When blocks or slabs of- .. 
such rock fall from the ledge or monolith, they are at once reduced to 
sand on striking the ground and because of their disintegrated condition 
seldom accumulate as fragments (Plate VI, B; Plate VIII). Mineral 
grains may be readily detached from most of the surface outcrops, and 
masses of rock, apparently firm, are readily broken to bits with but 
little effort. Such disintegration of granite is rather characteristic or 
typical of the weathered granites in desert regions and has been 
described by Leonard 2 in the arid parts of Arizona, by Blackwelder3 in 
the arid parts of the western United States, and by Barton4 in the 
almost rainless parts of Egypt. In most places the absence of rock 
fragments at the base of the ledges or outcrop and the deep massive 
granular disintegration are the most notable features. 

Massive granular disintegration is not the only_ process active in the 
Cassia City of Rocks area, but another process, that of case-hardening, 
is in many places of equal importance, and the two together distinguish 
this area from most of the others and account for most of the unusual 

1 Ross, C. P., Jour. Geology, Vol. 36, op. cit., also And~rson, A. L., Geology and ore deposits of the 
Lava Creek District: Idaho Bureau of Mines and Geology Pamphlet 32, pp. 21-25, 1929. 

2 Leonard, R. J., Pedestal rocks resulting from disintegration: Jour. Geology, Vol. 35, 1927, pp. 
469-474. 

3 Blackwelder, Eliot, Exfoliation of rock weathering: ibid., Vol. 33, 1925, pp. 793-806. 
4 Barton, D. C., The disintegration of granite in Egypt: ibid., Vol. 24, 1916, pp. 382-393. 
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A. DET A l l:,S I N Tt·rn WEATHERING OF THE G R ANI TE 
Shows the s light ex foliation of t he granitic rock, also t he darker colored iron-stained surface crust on the 
top of the rock. Note how the rork unprotected by the hardened crus t has drop 1>ed away, leaving niches 
and an overhanging roof. H ydrat ion is believed to be res1>0nsiblc for the weathering of the granite, pro­
moting deep granular disintegration, and rapid surface evaporation and casehardening which preserves 

the top crust. 

B. ROCK HOLLOWS 
Deep hollows in the sides o[ the large rock masses are intcresUng features. These are produced through 
removal of the granular disintegrated rock from benea t h the ou ter indurated shell above. Note the uneven 
or fretted surface of t he granite block, as though etched by some powerful solvent. Casehardening again 

explains this peculiar surface, a chemical and physical induration. 
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and bizarre erosional forms. One generally finds that the outside of 
the partly decayed rock is more coherent than the inner part. In most 
cases, but not in all, the exterior has been hardened by the deposition 
of iron oxides and other minerals under the influence of aridity. It is 
this indurated or case-hardened shell that serves greatly to strengthen 
the disintegrated rock and. to prevent it from being more rapidly 
removed by erosion. Excavation proceeds largely beneath such exter­
nal crusts. The nature and effect of this surface induration is well illus­
trated in Plate IX, A, where the upper surface of the Giant Toadstool 
has been strongly hardened and forms an overhanging cap, protecting 
the massive granular disintegrated rock below. Difference in the two 
parts of the body is seen not alone from the unequal resistance of both 
parts to erosion, but in their color as well, the upper surface crust being 
darker in color and stained considerably with iron oxides. If the 
indurated shell were to be examined more closely, its surface would be 
seen to be unequally hollowed or fretted as though havi:hg been cor­
roded chemically, whereas the lighter colored rock below would .show 
a smooth surface or only thin exfoliated plates. More detailed exami­
nation of the indurated upper surface and of the unindurated rock 
below is afforded in Plate XI, A, where the contrast in color and the 
pocking of the surface is especially pronounced. The overhang serves 
to afford protection for the rock below, but as particles of the disinte­
grated rock are dislodged or as fragments scale off, undercutting of 
the upper shell occurs and windows or niches result, which show to 
good advantage in Plates XI, B, and XII, A. Removal of the disin­
tegrated rock may proceed beneath the case-hardened crust until very 
unusual and striking forms are produced. The figure illustrated in 
Plate XII, B, is an example where removal of the disintegrated rock 
beneath has progressed to an advanced stage, with the production of 
caverns and tunnels through the rock. Among the forms resulting 
from such action are large and small hollow boulders, many of them 
consisting of only a thin shell. Some of them have an opening from 
the side or bottom through which a man may crawl inside, but many 
have only small openings on the bottom and also on the side not much 
larger than a man's head. These may connect with large chambers 
inside. One of the large hollow boulders is shown in Plate XIII, A. 
This plate in addition affords a more detailed view of the irregular case­
hardened surface and the smooth or slightly scale-like or exfoliated sur­
face on the inside. One of the most curious forms of this kind is the 
pedestal rock shown in Plate IX, B. This block or case-hardened 
boulder is balanced on the top of a narrow staff more than 15 feet 
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above the ground. In the lower side of the boulder is an opening from 
which the feldspathic sands have been removed, leaving the balanced 
rock nearly an empty shell. Other curious features developed as the 
result of erosion through the case-hardened shell or crust are the nume­
rous depressions or "bath tubs" on the tops of many of the large rock 
masses such as illustrated in Plate XIII, B. During heavy rainfalls 
the running water has cut through the surface shell into the disinte­
grated rock beneath, rapidly removing the loosened rock and fashioning 
flat-bottomed depressions or "bath tubs," some of them as much as 
four feet deep. These have always a low outlet through which the 
sands have been washed. Some of the depressions have a thin veneer 
of arkosic sand, but most of them have a smooth hard floor, for the 
wind is also effective in removing the debris. 

Speciments of the case-hardened rock were examined microscopi­
cally, and these showed the same kind of granular disintegration as the 
rock below, but generally to lesser degree; and the fractures and cleav­
ages were mainly filled with clay-like products of decomposition, and 
to lesser extent with iron hydrates. These products apparently did 
not result from the decomposition of the minerals in which they were 
in contact, but have obviously been deposited from solutions which 
have permeated through the rock. These materials tend to cement the 
disintegrated rock particles and prevent the rock from crumbling as in 
the rock deeper down. 

Leonard, 1 who has described pedestal rocks and related erosive fea­
tures occurring particularly in desert regions, has shown that granular 
disintegration is the principal process of weathering involved, and 
results mainly from insolation, although frost action and the wedge­
work of salts are no doubt minor contributory factors. Some of the 
forms he describes ar~ similar but not so striking as those in the Cassia 
City of Rocks. That such disintegration is due mainly to insolation is 
not borne out by the evidence in Cassia County, inasmuch as the most 
extensive weathering or disintegration is some distance within the rock 
mass or beneath the case-hardened shell and especially in the parts of 
the rock masses most shielded from the rays of the sun. Blackwelder2 

has shown that daily temperature changes alone are quite inadequate 
to cause such breakage, and from field and laboratory evidence he con­
cludes that insolation is not an important factor in rock weathering. 
Similar views are held by Barton, 3 who has studied the weathering of 
granite in the almost rainless districts of Egypt, where the granitic 

1 Jour. of Geology, Vol. 35, op. cit., pp. 469-474. 
2 Jour. Geology, Vol. 33, pp. 793-806. 
3 Jour. Geology, Vol. 24, pp. 382-393. 
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A. HOLLOW BOULDJm 
As a result or t he granular disintegration and surface induration la rge hollow boulders are of frequent 
occurrence. Some have only small openings beneath and open upwards into ca vities la rge enough to hold 
a man. Loosened grains have dropped from the granite under gravity and in time have caused large 

openings to form. 

B. BATH TUB ROCK 
Many o( the large monoliths with wide f\at roofs arc characterized by basins or "bath tubs." Some of 
these are as much as four feet deep. These depressions have been worn through the casehardened shell by 
the rains or water running from the irregular rock surface. The deep granular disintegration has favored 

the development after a s tart has once been made. 
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blocks in that hot and dry region show granular disintegration far below 
the depths affected by temperature changes and are most weathered in 
places protected or shielded from the sun's rays. Both Blackwelder and 
Barton believe that such disintegration may be attributed directly or 
indirectly to the effect of moisture and present strong evidence in sup­
port of their convictions. Blackwelder especially stresses the absorp­
tion of water by colloids and the chemical decomposition of minerals, 
notably by hydration and oxidation of the silicates. Such products are 
not abundantly developed in the granite waste, but not much decom­
position is necessary to provide for the expansive force needed to disrupt 
the rock or loosen it. The expansive force induced by the crystalliza­
tion of secondary minerals of larger volume along cleavage cracks of 
crystals and between mineral grains is all that is necessary. 

The principal process of weathering involved in the production of 
the particular erosional forms in the Cassia region seem to be chemical 
and the work has been performed by solutions which penetrate slowly 
along the cleavage cracks in crystals and between mineral grains and 
there induce the formation of new minerals of larger volume. Although 
the degree of decomposition appears to be slight, the amount of hydra­
tion and other chemical changes is sufficient through increased volumes 
to disrupt or disintegrate the rock into the condition now found existing 
in the region. These slight changes may be noted throughout the rock 
in thin sections, though not always apparent to the unaided eye. During 
the dry season the sun quickly dessicates the outer side of the rock 
masses after the occasional rains, and that moisture which has pene­
trated far into the rock through the minute fractures, and that which 
remains on the shady undersides continue the chemical work for a 
much longer time and promote greater disintegration. As the outer 
or near outer surface o.f the rock masses tend to become dessicated, 
capillary action draws water from the interior of the rocks and with 
them dissolved salts and colloids, and as this capillary water in turn 
evaporates at or near the surface it deposits its borne substances, thus 
cementing or closing the fractures in the rock and thereby strengthen­
ing the disintegrated rock by the process of case-hardening. Granular 
disintegration may continue beneath the case-hardened shell as long 
as moisture is retained, and if the products of disintegration are free to 
fall or blow away, overhanging ledges, niches, and hollow boulders 
result. Frost action or alternate freezing and thawing during the spring 
and autumn may aid in rock breakage or disintegration, but most of 
the granular disintegration is probably the result of hydration and 
other processes of chemical decomposition. Some exfoliation results 
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from this action, as discussed by Blackwelder, ·but the amount as shown 
in the several plates is usually not conspicuous. Such coarse-grained 
tocks seemingly do ~ot lend themselves to exf oliation processes. 

Similar cavernous and pitted surfaces have been recently described 
by Blackwelder, 1 who ascribes mechanical disintegration induced by 
expansive chemical changes as probably the most important single fac­
tor involved and the wind its chief, but by no means only, aid in clearing 
the cavities. He also states that the same process-complex is respon­
sible for such features as mushroom rocks, perched boulders, and other 
picturesque details of the scenery of a dry region. The writer's observa­
tions confirm those of Blackwelder. 

At first glance the areal arrangement of the numerous isolated out­
crops of granite appears chaotic, but it is controlled by the jointing of 
the original igneous mass as discussed in another section. Joint planes 
have greatly facilitated the weathering of the granite and have per­
mitted the solutions to penetrate to great depths and there to carry on 
their work of alteration and attendant disintegration. At the same 
time these planes have tended to direct and serve as channels for the 
flow of surface waters and, widened by this action, have helped to 
isolate the individual joint blocks from one another and form the high 
isolated monoliths, turrets, spires, etc. As undermining of the sides of 
the projecting blocks of massive rock by the widening of the joint 
planes by running water and by the gravity removal of the disinte­
grated rock from beneath the case-hardened roof has occurred, large 
blocks or slabs have broken loose and have produced such forms usually 
ascribed to insolation. The Cassia City of Rocks is apparently the 
peculiar result of a complex set of factors involving deep granular dis­
integration and case-hardening under especially favorable climatic con­
ditions, together with especially favorable structural features, not alone 
the widely spaced sets of vertical and horizontal joints, but also the 
protective quartzite capping on the upper side of the basin and the 
flanking ridge on the lower side which has maintained a proper balance 
between erosion and weathering by not permitting too rapid removal 
of the waste products such as would have occurred had erosion not been 
retarded by the more resistant rocks. 

EXTRUSIVE ROCKS 

TERTIARY SERIES 

Considerable discussion has already been given the lavas inter­
bedded with and capping the sedimentary strata in the upper division 

1 Blackwelder, Eliot, Cavernous rock surfaces of the desert, Am. Jour. Sci., Vol. 17, 1929, pp. 393-99. 

• 

• 
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of the Payette or Salt Lake formations. In areas described by Mans­
field 1 in southeast Idaho the lavas are dominantly rhyolites, subordi­
nately basalts and latites. In western Cassia County, Piper2 has classed 
the lava as rhyolite, although Larsen in his microscopic analyses of the 
rocks lists them as quartz-tridymite latites. Sufficient specimens were 
collected from the various flows over eastern Cassia County to show 
that the flows invariably contain enough plagioclase to class them as 
latites rather than as rhyolites. Basalt is locally intercalated in the 
series. 

QUARTZ LATITE 

Distribution: The same flows of lava described in the Goose Creek 
area extend upon the lower western flank of South Mountain and well 
along the west base of the Albion Range. The flows are well exposed 
in the canyons south of Oakley and along the fault scarp which has 
brought the edges of the lavas above the alluvium-floored valley east 
and northeast of Oakley. As the flows have been unequally eroded, it is 
difficult to determine their exact number and precise thickness. West 
of South Mountain two flows appear in the upper canyon walls, but in 
some places only one remains, and near the Utah line it, too, has been 
mainly eroded. The lower flow is probably not much over 50 feet thick 
and the upper not over 115 feet. In the scarp east of Oakley four flows 
appear and present a massive outcrop nearly 500 feet high (Plate XV, 
B). Measurements of the individual flows were made and these show 
the top flow to be 88 ~eet thick, the second 132 feet, the third 145 feet, 
and the lowest 50+ feet. 

Some patches of lava are scattered in the Albion Range. The most 
extensive adjoin the town of Albion and extend several miles to the 
north. That adjoining Albion is a large landslide block capped by a 
flow nearly 150 feet thick. Two small remnants also lie near the south 
end of the City of Rocks area, one in the floor of the basin on the 
granite and the other high up on a quartzite knoll on the west rim of 
the basin. Remnants of a flow also lie on the flank of the range west 
of the Elba Basin. 

The largest continuous exposure is in the Malta Range. In the 
north section of the range the lava surface is but little dissected or 
interrupted by gullies. In the higher middle and southern sections, 
where dissection has been much ·more extensive, the lava forms tilted 
mesa-like caps between gullies. As much as 500 feet of lavas appear 
in the top of the steep eastward-facing scarp (Plate XIV, B), but again 

1 Prof. Paper 152, op. cit., pp. 116-129, also Bull. 713, p. 6. 
2 Idaho Bureau of Mines and Geology, Bull. 6, op. cit., pp. 27, 30. 
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the number and thickness of the flows is variable. Near the top of the 
range west of Idahome three flows are certain, the uppermost at least 
300 feet thick, and the one below 100 feet thick. These are separated 
by very little sedimentary material. Numerous detached landslide 
blocks add to the apparent number of flows and these also conceal the 
lower parts of the series and it is therefore difficult or impossible to 
obtain the exact number of flows in the range. Farther south erosion 
has removed all but the lower thick flow. This one is about 300 feet 
thick. 

Across Raft River Valley the upper latite flows have been stripped 
off and only one or two well down in the series remain, including a flow 
of basalt. A black, glassy latite or rhyolite flow has wide distribution. 
This flow is less than 50 feet thick, but it serves to conceal most of the 
underlying sedimentary strata. 

Description: Differences in composition between the flows are no 
greater than variations in a given flow at separated points. Most strik­
ing differences are physical rather than chemical. Thick flows have 
usually a black basal porphyritic obsidian zone from a few feet to as 
much as 65 feet thick, above which the latite is often exceedingly 
vesicular. The vesicular portion in turn is usually overlain by a denser 
portion, often of great thickness, pinkish or purplish in its lower part 
and bluish-gray above, most of it with a pronounced thin platy parting 
or sheeting, consisting of feldspar and frequently quartz phenocrysts 
in a felsitic groundmass. Usually the.bluish-gray facies extends to the 
top of the flow, but in some it grades upward into a thin black por­
phyritic obsidian, not more than 15 feet thick. This sequence is not 
everywhere the same and some of the thinner beds, as east of Raft 
River, consist largely of the black glassy facies inclosing phenocrysts of 
white feldspar and usually quartz. Reddish tints may also be lacking 
in some and the bluish-gray color in others. In general the flows in the 
Malta Range have only the obsidian and the grayish felsitic facies and 
those along the west border of the district the obsidian and the pinkish 
colored rock. Portions of the flows have well developed spherulitic 
structures in both the obsidian and the f elsitic facies. These spherulites 
commonly measure one-half to an inch in diameter, but spherulites 
which measure five inches in diameter also occur. Some of the flows in 
the Malta Range possess an exceptionally well defined columnar joint­
ing and display remarkable columnar forms (Plate XIV, A). Within a 
short distance the polagonal jointing may disappear and give way 
instead to the normally thinly plated rock. Some of the flows have a 

' 
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distinct fluidal banding, but this is usually not so pronounced in the 
thicker flows. 

Microscopic examination also indicates that differences in the flows 
are mainly physical and have depended wholly on the rate of cooling. 
The glassy and f elsitic facies are equally porphyritic and contain the 
same phenocrysts. Differences exist in the ground-mass, glassy in the 
obsidian facies and usually partially glassy to microcrystalline in the 
felsitic zones. Differences in the rate of cooling from the outside to the 
inside of the flows are also reflected in the presence of much tridymite 
in the outer parts and of quartz well within. From the same flow 
specimens might be classed as vitreous latites, tridymite and quartz 
latites, augite-quartz latites, and augite-tridymite latites. Flows com­
posed of black obsidian alone usually have the same kinds and the 
same propostions of phenocrysts as the' glassy facies of the thicker 
flows and this relation suggests that these, too, are latites and not 
rhyolites. In general, the phenocrysts consist chiefly of plagioclase 
(acid andesine) and lesser augite and often quartz. These normally 
comprise from 20 to 25 per cent of the rock. 

• Latite collected near the south end of the Malta Range and typical 
of the thick grayish-colored facies above the lower obsidian zone may 
be considered as representative of the lava in that end of the range. 
It has scattered plagioclase laths in a grayish aphanitic groundmass, 
which in thin section shows andesine, occasional resorbed quartz and 
augite as phenocrysts, in which the andesine makes up about 20 per 
cent of the mass. These are embedded in a finely crystalline ground­
mass of tiny orthoclase, oligoclase, augite, and quartz crystals. Apatite, 
zircon, and magnetite are accessories. Specimens from the flows west 
of Idahome are similar, but phenocrysts are slightly more abundant, 
especially those of augite. The phenocrysts comprise about 25 per cent 
of the rock. A section of the obsidian facies shows the same pheno­
crysts but embedded_ in a glassy groundmass with porous streaks par-
tially filled with tridymite. 

Latite used as ·building stone by the Albion State Normal School 
and quarried at the edge of the town of Albion has a pleasing purplish­
red color. Most of the flow is highly vesicular, even the obsidian _base, 
and most of it has a thin platy parting, but a zone five or six feet thick 
well toward the center pennits quarrying. This rock is porphyritic, 
also slightly vesicular or porous adjacent to phenocrysts. Andesine is 
the only mineral occurring as phenocrysts and comprises about 20 per 
cent of the rock. It is embedded in a gray to reddish-brown mottled 
groundmass, in part finely crystalline but mainly glassy with pronounced 

I 
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A. COLUMN AR JOINTI NG IN QUARTZ LATITE FLOW 
Columnar jointing is beautifully developed in parts of the latit ic lava flows. Elsewhere a thin platy 
parting is more characteristic. This shows in a gu!ly near the west base of the Malta Range. Note the 

t ilted position of the flow. 

B . MALTA RANGE FAULT SCARP 
Shows the steep eastward-facing scarp near the north end of the Malta Range. Shows also the manner in 
which \.he range disappears at the extreme right by plunging beneath the level of the Snake River Plains. 
At least two flows of latite show near the top of the scarp, resting on white tufTaceous strata. In the 
middle distance is a low basalt vent or dome from which Snake River basalt has issued and spread to the 
immediate foreground. This vent is very near the base of the range and its position has very likely been 
determined by the faulting. This part of the fault scarp has been little modified by landslides and its 

excellent stage of preservation argues for the recency of the fault movement. 
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fluidal banding. Numerous porous streaks occur in the groundmass 
and most of them are partially filled with aggregates of tridymite. This 
mineral constitutes about 20 per cent of the rock. Accessories include 
augite, zircon, apatite, and magnetite. Elsewhere the reddish or pink­
ish-tinted latites always carry tridymite and the bluish-gray rock always 
carries quartz. Apparently then, color of the rock is a factor of its 
temperature of solidification. A lavender-tinted latite from a small 
remnant of a flow in the City of Rocks area has laths and rounded crys­
tals of acid andesine and occasionally partially resorbed quartz grains in 
a minutely vesicular groundmass of glass, alternating with streaks or 
porous zones of tridymite, less commonly associated with minute crys­
tals of plagioclase, orthoclase, and quartz. A similar reddish-purple 
colored latite above an obsidian base forms the flow west of the Elba 
Basin. It has very few phenocrysts and its main mass is glass dusted 
with hematite and limonite and holding numerous porous or semi­
porous streaks largely filled with tridymite. In both places the tridy­
mite may comprise about one-fourth of the rock. 

Each of the four flows in the scarp east of Oakley were also exam­
ined. These show no appreciable differences in color, texture, and 
composition. Each flow is reddish tinted, varying from pale lavender­
gray to distinctly reddish, and each is more or less vesicular, and shows 
flow banding. All, however, do 'not contain the black glassy base. 
Phenocrysts are acid andesine laths and augite in a glassy to partially 
crystalline groundmass: in either case, with porous streaks and layers 
containing much tridymite. Accessories are the same as in other flows. 
Tridymite also occurs in great abundance in lava in the adjoining Goose 
Creek district, and its rocks are no different from those near Oakley or 
in the Albion Range. 

Rock on the east side of the district shows little mictoscopic change 
from that on the west side. A purplish or lavender-tinted rock from 
a small fault scarp southwest of Heglar has scattered plagioclase laths, 
a few augites and rounded quartz crystals, in a partially glassy ground­
mass with porous· and crystalline streaks rich in tridymite and also 
carrying a little orthoclase and plagioclase. Some of the black glassy 
lava so widespread east of Raft River Valley is locally rich in pheno­
crysts composed of andesine laths, many of them broken, and also 
broken quartz grains in a brownish glassy groundmass with pronounced 
fluidal structure. The rock has no microlites, but has numerous small 
grains of magnetite. 
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BASALT 

Distribution: A basalt flow, which is intercalated with the sediment­
ary strata in the Sublett region, presents an outcrop nearly 40 feet high 
for about two miles along the Sublett Creek road, east of Sublett post 
office. It was not feasible to map this flow separately from the others, 
as its presence is almost at once obscured by the sedimentary strata 
above. A small remnant of basalt also occurs at the extreme north end 
of the Malta Range, lying above the thick latite flow. 

Description: The Sublett basalt is a dull grayish black rock of faint­
ly purplish cast, highly vesicular with vesicles ranging from microscopic 
size to an inch in diameter, usually partly filled with calcite and zeolites. 
Microscopic examination reveals that the rock is an olivine-rich basalt 
composed of olivine (15%), titaniferous augite (25%), labradorite 
(57 %) , ilmenite (3 %) , and a little magnetite and apatite. · It is faintly ' 
porphyritic, for some of the plagioclase laths reach somewhat larger sizes 
than others, but its texture is dominantly ophitic, with the augite in the 
interstices between the plagioclase laths or enclosing them poikilitically. 
Much of the olivine has altered to a reddish brown mineral resembling 
iddingsite. 

The remnant flow at the north end of the Malta Range has a dark 
gray color with the same purplish cast, but the rock is dense and so 
coarse-grained that plagioclase laths may be seen without the micro­
scope. This basalt is medium grained and is composed als9 of labra­
dorite (60%), augite (20%), and olivine (20%), and holds magnetite 
and apatite as accessories. Some of the plagioclase laths might be 
regarded as phenocrysts, but they are not much larger than those in 
the groundmass. The texture is ophitic and the augite tends to hold 
several of the plagioclases at once in poikilitic fashion. +\f ost of the 
olivine shows varying stages of alteration to iddingsite and it is the 
reddish brown color of this mineral that gives the rock its purplish cast 
in the hand specimen. 

CORRELATION AND AGE 

Correlation of the lava series with the Tertiary flows in southwest 
and southeast Idaho has already been suggested. As the age of the 
flows depends on the age of the intercalated sedimentary strata it is 
certain that most of the latite belongs well up in the Upper Miocene, 
but the age of the uppermost flow is none too well established. In the 
upper Snake River Plains area Kirkham 1 assigned the series · to the 

1 Pamphlet 19, op. cit., pp. 31-33. 
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Pliocene and calls it the late Tertiary lava series:' This assignment was 
made because he considered the Salt Lake formation in which these 

• lavas occur to have a Pliocene age and also ·because the lavas are con­
tinuous with some of the flows of the Yellowstone National Park which 
are regarded as Pliocene. Mansfield 1 has likewise regarded them as 
Pliocene for essentially the same reasons. More recently Kirkham2 has 
shown the rhyolites in the Bdise region to be underlain by sediments 
yielding a Miocene flora and, overlain by the Idaho beds containing 
a Pliocene flora. He believes therefore the rhyolite to be of Upper 
Miocene or Lower Pliocene age. It is possible that the extrusions con­
tinued from the Miocene into the Pliocene and that the topmost flow is 
Pliocene. Until more data are available it is not advisable to establish 
any fixed age for the flows. 

QUATERNARY SERIES 

SNAKE RIVER BASALT 

. Distribution: Basalt continuous with that of the Snake River Plains 
area extends well into the northern part of the district. One area par­
tially encircles the northern ends of the .A)bion and Malta ranges and 
embays for six miles or more into the Raft River Valley. The source 
of the basalt is local and from low lava domes and vents north and south 
of Cotterel (Plate XIV, B). From these vents the basalt spread west- • 
ward around the two ranges to Declo, southward and eastward into 
Raft River Valley, and northward toward the central Snake River 
field. There is another area of basalt in the e,xtreme northwest comer 
of the district' four or five miles west and southwest of Burley, where 
the lava has again spread in all directions from a low dome or flat co'ne. · 
A low basalt dome also rises above the alluvium of Goose Creek Valley 
about nine• miles south of Burley near the west base of the Albion 
Range. Much of the area mapped as alluvium between the basalt 
areas is underlain by flows . 

• 
Description: The basalt' flows in most places have not been eroded 

and for this teason·.can seldom be observed below the surface e:xcept in 
road cuts or where Raft River flows around the outer margin of the 
flow in Raft River Valley. Thicknesses of the surfac~ basalts are not 
entirely known, but probably range from 20 feet or less on the flanks 
of the domes to 1.00 feet or more at the margins . 

. The flows have a dark gray to nearly black color and show Uttle or 
no sjgns of alteration or weathering. The upper surface is in general-

1 Prof. Paper 152, op. cit., p. 129. 
2 Jour. Geology, Vol. 38, op. cit., p. 652, also Jour. Geology, Vol. 39, op. cit., pp. 193-239. 

I 
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• 
royy and is essentially in its original condition. Most of the' flows are 
highly vesicular and it is difficult anywhere to find dense rock. Vesicles 
range from microscopic to a foot or more in diameter and are especially 
numerous in the upper 19 feet of the· flows. Even the denser central ' 
part contains numerous minute vesicles and occasional . larger ones. 
Flows are also broken by widely spaced joint's which produce rude ver- 1 

tical polagonal colu111ns of large size. Most flows have rock of a pro-• 
hounced crystallinity, ranging from fine to medium grain, and it is not 
difficult to detect plagioclase laths and small grains of olivine without 
a lens. Olivine. is comparatively abundant ,in most of the flows and 
frequently gives a greenish cast to the rock. 

The flows show everywhere a monotonous similarity of composition 
and texture whose differences from flow to flow are no more than within 
the same flow. Differences depend mainly on the rate of cooling. The 
texture is typically subophitic, and the rock is usually free from glass. 
Most of the rock is slightly porphyritic and contains a few scattered 
phenocrysts of plagioclase, olivine, · and augite. These are but little 
larger tl1an the crystals in the groundmass. Labradorite laths lie in all 
directions and between them occur the augite grains and most of the 
ilmenite laths. In general the labradorite constitutes about 55% of the 
rock, augite 30,%, olivine 10%, and ilmenite about 5%, The augite is 
the titaniferous variety and has a brownish-purplish color in thi11 sec­
tion. Tlie ilmenite tends to form lat~ shapes and penetrates both the 
plagioclase and the augite. Accessories are apatite and magnetite. 

Age: When the basalt was extruded, the topography was essentially 
· as it is today. Surface rock shows no weathering, nor have the cracks 

and irregularities of the surface of the flows been everywhere filled with 
. alluvium or aeolian debris. Because of the fres

1
hness of the basalt flows, . 

work~rs have in general assigned the extrusions to the Quaternary, 
. most of it to the early Pleistocene, but some, as in the Craters of the 
Moon Nati~nal Monument directly north of Cassia County and on the 

· opposite side of the Snake River Plains, to recent or historical times. 
That in Cassia County is surely Pleistocene as it post-dates several of 
the Pleistocene erosional cycles as well as follows after Pleistocene 
deformation. 

STRUCTURAL GEOLOGY 

GENERAL FEATURES 

Eastern Cassia County possesses struetural features of much more 
than ordinary interest, for in the area there is found the marked folding 
and great low-angle overthrust faults so characteristic of the N orthem 
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Rocky Mountain region; also the young block faulting of the Basin 
Range country; and finally the great cross fold involved in the Snake 
River down warp. Each of the structural features is clearly the product 

· of separate, unrelated, diastrophic movements. In effect, the Basin­
Range structure is superimposed on the earlier Rocky Mountain struc­
tures, and the Snake River downwarp is superimposed on the other two. 

The structure evolved during the early diastrophism is highly com­
plex and much the same as the Rocky Mountain structure so typically 
developed in southeastern Idaho. Most of the individual folds are 
developed as parts of anticlinoria or synclinoria of large magnitude. 
They are also mostly asymmetrical and overturned or over-steepened to 
the east, as though acted on or produced by forces directed from a west­
erly or southwesterly direction. The great overthrust faults, which 
formed near the end of the period of folding, are the most interesting of 
the structural features. Their general trend conforms with that of the 
folds, and like the folds they were produced by great tangential press­
ures acting mainly from a westerly direction. The faults are of the low­
angled kind and have nearly horizontal planes, warped into gentle folds 
or tilted as a result of later deformation. Movement along the fault 
planes has been great and is to be measured in dozens of miles. Recog­
nition of these great overthrusts is largely from "windows" of younger 
strata beneath the older rocks. Transverse faults of large magnitude 
have interrupted or displaced both the folds and the faults. · 

Each of the ranges disclosing the older rocks differ among them­
selves in the direction of trend lines and in the degree and magnitude 
of folding and faulting. Yet each is closely bound with the other in 
the character, origin, and time of structural development and a common 
basis for structural inferences therefore exists for all the areas of older 
rocks, even though wideiy separated by an intervening cover of younger 
formations. Interruption of the continuity of trend lines has in most 
cases been due to transverse faults of- great magnitude, and, although 
the prevailing trend lines are from north to northwest, not ~ few trends 
normal to these have resulted from such faults. 

The young block faulting has broken and displaced the early Rocky 
Mountain structures and has brought some of the ranges into their 
present topographic forms. These faults are of the normal kind and 
hwe in part produced tilted block mountains very similar to the young 
block mountains in the Hamey Lake region of Oregon, the reputed 
youngest block ranges in the Basin-Range province. The faults trend 
in a northerly direction for the most part and are not in any way con­
trolled or directed by the earlier trend lines. 

,. 
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The Snake River downwarp, which has been entirely instrumental 
in forming the setting of the Snake River Plains,. is a great trough or 
basin caused by subsidence. Its position is directly over that of the 
earlier structures but in a general direction at right angles to these 
lines. Thus the Rocky Mountain structure and the Basin-Range faults 
approach its margin and then plunge downward to disappear beneath 
the lava-flooded floor of the downwarped area, to reappear again, at 
least the Rocky Mountain structures, on the north side of the Snake 
River Plains. 

Time allowed for general studies within the district did not permit 
recognition or mapping of all the minor folds and faults, but was suffi­
cient to determine the major structures as outlined above. Many of 
the smaller structures were especially difficult to decipher because of 
the great thickness of some of the formations, the small number of 
reliable horizon markers, and the abundance of surface debris. But the 
lack of an adequate base map on which minor features could be accu­
rately placed was even less favorable to detailed observation and de­
tailed mapping. All available data have been taken into consideration 
in the interpretation and illustration of structural features, but some 
of the sections must be regarded as essentially diagrammatic. In many 
places structure sections extend to depths far below the limits of 
observation. Question marks have been inserted in places to indicate 
that in these places direct evidence is lacking and the attitude of the 
beds has been sketched on purely inferential grounds. Many minor 
faults have been omitted from the map and structure sections. 

The easily recognized unconformity at the base of the Tertiary 
series is one of the most useful means available in fixing limits to the 
possible age of structural disturbances. Obviously, any fault or fold in 
the older rocks which is truncated by this unconformity is of earlier 
date than the erosion period which ended with the deposition of the 
Miocene (?) sedimentary strata and volcanic rocks. Faults and folds 
which involve the Tertiary rocks are obviously of younger age, and, 
in turn, folds which affect the structures developed in the Tertiary rocks 
are still younger. 

FOLDS 

Folding has affected all the pre-Tertiary strata to marked degree, 
although the character of the formations has mainly determined the 
complexity of the folding. Strata of competent nature have for the 
most part been arched or compressed into simple folds, whereas incom­
petent beds have been more intensely crumpled than the others. Folds 
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in the pre-Cambrian strata are therefore most simple in outline, for the 
very competent quartzites, which .comprise most of the series, have 
yielded less readily to the great compressive stresses than the younger, 
less competent Paleozoic rocks. In the latter, folds·are more numerous 
and tend to develop as parts of synclinorh and anticlinoria rather than z. 
as broad synclines or anticlines. In beds of most incompetent nature 
the folding is especially intricate. Unfortunately, folds in such strata 
could not be entirely worked out in the field and the se~tions are in 
consequence much simplified in diagram. Much of the faulting has to 
be discussed in connection with the folds, but independent considera-
tion is given to the major overthrusts and to certain other faults. 

ALBION ANTICLINE 

Folding in the Albion Range is of the simple anticlinal kind, except 
locally in blocks of younger strata appearing as "windows" beneath the 
pre-Cambrian rocks. The topography in general conforms so closely 
with• the structure that the range might be regarded as truly anticlinal. 
Its structure, however, is not as simple as the anticlinal character might 
suggest, for, as inferred above and discussed in another section, the 
anticline is a block of overthrust pre-Cambrian strata and is underlain 
by Paleozoic strata much more intricately deformed. 

Mention has already been made of the two-segment character of 
the range, the southern domed-shaped segment culminating in Cache 
Peak and the northern domical section culminating in Mount Harrison. 
These two sections of the range are controlled by the structure of the 
rocks and actually represent two domes which together form the anti­
clinal backbone of the range. Each has nearly perfect enclosure, but 
the area between them is much disturbed by faulting and is in addition 
interrupted by a "window" of Carboniferous strata. 

As already stated the southern. segment is composed mainly of the 
lower part of the Harrison series with an intrusive core of granitic rock 
(as shown in structure sections D-D', E-E', and F-F'). The western 
slope of the range is nearly a dip slope in which the strata are tilted 
from 8 to 20 degrees, locally somewhat steeper. Strata on the east side 
of the anticline, as represented mainly by the border of hogback ridges, 
are inclined from 20 to 25 degrees. Thus the anticline or dome is 
slightly oversteepened on the east. (Structure section D-D'.) Intru­
sion has apparently affected the simple outline of the fold but very 
little. The structural axis trends a little east of north. 

The structure of the northern section lacks the apparent simplicity 
of that on the south only because closure has not been as effective and 
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because erosion has carved more deeply into the southern and north­
eastern . parts of • the • dome. Faulting has also been a big factor in 
causing its distortion. This dome is much wider than the one farther 
south and the dips are slightly steeper except on the east (structure 
sections A-A', B-B'). The long axis of the dome trends slightly east 
of north and lies well toward the eastern margin of the range, as is so 
well shown in structure section B-B'. For this reason all but the lower 
beds have been eroded from the east side of ·the dome, whereas nearlY. 
the complete pre-Cambrian section is exposed on the west side. North­
east of Mount Harrison the entire crest and east limb of the anticline 
have been faulted and apparently deeply eroded as well as later con­
cealed beneath younger strata. Only a part of the west limb remains. · 
North of the town of Albion and extending to the Snake River Plains 
this limb has been so broken by faults that its relation to the fold is not 
readily apparent. Nevertheless the dips are persistently to the north-· 
west, and when allowances are duly made for the offsets by 'numerous 
transverse faults, its position on the anticline is obvious. North'• of' 
Mount Harrison the structural trend swings increasingly to the north­
east and finally approaches northeast by east. At the same time the 
range plunges northward until finally it passes beneath the Snake River 
Plains. , 

Carboniferous rocks in the window at the north end of the range 
and also in the one between the two domes in the mid-point of the. 
range are much more intricately folded. . Structure in the northern 
window was not ascertained as exposures were too limited to permit 
adequate interpretation. The window in the central part of the range, 
however, is much larger and permits more satisfactory study: The 
Pennsylvanian strata as shown in structur~ section C-.C' have apparent­
ly been compressed into a series of anticlines and synclines, of which 
two anticlines accompanied by two synclines appear in the window. 
These minor folds are unsymmetrical and have for the most part steeper 
dips on the east flanks, a relation which suggests pressure from the 
west as the cause of the folding. A short distance to the north from 
where the section was taken the structure has been further complicated 
by faulting and the folds entirely offset. Not enough of the strata is in 
view, however, to provide for general interpretation. 

BLACK PINE FOLDS 

Folds in the Black Pine Range constitute a series of anticlines and 
synclines of considerable magnitude. Faulting of both thrust and 
transverse kinds has destroyed the continuity of the folds, and, as a 
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result, the range structurally as well as topographically is divisible into 
three main sections. Each displays a difference in trend and structural 
character which makes individual treatment of e~ch section necessary. 

The southefI! section of the range contains two anticlines and two 
synclines, as shown in structure section N-N', in which the anticline in 
the center of the range has the greatest magnitude. The folds are in 
the main gentle and the dips seldom exceed 20 degrees, their average 
dip being about 15 degrees. The folds are unsymmetrical. Their gen­
eral trend is northward, but inasmuch as the range plunges southward 
the structure tends to show partial closure on the south, and the beds 
on the west side of the range trend to the northwest at angles ranging 
from north 30° west to north 45° west and beds on the east side of the 
range strike about north 20° east. Anticlinal and synclinal axes show 
similar trends. The axis of the main anticline follows closely the 
ridge between Rice Canyon and Formation Canyon. The chief syn­
cline lies to the east and approximates the course of Black Pine Canyon. 
The anticline on the west side of the range is only a minor one and the 
syncline between is also on a small scale. This structure is ended 
abruptly on the north by a transverse fault which is followed by the 
general course of Kelsaw Canyon and which is continued in an easterly 
direction entirely across the range. Strata forming the folds are com­
posed of the Brazer formation. Along the southeast side of the range 
, these beds apparently pass over westerly tilted beds of the Lower Wells 
formation and from their position suggest an overthrust sole. Not 
enough of the underlying block is exposed to work out its general struc­
ture, but its dip ranges from 20° to 35° to the west and its strike from 
northwest to northeast at angles ranging up to 20° on both sides of 
north. This block apparently represents the west limb of an anticline. 

Folding in the middle section of the range (structure sections M-M' 
and L-L') has been greatly complicated by faults of normal and thrust 
character, and the strata more nearly resembles tilted blocks. Unlike 
the general northerly trend of the southern segment of the range, the 
strata have a persistent strike to the northwest of from 15° to 20°, 
except on the west side, where the structure is a probable continuation 
of that of the north segment of the range. Along the eastern margin of 
the middle segment the Wells formation has, been compressed into an 
anticline with steepest dips on the west side. This anticline has been 
sliced on the west by a fault which trends northwest from the head of 
Mill Creek Gulch. The block on the west side of the fault has inclined 
strata whose dips are about 30° west and strikes about north 15° west. 
In turn this block has been sliced by a strike fault and again the strata 

.,. 

• 
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on the west appear in a tilted block, whose general trend is from 15° to 
20° west of north, and dip from 20° to 30° west. This block forms the 
highest part of the range. Far down on its west flank there appears an 
over-riding block whose beds strike northeast and dip in general to 
the northwest, but much crumpling and faulting has so disturbed them 
that the exact structure was not deciphered. Normal faulting has also 
occurred on that side. 

Folding in the north segment of the range has been less complicated 
by faulting. In this segment structural trends are at right angles to 
those in the middle segment and the beds and structural axes strike 
persistently from 30° to 45° to the northeast. This abrupt interrup­
tion of structural lines is again to be explained by faulting. Near 
the southern end of the segment the strata form an anticline oversteep­
ened on the south side (structure section 0-0'). Most of the segment, 
however, has a synclinal structure and the highest part of the segment 
is near the axis of the syncline. This syncline also has steeper dips on 
the northwest flanks. A minor anticline at the north tip of the range 
is nearly concealed by younger strata. Near the southwest edge of the 
segment there appears a window of younger Wells formation whose 
general strike and dip differs somewhat from that of the overlying 
strata. It appears to form the west flank of a syncline. 

Tertiary strata on the flanks of the range dip away from all sides 
at an angle of about 15°. Apparently these strata once covered the 
entire range, but were subsequently removed when the range was 
arched into its present position. 

SUBLETT FOLDS 

Structures in the Sublett Range are less satisfactorily deciphered. 
Large overthrust and normal faults have broken the folds and have 
made interpretation of the folding in many places impossible until 
close detailed work can be done. Unfortunately, only the western part 
of the range was studied in the reconnaissance and it is only by work 
over the entire range that the structures can be entirely interpreted. 

The main structural feature is an overthrust fault that has brought 
the Brazer formation above the Wells-Phosphoria in the northwest part 
of the range. Strata both above and below the fault plane are folded. 

Folding in the overthrust block of the Brazer formation is compara­
tively simple, as illustrated in structure sections G-G' and H-H', and 
consists of three anticlines and three· synclines of minor magnitude, 
whose axial trends are north 20° west. These folds are slightly steeper 
on their east flanks than on their west, but the steepest dips rarely 
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exceed 20°, and in some places they nearly approach horizontality. 
Steepness of dips appears to increase southeastward along the range 
and reaches a maximum about three miles southeast of Cedar Peak, 
where the fold at the crest of the ridge is nearly closed and over­
turned. The block with its series of folds appears to have an eastward 
tilt, and also a northward inclination that carries it beneath the Snake 
River Plains. 

Folds in the underlying Wells-Phosphoria formations are much more 
complex, especially as these have been more broken by faults. These 
folds also consist of anticlines and synclines whose general trend north 
of Sublett Creek is about north 20° west, essentially parallel to the 
trend of the beds and folds in the Brazer block (structure sections 
G-G', H-H', I-I'). On the ridge east of Sublett the strata form an. 
asymmetrical anticline with the steepe.r limb on the northwest side 
(structure section J-J'). Relations along Van Camp Creek are con­
cealed by Tertiary strata and it is not. possible to relate the anticline 
to structures on the east side of Lake Fork. Several minor folds may 
be concealed, as suggested farther north, but it is more probable that 
the strata have been broken by a strike. fault. East of Lake Fork the 
strata have a variable inclination to the northeast ranging from 10° 
to 50°. Dips are most gentle at the top of the ridge. In the region 
west of Heglar Ranger Station, several minor anticlines and synclines 
are inferred, and these probably pass beneath the Tertiary rocks in 
Lake Fork drainage area. Folds or trend lines in the detached parts of 
the range bordering Raft River Valley and the Snake Rive.r Plains con­
form with the folds or trend lines of the main mountain mass. In only 
one outlier, that at the extreme north end of the district, do the strata 
trend otherwise. In general, the Phosphoria formation appears on the 
flanks of the anticlines, but faulting has greatly obscured its relations 
and true positions. 

A transverse fault along lower Sublett Creek has caused offset of 
folds and trend lines. Adjoining the fault on the south the trend is 
approximately at right angles to that on the north side, and is about 
north 40° east. Between Sublett Creek and Cold Spring Canyon the 
strata are arched into an anticline whose southeastern flank has an 
average dip of 20° and its northern flank from 10° to 25°. Apparently 
the middle part of the Wells formation is involved in the folding, and 
the lower area of Phosphoria rocks on the west owe their position to 
faulting. A transverse fault is also followed by Cold Spring Canyon. 
South the strata maintain the same northeasterly trend and dip south­
east, but south of Pine Creek the tilted inclination gives way to gentle 

j 
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folds and at least one syncline and one anticline are exposed. These 
relations are illustrated in structure section K-K'. 

Tertiary strata show gentle inclinations and in general dip away 
from the flanks of the range with angles as high as 15°. It is probable 
that at one time the Tertiary rocks actually extended over the moun­
tainous mass and have been largely stripped off, except on the lower 
flanks, by subsequent up-arching and erosion of the range. Such strata 
as now remain are ll}ainly in synclinal depressions or remain as rem­
nants in the older pre-Upper Miocene valleys, as yet incompletely 
reexcavated. 

FAULTS 

OVERTHRUST FAULTS 

ALBION OVERTHRUST 

Greatest of the overthrust faults is the one in the Albion Range, 
which has carried a block of pre-Cambrian strata over Carboniferous 
rocks (structure sections A-A', B-B', C-C'). It is proposed that this 
fault be called the Albion Overthrust. Presence- of the overthrust is 
inferred in several places ·within the range where "windows" of the 
younger rock have been exposed through erosion of the overlying block. 
The pre-Cambrian strata may be seen directly on the Paleozoic rocks. 
In the Elba Basin and on the divide to the west the contact may be 
readily followed for several miles in the mountain wall (Plate XV, A). 
The divide itself is still capped by schists of the middle division of the 
Harrison series, but a short distance below strata of the Wells fonna­
tion appear on both sides of the capping. The trace of the fault plane 
about both windows is irregular, although inclined to be oval or 
circular. 

The fault plane has apparently been warped· like the plane of the 
Bannock overthrust. 1 In the area west of Elba the fault plane has an 
inclination to the east and passes beneath pre-Cambrian strata before 
reaching the edge of the basin or the east edge of the range. On the 
west it appears high on the flanks of the range and has probably been 
cut off or dropped below the zone of observation by younger normal 
faults. Relations are similar at the north end of the range. 

The magnitude of the displacement cannot surely be known, but 
must be very great. The stratigraphic throw represented by middle 
strata of the pre-Cambrian series on Pennsylvanian and possibly Per­
mian rock involves a displacement of at least 20,000 feet, and more 
probably more than twice that figure. This, however, gives little clue to 

1 Mansfield, G. R., Prof. Paper 152, op. cit., pp. 150-159. 
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the magnitude of the horizontal displacement. Younger strata effect­
ively conceal the formations involved in the faulting east of the Albion 
Range, but fortunately warping along an east-west axis in the Raft 
River Range has brought the older rocks again to view and, in the 
lower parts of the range, the fault plane may be readily traced from 
near the south end of the Albion Range to near the east end of the Raft 
River Range. Here the moderately warped fault plane may be seen 
for 17 miles from east to west before younger nqrmal faults drop it 
below the zone of observation. Throughout this distance the over­
riding block of pre-Cambrian strata is underlain by folded Paleozoic 
rocks and the lip of the thrust block lies not far from the south end of 
the Black Pine Range and upon the same folded series of strata as 
outcrop in the south end of the Black Pine Range. It is not improbable 
that the overthrust block actually overrode the Black Pine Range, and 
this suggestion has partial confirmation in the finding of quartzite and 
schist float from the pre-Cambrian series on the flanks of the Black 
Pine Range. Warping of the fault plane may have carried the upper 
block to such elevations that it could not survive subsequent erosion, 
and this possibility is suggested by the rapid steepening of the fault 
plane at the east end of the Raft River Range. Actual displacement 
along the thrust plane probably exceeds a score of miles and possibly 
exceeds two score. Its magnitude is probably equal to that of the 
Bannock overthrust farther east to which Mansfield credits a move­
ment of 35 miles or more. Both are very similar in that both are low­
angle overthrusts approaching horizontality, in which the fault plane 
has subsequently been moderately warped and faulted so that the 
overlying block is cut through here and there by erosion, thus exposing 
the younger rocks beneath. Mansfield has shown that, starting in 
northeastern Utah, the sinuous course of the Bannock overthrust may 
be traced northward and northwestward with interruptions for abopt 
270 miles. It is even possible that the Albion overthrust is merely a 
more westerly extension of the Bannock thrust plane, or a closely 
associated break. 

BLACK PINE OVERTHRUSTS 

Overthrusts of more moderate magnitude and perhaps subsidiary 
to the Albion overthrust appear in the Black Pine Range. One of 
these is inferred in the south segment of the range, where the Brazer 
formation appears above the Lower Wells on the lower southeast slope 
of the range. Displacement stratigraphically is perhaps 2,000 or 3,000 

. ..; 
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A. ALBION OVERTHRUST 
Tile mkect !me outlines the plane or the low-angled A lbion overthrust. Above are the quartzilic and 
schist beds or the pre-Cambrian Harrison series and below the Pennsylvanian limrstoncs and sandstones. 
This is the largest ovcrUirust in the region and perhaps one of the greatest in the Rocky Mountain area. 

n. OAKLEY FAULT SCARP 
Young fault scarp in the 'fr rliary lavas near Oakley. The scarp rises about 500 feet and exposes four 
flows of latite and possibly five . The youthfulness of the scarp testifies to the recency of the Basin-Range 

normal or block faulting. 



GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY 77 

feet, but the horizontal or actual movement is probably much greater 
(structure section N-N'). 

0verthrusting is also the main structural feature in the remainder 
of the range, but whether the overthrust is a continuation of that. de­
scribed above is not certain, especialJy as th~ stratigraphic horizons 
involved appear to be different. The overthrust block appears along 
the west side of the middle section of the range (structure s~ctions 
L-L' and M-M') and includes the entire northern section (structure 
section 0-0'). It partially surrounds the high middle section of the 
range on the west and north. Apparently the fault plane is fairly steep 
where the upper block lies in contact with the lower, but the general 
character is that of a low-angle thrust whose plane has been warped 
or folded. Evidence of the general low angle is afforded from a window 
of the younger strata at the west base of the range. Stratigraphic dis-. 
placement is not great, as the movement has only brought beds of the 
Lower Wells upon the middle and upper divisions, but this is n9t ~ 
reliable basis for ascertaining the actual movement along the fault 
plane. · 

SUBLETT OVERTHRUST 

Considerable attention has already been given to the low-angle over­
thrust in the Sublett Range, which has l)rought a sole of the Brazer 
strata .over Wells and Phosphoria beds. The fault trace may be readily 
observed from where it enters the district from Power County along 
a headward tributary of Sublett Creek, and as it crosses the low saddle 
into the head of North Heglar Canyon. I ts trace then curves to the 
west and northwest in the upper end of Long Canyon, and-then crosses 
the divide into the Lake Fork drainage. It then follows the head of 
the Lake Fork drainage for some distance to the northwest and passes 
over the low divide into South Heglar Canyon. Its trace is more or 
less closely followed· by South Heglar Canyon to its disappearance 
beneath the Tertiary strata not far to the northwest. The fault thus 
lias a very sinuous course. South Heglar Canyon has cut through the 
upper block, and in so doing has left several isolated caps or outliers on 
the west side of the canyon, resting on the Wells-Phosphoria formation. 
But west and south of the trace as outlined the strata belong essentially 
to the middle and upper Wells and to the Phosphoria formations from 
which the overthrust Brazer has been almost entirely removed by ero­
sion because of the apparent uparching of the fault plane to the west. 

Like the thrusts already described the fault plane has been slightly 
folded and appears to have a gentle inclination or dip to the east that 
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causes the underlying block soon to plunge from iight (structure sec­
tions G-G', H-H' and 1-1'). Displacement along the fault plane is con­
jectural, but is presumably great and is probably measured in thousands 
of feet, possibly in miles. The stratigraphic displacement must reach 
three or four thousand feet. I t,is possible that work in the area to the 
east may show that thi; fault is an. extension of the one descril>ed in the 
south ~nd of the Black Pine Range. If so, its course is very sinuous and 
must exceed 50 miles in length. 

EARLY TRANSVERSE AND NORMAL FAULTS 

Following soon after, or perhaps in part overlapping, are transverse 
faults and normal faults which belong to the same orogenic epoch in 

. which the folding and thrusting occurred. These have dislocated or 
off set the earlier structures, but are themselves affected by a still 
younger epoch of faulting, probably to be correlated with the general 
·Basin-Range faulting. Only the most important of the earlier faults 
will be' described. · 

KELSA W FAULT 

The largest and most important of the transverse faults is that 
which separates the strata of the middle section · of the Black Pine 
Range from those on the south. This fault has pronounced topographic 
expression and the carving of Kelsaw Canyon has been mainly directed 
by this fault, and abm the relatively )ow divide betwee;n it and the head 
of Black Pirte Canyon (Plate IV, A, and Plate X, A). The trace of the 
fault is not now directly in the floor of the canyon, but lies a short dis-. 
tance up the north slope. I ts general direction is due east, but topo­
graphic inequalities cause an apparent swing high up the middle section 
of the range, around the north side of War Eagle Peak. Descent then 

· occurs into East Dry Fork Canyon and thence• over the divide into 
Mineral Gulch and eastward to the base of the mountain. 

All folds and all other faults ~nd directly against this fault. Its 
general character is normal, with downthrow on the south, which has · 

f 

brought the overthrust block of the Brazer formation alongside strata of 
the middle and upper Wells,. It is very unlikely that the fault has a large 
horizontal component of movement, for structures on opposite sides of 
the fault plane do not match. The amount of movement in a hori­
zontal direction cannot be estimated, but the vertical component is 
probably two or three thousand feet. The dip of the fault plane is 
about 35° to the south. Beds on the south side of the fault plane 

. . . 

1t 
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have a general inclinatioh down and against the fault plane, as shown 
in structure section 0'-0". 

OTHER FAULTS 

Normal faults in the middle section of the Black Pine Range were 
di~cussed in describing the folding. The largest ends on the south 
against the Kelsa\\; fault, but extends northward for two and one-half 
miles before disappearing beneath the alluvium at the edge of the 
mountain. The curious pattern of Pole Canyon is largely due to this 
fault. The upper mile of the canyon is directly on the fault, but as the 
canyon turns from northwest by north to directly east, the fau!t con­
tinues its northerly direction, as indicated by the low saddle across the 
divide into Sweetzer Canyon (Plate IV, B). It then turns slightly _to 
the east and is in the main closely followed by Sweetzer Canyon to the 
edge of the alluvium. Down.throw is to the east and the dip of the 
fault plane is probably more than 45°, as suggested fr9m the exhumed 
steep triangular facets across the ridges, as illustrated in Plate IV, B. 
Displacement is probably between 500 and 1,000 feet. The fault is 
essentially a strike fault. A fault across the ridge in Mill Canyon 
a h:;tlf mile to the east is similar in every way. However, Mill Fork 
does not remain on the fault: but swings to the east, while the fault, 
although crossing from East Dry Canyon over a low saddle into the 
head of Mill Fork, is outlined by a series of· saddles across tributary · 
ridges on the eastward-facing slope of Mill Fork Canyon. The fault 
crosses Pole. Canyon, outlined by a depression or saddle on the ridge 

· to the north, and.passes beneath Tertiary and Quaternary deposits at 
the mouth of Jones Canyon. It also has a down.throw on the ·east 
(structure sections L-L' and M-M'). 

Faults in the Sublett Range have also been mentioned. The one 
followed more or less closely by Sublett Creek is possibly a transverse 
fault of considerable magnitude (structure section K-K'). Down.throw 
is apparently 'on the' ~orth. Vertical displacement is probably about. 
1,000 feet, but the horizontal component may be much greater. Fur­
ther. study east of the district is necessary for final interpretation. The 
fault followed by Cold Spring Canyon is parallel to the one just men­
tioned. I ts vertical displacement is about 500 feet and the down.throw 
side is on the north. Other similar faults doubtless exist in the Sublett • 
Range. Possibility of a strike fault extending from near the reservoir 
at the mouth of Lake Fork and passing to the northwest beneath Ter­
tiary strata has been cited elsewhere, and it may be necessary to 
explain the apparent duplication of the Phosphoria formation. 
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A transverse fault of considerable magnitude may exist in the Albion 
Range along the southern base of the northern section. I ts relations, 
however, are not sufficiently well known to make a positive assertion. 
In fact, several faults may exist and the topographic low across the 
range may in part be the result of more effective erosion in a much­
faulted zone. Such faulting may also have been most effectiv~ in 
bringing the underlying Paleozoic block to view and thereby exposing 
the overthrust character of the Albion Range. 

YOUNGER NORMAL FAULTS 

The distinction of younger normal faults is made because those 
already described are older than the Tertiary strata which have not 
been broken by them, whereas those to be described have displaced 
the Tertiary sediments and lavas. Most of these faults are outlined by 
pronounced scarps, but others are mainly inferred from stratigraphic 
relations. These faults occur on both sides of the Albion Range and 
have caused the tilted block ranges in the district. · 

MALTA RANGE FAULT 

Most impressive of the younger faults is that which has blocked out 
the Malta Range. Many of its features have already been described 
or discussed in the section on topography. Mention was there made of 
the appearance of the range as a tilted fault block with steep eastward­
facing scarp, as shown in Plate XIV, B, rising gradually from the ends 
of the range to an elevation of 3,000 feet above the alluvial-floored Raft 
River Valley near its mid-point. Mention was also made of the gentle 
west slope of the range. This fault, which borders the east side of the 
range, trends about due north and apparently dips steeply east (struc­
ture sections A-A', B-B', D-D'). Its magnitude remains undetermined, 
and, although 3,000 feet is shown in the scarp near the center of the 
range, the displacement is probably much gre~ter. Judging from the 
westward tilt of the lava on the east side of Raft River Valley, the down­
throw side must lie below several thousand feet of alluvium. Steepness 
of the original fault plane has resulted in numerous landslides, some of 
the blocks of large size. As a result there has been a decided retreat of 
the scarp in the higher parts of the range, but in parts of lesser elevation 
the scarp has been but little dissected and the range as a whole is char­
acterized by its extreme youthfulness. The fault scarp descends gradu­
ally northward from its highest point until finally the entire range 
plunges beneath the Snake River Plains and the fault plane is concealed 

• 
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by the young Snake River basalts. That its trace is continued beyond· 
. the end of the range below the floor of the lava-covered plain is sugges~­
ed from the alignment of a basalt vent several miles north of the range 
and on a projected continuation of the fault'trace. Several small basalt 
vents also occur close to the base of the scarp near the north end of the 
range. So far as known, one hot spring ascends along the fault plane 
near the south end of the range. 

Another fault has also played a role in the development of the Malta 
Range. This lies at the west base of' the range, but unlike that on the 
east side has no topographic expression in 'the range itself. I ts presence 
is mainly concealed by alluvium at the base of the range, but scarps 
appear in. the extreme north and south ends on the west side of the 
fault plane. The fault is apparently similar to that on the east side of 
the range, with the Malta Range the downthrow side and the Albion 
Range the upthrow side. A branch of the fault plane is more or less 
closely followed by Marsh Creek northeast of the town of Albion, where 
a stratigraphic throw of about 1,500 feet is represented. This measure­
ment is from the lava surface at the base of the Malta Range to the 
lava surface that caps the north end of the Albion Range. Its scarp 
has much the same appearance as that on the east side of the Malta 

· Range. Southward the Tertiary rocks have been stripped from the 
upthrow side, leaving only pre-Cambrian rocks. Lava on the west side 
is again exposed west of Elba whete it caps the Carboniferous and pre­
Cambrian rocks about 1,500 feet above the base of the tilted block east 
of Elba. Erosion has here also removed the Tertiary rocks from the 
flanks of the Albion Range between Elba and Almo, but a scarp with 
the higher side of tu.ff capped by lava reappears four miles southeast 
of Almo in alignment with the fault indicated at the west base of the 

· Malta Range. Additional data ·confirming its presence are afforded 
from rerqnants of latite on the high ridge west of the Cassia City of 
Rocks area at nearly 7,000 feet A.T., a:rtd also by a· small remnant in 
the south end of the rock city itself. Displacement along the fault plane 
is apparently not so great as along that on the east side of the Malta 
Range. 

OAKLEY FAULT 

Another fault of niuch lesser. magnitude .but with a pronounced 
scarp (Plate XV, B, structure section C-C') appears several miles in 
front of the west base of the Albion Range or about two miles east of 
Oakley. This fault also cuts the lavas and is similar to the Malta 
Range fault, except that its relations are reversed; that is, the scarp 

f ♦ 
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· faces westward and the back slope is to the east. The tilted block rises 
about 500 feet above the alluvium-covered floor of Goose Creek Valley 
and may be traced for 10 miles in a generally northerly direction, 
beginning near the north end of South Mountain. Only flows of latite 
appear in the scarp, and for that reason landslides have not seriously 
marred its face. The fault plane dips steeply west and the back slope 
about 4 ° to the east. The total displacement cannot be estimated, but 
is probably a thousand feet or more. In the same region are several 
other similar faults of apparent lesser displacement. 

SOUTH MOUNTAIN FAULT 

South Mountain has also all the characteristics of a tilted fault 
block or in actuality a horst block (structure sections D-D', E-E' and 
F-F'). Its eastern slope rises abruptly from the wide basin of Birch 
Creek and Junction Creek and it has a gentle slope to the west. As 
discussed in the section on topography, the drainage divide as well as 
the axial line of the range is at the top of the steep eastward-facing 
scarp. Additional evidence of faulting is also afforded by stratigraphic 
relations, for the strata at the crest of the range or at the top of the 
scarp are the same as those at the west base of the Albion Range 
directly across the valley. In both places the quartzites form a thin 
shell above intrusive granite, and, inasmuch as the faulting is later 
than the intrusion, the granitic rock is widely exposed 'in the steep fault 
scarp of South Mountain beneath the thin shell of metamorphic rock. 
Should South Mountain be depressed about 1,500 feet the rocks would 
almost exactly match the west slope of the Albion Range. Displace­
ment along the fault is therefore about 1,500 feet with downthrow on 
the east. The dip of the fault plane probably exceeds 60°, as much of 
the scarp is very precipitous. The other side of the block slopes w~st­
ward at angles from 10° to 12°. The fault plane is curved slightly to 
the west from true north. Movement along it may have been initiated 
bef qre deposition of the Tertiary formations, but considerable displace­
ment has taken place along it subsequently. 

Another fault also bounds the range at its west base, this fault with 
downthrow to the west. Both faults end against a northwesterly trend­
ing fault at the north end of the range, one which might be regarded as 
a cross or transverse fault. This fault has downthrow to the northeast, 
and like the others, is of normal character. The three, acting about 
contemporaneously, caused the South Mountain block to develop as 
a horst and to become detached and isolated from the main Albion 
Range. At the same time several other northwesterly trending trans-
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verse faults were developed which caused slight topographic offsets of 
the range along the course. The one now followed by Cottonwood 
Creek and Cold Creek has caused a very distinct interruption or offset 
of the range, as well as of its structural trend. These features are well 
portrayed on the geologic map. 

OTHER FAULTS 

A normal fault of great extent and magnitude probably lies at the 
west base of the Albion Range, but evidence of its presence is not so 
obvious as in those faults alteady discussed. The fault is believed to 
extend from near the north end of South Mountain to the end of the 
range east of Declo. Evidence for its presence is inferred from both 
topographic and stratigraphic relations. Faulting along the west base 
of the Albion Range is at once suggested by the great regularity of slope 
and · the lack of indentation such as normally characterizes erosional 
slopes. As seen from the west the range appears as a bold, high, ridge­
like scarp, springing abruptly from the broad alluvial plain at its 
base and holding a line of simple curvature. Short. canyons on the 
steep slope hold their sharp V section to the mountain base. This slope 
and simple curvature of the base line is similar to that along the west 
front of the Wasatch Range in Utah. Erosion has carved no farther 
into the windows of more readily erodable Paleozoic rocks at the margin 
of the range than in the much more resistant metamorphic rocks. East 
of Oakley and a few miles to the north, the latites dip against the range. 
It is probable, as the scarp line suggests, that the Tertiary strata on 
the west have been faulted against the older rocks on the east. Latite 
and tuff on the range northwest of Albion are cut off abruptly on the 
west side of the range. Alluvium obscures all relations at the base of 
the range 500 feet below. Latite on the range west of Elba is nearly 
2,000 feet above similar latite at the west base of the range east of 
Oakley. These stratigraphic interruptions give rather conclusive evi­
dence of the faulting which the topographic features so strongly suggest. 
A basalt vent or dome south of Burley is along a nearly parallel fault 
of similar. character and its presence further supports the inference of 
the main fault and its probable normal character. The course of the 
fault has simple curvature to the northeast. It disappears on the north 
as the Albion Range plunges beneath the Snake River Plains and also 
ends near the north end of South Mountain. Its development was con­
temporaneous with the faults which bl9cked out the South Mountain 
horst. Near the southern end it loses its simple plane curvature as a 
consequence of the contemporaneous development of the South Moun-
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tain block, and the movement is taken up by several faults having a 
northwesterly direction, as shown on the geologic map. These are cut 
by subsidiary faults parallel to the one that bounds the north end of 
South Mountain. This somewhat peculiar pattern into which the main 
fault passes may be ascribed to shearing forces developed as the South 
Mountain horst moved relatively upward on the one hand, with down­
throw on the north, while the depressed block at the west base of the 
Albion Range was being lowered in contra-position. As a consequence 
of the differential movement, or differential application of forces, the 
rocks of the immediate and nearby zone were broken by faults directed 
along planes of maximum shear or at 45° to the course of the fault 
farther north. Bending of the Oakley fault plane as it enters the shear 
zone is strikingly shown on the geologic map. 

Displacement along the fault probably is not everywhere the same, 
but in places attains 2,000 feet and probably in others twice as much. 
Dip to the northwest is probably near 60° ~ 

There is much faulting of less magnitude in the Albion Range. 
Some of the faults cross the range, others are directed along it. One 
bounds the west side of the Albion Basin. It probably continues across 
the high part of the range to the south and it may have faulted the 
old erosion surface on the summit of the range, thereby causing the 
appearance of the second high level on the top of Mount Harrison. 

Several other faults of much smaller magnitude are also present in 
the district, but these warrant only passing notice. One is near 
Churchill about eight miles north of Oakley, where a small block of 
latite rises less than 100 feet above the surrounding alluvial plain. It 
has a steep slope to the southwest and a more gentle one on the north­
east. Unlike the other young faults in the district, this one strikes 
northwest, but has downthrow on the southwest side. This fault may 
be traced for nearly two miles, with the ends concealed by alluvium. 
A similar fault was seen near the east edge of Raft River Valley about 
three miles southwest of Heglar, but the strike was more nearly east 
and west. A block of latite there rises about 150 feet above the sur­
rounding formations and has a scarp facing the south and a gentle 
slope to the north. Normal faulting belonging to this epoch has affected 
the strata east of the Raft River Valley but very little, nor has faulting 
been prominent in the region west of the district. 

LANDSLIDE FAULTS 

Minor faults unrelated to major tectonic movements are abundant 
in the district, and owe their presence to the force of gravity. Such 

j 
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faults are especially abundant in the face of the steep normal faults 
which cut the Tertiary strata and are particularly numerous in the 
front of the Malta Range. These faults are the planes of ·movement 
over which the landslide blocks have broken loose from the steep major ' 
fault scarps and have slid toward the base of the range. The tuff be­
neath the thick heavy lava capping is especially favorable to such land 
movement. These faults are not confined to the vicinity of the large 
normal faults, but occur also in gulches or canyons which have cut 
through the lavas into the underlying tuff. Landslide faults also occur 
elsewhere, especially in the over-steepened valleys of the Blackfoot 
cycle in the Sublett Range. These faults are shallow surface features. 

SNAKE RIVER DOWNWARP 

Most interesting, as well as the most peculiar, of the structural fea­
tures of the district, is the Snake River downwarp to which frequent 
reference has been made. It represents a great structural depression or 
downwarp which stretches entirely across the State from the Wyoming 
to the Oregon line, superimposed on all previous structures. The Ter­
tiary strata and older rocks, including the mountain ranges composed 
of them, are tilted gently toward the center of this great downwarped 
area. The essential features have recently been summarized by K.irk­
ham.1 Upon this downwarp or geosyncline have accumulated younger 
sediments, but more impressively, the basalt· flows of the Snake River 
Plains. 

In Cassia County reference has already been made to the way the 
north ends of the Sublett, Malta, and Albion ranges disappear by 
plunging beneath the constructional Snake River Plains. Erosion sur­
faces as well as the structural features are carried below by the warping. 
In turn, complementary movement has arched the ranges farther south 
to higher elevations and has produced a broad anticlinal structure 
parallel to the downwarp. Flanks of the downwarp dip from 5° to 8° 
to the north to the margin of the Snake River Plains. 

AGE OF THE FOLDING 

Strata involved in the early folding range in age from pre-Cambrian 
to Permian. These folds are essentially continuous with similarly folded 
structures in southeastern Idaho, where Mansfield 2 has found beds as 
young as the Wayan formation of Lower (?) Cretaceous age folded to 

1 Kirkham, V.R.D., Pamphlet 19, op. cit,, pp. 24-26; also Jour. Geology, Vol. 39, op. cit., in press. 
2 Prof, Paper 152, oo. cit., pp. 169-172. · 
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the same degree as the older formations. He concludes that the main 
epoch of deformation which produced these folds was later than the 
deposition of the Wayan Beds and probably a part of the great moun­
tain-building disturbance which came in t'1e interval between the end 
of the Cretaceous period and the early part of the Tertiary, generally 
known as the Laramide revolution. Some evidence of other earlier 
epochs of mountain-building is furnished by the rocks in that region, 
but the effects of these earlier disturbances were largely obliterated by 
the more intense activity of the Laramide revolution. Similarity of 
folded structures in Cassia County suggests folding during the same 
epoch. That this is actually so was verified by tracing the folded 
structures more or less continuously into the area described by Mans­
field. 

A subsequent epoch of less extensive disturbance is suggested by the 
arching and tilting of t.he planes of the overthrusts and by the dips 
now observed in the Miocene strata and associated lavas. On the 
present supposition that the Salt Lake formation is of Pliocene age, 
Mansfield assigned the disturbance to the end of the Pliocene. Although 
the Tertiary rocks may be older than the tentative age assigned by 
Mansfield, or Upper Miocene instead of Pliocene, there is no reason for 
assigning any other date to this disturbance than the one given. Fur­
ther discussion of Pliocene and more recent diastrophism will follow in 
the section on the age of the faulting. 

The erosional history indicates that there were several disturbances 
in the Tertiary and Quaternary, each in the nature of broad regional 
doming or uplift. Apparently folding was involved only in the move­
ment that came near the end of the Pliocene. Folding at the time of the 
Snake River downwarp will be discussed later. 

AGE OF THE FAULTING 

Mansfield has also ascribed the Bannock overthrust and other thrust 
faults in southeast Idaho to the Laramide epoch and to the later part 
of that epoch, because the faulting did not occur until the rocks in what 
is now the upper block had been intensely folded-indeed, folded prac­
tically as much as those of the lower block. The Albion, Sublett, and 
Black Pine overthrusts are similar in these particulars, for they, too, 
came after the strata in both blocks had been intricately folded. From 
the striking similarity of the faulting in the two regions, it seems almost 
certain that all were produced during the same epoch. Those in Cassia 
County probably also occurred late in the Laramide disturbance. The 
time when the fault planes were folded is uncertain, but it is believed 
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that folding was much later than the production of the thrust faults 
themselves. Possibly it was a part of the late Pliocene disturbance. 

Many of the normal faults and also the transverse faults cut the 
overthrusts and are therefore younger, but these same faults have been 
buried by Miocene strata and are therefore older than the mid-Tertiary. 
They should probably be given a place late in the Laramide epoch or 
immediately following it. These faults may be the result of a tensional 
phase, which probably followed the intense compression experienced by 
the region in the Laramide deformational epoch, during which the de­
formed mountain mass slowly returned to equilibrium by means of the 
normal or relaxational faults. 

In nearby regions normal faults are described as belonging to the 
epoch of block faulting which gave rise to much of the so-called "basin 
and range" structure, of which Utah and Nevada furnish the best 
examples. This structure is generally stated to have been developed 
in about Middle Miocene time. There is good reason for believing, 
however, that most of the faulting is much younger and is late Pliocene 
or early Pleistocene in age. It is possible that some faulting of this 
character took place in the Miocene and inaugurated the disturbance 
which intiated the Upper Miocene sedimentation, but if so, trace of 
such faults has subsequently been lost beneath the Tertiary capping or 
obscured by younger movements along the same fault planes. 

Normal faulting which has caused the present block ranges in Cassia 
County and which has outlined the Albion Range in its present shape, 
is younger than the Miocene strata and the overlying latite series. 
These faults are comparatively young, as the f~ult scarps are fresh and 
little eroded except where high elevation and the exposure of the tuff 
series has specially favored landslide action. Such faulting preceded 
the glaciation in the Pleistocene, as the fault block ranges themselves 
show effects of high mountain glaciers, but the faulting followed after 
·considerable erosion of the Miocene strata and lavas. It is certain that 
these faults were generally later than the Gannett erosion surface, 
which was developed late in the Pliocene, 1 for faulting has destroyed 
the erosion surface as well as one or two of the earliest Pleistocene sur­
faces. In fact, none of the fault block ranges bear the remnants of the 
erosion surfaces, perhaps because the active erosion following the rela­
tively sudden rejuvenation was not favorable to their preservation. 
Faulting may have initiated or been in part responsible for renewal of 
the erosional cycles. Faulting was largely completed, however, before 
the inauguration of the Blackfoot cycle, for this cycle has been active 

1 Mansfield, G. R., Geography, geology, and mineral resources of the Portneuf quadrangle, Idaho: 
U.S. Geol. Survey Bull. 803, 1929, pp. 7, 66-67. -
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in dissecting the fault block ranges. Although some faulting may have 
occurred late in the Pliocene, it is believed that most of the movement 
or displacement occurred rather early in the Pleistocene and that the 
fault block ranges are essentiaIIy early Pleistocene in age. That some 
movement has also continued into later times is suggested from the ,1: 

presence of a smaII scarp in the Snake River -basalt flow several mil~s 
east of the north end of the Malta Range. 

AGE OF THE SNAKE RIVER DOWNWARP 

Kirkham was first to show that the warping in the eastern Snake 
River Plains area was later than the "Tertiary Late Lavas" of supposed 
Pliocene age. 1 In more recent studies in southwestern Idaho, he has 
obtained additional data and has found that not only is the down­
warping subsequent to the deposition of the Upper Miocene Payette 
beds, but mainly subsequent to the deposition of much of the Pliocene 
Idaho formation. 2 Subsidence thus began in the Pliocene, was active 
in the Pleistocene, and has continued into recent times. 

The evidence in Cassia County also supports the late age for the 
downwarp, probably mainly in the early Pleistocene. Although sub­
sidence may have begun earlier in the more central parts of the basin, 
the present marginal slopes involve not only the late Pliocene or early 
Pleistocene tilted block mountains, but also the Gannett, Elk VaIIey, 
and probably the Dry Fork erosion surfaces, the last two of Pleistocene 
age. Subsidence had largely ceased, however, before the advent of the 
glacial stages and more particularly before the completion of the Black­
foot erosional cycle. 

CAUSE OF DIASTROPHISM 

LARAMIDE DEFORMATION 

The intensity of folding and faulting during the early epoch of 
deformation can be ascribed only to great tangential pressure. No 
,better cause for this deformation has been found than the segmental 
hypothesis of T. C. Chamberlin3 and the closely related wedge theory of 
diastrophism by R. T. Chamberlin. 4 

On the basis of field measurements in the Appalachian Mountains 
of Pennsylvania, R. T. Chamberlin has propounded a wedge theory for 
the formation of mountain ranges and of continents. The continental 

1 Pamphlet 19, op. cit., p. 26. 
2 Kirkham, V. R. D., Snake River Downwarp, Jour. of Geology, Vol. 39, 1931, pp. 471-482. 
3 Chamberlain, T. C., and Salisbury, R. D., Geology, Vol. 1, 2d ed., pp. 542-549, 1905. 
4 Chamberlin, R. T., The wedge theory of diastrophism: Jour. Geol., Vol. 33, pp. 755-792, 1925. 
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and suboceanic masses are treated as segments, the suboceanic masses 
being the larger and heavier. The principal source of the deforming 
force is the rearrangement of material in the interior of the globe in 
favor of greater compactness and higher density. This should cause 
general shrinkage, with the resulting circumferential compressive 
stresses beneath both continental and oceanic areas. In the shrinking 
process all segments would sink, but the master segments would take 
the lead and would squeeze the smaller and lighter continental seg­
ments between them so that they would be wedged upward. AB applied 
to mountain chains it tends to produce more or less symmetrical, mar­
ginal folded areas, bounded by exterior, inward dipping shear zones 
and a relatively undeformed intermediate area~ For those mountains 
in which the greatest effects of overthrusting appear on the inland side 
of the range, R. T. Chamberlin believes that the mountain-built area 
was caught between an oceanic segment on one side and a continental 
segment on the other, and that the pressure of the oceanic segment 
tended to overbalance that of the continental. Localization of the 
deformation would be in the deeply loaded geosynclines at the margins 
of the oceanic and continental segments, where weakness of the earth's 
crust would be the greatest. 

The entire region here described is part of a great geosyncline in 
which sediments were deposited with few interruptions of importance 
from Proterozoic to late Mesozoic times. This great structural feature 
has been called by different writers the Rocky Mountain trough, the 
Laramide trough, or the respective geosynclines. It extended from 
the Arctic Ocean southward through the Great Basin, and was in 
general an area of subsidence in which sediments had accumulated in 
great thickness. · On the west, throughout much the same interval, 
a relatively persistent land mass had separated the geosyncline from 
the Pacific Ocean, and on the east a less persistent barrier at times 
had separated it from the interior seas. Ultimately tangential pressures 
acting from the west-southwest overcame the resistance of the greatly 
weakened trough of sedimentation, compressed the strata into folds 
and caused great overthrusts. Shortening of the crust by folding and 
thrust faulting must have been considerable, but no estimate of the 
amount can be attempted here. The frequency of inclined or over­
turned structures and the original nearly horizontal attitude of the 
overthrusts indicate that the forces acted horizontally and were not 
the surface expression of deep-seated shear. Because of the great 
:1mount of crustal shortening, as evidenced by the folding and thrust­
ing, the mountains produced must have been of the "thin-shelled" 
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type, distinguished by R. T. Chamberlin 1 as those in which the in- t , 
tensely compressed outer portion of the earth's shell has sheared upon 
a less yielding base beneath, without disturbing the earth's crust to any 
great depths. Great overthrusts are marginal features of the mountain-
forming area of the thin-shelled type of deformation. The folds and 
overthrusts in Cassia County and to the east represent therefore the 
east margin of a wedge zone as distinguished by Chamberlin, and of 
a wedge asymmetrical with respect to vertical lines. Where the oppo-
site side of the wedge makes surface expression is not certainly known. 
Such thin-shelled mountain zones are, according to R. T. Chamber-
lin, 2 accompanied by little igneous activity of any sort in the marginal 
and most strongly overthrust portions; but in the heart of the deformed 
belts, where there has been more uplifting and the affected zone goes 
deeper, granitic and other intrusions are a common and probably char-
acteristic feature. With this point in mind, one might suggest that 
Cassia County is well toward the inner part of the wedge, inasmuch as 
the granitic intrusions have here made their appearance. 

The intense compression suffered by the region during the Laramide -• 
deformation was doubtless succeeded by a condition of tension, during 
which the overstrained mountain mass slowly returned to equilibrium. 
Normal faults in regions that have undergone folding commonly mark 
a late stage of that deformation. Apparently the folded rocks have in 
large measure been strained beyond the limits of their stability, and 
equilibrium has resulted when the rocks tended to resume their former 
positions, and thus create a strain, which, in turn, is relieved by normal 
faulting. Such are the current views regarding the origin of normal 
faults in relation to the folded chains. 

BASIN-RANGE FAULTING 

Many hypotheses have been offered in explanation of the Basin­
Range structure, either involving tensional forces or compressional 
forces. Some explain the fault blocks as upthrusts due to deeply applied 
compressive forces, some to the collapse of a gently folded or arched 
dome. In Cassia County, tensional forces seem best to account for the 
observed facts, for the evidence such as simple curvature of the fault 
traces, the occurrence of hot springs near the fault plane, and the near 
occurrence of basalt vents, all favor normal faulting and not thrusting. 
which would tend to close fractures and make them impermeable. 
Faulting of normal character or of the Basin-Range type possibly 

1 Chamberlin, R. T., The building of the Colorado Rockies: Jour. Geol., Vol. 27, pp. 248-251, 1919. 
2 Chamberlin, R. T., Volcanism and mountain-making; Jour. Geol., Vol. 29, pp. 166-172, 1921. 
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began or occurred in the mid-Tertiary as in other parts of the Great 
Basin country, but activity was revived late in the Tertiary or more 
probably early in the Quaternary with the development of the present 
striking block ranges in Cassia County. 

These later deformative epochs were probably begun by revival of 
periodic contractional disturbance of the earth. But at these times the 
effects were not so definitely localized as before, probably because no 
accumulation of sediments comparable to those of the former geosyn­
cline had taken place, and the rigid crust was therefore not weighed 
down as before. The result was a broad uplift with only gentle foldings 
and warpings. The broad uplift and renewed folding of the later 
deformational epochs were also succeeded by tensional phases, appar­
ently more marked than those that followed the Laramide epoch. R. T. 
Chamberlin 1 also distingqishes "thick-shelled" mountains which show 
open folding, but are without thrust faults or evidences of intense hori­
zontal compression. In these mountains the depths affected by the 
compressive forces are far greater than those of the "thin-shelled" type, 
and as additional contrast the "thick-shelled" mountains seem to be 
more commonly associated with volcanism than mountain-making 
movements which affect a thin shell. Outpourings of lava are especially 
common. The younger epochs of deformation in Cassia County and 
the Great Basin country in general seem to be the "thick-shelled" kind 
and have been accompanied by vast floods of lava. Extrusions of latite 
and some basalt may be considered as associated with the tensional 
phases of the mid-Tertiary doming and partial collapse by normal fault­
ing, and the later outpouring of basalt with the tensional phase of the 
late Tertiary or early Quaternary doming. 

The Basin-Range structure is therefore the probable result.of normal 
faulting and partial collapse of a region following broad uplift or arch­
ing, and the fault blocks represent the readjustments made in the over­
strained shell in its attempt to recover equilibrium. The normal or 
block faulting also afforded opportunity for the outflow of lava, because 
the thick-shelled movements probably extended to great depths, as 
suggested by R. T. Chamberlin, and have very likely reached the zone 
of potential liquefaction of rocks, a depth seldom attained by deforma­
tion of the "thin-shelled" kind. Or it is possible that magmatic action 
is mainly responsible for the faulting and the block ranges are the result 
of jostled blocks over a magma reservoir. The nature of the fault 
pattern, especially along the west margin of the Albion Range, is 
highly suggestive of such jostling, with some blocks settling, others 

1 Jour. Geol., Vol. 27, pp. 248-251, 1919. 
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rising, with development of additional shearing strains in zones be­
tween rising and subsiding blocks. The great normal faults, whose 
directions of trend are to the north, are obviously a part of the Basin­
Range tectonics. Location of the basalt vents along these fault planes 
suggests a strong genetic relation between the faulting and the move­
ment of magma, and that the jostling is due to the readjustments to 
movements of magma from one part of the reservoir to another, or to 
the surface. 

SNAKE RIVER DOWNWARP 

Causes given to account for the Laramide and Basin-Range defor­
mations fail to explain the Snake River downwarp. This feature is a 
negative element, a subsiding trough or geosyncline in which sediments 
and lavas have accumulated and are still accumulating. Compressional 
forces fail to explain the downwarp. Its alignment is not parallel to the 
direction of forces generally associated with a shrinking earth and the 
depression of oceanic and continental segments. The general lack of 
faults about its margin, the simpleness of its curvature can give no 
other interpretation than subsidence or downwarp. Such subsidence 
is not due to the accumulation of load, for the load. has come later. 
The suggestion made by Kirkham 1 that the down warp is the result of 
withdrawal or migration of magma perhaps affords the most suitable • 
explanation. Fractures reopened during the warping have also per-
mitted floods of basaltic lava, the Snake River basalt, to come to the 
surf ace and partly fill the basin. 

GEOLOGIC HISTORY 

PROTEROZOIC ERA 

There is nothing which might give a clue to the history of the region 
prior to the Proterozoic era, but at some time, probably rather early in 
the Proterozoic, there was prolonged marine sedimentation, during 
which the members of the Harrison series were deposited. 

Much of the material of the Harrison series consists of clean quartz­
ites, derived mainly from fine sands, along with an occasional thin 
pebble bed. The general uniform assortment of these sands together 
with their purely siliceous character and constancy of well defined uni­
form bedding, suggests strongly the effect of long-continued wear of the 
materials, probably such as takes place on a beach or in shallow water 
constantly agitated by the waves. Such deposition could only have 

1 Kirkham, V. R. D., Snake River Downwarp, Jour. Geol., Vol. 39, 1931, pp. 456-482. 
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taken place on a slowly sinking sea floor in which subsidence kept nearly 
exact pace with deposition, for during this time a thickness of more 
than a mile of these shallow water sands accumulated. Several times 
accumulation of sand was interrupted by an increase in the rate of 
subsidence, and each time only the finer materials could reach the region 
of deposition below the zone of wave action. Each time sediments 
more or less muddy were laid down, which subsequently have been 
changed to the micaceous quartzites and the thin beds of mica schist now 

. found in several places in the lower division of the series. Interruption 
of sand accumulation was more frequent later in the period, for the 
middle division is characterized by an accumulation of argillaceous and 
calcareous beds. Deposition of the muds and silts could have come 
only with the deepening of the water, and the limestone only in the 
deeper water sufficiently offshore so that it could not have received · 
notable admixture of elastic materials. The regiqn of limestone deposi­
tion must have been near enough land at times, however, to receive con­
siderable quantities of land-derived sediments, and shoaling of the sea 
must have occurred several times to account for the alteration of sand, 
shale and limestone. Near-shore or shallow water conditions must have 
again prevailed near the close of the epoch of sedimentation, for the last 
sediments are much the same as those that accumulated earlier in the 
lower part of the series. It is not known just when sedimentation ceased 
and land conditions prevailed, for the upper part of the series has been 
eroded. Suffice it to say there was an accumulation of marine shal­
low water deposits nearly two miles thick and that the part now exposed 
is probably far from the complete section. . 

It is likely that at the cessation of sedimentation the newly deposited 
strata were subjected to orogenic movement and the rocks considerably 
metamorphosed and perhaps changed into much th~ir presept state. 
Such an assu.mption is probably justified in view of the slight metamor­
phism shown by the rocks assigned to· the upper part of the era in 
nearby areas. Apparently the strata were not greatly folded at the 
time, for even today the series has been but simply arched and because 
of its competent character less folded than the younger Paleozoic for­
mations. 

Sedimentation was probably resumed at a later date, but inferences 
regarding the upper Proterozoic era must be drawn from the evidence 
furnished by neighboring regions. It is possible that the district was 
land during most of the upper Proterozoic or Beltian epoch, but it is 
more likely that there was continental deposition such as occurred in 
the Wasatch Mountains and in the northern part of Idaho and in 
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western Montana. No doubt the Rocky Mountain or Cordilleran geo­
syncline was well advanced during this period, indeed may have had 
its beginning long before the Harrison epoch. According to Walcott, 1 

this geosyncline was well advanced during the Algonkian period and 
then extended from the head of the Gulf of California northward prob­
ably to the Arctic Ocean, and was the seat of prolonged sedimentation 
which he regarded as non-marine. This favors continental deposition 
in the region of Cassia County, and as elsewhere, deformation, erosion, 
and even perhaps glaciation. Glaciation is suggested, for in the Big 
and Little Cottonwood Canyons in Utah, Blackwelder2 describes tillite 
as an important and interesting member of the upper pre-Cambrian 
series. Deformation is also suggested, not alone from the difference in 
the degree of metamorphism between the upper pre-Cambrian and the 
overlying Paleozoics in the same region, but also from an angular uncon­
formity that Blackwelder finds between the Algonkian and the over­
lying Cambrian quartzites in Cottonwood Canyon south of Salt Lake 
City. In the later part of the Proterozoic and in early Cambrian time 
the geosyncline must have thus been subjected to erosion, which 
reduced it nearly to base level, and there was apparently little warping 
needed in Cambrian time to permit the flooding of the geosyncline by 
marine waters. 

PALEOZOIC ERA 

In the later part of the Lower Cambrian or in the early part of the 
Middle Cambrian progressive subsidence of the Rocky Mountain or 
Cordilleran geosyncline was again resumed and· the trough began to 
receive sandy sediments, at first probably non-marine but later marine. 
Slow subsidence. continued until probably several thousand feet of 
shallow-water sands had accumulated, derived no doubt from erosion 
of pre-Cambrian quartzites farther to the west. Later the waters 
deepened and the deposition of elastics gave way to the deposition of 
an even greater thickness of limestones lasting through much of the 
Middle Cambrian and most of the Upper Cambrian. 

There is no record of subsequent events within the district until 
well up in the Carboniferous. In the interval the series of events is 
probably much the same as recorded elsewhere in the general region, 
where the record is dominantly marine and indicative of progressive 
subsidence of the geosyncline. The variation in the character of the 
sediments, however, and the numerous stratigraphic breaks show that 

1 Wallcott, C. D., Cambrian geology and paleontology, III: Smithsonian Misc. Coll., Vol. 64, pp. 
50-81, 1914. 

2 Geol. Soc. Amer. Bull., Vol. 21, pp. 517-542. 
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there were at times interruptions in subsidence and even reversals of 
movement, with erosion. These disturbances were gentle, but were 
fairly well distributed throughout the interval. 

According to Mansfield, 1 withdrawal of the sea from the geosyncline 
probably occurred at the close of the Cambrian, followed by brief ero­
sion, but limestone making again took place early in the Lower Ordo­
vician. Later a reversal of subsidence in the later part of the Lower 
Ordovician time brought first a change in the sedimentation, the depo­
sition of sands, and then an erosional interval that lasted throughout 
much of Ordovician time. Toward the end of the Ordovician subsi­
dence was resumed and limestone deposition began again. Cessation of 
sedimentation probably occurred at the end of Ordovician time, but 
deposition of limestone was again resumed in the Silurian after a strati­
graphic break of some magnitude. Toward the end of the Silurian the 
sea withdrew and did not again reflood the geosyncline until Middle 
Devonian time, when limestone making was resumed without any 
marked discordance in the attitude of the later with the earlier beds. 
Limestone deposition continued to the close of the Devonian, when 
there was again emergence followed by slight erosion, but subsidence 
again followed and limestone making was resumed early in the Car­
boniferous. 

The lowest of the Carboniferous strata is not exposed in Cassia 
County, but from the record farther east limestone was probably de­
posited during the Lower Mississippian (Madison limestone). With­
drawal of the sea for a time at the close of the Lower Mississippian is 
suggested from the lack of exact conformable relations with the over.: 
lying Upper Mississippian strata, the Brazer formation. In the Upper 
Mississippian the record in Cassia County again becomes available. 
Throughout much of this time clear seas prevailed, and in them much 
limestone accumulated. Several times, however, the limestone dep6si­
tion was interrupted by reversal of subsidence, and the sea became 
muddy and muds or silts were deposited. At times the sea became 
shallow and wave action so agitated the water that only sands could 
accumulate. The site of deposition was probably much nearer the 
shore of the Upper Mississippian sea than in the region farther east, 
where the entire accumulation consists dominantly of limestone. It 
thus received more notable contributions of land-derived elastics. Per­
haps the changes in character, or alteration in characters of the forma­
tion, might be ascribed to oscillations of the neighboring land mass and 
repeated rejuvenation with resulting increase in the quantity of elastics 

1 Prof. Paper 152, op. cit., pp. 173-188. 
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carried to the sea. According to Mansfield the sea again withdrew from 
the geosyncline at the close of the Mississippian, but little disturbance 
of the land took place, for with the return of the sea in Pennsylvanian 
time the deposition of limestone was resumed under much the same 
conditions as in the preceding period and without marked discordance 
in bedding. Pennsylvanian time records, however, much greater oscil­
latory movement of the sea bottom than previously. Limestone depo­
sition prevailed at the beginning and at the close of the period, but 
even during the lower part and especially during the middle of the· 
epoch shallow waters prevailed and favored the deposition of sand. 
Periodic rejuvenation of the bordering land mass may also have favored 
the accumulation of detrital material, but this seems less likely than 
movement of the sea floor because of the lack of intercalated shale 
members, but instead there is the direct passage of limestone to sandy 
limestone and to sandstone. For a considerable time in the middle of 
the epoch little except sand was deposited. The sea withdrew at the 
close of the Pennsylvanian, but when the sea returned in the succeeding 
Permian period conditions of deposition had greatly changed. In the ~-11 
first place inundation probably came from the north or west instead of 
from the southwest as in previous floods, and under special conditions 
of deposition not yet well understood, phosphatic shales and thick beds 
of chert were deposited. Withdrawal of. the sea is presumed to have 
bccurred again at the close of the Permian. 

MESOZOIC ERA 

The Mesozoic record in Cassia County is very imperfectly known. 
No strata belonging to this era have as yet been identified and it is 
possible that throughout much of the time the region constituted a land . 
mass undergoing erosion. The latter part of the era, however, wit­
nessed great diastrophic movements and these have left a notable 
record in the· district. 

Mansfield describes prolonged sedimentation during the Mesozoic 
era in the region to the east and this sedimentation, no doubt, has had 
some reflection in Cassia County. As a whole the Mesozoic is there 
characterized by alternating marine and non-marine deposition with 
the latter dominating toward the end of the era. Marine embayment 
continued throughout Lower Triassic times and was followed by an 
epoch of erosion and the deposition of continental red beds, chiefly of 
the desert type. The change from the Paleozoic to the Mesozoic was 
marked by faunal rather than by any noteworthy discordance of strata, 
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and for this reason one might suppose that the Lower Triassic seas also 
extended over Cassia County. Continental deposition continued 
through Lower and Middle Jurassic, but in the Upper Jurassic marine 
invasions twice alternated with desert continental conditions. An 
abrupt change in the character of the sediments marked the transition 
to the Cretaceous, and, according to Mansfield, such as to suggest 
mountain building in neighboring areas. As Cassia County is much 
nearer the site of the late Jurassic Nevadian revolution than the region 
to the east, it no doubt was very near the border zone of the disturb­
ance, if not within. The Lower Cretaceous witnessed the accumulation 
of an enormously great thickness of fluviatile, together with some lacus­
trine, bed~. It is more than likely that C3:ssia County was a land mass 
after a withdrawal of the sea in the Lower Triassic. It may have been 
at times the site of continental deposition, but for most of the time 
it probably contributed to the great thickness of continerttal deposits 
to the east, especially toward the close of the· era. In southeastern 
Idaho the Upper Cretaceous was a time of erosion. · 

The Laramide revolution closed the Cretaceous period with the 
deformation of the geosyncline and the development of the Rocky 
Mountains, with it.s complicated structural features. Seemingly the 
accumulation of tangential crustal pressures finally overcame the 
resistance of the heavily loaded geosyncline and these pressures, acting 
most strongly from the west and southwest, compressed the great 
thickness of strata into a series of northwestward trending folds, gen­
erally overturning them, and then slicing them along great low-angled 
fault planes. Possibly, when the thrusting was neatly over, and cer­
tainly after the folding and thrusting had ceased, tensional phases 
developed and the strata were broken by large normal faults. Igneous 
intrusion also came in toward the close of this crustal disturbance and 
perhaps added to the structural deformation which resulted from the 
earlier folding and faulting. Evidence of added structural deformation 
by the intrusion is not so clear in Cassia County, but is marked farther 
north about the main Idaho batholith. 

The crustal disturbance resulted in uplift of the region, whil~ sub­
sequent erosion carved the region into mountains that were probably 
higher and more rugged than those of the present day, as suggested 
from the great thickness of strata which has since been removed. 

CENOZOIC ERA 

After the production of the mountainous topography in the Meso­
zoic era, erosion continued to wear away the land and the subsequent 
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history is mainly one of erosion interrupted from time to time by crustal 
disturbance and by the deposition of continental beds and lavas. 
Reduction of the Mesozoic mountains was apparently well advanced 
in the Eocene, for in parts of southeastern Idaho the Wasatch beds 
belonging to that period were laid down on a nearly peneplained sur­
face. This surface has not been recognized in Cassia County unless 
the flat area on the top of Mount Harrison should bear it, but it may 
be represented in the mountains in northern Idaho by one of the exten­
sive summit erosion surfaces in that region. 1 Erosion in Cassia County 
probably continued through the Oligocene and perhaps well into the 
Miocene. By Miocene time the land must have worn down to a surface 
ot old age or to ~ peneplain; such as now is retained on th~ resistant 
quartzites on the higher parts of the '.Albion Range. This surface is 
perhaps the same as the Snowdrift peneplain2 described by Mansfield 
in some of the mountains in southeastern Idaho and perhaps the same 
as the subsummit erosion surface in the mountains of northern Idaho. 3 

Near the middle of the Miocene, dr perhaps even earlier, active 
erosion was again revived as a result of marked crustal disturbance, 
chiefly one oibroad regional uplift. This uplift may have been·accom­
panied by normal faulting. As a result of the rejuvenation, broad and 
deep valleys were carved in the uplifted, old, worn-down surface. Ero­
sion in the Middle Miocene eventually gave way to aggradation and 
these old valleys (Tygee erosion surface of Mansfield) were floored with 
extensive fluviatile and lacustrine deposits. These deposits ·continued 
to accumulate until all the valleys and some of the lower hills were 
blanketed. Then volcanism broke out on a grand scale and magmas 
found their way to the surface probably along normal fault planes that 
developed as a consequence and subsequent to the uplift. During the 
early period of the volcanic action, vast quantities of pumiceous ash 
showered the country and became intercalated in the upper part of 
the fluviatile and lacustrine deposits. Some of the ash or tuff was 
probably reworked by streams and redeposited along with the sedi­
mentary elastic material; most of it probably remained as it fell. This 
increa~ed the thickness of the Upper Miocene blanket by many hun­
dreds of feet and probably buried most of the higher hills so that tl\e 
area represented a vast aggraded plain. Toward the last came quiet 
outflows of latitic lavas and in some places a flow of basalt. Some of the 
flows were intercalated with the showers of ash and tuff, but toward the 
end of the epoch the explosive action began to decrease in intensity and 

, 1 Anderson, A. L., Cretaceous and Tertiary planation in northern Idaho: Jour. Geology, Vol. 37, 
1929, pp. 747-764. 

2 Prof. Paper 152, p. 14. 
3 Anderson, A. L., Jour. Geol., Vol. 37, op. cit. 

t 



GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY l 99 

increasingly greater quantities of lava, mainly quartz latite, were poured 
out on the surface. Extrusions may have continued into the early Plio­
cene, but by the end of the epoch of aggradation and volcanism, the 
general region must have been a vast generally featureless lava plain 
covering many thousands of square miles and exceeding greatly the 
present areal extent of the Snake River Plains. 

After these eruptions the region probably suffered further slight 
deformation, including some uplift probably accompanied by tilting 
and faulting of the lavas and underlying strata in some regions. This 
deformation was not nearly so violent as the preceding, but consider­
able relief resulted, for in southwestern Idaho Kirkham 1 finds that con­
siderable erosion intervened before the Idaho Pliocene lake beds were 
deposited and these now rest on a surface of somewhat irregular relief. 
Erosion probably continued throughout much of the Pliocene in Cassia 
County, but for most of the time the land must have remained com­
paratively low. Further uplift came toward the end of the Pliocene 
and this one marked the major diastrophic event ~ince the Laramide 
revolution. The region was further domed or uplifted, moderately folded 
and probably faulted. Active dissection of the region was again renewed 
and before the close of the Pliocene the land had again been greatly 
reduced and an old erosion surface developed. This surface is now 
retained on. the highest ridges in the Sublett Range and probably is to 
be correlated with the Gannett erosion surface described by Mansfield 
in the region farther east. 

The Quaternary history of the region is largely one of erosion inter­
rupted by uplift and faulting and modified by climatic changes and 
volcanic outbursts. Uplift again occurred early in the Pleistocene and 
soon after another erosion surface had been carved below the Gannett 
surface. This one is best developed in the Sublett range and is prob­
ably to be correlated with the Elk Valley surface described by Mans­
field. Uplift again inaugurated another cycle of erosion and relatively 
wide shallow valleys were carved in the Elk Valley surface. This cycle 
probably correlates with the Dry Fork cycle farther east. Again further 
uplift permi.tted canyons from 500 to 1,000 feet deep to be carved in 
the floor of the Dry Fork valleys. This records the last general uplift 
in the region, and is probably the same that inaugurated the Blackfoot 
cycle farther east. None of these surfaces, except perhaps those of the 
Blackfoot cycle, can positively be identified in the western part of the 
area, probably because faulting of the normal or block type has been 
so recent that earlier features have been either eliminated or so modi-

1 Jour. Geology, Vol. 38, op. cit., pp. 652-659. 
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fled that they cannot be recognized. It is possible that faulting was 
renewed during each of the uplifts, but the major movement probably 
antedated the Blackfoot cycle. It is during the Pleistocene epoch that 
the tilted block ranges and the other present topographic features were 
produced. Recent erosion has accomplished little change since the 
Blackfoot cycle. Drainage was somewhat disturbed as the result of the 
crustal dislocations, but some of the major streams, such as Raft River 
and Cassia Creek, were able to continue in their courses across the 
Malta Range, although Marsh Creek was entirely turned aside by the 
faulting which produced the block range. 

Possibly during the Pliocene, and surely in the Pleistocene, came the 
subsidence or downwarp of the Snake River Plains area. In western 
Idaho subsidence apparently began in the Pliocene and continued 
throughout much of the Pleistocene and into recent times, but so far as 
evidence in Cassia County is available, much of the downwarp has 
occurred since the early Pleistocene block faulting and the development 
of the Elk Valley and Dry Fork erosion surfaces. Subsidence had largely 
ceased, however, with the inauguration of the Blackfoot cycle, although 
as elsewhere in the general region some movement might still be in 
process. During the subsidence, and especially after most of the down­
warping had taken place, vast floods of basalt issued from fissures or 
vents along reopened earlier fault planes and filled that great depression 
to its present level, building up the vast Snake River basalt plain. 
Some of the basalt flooded the edges of the structural valleys causing 
additional silting. Some streams were turned aside by the basalt as it 
encroached upon the region. Thus Raft River, Marsh Creek, and 
Goose Creek have each had to form new channels at the edge of the 
basalt plain. 

In the Pleistocene epoch here as in other mountainous regions in the 
Northwest, glaciation was prevalent in the higher parts of the moun­
tains. Extensive glaciation is recorded rather early in the Pleistocene, 
perhaps even before the Blackfoot cycle had started. At that time 
South Mountain and the Albion Range were extensively glaciated and 
it is possible that other ranges carried glaciers, but evidence of them is 
not retained in the less resistant rocks. Tongues of ice projected from 
the top to the very base of the Albion Range along much of its eastern 
side, carving the valleys into their broad U-shapes, which, because of 
the resistance of the quartzites to erosion, have not been notably 
altered to the present day. Glaciers also descended the east slopes of 
South Mountain and in the basin below formed a large piedmont or 
basin glacier from which tongues extended entirely across the Albion 

i 
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Range to the basin at Almo and also northward along the basin between 
the two ranges to the edge of the alluvial plain near Oakley. Moraines 
deposited at the margins and ends of the glacial lobes have generally 
not survived erosion and aggradation, but have been smoothed over 
or buried under more recent piedmont alluvial deposits. Certain high 
terraces and dissected surfaces in the Black Pine Range suggest glacial 
origin. These are high above the present valley or canyon floors, and, 
if they represent this same epoch of glaciation, offer evidence of a pre­
Blackfoot age for the glaciers. 

Glaciation also occurred much later in the Pleistocene. This glacia­
tion was much less extensive than the earlier and the glaciers were 
clustered on the north and east sides of only the highest peaks. Their 
lower limits, except on the steep easterly slopes of Cache Peak, did not 
pass below 7,000 feet A.T. These carved cirques and rock basins of 
notable size, in which lakes are still impounded. Morainal forms are 
fresh and but little changed by subsequent weathering and erosion. 
These relations suggest a comparatively recent or late Wisconsin stage 
of glaciation. These glaciers occurred in valleys belonging to the Black­
foot cycle. During this time and perhaps a little earlier, Lake Bonne­
ville washed the southeast and east slopes of the Black Pine Range. 

Filling of the structural basins and valleys has been an important 
process since the ranges were blocked into their present forms rather 
early in the Pleistocene. Waste from the higher border lands has 
strewn the basins and has aggraded them, raising their levels hundreds, 
and in some of the larger perhaps a thousand, feet or more. This 
process still continues, for the vast piedmont alluvial plains increase 
in size yearly as debris is brought down from the higher lands. 

MINERAL RESOURCES 

Cassia County has a considerable variety of mineral resources, 
including metallic but especially nonmetallic varieties. These resources 
have, however, been but little developed and constitute in the main 
large potential reserves. 

Among the metallic resources are deposits of lead-silver ores, zinc­
silver ores, and inconsequential amounts of other metals. The non­
metallic resources offer much greater variety and among them may be 
listed building stone, limestone, road metal, quartzite, volcanic ash, 
mica, clay, feldspar, and cyanite. There is also the possibility that the 
Phosphoria formation, which contains immense quantities of phosphatic 
shales in southeastern Idaho and constitutes the chief mineral resource 
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of that region, might contain the phosphatic shale horizon here. Water 
for irrigation is the most valuable resource in the County, as nearly the 
entire population of the County is directly or indirectly dependent on 
it for a livelihood. Neither the water resources nor the phosphate pos­
sibilities will be discussed in this report, but because of their magnitude 
should be made the basis for separate detailed investigation. 

ORE DEPOSITS 

HISTORICAL SKETCH 

It is not known just when the first discovery of ore was made 
within the district, but it was probably rather late in the past century. 
Several locations were made about the year 1880, among these the 
Silver Hills mine on the Black Pine Range, and several properties on 
Fairchild and· Conner Creeks in the Albion Range. As most of the 
properties have changed hands several times, it is exceedingly difficult 
to trace through their histories. Most of the properties were prob­
ably discovered and located about the same time, and each worked 
in a desultory manner for many years after. Only within the past two 
decades have attempts been made to work any of the deposits by well 
organized companies. Most important of these are the Silver Hills 
Mining Company, which controls 30 unpatented mining claims in the 
Black Pine District, among them the Silver Hills mine; and the Melcher 
Mining and Milling Company, operating several claims in the Stokes 
district on Conner Creek in the Albion Range. The Melcher Mining 
and Milling Company was incorporated as far back as 1899 and has 
done much development, including the installation of a modern milling 
plant. It, however, has been inactive during most of the past decade. 
The Silver Hills Mining Company was incorporated in 1920 and has 
continued more or less active to the present day. 

Sporadic shipments of ore have been made from. the district since 
the early discoveries. It is reported that some ore was shipped from 
the Silver Hills mine about 1894, also 14 cars of ore from the nearby 
Hazel Pine about 1914, and six cars of rich zinc ore from the adjoin­
ing Ruth property during the World War. Shipments of small amounts 
of ore are also reported from several properties in the Albion Range 
prior to 1900 and some shipments have been made since that time. 
Unfortunately the writer was unable to obtain any information from 
officials of the Melcher Mining and Milling Company and nothing 
is therefore known of its production or years of operation. So far as 

i 
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known no shipments have been made from any of the properties during 
the past decade, although prospecting has remained fairly active. 

GEOGRAPHIC AND GEOLOGIC DISTRIBUTION 

The ore deposits occur in two widely separated parts of Cassia 
County, one on the southeast slope of the Black Pine Range, to which 
the name Black Pine district has been given, and the other in the 
Albion Range. Deposits in the Black Pine district are grouped in a 

• comparatively small area, but those in the Albion Range are much 
more widely scattered. Most of the mineralization in the latter is in 
the north section of.the Albion Range, :rpainly on Conner Creek and to 
a less extent on Fairchild and Boulder creeks on the west slope of the 
range east and northeast of Oakley. Some mineralization also shows 
at the north end of the Range, not far from Albion and Declo. All of 
these deposits are assigned to the Stokes Mining district. 

Only the older rocks of Paleozoic and pre-Cambrian age contain 
known mineral deposits. In the Black Pine district the deposits are in 
the Carboniferous rocks, mainly in the Brazer limestone. In the Stokes 
district they are in the pre-Cambrian Harrison quartzites and to a less 
extent in the Carboniferous rocks. 

GENERAL CHARACTER OF THE DEPOSITS 

The deposits are essentially of two kinds, fissure and replacement 
veins. This character is determined mainly by the nature of the enclos­
ing walls. Veins in the quartzites of the Harrison series are essentially 
fillings in fractures, those in· the limestones have formed by replacement 
directed along fissures or fractures. 

The most important metals contained in them are silver, lead, and 
zinc. Other metals present in minor amounts are copper, gold, anti­
mony, and mercury. Classed as to metals the veins are those of silver­
lead, silver-zinc, zinc, and mercury. 

Deposits in the Albion Range are mesothermal, according to Lind­
gren's scheme of classification;1 that is, were formed under conditions 
of moderate temperatures and at moderate depths below the earth's 
surf ace. Those in the Black Pine district are epithermal; that is, 
formed at low temperatures and pressures and.supposedly at but rela­
tively slight depth below the surface. This genetic distinction is 
apparently the result of two distinct and widely separated epochs of 

1 Lindgren, Waldemar, Mineral deposits: McGraw-Hill Book Company, 1928. 
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metallization. The mineralization in the two districts is therefore 
wholly different and unrelated. 

MINERALIZATION IN THE STOKES DISTRICT 

GEOGRAPHIC FEATURES 

Mineralization in the Albion Range or the Stokes district is confined 
mainly to three rather widely separated localities. The most extensive 
mineralization has been on Conner Creek on the east side of the range, 
about seven miles due south of the town of Albion or twice that distance 
by road. Most of the deposits are on the north side of the valley and 
at the head of the creek. The most extensive workings are in this 
part of the district, and among them are the properties of the Melcher 
Mining and Milling Company and the Big Bertha Mining Company. 
Several others have also been extensively developed or prospected. 
The property of the Melcher Mining and Milling Company is the only 
one accessible by automobile. All properties lie high on the sides of 
Conner Creek valley at elevations ranging from 7,000 to 8,200 feet A.T. 
The Old Bertha is on the summit erosion surface at the top of the range, 
overlooking Conner Creek valley. 

Mineralization has also been fairly widespread on the west slope of 
the range, mainly along Fairchild Creek and Boulder Creek. These 
places are easily reached from Oakley. Much of this region has been 
well prospected, but no deposits of co'nsequence have been developed. 
This part of the district lies seven miles and more from the deposits on 
Conner Creek. 

There is occurrence of mineral also in the northern end of the Albion 
Range. The Old Dominion property lies about four miles northeast of 
the town of Albion. It is the only mining property in this part of the 
range. Minor occurrences of mineral are reported nearby and particu­
larly near the extreme end of the range east of Declo. This part of the 
district is easily accessible. 

GEOLOGIC FEATURES 

Deposits along Conner Creek are in the quartzites and micaceous 
members of the lower division of the Harrison series. These are cen- · 
tered very near the crest or axis of the dome or anticline which consti­
tutes the main structural feature of the northern section of the range. 
Those lower on the creek are on the east flank of the anticline and those 
near the head of the valley are on the west side. Some of those between 
are very likely along the axis. Specific grouping has been, however, 
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largely about a small stock of porphyritic granite whose intrusion has 
been near the center of the dome or near the axial line of the dome. 
Deposits lie near the east, west, and north margins of this stock and in 
part within its borders. This grouping is significant as it suggests that 
the mineralization has a genetic connection with the granitic intrusive. 

On the west slope of the range the deposits occur in part in the 
middle division of the Harrison series and in part in the underlying 
block of Pennsylvanian strata. These deposits lie on the far west side 
of the dome and mainly in the overridden younger rocks. The strata 
both above and below the overthrust fault plane have been considerably 
disturbed, especially by subsidiary fractures. 

The geologic relations at the north end of the range are very like 
those on Fairchild and Boulder creeks, except that the rocks may be 
even more disturbed by faults. 

CHARACTER OF THE DEPOSITS 

Deposits in the quartzitic members of the Harrison series occur 
essentially as fissure fillings, enlarged slightly by replacement. Those in 
the limestones are replacements. Most of the veins fall into the first 
grouping. Metals furnished by both kinds of veins are mainly lead and 
silver, and to a much less extent, gold and copper. Quartz constitutes 
the chief gangue mineral and generally the main filling. The veins may 
then in general be classed as silver-lead-quartz veins. 

MINERALOGY 

GENERAL SUMMARY 

The main ore minerals of the veins consist of galena and to a less 
extent tetrahedrite, pyrite, and chalcopyrite. Arsenopyrite, specular­
ite, and sphalerite are recorded, but are rare. Secondary mineralsr 
though not profitably abundant, include a long list. Most common of 
these are pyromorphite, cerussite, anglesite, limonite, azurite, mala­
chite, chrysocolla, and covellite. 

PRIMARY MINERALS 

Descriptions of the minerals will not be given in order of abundance 
or other distinctive features, but in the order of their deposition from 
the vein solutions. The listing is therefore paragenetic. 

Quartz: Quartz is the most abundant mineral in the veins. Much of 
it occurs in massive form, less often as drusy crystals in clefts. · It 
occurs mainly as a massive fissure filling, but locally it may replace 
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schist or granite walls. Some occurs in reticulating veinlets in crystalline 
limestone, as in the Old Dominion deposit, or shows massive replace­
ment of the limestone. The massive vein quartz has a white granular 
appearance and is moderately coarse. 

Shattering or fracturing of the quartz has everywhere preceded the 
introduction of sulphides. Where fracturing of the quartz filling has 
not occurred the vein is barren, where fractured, sulphides have entered 
and have not only closed the fractures but have also enlarged them by 
replacement. The sulphides thus occur as tiny reticulating veinlets in 
the quartz, or, where replacement has progressed to advanced stages, 
as larger granules or bands of irregular size and width. In places where 
open clefts remained after the quartz had been deposited, the sulphides 
coat the quartz crystals. Some quartz presents good crystal outline 
against the sulphides, even in areas of replacement, and it is therefore 
likely that its deposition also continued in later or sulphide stages, but 
in more subordinate amounts. 

Specularite: Specularite or specular hematite was noted in but one 
specimen from the Old Bertha. It. occurs in tiny black scales (reddish 
streak) in a fracture in the white vein quartz. It is not in contact with 
sulphides. 

Pyrite: Pyrite is not notably conspicuous in any of the deposits, 
although always present. It is apparently nonauriferous, for what gold 
there is in the veins seems to be associated with the galena. 

Some of the pyrite is aligned along fractures in the quartz. In such 
position it always has excellent cubical outline, which it assumed during 
replacement of the quartz. Most of it, however, has been engulfed in 
later sulphides and against them its outlines are partly irregular, due 
to its partial replacement by them. It also forms small residual grains 
1n the other sulphides. 

Arsenopyrite: Arsenopyrite was noted only in ore from the Albion 
group in which it is sparsely associated with other sulphides. Its rela­
tion to pyrite is not known, although probably somewhat later in its 
deposition, but it does show engulfment by other sulphides and also 
partial replacement by them. Crystals or grains are microscopic in size. 

Sphalerite: Sphalerite was noted in very spare amounts in ore from 
the Old Bertha mine, and also in ore from the Albion group. I ts pres­
ence was determined only from microscopic examination. Some of it 
holds inclusions of pyrite. In turn it is similarly included and partly 
replaced by other sulphides. Most of it contains minute scattered 
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grains or blebs of chalcopyrite arranged symmetrically along its crystal­
lographic partings, an arrangement and relation usually ascribed to 
unmixing from a solid solution. 

Tetrahedrite: Some of the silver content of the ore is probably due 
to the association of tetrahedrite with galena. Tetrahedrite occurs 
most commonly as microscopic inclusions in galena. More rarely it 
forms larger grains and masses. In the latter form at the Old Bertha it 
shows replacement of shattered sphalerite. In turn it is partly cement­
ed and replaced by galena. In all the deposits it is mainly older than 
the sulphides not yet described. 

Chalcopyrite:· Chalcopyrite is nowhere abundant except in parts of 
the Albion vein. It usually forms as small grains in galena, or veinlets 
or granules replacing quartz, sphalerite, and tetrahedrite. Its deposi­
tion mainly preceded that of galena, for the latter shows some slight 
replacement structures. 

Galena: Galena as the chief ore mineral forms grains, granules, 
seams, or bands in the vein quartz, usually with much less noticeable 
pyrite and chalcopyrite. Much of it tends to occur in massive, coarse­
grained aggregates of cubical crystals, but that at the Old Dominion 
is very fine-grained and that in the Albion vein is mashed and schistose, 
due to post-mineral slippage along the vein. An assay on some nearly 
pure galena from the bin·s of the Melcher Mining and Milling Company 
shows values of 99.4 ounces in silver and 0.01 ounces in gold. Exami­
nation of polished surfaces of this ore reveals tetrahedrite as minute 
inclusions, but probably not sufficiently abundant to account for all 
the silver in the ore. It is probable therefore that the galena is argentif­
erous and carries some silver mineral in solid solution. 

The galena is the last mineral to be deposited. It also cements the 
· fractured quartz, replaces the quartz pieces, and cements and corrodes 
the other sulphides. At the Old Bertha it fills fractures in the chalco­
pyrite; in the Albion ore it partly replaces the chalcopyrite. 

Gold: It is not known in what form the gold occurs in the ores. None 
of it was seen in the free state. As mentioned earlier, the gold values 
seem to increase with the lead content. 

SECONDARY MINERALS 

Copper sulphides: Covellite, and to less extent chalcocite, consti­
tute the only secondary sulphides. Neither occur in sufficient abund­
ance to be noted except in microscopic examination of the partly oxi-
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dized sulphide ore. Covellite generally forms patches in anglesite near 
galena residuals or as irregular borders on the galena. It also forms on 
borders of chalcopyrite in contact with galena. Elsewhere oxidation of 
chalcopyrite yields chalcocite. 

Copper carbonates: Malachite, and less commonly azurite, form thin 
patches or coatings on the vein quartz or in the cavities left from the 
oxidation and removal of sulphides. They also form on the surface of 
the partially oxidized sulphide residuals. Neither can be considered as 
more than surficial traces in most of the veins. 

Copper silicate: Chrysocolla and also copper pitch ore occur in some 
of the deposits. The copper pitch ore is but a minor product following 
the replacement of the chalcopyrite by chalcocite. Chrysocolla is con­
fined mainly to the outcrop where it forms minor crusts and patches, 
usually with malachite and azurite. 

Pyromorphite: Pyromorphite, the chlor-phosphate of lead, is con­
spicuous as a secondary lead mineral near or at the surface of most of 
the lead veins and usually in the surrounding country rock. It occurs 
mainly as greenish crusts or coatings on the vein quartz or quartzite, 
or as crystalline aggregates lining clefts and fractures. I ts crystals are 
mainly prismatic or barrel-shaped, less commonly fibrous. In its non­
crystalline occurrences it assumes reniform or botryoidal forms. Colors 
range from deep green to yellow-green and less commonly to brown. 
The mineral is particularly noticeable at the surface along the veins 
near Conner Creek. 

Cerussite: Cerussite, lead carbonate, is common in the upper part of 
most of the veins, usually as ashy gray crusts or in earthy forms, more 
rarely in crystals. Unfortunately, oxidation has nowhere extended far 
beneath the surface and the carbonate zone is not thick. Much of the 
cerussite also encloses residua of galena. Some, along with the partly 
oxidized galena, has been marketed. 

Anglesite: Anglesite, the sulphate of lead, is conspicuous only as an 
incipient oxidation product of galena. Its usual occurrence is as 
minute veinlets in galena, developed by replacement and directed by 
cleavages within the galena. Anglesite is not a particularly stable form 
of lead, but the sulphate is usually replaced by the more insoluble 
carbonate. 

Iron oxides: Iron gossans are not conspicuous except on the high 
ridge at the head of Fairchild Creek. The gossan is composed mainly 
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of limonite, but has a little hematite and a little manganese oxide. Its 
formation is probably the result of the oxidation of pyritic bodies. 
Assays for gold and silver revealed the presence of neither. 

Some iron oxides occur in the upper parts of the veins on Conner 
Creek and elsewhere, but the amount is not great, probably because 
neither pyrite nor chalcopyrite are abundant as primary minerals. 

MINERAL PARAGENESIS 

Clear evidence can be obtained from polished sections that crystal- · 
lization did not take place simultaneously, but that the different pri­
mary minerals were formed successively. The intimate intermingling 
of the minerals show convincingly that the great mass of the ore in 
most of the veins was formed from solutions of essentially the same 
character that underwent gradual change instead of from a succession 
of distinctly different solutions. Deposition was sufficiently interrupted 
at times by movement along the vein to shatter or fracture early min­
erals. Most pronounced of these movements concurrent with mineral 
deposition occurred after most of the quartz had been deposited and 
before the sulphides were deposited. 

The paragenetic sequence, without restating the essential relation­
ships brought out in the description of the individual minerals, may be 
given as follows: quartz, (specularite), pyrite, (arsenopyrite), sphalerite, 
tetrahedrite, chalcopyrite, and galena. Most abundant or most valuable 
minerals are italicized, those whose positions are not accurately fixed 
are in parentheses. This sequence exhibits no unusual peculiarities, 
but is rather characteristic of quartz-lead veins in the Cordilleran region 
in or near intrusive bodies of granitic rock. 

DEPOSITS 

STRUCTURAL FEATURES 

Most of the veins occupy well-defined fissures whose walls are sharp 
and distinctly set off from the vein filling. Less commonly the deposits 
constitute small quartz stringers in poorly defined shear zones, and this 
kind is only slightly less common than the irregular bodies developed 
by replacement of calcareous rock. Quartzite, especially, has not been 
amenable to replacement and fissures in such rock have had their essen­
tial forms retained. Schist and granite have been less resistant to 
replacement by the mineralizing solutions and fissures in them show 
some modification by wall replacement. 

Fissure veins are typically tabular, but exhibit a variable amount of 
pinching and swelling. Locally some of the lenticular bodies attain 
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chimney-like proportions near fracture intersections, but in general the 
veins seldom exceed six feet in thickness and usually not more than 
three. Most of them are persistent for several hundreds of feet, and 
extend to considerable depth, although in no place has development 
been sufficient to afford a satisfactory basis for estimating the actual 
depths to which the deposits might be expected to extend. Deposits in 
calcareous rock on the other hand usually swell into large chimney-like 
masses as much as 50 feet across. This kind is very erratic and occurs 
only infrequently along the zone of fissuring and may pinch out in 
depth as sharply as it does horizontally. Much of the chimney mass 
consists of a ramifying network of small quartz stringers. Some string­
ers also occur in sandstones and quartzites, locally forming, a reticulating 
vein sy.stem. Individual stringers usually do not exceed an inch in 
thickness and a~e too widely spaced to form profitable deposits. 

Position of the fissures with respect to the major structural features 
. of the region has already been cited. Those on Conner Creek are near 
or essentially along the anticlinal axis of the range; those elsewhere, on 

, the far west flank of the anticline or in the underlying block of Car­
boniferous rocks. In general the direction of fissuring .closely parallels 
the trend of the major structures, and . the individual fissures strike 
mainly to the northeast from 10° to 45°, more rarely to the north­
west. The dip of the fissures is usually steeply to the west or northwest. 

None of the mineralized fissures give any indication of large relative 
displacement. No doubt these fissures are genetically related to the 
major structural disturbance in the region and antedated the intrusion 
of the granitic bodies. None of the larger faults, which are believed to 
have been produced at this time, either normal or reverse, are known 
to be mineralzed, perhaps because the gouge along such faults was so 

. finely comminuted and so tightly compressed that it was impervious to 
the passage of ore solutions. Several of the veins are in part in granitic 
rocks, and the fissuring preceding their formation obviously took place 
after the intrusion and consolidation of the rock. The major orogenic 
movements and the batholithic intrusion in this part or' Idaho are 
probably intricately related parts of the same general process. Part of 
the disturbance of the stratified rocks at any particular place doubtless 
preceded the advent of the granitic magma, and part of it took place 
concomitantly with and shortly after the intrusion. It seems probable 
that the fissuring which provided paths for the ore solutions was a 
minor feature of this great process of mountain building and intrusion 
and that it continued without interruptions throughout the period of 
disturbance. 
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There is abundant evidence of recurrent movement along the fissures 
during the mineral deposition and after the major period of ore deposi­
tion. In some of them minerals first deposited were intricately brecci­
ated before the later minerals were formed and this process apparently 
took place several times and to a varying extent in all the deposits. 
Some of the ore, especially the galena ore at the Albion vein, has been 
extensively crushed and ground into a fine-grained aggregate, showing 
a schistose structure. This feature is due to post-mineral movement. 
Post-mineral faults crossing the veins have been found in the course of 
underground development, but displacement along these ha$ not been 
gr~ . 

VEIN STRUCTURE 

Most of the fissures have been entirely filled with massive quartz 
throughout the greater part of their length, but here and there open 
clefts remain filled by drusy quartz crystals. Occurrence of 'open spaces 
is the exception, however, rather than the rule. None of the veins show 
evidence of crustification other than the occasional open cleft, nor do 
they show evidence of banding. Sulphides, and in particular galena, 
occur as small grains, granules, or masses scattered irregularly through 
the vein quartz, usually directed along small fractures in the quartz. 
Less commonly the galena forms massive bands or seams, then usually 
not more than two or three inches wide and of no great length. Such 

· massive bands are usually lenticular. In some places the galena forms 
irregular masses as much as six inches in diameter, but mostly its occur­
rence is in much smaller masses of such size that milling is. an essential 
process for its separation from the quartz gangue. 

The veins are seldom mineralized with ore for more than two or 
three hundred feet aJong the strike and usually for much shorter dis­
tances. Ore shoots have been in part formed along the shattered zones 
in the early quartz filling. There is no way, so far as the writer knows, 
of forecasting the occurrence of such zones or their disappearance. 
Localization of ore shoots along some of the veins has also in part been 
determined by cross fractures or fissuring. Increased porosity resulting 
from such fracture intersections seems most favorable to the passage of 
mineralizing solutions and the development of ore shoots. 

SECONDARY ENRICHMENT 

Ore from near the surface, recovered in the early days, was mainly 
oxidized and consisted largely of cerussite enclosing residual grains and 
lumps of galena. This ore was probably richer than that at greater 
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depths, for shipping ceased soon after the essentially primary ore had t 
been encountered. Part of its enrichment was in silver, but no informa-
tion concerning the silver and lead ratios could be obtained. This sec-
ondary ore is no longer an important factor and does not warrant 
further discussion. 4 

In some of the veins enrichment or even oxidation is scarcely notice­
able more than a dozen feet below the surface. In others, partially 
altered ore extends from 50 to 100 feet below the surface, but through­
out this depth there has been little enrichment. 

GENETIC CLASSIFICATION 

Deposits such as these in the Stokes district fall into the group 
regarded by Lindgren 1 as mesothermal; that is, into those metalliferous 
deposits formed at intermediate temperatures by ascending thermal 
solutions and in genetic connection with intrusive rocks. Absence of 
such minerals as magnetite, garnet, pyroxene, tourmaline, pyrrhotite, 
shows that a high degree of heat did not prevail at the time of genesis, 
but that the temperature must have ranged from 175° to 300°C. The 
thin seam of specularite found in one of the veins might suggest, locally 
at least, that temperatures were somewhat higher; but specularite is not 
a reliable thermal indicator, for it is known to occur in deposits of low 
temperature characteristics. But in most deposits in the $tokes district 
the conditions were much below the hypothermal range, although still 
much above the epithermal. That conditions of deposition were not 
epithermal or near surface is indicated from the complete absence of 
minerals characteristic of that type of deposit. The deposits in the 
Stokes district also lack the extremely brecciated structure common in 
deposits formed near the surface and also the lenticular form of deep­
seated deposits. Fissures are fairly regular in strike and dip and appar­
ently stood partly open before being filled with vein matter. There is no 
way of determining the exact or even approximate depth of these 
deposits beneath the surface at the time of their formation, but it prob­
ably exceeded a mile. Minerals in them, such as the association of 
pyrite, galena, sphalerite, chalcopyrite, tetrahedrite, arsenopyrite, are 
especially common in the mesothermal type of deposit. 

AGE AND GENESIS 

It has come to be generally recognized that ore deposits such as 
those here described are formed by heated solutions derived from intru­
sive igneous rocks. There can be little doubt that the mineralization 

1 Lindgren, Waldemar, Mineral deposits: McGraw-Hill Book Co., pp. 598-717. 

.. 
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in this district is related to the Cassia batholith and its outliers. Ar­
rangement of the veins about and in the upper part of the stock on 
Conner Creek is especially suggestive of such a relationship. It has 
already been shown that the fissures were produced before the advent 
of the mineralizing solutions, · and the solutions followed the fissures 
because they offered the least resistance to their passage. It has also 
been explained that most of the fissuring occurred during the great 
orogenic movement when the strata were folded and broken by faults, 
and that intrusions of granitic magma followed soon after. As the 
mountain building is believed to have taken place in the late Creta­
ceous and to have extended into the early Eocene and as the batho­
lithic intrusions came during the later part of this epoch, the minerali­
zation is therefore late Mesozoic or more likely early Tertiary. The 
characteristics of these deposits differ sharply from those in the Black 
Pine district and from those in the Miocene lavas in neighboring or 
nearby districts, 1 where the mineralization is related to a younger epoch 
of igneous activity. They resemble to some extent deposits associated 
with granitic rocks of similar age elsewhere in Idaho2 and do not 
resemble deposits associated with Tertiary rocks either in Idaho or in 
other parts· of the Rocky Mountain region. 

COMPARISON WITH DEPOSITS IN OTHER REGIONS 

Prominent veins carrying milky quartz and sparsely disseminated 
tetrahedrite, galena, and usually zinc blende, with subordinate pyrite,. 
are common in the Cordilleran region of the United $tates in or near 
intrusive bodies of granitic texture. According to Lindgren, 3 many 
such veins are found in the great batholiths of Idaho and Montana, but 
the deposits are on the whole poor and rarely worked, although from 
1870 to 1890 the enriched surface zones in many places yielded much 
silver. These veins are not to be confused with the rich galena-siderite 
veins in the famous Coeur d'Alene district of Idaho or with the formerly 

. productive tetrahedrite-galena-siderite veins in the Wood River district 
of Idaho. The galena-quartz veins such as are represented in the Albion 
Range are essentially distinctive from them, although probably formed 
at the same time and under similar conditions, but from solutions of 
somewhat different composition, especially from solutions low or defi­
cient in iron and carbonate. 

1 Anderson, A. L., Geology and ore deposits of the Lava Creek district: Idaho Bureau of Mines and 
Geology Pamphlet 32, 1929. Ross, C. P., Ore deposits in Tertiary lava in the Salmon River Mountains, 
Idaho: Idaho Bureau of Mines and Geology Pamphlet 25, 1927. 

• 2 Ransome, F. L., and Calkins, F. C., The geology and ore deposits of the Coeur d'Alene Mining dis-
trict: U.S. Geol. Survey Prof. Paper 62, 1908. Umpleby, J.B., Westgate, L. C., and Ross, C. P., Geology-~ t 
and ore deposits of the Wood River region, Idaho: U.S. Geol. Survey Bull. 814, 1930. ~ 

3 Mineral deposits, op. cit., p. 641. 
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The veins in the Stokes district are perhaps closely allied to the ,. 
galena-quartz veins in the central and eastern Cordilleran states, espe-
cially those described near Kingman, in northw~stern Arizona, in the 
Wallapai1 mining district. These deposits have been valued mainly for 
their rich secondary silver ores. The veins occupy well defined fissures, ~ 
with steep dip, and have defined walls. The gangue is quartz, in places 
shattered and cemented by a later generation of calcite and occasion-
ally siderite. Among the primary sulphides are pyrite, arsenopyrite, 
galena, zinc blende, and chalcopyrite, tennantite, proustite, and pearce-
ite. Veins are narrow, are fissure fillings, and their structure is irregu-
larly massive. Unfortunately the veins in the Stokes district have not 
been as well mineralized as those elsewhere. 

OUTLOOK FOR THE DISTRICT 

As a whole galena-quartz veins such as are found in the Stokes dis­
trict are poor and rarely worked after the enriched portions near the 
surface have been removed. Some of the veins in the Stokes district 
have small, moderately well mineralized ore shoots, but most of the 
veins are not especially well mineralized and judging from the long 
period of inactivity other than ordinary annual labor even over periods 
when lead commanded high prices, mining has not always been a profit­
able venture. Tetrahedrite is usually a very minor mineral in the veins 
and does not increase the tenor of the ore to any great extent. The 
.veins must therefore be mined for their lead content and for what silver 
the lead contains. Not until the price of lead is well above the prevail­
ing price in 1930 will the outlook for the district be other than pessi­
mistic. Gold apparently does not occur in sufficient quantity to raise the 
tenor of the ore to a level that would make exploitation profitable. 

PROPERTIES 

MELCHER MINE 

The Melcher mine lies on the north side of Conner Creek valley in 
Sec. 8, T. 13 S., R. 25 E., at an elevation of about 7,000 feet A.T. It is 
easily reached over a road from the Elba Basin, the lower part steep and 
rocky but the upper part, though rocky, on an even grade. Since 1899 
the mine has been controlled by the Melcher Mining and Milling Com-

. pany, which not only undertook extensive development of the deposit 
but equipped the property with a complete mill and mine camp. The 
mill is modern and is equipped with four flotation cells with vertical 

1 Schrader, F. C., ~ineral deposits of the Cerbat Range, Black Mountain, etc.: U.S. Geol. Survey 
Bull 397, 1909; and Bastm, E. S., Bull. 750, U.S. Geol. Survey, 1924, pp. 17-39. 
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electric motors, filter press, cone cfassifier, ball mill, jaw crusher, and 
three Wilfley tables. Electric power carried over high tension lines 
from Albion was formerly used, but later a steam driven plant was 
installed. It was not ascertained just when the mill was erected, but it 
has remained idle at least since 1920. The mill and camp lie about 
700 feet below the mine tunnels and ore is lowered to the mill over a 
tram. Underground workings consist of two main tunnels, one about 
3,300 feet long, the other 1,600 feet long, and several shorter tunnels, 
shallow shafts, and cuts. 

No information was obtained dealing with the early history of the 
property or of its more recent operations. The mill was apparently 
operated at several intervals and considerable concentrate marketed. 
These concentrates consisted chiefly of galena, but are reported to carry 
about 4 per cent copper, some values in silver, and about $10.00 in 
gold per ton. This property was idle in 1930 and had been idle since 
1920. Efforts to get in touch with the owners of the property and to 
obtain from them information concernin~ the past history, past pro­
duction, and tenor of the ore were unavailing. Some of the tunnels were 
caved, and as there was no one on the property at the time of the 
writer's visit the results of the examination were far from satisfactory. 

Veins ort the property are of the fissure type and consist essentially 
of a quartz filling with irregularly scattered masses of galena and less 
frequently pyrite and chalcopyrite. Tetrahedrite is revealed in small 
grains in the galena on microscopic examination. Most of the galena 
is coarse cubical, but a little has been mashed to form steel galena. 
At the surface or in the upper workings small patches of malachite and 
azurite occasionally crust the quartz or ore minerals. Greenish crystals 
and crusts of pyromorphite may also be seen on the surface croppings 
and in some places in the adjoining country rock. Little cerussite and 
anglesite was observed, although both may have been present in some 
abundance before mining activities began. Scarcity of secondary min­
erals is undoubtedly due to the Pleistocene glaciers, which have cut 
deeply into the valley and removed any previous oxidized or enriched 
zone that might have existed. 

Several veins occur on the property but only one has been exten­
sively developed. This one is mainly in the quartzite but occasionally 
cuts schist and granite. Others have similar'relations, although several 
of the minor ones are almost entirely in the granite. The granite does 
into the roof of the stock. A short distance below the surface it be­
comes the prevailing kind and the host for most of the veins. These 
veins are on the east side of the anticline, although not far from the 
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axis, and are in and above the roof of the granitic stock mentioned 
above. The principal vein at the surface strikes N. 30° E., and dips 
55° N.W. It shows some slight changes in both strike and dip below 
the surface and also some offsets because of post-mineral faulting. At 
the surface its width varies from 18 to 20 inches, but underground it 
increases in places to six feet. Some of the other veins have similar 
trends, but several strike to the northwest. · 

The principal vein has been opened by two main tunnels and by 
several shorter ones. These are joined by raises and shafts, some of 
which extend to the surface. The lowest tunnel is not entirely acces­
sible, as ore from a broken bin well back from the portal has effectively 
sealed off the remainder. The next tunnel, about 100 feet above, is 
caved at the portal. The conditions of the raises between the two 
tunnels did not encourage examination of the vein in the higher tunnel. 
Only about 910 feet of the lower (Grant) tunnel could be examined. 
It is reported to continue for at least another 2,000 feet. From the 
blocked point to the portal• the vein alternately pinches and swells, 
generally from nothing to three and one-half feet, or in some places 
breaks up into smaller stringers. One of the lenticular masses contains 
scattered masses .. of ore. This character is maintained for about 145 
feet, the fissure showing some change in curvature as well, and then 
the vein enlarges to six feet and maintains this remarkably uniform 
width for about 250 feet. Much of this part of the vein carried ore, as 
evidenced from the stoped area above. The fissure then crosses soft 
schist, and, although the fracturing is fairly pronounced, the greater 
quantity of gouge developed did not permit ready access to the miner­
alizing solutions and the fissure is mainly barren, with recurrent small 
lenticular quartz masses. Much drifting has been carried to the west 
from a point 300 feet from the portal, but only small seams of quartz 
have been disclosed. This drift also reaches the surface and it repre­
sents the earliest work, subsequently shunted off by a shorter and more 
direct tunnel to the vein. The tunnel about 100 feet above is reported 
to be but 300 feet long. Underground the vein has an average trend 
of N. 20° E., but varies from N. 10° E. to N. 30° E. 

Several cuts have been made higher on the vein, and numerous cuts 
and shallow shafts have been sunk on other veins to the east, including 
several tunnels now inaccessible. Small quantities of galena and pyrite 
are strewn on some of the dumps. One vein has an especially favorable 
outcrop, but a long crosscut driven far below the cropping revealed 
nothing with depth. Although the vein is in quartzite at the surface, 
the tunnel below was almost entirely in igneous rock. The tunnel is 

' 



GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY 117 

reported to be 1,600 feet long. It is caved at the portal. Quartz 
stringers and veins are numerous in the valley slope, but few of them 
are more than lightly mineralized. 

BIG BERTHA GROUP 

The Big Bertha group lies at the summit of the wide flat ridge be­
tween Conner Creek and Howell Creek at an elevation of about 8,200 
feet A.T., about two miles northwest of the Melcher mine. It cannot 
be reached by car, but supplies and equipment have been brought in 
by wagon. This property, consisting of 13 unpatented claims, is owned 
by the Big Bertha Mining Company, incorporated in 1924. It i~ 
reported that 12 tons of ore were shipped from the property about 
40 years ago, consisting mainly of lead carbonate with good values in 
lead and silver. Last work on the property, other than annual labor, 
was in 1926. 

Little could be learned on the ground, as prospecting and develop­
ment has had to proceed through shafts, all of which are now inacces­
sible. Several shallow cuts, however, give some information concerning 
the veins and mineralogy. Judging from the alignment of the cuts and 
shafts there must be several veins, all of which have yielded a little 
ore. These veins, where they can be examined at the surface, are no 
more than a foot wide and consist essentially of milky quartz with 
sporadic recurring small pockets of galena. At the surface most of 
the galena has altered to cerussite and to lesser extent to pyromorphite. 
Other minerals identified in polished surfaces consist very subordinately 
of sphalerite, tetrahedrite, chalcopyrite, arsenopyrite, and specularite. 
Assays on ore samples (possibly concentrates) are also reported to caITy 
$14.00 to $16.00 in gold per ton. As the shafts and cuts are aligned for 
several hundred yards, it is apparent that the veins must be of equal 
length. 

One of the shafts is 120 feet deep, another 80 feet. Several others 
are from 35 to 40 feet deep. From one several short crosscuts have 
been driven. One long crosscut has been started some distance below 
the crest of the ridge, but it has not reached the veins, nor has another 
tunnel started nearby and abandoned. These are reported to be 500 
and 400 feet long respectively . 

. ALBION GROUP 

The Albion group, formerly. known as the Badger, lies about a mile 
west of the Melcher mine and at about the same elevation. It is 
reported that about five carloads of ore have been shipped, one car of 
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30 tons returning values of $2,200.00 in lead, silver, and gold. Most of 
the work consists of a tunnel about 600 feet long, now caved about 
470 feet from the portal. 

The fissuring trends about N. 12° E. and varies in dip from vertical 
to steeply west. Most of it passes through schist whose strike is N. 50° 
W. and dip 25° SE., but it also extends across granitic apophyses. Most 
of the fissure is but very sporadically mineralized, and a series of dis­
connected lenses constitute, the vein, usually not more than three feet 
across at the widest, together with minor seams and stringers. Deposi­
tion of the quartz in these lenses has been mainly by filling, also in part 
by replacement of the schistose wall. In some places the main fissure is 
intersected by other fissures, and these, too, carry narrow quartz veins. 

Mineralization consists mainly of galena, much of it granulated or 
mashed by post-mineral movement along the plane of the vein, and of 
lesser pyrite and chalcopyrite, and of sparse tetrahedrite and sphalerite. 
Most of the sulphides form narrow compact seams or bands in the vein 
quartz, although some is disseminated. The massive bands are seldom 
over two inches wide, but some do attain a width of a foot or more. 
Such bands are always short. Chalcopyrite is more abundant, in this 
vein than elsewhere in the district and seems to increase in quantity 
with depth. Clefts in the vein lined with drusy quartz crystals are 
also common. 

These lenses have been followed for more than 4 70 feet, but the 
stoped area does not cover much over 200 feet. Small raises or stopes 
are numerous, and from their shapes indicate that the shoots must be 
more or less chimney-like, although not more than four or five feet wide 
and usually not more than. twice as long. The stopes follow only the 
richer parl of the shoots and are not continuous above the tunnel level. 
Stoping has not extended upward for more than 50 feet. Depth gained 
by the tunnel is about 150 feet. 

At the surface the vein shows greater width, nearly eight feet. 
In one place it consists of 30 feet of barren quartz. Several shafts and 
cuts have been made on the outcrop higher on the ridge, also a 100-foot 
tunnel has been driven on the vein. Some malachite and considerable 
pyromorphite show at the surface. 

GOLDEN EAGLE PROPERTY 

The Golden Eagle property lies about a mile west of the .Albion 
group or high above the sharp bend in Conner Creek at an elevation 
near 7,200 feet A. T. About 10 tons of ore were shipped in the early 
days of· mining~ but there has been no recent production. Workings 
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are old and generally inaccessible. One shaft is reported to be 140 
feet deep. 

The vein is of the fissure type in quartzite and strikes abont N. 45° 
E. and dips 70° NW. It has been explored by several cuts and winzes 
from the surface for a distance of about 50 yards along the strike. The 
vein is from two to four feet wide and contains mainly oxidized ore, 
consisting largely of cerussite with residual grains or kernels of galena, 
also of a small amount of pyromorphite. · Assays made on some of the 
carbonate ore showed 0.04 ounces in gold and 15.6 ounces in silver 
per ton. 

A tunnel has been started about 150 feet below the outcrop and 
several hundred feet to the east, and, although it has passed through 
about 300 feet of rock, it has not cut the vein. There is no way of 
ascertaining the character of the mineralization or the size of the vein 
with depth. 

HARRIS AND HUME PROPERTY 

The Harris and Hume property lies near the head of Connet Creek 
at an elevation of about 7,000 feet A.T., about two miles west of the 
Melcher mine and one-half mile north of the Golden Eagle. 

The country rock consists of white quartzite, in part the conglom­
erate gneiss facies of the lower division of the Harrison series. These 
strata strike N. 40° W. and dip 15° SW. 

Material on the dump of the main tunnel consists largely of quartzite 
fragments, together with some ore and vein quartz, in part drusy. Some 
of the quartz is coated with pyromorphite and most of it is. stained 
brownish and black with limonitic varnish. The tunnel contains about 
750 feet of working, including two crosscuts, one 35 feet long and the 
other 25 feet long. About 545 feet of the tunnel is on a very pro­
nounced fissured zone trending N. 10° E. and dipping 70° NW. The 
quartzite along the fissure is intensely shattered and the rock reduced 
to small sharp fragments, even pulverized in places. This shattering 
forms a zone from two to 12 feet wide. In several places it contains 
small lenses of vein quartz, usually but a few inches wide, but one 
locally swells to four feet. These seams have no ore minerals. Above 
is a short tunnel and shaft. The vein near the shaft has some pyro­
morphite and limonite and it is probably from this place that t~e ore 
seen on the dump of the lower tunnel was obtained. 

OLD DOMINION MINE 

The Old Dominion mine lies about four miles northeast of Albion 
in the north end of the Albion Range in Sec. 16, T. 11 S., R. 25 E. The 
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property was located in 1888 and produced a little ore in the several 
succeeding years. Workings are not extensive, but include several cuts 
and shafts, also three tunnels, two of them about 175 feet long and 
one about 50 feet long. 

Several veins have been prospected, but only one has given encour­
agement to development. All are inclosed in limestone or marble and 
are replacement deposits along zones of fissuring. Pre-Cambrian 
quartzite overlies the marbleized limestone a short distance above, but 
it is not known whether the marble belongs to the pre-Cambrian series 
or represents a much-altered block of underlying Carboniferous rock. 
The latter seems more likely. The main vein may be traced for several 
hundreds of feet. I ts width is not constant but swells into chimney-like 
masses 10 feet or more across. These enlarged bodies also form the 
main ore shoots. The general trend of the fissuring is N. 10° E., and 
the dip is 60° to 80° NW. Most of the shoots are composed of massive 
quartz, but parts are made up mainly of ramifying veinlets and seams 
cutting the marble. In the quartz masses and quartz stringers are 
occasional small nests or pockets of galena accompanied by pyrite and 
tetrahedrite. Much of the early ore produced was largely oxidized and 
composed mainly of lead carbonate, enriched in secondary silver min­
erals. Only occasional crusts of malachite can now be found. Work 
has not extended below the oxidized zone. 

Most recent work has been done a short distance south of the old 
workings. Here a tunnel has penetrated about 15 feet of gouge, 13 feet 
of manganese and iron-stained rock, and through 30 feet of gossan and 
leached vein quartz, with occasional scattered granules of galena. . The 
hanging wall has not been encountered, but it is estimated that the lode 
is at least 50 feet wide. 

LAST CHANCE GROUP 

The Last Chance group lies in Sec. 22, T. 14 S., R. 24 E., on the 
high ridge between the head of Grape Creek and Green Creek, about 
a mile northeast of Cache Peak. The work consists of several cuts and 
a shallow shaft. The vein is not far from the granite contact and is in 
the quartzites. Its strike is about N. 40° E. and dip 70° NW. It is 
a fissure filling and is composed mainly of quartz, in part drusy, with 
occasional patches of malachite and chrysocolla. The vein is 18 inches 
wide at the surface. No sulphides have been encountered. 

PROPERTIES ON FAIRCHILD CREEK 

Much prospecting has been done and is being done on Fairchild 
Creek on the west slope of the Albion Range east of Oakley, but so far 
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as known no important discoveries have been made. Near the very 
summit of the range are several pronounced veins with heavy gossan 
cappings, but assays made 'by the Bureau analyst fail to show a trace 
of either gold or silver. These iron cappings are in the schist series of 
the pre-Cambrian and extend into the Paleozoic limestone that lies not 
far beneath. 

More extensive work has been done lower on the mountainside at 
the Gray Copper property. Veins on this property do not carry heavy 
gossans, but consist of a series of stringers of vein quartz with occa­
sional grains of tetrahedrite, mainly altered to malachite and azurite, 
in Pennsylvanian sandstone (locally quartzite). These quartz seams 
branch and reintersect, producing a ramifying network generally trend­
ing about N. 70° W. and dipping 70° S. Most of the individual seams 
are narrow, less than two inches, but a few are as much as a foot wide. 
These show extensive replacement of the shattered or fractured sand­
stone and the larger usually contains partly replaced fragments of the 
wall rock. These seams are too widely spaced and the vein material too 
widely diffused to encourage the likelihood of commercial ore. 

A 700-foot tunnel has been driven several hundred feet below the 
outcrop, but is now caved about 200 feet from the portal. It is driven 
partly in black graphitic schist and partly in the Paleozoic limestone, 
and is evidently in the plane of the great overthrust fault. About 300 
feet from the portal a layer of the schist is highly pyritic, the sulphide 
occurring as nodules, seamlets or disseminated, and replacing the schist. 
Assays reveal that the pyrite carries neither silver nor gold. 

PROSPECTS ON BOULDER CREEK AND LAND CREEK 

• 
Much prospecting has been done on Land Creek and its tributary, 

Boulder Creek, about four miles north of Fairchild Creek, also on the 
west slope of the Albion Range. Pits and cuts are numerous on upper 
Land Creek, and these have occasionally revealed narrow quartz veins 
in the pre-Cambrian rocks and the Paleozoic limestone. Some have 
a little tetrahedrite, usually altered to malachite and azurite. 

The principal workings are on lower Boulder Creek, not far above 
its junction with Land Creek. Field relations are not wholly clear, but 
the vein appears to represent a replacement of Wells limestone, although 
the rocks exposed at the surface nearby are pre-Cambrian quartzites. 
It is probable that the vein is mainly in the block of Pennsylvanian 
strata from which the pre-Cambrian has been locally eroded or eroded 
to a very thin shell. The vein trends N. 50° E., but neither its dip nor its 
thickness could be ascertained. The ore is reported to be argentiferous 
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galena and is associated with white vein quartz. The vein has been 
explored by a 40-f oot shaft from which a 170-foot drift has been driven. 
These are not now accessible. 

MINERALIZATION IN THE BLACK PINE DISTRICT 

GEOGRAPHIC FEATURES 

Mineralization in the Black Pine district is confined to a compara­
tively small area on the southeast slope of the Black Pine Range near 
the head of Black Pine Canyon, along Mineral Gulch, and in several 
of the gulches east of Black Pine Cone. The entire area covers scarcely 
more than four square miles, mainly in Secs. 19, 20, 21, 26, 27, 28, 34, 
35, in T. 15 S., R. 29 E. The deposits are scattered from the eastern 
base of the mountain well up toward the main divide, but the most 
favorable mineralization has been at the very head of Black Pine Can­
yon and near the base of the Range directly to the east. 

Properties at the base of the range may be reached over roads in 
a poor state of repair. These climb directly up the steep alluvial slopes 
and are not easily followed because of washouts and sage brush. None 
of them extend .up the main slope of the range, although one is usable 
for several hundred yards up Mineral Gulch. All connect with sec­
ondary roads in the main Black Pine Basin about a mile east of the 
county line and from there communication may be had with points 
eastward or with points to the west or south by passing around the 
ends of the range. It is possible to reach the main property at the head 
of Black Pine Canyon by automobile with slow, careful driving. This 
road connects with the Ogden branch of the OW Oregon Trail about 
four miles from the south base of the range. 

This part of the range has no timber other than scattered patches of 
juniper on its lower southern slope and a few groves of aspen in upper 
Black Pine Canyon. Necessary timbers in mining must be brought in 
from the outside or in a roundabout way from the high slopes near the 
north end of the range. 

Lack of water is also a serious handicap to mining and prospecting. 
All the gulches on the east slope are dry except for a short time after 
heavy rains, and there are no springs except those several miles from · 
the base of the range in Black Pine Basin. All water needed must be 
carried several miles from below. Black Pine Canyon is also dry most 
of the time. Enough water has been trapped in old workings to serve 
local domestic needs. It is unlikely that enough water could be devel­
oped to supply milling requirements throughout the year. 
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GEOLOGIC FEATURES 

The mineral deposits lie almost wholly south of the great transverse 
fault which crosses the range from Mineral Gulch on the east to Kelsaw 
Canyon· on the west, and are in the block of· the Brazer formation on 
the south ~ide of the fault plane. Folding and faulting in this section 
of the range have been discussed in the general section on structure, and 
it is only necessary to restate here the synclinal relation of the strata 
along Black Pine Canyon and the westerly tilt of the same strata on 
the east slope of the range as they form the east· limb of this syncline. 
It is necessary only to mention the overthrust character of the block 
of Brazer limestone and shale as it rests above the underlying block of 
cherty limestones and sandstones of the Wells formation. Should the 
veins persist with depth they would probably pass from the Mississip­
pian series into the younger Pennsylvanian. rocks below. Mineral 
deposits have so far been found only in the limestone of the Brazer 
formation and not in the black carbonaceous shales. 

CHARACTER OF THE DEPOSITS 

All deposits in the Black Pine district are replacements of limestone, 
directed along fissures• or faults of minor magnitude. These may in 
general be classed as silver-zinc replacements, zinc replaceµients, and 
cinnab.ar deposits. The silver is contained mainly in tetrahedrite, and 
for this reason copper. might be included in the silver-zinc grouping. 
Jamesonite also occurs in some abundance in the largest silver-zinc vein 
and thus the presence of lead might be made the basis for further 
distinction. The character of the deposits as well as the nature of the 
metallization is distinctly unlike that in the Stokes district in the 
Albion Range. 

MINERALOGY 

GENERAL SUMMARY 

The minerals in these deposits are of much greater interest and of 
much wider range than those in the Stokes district. The primary min­
erals include quartz, pyrite, sphalerite, tetrahedrite, jarriesonite, calcite, 
barite, cinnabar and realgar. Of these the quartz, sphalerite, tetra­
hedrite, jamesonite, calcite, and locally barite are the most abundant. 
The list of secondary minerals is not especially long and includes mainly 
smithsonite, calamine, malachite, azurite, scorodite, and iron oxides. 

PRIMARY MINERALS 

Description of the minerals will be taken in order of their deposition 
in order to stress the paragenetic history of the mineralization and its 
bearing on the origin or genesis of the deposits. 
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Quartz: The most abundant gangue mineral of these replacement 
deposits is white milky granular quartz, usually without trace of chalce­
donic or cryptocrystalline structures. Some, however, have local jasper­
oid facies. Shattering or fracturing of the quartz preceded the intro­
duction of the sulphides. Where the quartz is unfractured by the early 
movement along the veins it contains no sulphides or other minerals. 
Its early fracturing always seems necessary before the later metallizing 
solutions can be introduced and ore shoots delineated. In most deposits 
the fracturing has been slight and is not readily noticed, but in others 

, the quartz has been reduced to a loose breccia. Later solutions working 
through the fractured vein matter have deposited sulphides or other 
minerals in the open spaces, but more generally the later minerals have 
enlarged the fractures by replacing the quartz on either side or both 
sides of the original opening. As a result the sulphides form minute 
reticulating nets in the vein quartz, irregular grains or masses, and 
lenses and bands. In places much of the earlier quartz filling has been 
replaced, but in some of the more brecciated zones the pore spaces 
have not been entirely closed and some of the later sulphides form thin 
surface grains or coatings. Some quartz has also accompanied the later 
metallizing solutions, but the quantity is invariably very small and its 
deposition has persisted throughout the interval of metallic deposition. 
The later quartz does not show replacement by the other minerals. 

Pyrite: Metallization began with the deposition of pyrite. Its usual 
manner of deposition has been by replacement of the vein quartz and 
in this process it has developed its own characteristic cubical form. 
Most of it has been engulfed, however, in the later sulphides, and 
against them the pyrite has irregular or rounded outlines because of 
its partial replacement by them. 

Pyrite is not notably conspicuous in any of the deposits, although 
always present. In some its presence is only revealed from microscopic 
study. Lack of pyrite, except in very small quantity in most of the 
deposits, may in large part account for the general slight oxidation of 
the other sulphides, inasmuch as ferric solutions are usually necessary 
to aid in the attack by atmospheric oxygen. Some deposits do have 
a heavy iron capping and this feature suggests that some may be heavily 
pyritized at depth below the present zone of observation. 

Sphalerite: Sphalerite is an important ore mineral at the Silver Hills 
mine and probably occurs in some abundance beneath the oxidized zone 
at some of the other deposits. I ts usual occurrence is as dark brown 
to pale yellow grains, granules, and irregular masses, also massive 

t 
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seams, showing replacement of the quartz and containing a few scat­
tered remnants of pyrite. Some of the pale yellow grains, however, 
form distinct tetrahedrons. 

Tetrahedrite: The high silver content of some of the ore is probably 
due to the presence of tetrahedrite. It is one of the main ore minerals 
at the Silver Hills mine, where it is as abundant as the sphalerite and 
it occurs as occasional scattered granules in most of the other deposits. 
In the main occurrence it forms grains, granules, seams, and irregular 
masses in much the same pattern as the sphalerite. Most of it is the 
silver-rich variety of tetrahedrite (freibergite) and has a characteristic 
reddish-brown to nearly cherry-red streak or powder. Its high silver 
content has been verified by assay. In addition to its high silver, 
copper, antimony, and sulphur content, it also has appreciable amounts 
of arsenic. Some of the tetrahedrite forms individual replacement gran­
ules or masses in the quartz, but most generally it is directed along the 
sphalerite masses and in part replaces the sphalerite. 

Jamesonite: Jamesonite is most abundant at the Silver Hills mine, 
but it has been noted in some of the other deposits. It is sufficiently 
abundant at the Silver Hill mine to give 3.60 per cent lead on average 
samples of ore. The mineral has a steel-gray color, which readily sepa­
rates it from the grayish-black tetrahedrite. It tends to occur in com­
pact fibrous masses with individuals in parallel position, as slender 
needles lining cavities, and as compact and slightly schistose forms. 
These frequently form aggregates or masses as much as six inches in 
diameter in some parts of the Silver Hills vein. It is more abundant in 
some parts of the veins than in others, but it is rarely entirely absent. 
The mineral is usually intimat~ly associated with sphalerite and tetra­
hedrite, may locally exceed them in abundance or may be recognized 
only microscopically within them elsewhere. Jamesonite is another of 
the minerals that tends toward idiomorphism during replacements and 
occurs characteristically as laths penetrating quartz, sphalerite, and 
tetrahedrite, but rarely pyrite. I ts replacement of the quartz as idio­
morphic laths is especially developed, but its similar relation to the 
sphalerite and tetrahedrite is only slightly less marked. As the jame­
sonite increases in quantity the other minerals are partly to wholly 
replaced and the jamesonite then loses its characteristic form except 
at margins, although the lath structure may be brought out with proper 
etch reagents. 

Calcite: Some deposition of calcite began before all the janiesonite 
had been deposited, but most of it came later. Some shattering of the 
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earlier minerals preceded the introduction of the carbonate solutions, 
for fractures in them are filled with calcite and some of the brecciated 
sulphides have been completely cemented. A very minor amount of 
the jamesonite is contemporaneous with the calcite in some of the cal­
cite veinlets, but most of it is clearly older than the calcite. These 
relations indicate an overlapping in the deposition of the two minerals. 
The calcite shows irregular distribution in the deposits and forms nar­
row stringers or veinlets, less commonly seams or masses several feet 
across. The quantity of calcite in each of the veins is not large when 
compared with the total filling. Its occurrence is that of a late subor­
dinate gangue mineral. 

Several veins composed entirely of calcite occur on the east slope 
of the mountain below Black Pine Cone. Some of these are 50 feet or 
more across but contain no sulphides or other minerals. These have 
mainly formed by direct replacement of the limestone, although it is 
possible that some have obliterated earlier quartz fillings. 

Barite: Barite has been found as a gangue mineral in several of the 
deposits. In one it forms granular crusts and crystalline aggregates in 
a very friable vein quartz breccia, and constitutes approximately a 
fourth of the deposit. In the other it oc~urs as scattered granular 
masses and crystals as a part of a massive vein filling with quartz and 
calcite. I ts introduction occurred after the quartz had been fractured 
and also after most of the calcite had been deposited. Both the quartz 
and calcite have in part been replaced by the barite. In the first 
deposit _the clefts and pore spaces have not been entirely filled and 
tabular crystals of barite projecting into cavities are common. 

Cinnabar: Cinnabar is present in several of the deposits, but its 
interest is largely scientific. It is most abundant in the deposits with 
barite, although its occurrence has been noted in several that have no 
barite gangue. In the porous and friable quartz-barite chimney it is 
unevenly distributed and forms thin, sooty or dustlike coatings on 
quartz and barite crystals or thin films in fractures. In places it is 
abundant enough to impart a decided reddish color to small pieces of 
the ore. It also forms occasional small reddish granules and reddish 
and blackish spots and grains in the massive vein fillings of other 
deposits. In one of these, the cinnabar also forms a film on tetrahedrite 
and jamesonite. 

Realgar: The association of realgar with cinnabar is suggested both 
from the color and streak of the cinnabar and from its arsenic content. 
The color and streak of the cinnabar is in reality intermediate between 

' 
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that of cinnabar and realgar, being neither so scarlet as pure cinnabar 
nor so orange as pure realgar. In addition the cinnabar gives pro­
nounced tests for arsenic before the blowpipe as well as for mercury 
and sulphur. The realgar is somewhat subordinate in the admixture 
of the two minerals. 

SECONDARY MINERALS 

Smithsonite: Zinc carbonate occurred in sufficient abundance at the 
Ruth mine to constitute ore, but it is not of value in any of the others. 
The carbonate has probably been derived from the oxidation of sphaler­
ite and the reaction of the resulting sulphate with the limestone w~lls. 
Much of the smithsonite forms crystalline incrustations; some is granu­
lar, some reniform, and some is earthy. The crystals are small, gen­
erally curved and rough. The color is brown, white, grayish, or tinged 
with green and blue. 

Calamine: Only a very little calamine has been noted in the oxidized 
ores. It occurs with smithsonite. 

Copper carbonates: Malachite and azurite form thin patches or coat­
ings on the oxidized outcrop or for a short distance below. These 
patches are from the oxidation of the tetrahedrite and are often in 
contact with partially oxidized residuals of the tetrahedrite. There 
has been no supergene concentration of secondary copper minerals. 
Some of the carbonate encrusted residua of tetrahedrite also contain 
traces of covellite. It appears that covellite is the first product formed 
as a result of the tetrahedrite oxidation. 

Antimony oxides: Several of the pale yellowish or gray antimony 
oxides remain in the small vugs left on the oxidation of the tetrahedrite. 
Some occurs on the surface of the partially altered· tetrahedrite as well. 

Oxidation of the jamesonite has also given a little grayish bind­
heimite. 

Scorodite: Scorodite is an interesting secondary mineral in the upper 
part of most of the veins, especially those with cinnabar and realgar 
and to lesser extent in those with tetrahedrite. This hydrous arsenate 
of ferric iron forms pale leek-green prismatic crystals and amorphous 
and botryoidal crusts on the surface and in the cracks of the quartz 
gangue. I ts source is from the arsenic in the realgar and in the arsenical 
tetrahedrite, together with iron from the oxidation of pyrite or other 
iron minerals. 

Iron oxides: Iron gossans are not conspicuous in the Black Pine 
district and in most veins are lacking. Some veins near the base of 
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the range do have gossan cappings composed of yellow to brownish- 4 

black limonite admixed with some reddish hematite and some black 
pyrolusite. Some parts of the outcrop also contain considerable smith-
sonite and calamine. 

MINERAL PARAGENESIS 

Evidence is clear here, too, that crystallization or deposition did not 
take place simultaneously, but that the several primary minerals were 
formed successively from solutions which underwent gradual change. 
Deposition was also sufficiently interrupted at times by movement 
along the vein to shatter or fracture early minerals and, as the solutions 
continued to circulate, to deposit new ones, in part by replacing the 
old. The most abrupt change in the composition of the solutions came 
near the end when carbonates gave way to sulphates and with the sul­
phate solutions cinnabar and realgar were brought in. 

The essential relationships of the minerals and their sequence of 
deposition have already been outlined. The order may be given as 
follows: quartz, pyrite, sphalerite, tetrahedrite,. jamesonite, calcite, barite, 
cinnabar and realgar. Those italicized are either abundant in all the 
deposits or predominate in some certain few. Those not italicized are 
always subordinate or accessory. The chief interruption of the deposi­
tion came near the end of the quartz stage, but considerable l_llOVement 
along the vein also occurred during the latter part of the jamesonite 
deposition and before the introduction of calcite. The sequence given 
has no unusual features, but is similar to deposits of like kind in other 
parts of the Cordilleran region. There remains only to call attention 
to the idiomorphic character of the jamesonite in its replacement of 
other minerals. 

DEPOSITS 

STRUCTURAL FEATURES 

As the deposits represent replacements of limestone directed along 
fissures or faults of minor magnitude, they show great irregularity in 
shape and size. Some deposits are more or less tabular, but most of 
them swell into occasional chimney-like masses. Most of the veins·are 
less than 12 feet wide and perhaps average about 6, but changes occur 
so frequently along a given vein that precise figures cannot be given. 
The main Silver Hills vein at one place is at least 60 feet wide. Such 
veins can rarely be traced continuously ·for more than three or four 
hundred feet along the strike. They may pinch to relatively thin seams, 
but other chimney-like swellings may appear farther along the fissure. 
It is very probable that the bodies pinch and swell with the depth as 
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well as along the strike, for the same vein whose width a short distance 
below the surface is 60 feet or more has much less width at the surface. 

The contact between wall and vein is usually sharp. In most places 
numerous quartz stringers extend into the limestone wall from the main 
quartz body and some of the deposits also include large horses of 
country rock. Replacement of the wall has usually obscured the origi­
n_al fractures or :fissures which early directed the solutions. 

These bodies are enclosed wholly in limestone so far as present 
development has shown, but a number of them are near an adjoining 
bed of shale. In general the shale is not appreciably replaced, but 
serves mainly to direct the mineralizing solutions. 

Mineralization has not been along the major faults in the district 
but along fractures or :fissures of relatively slight displacement. No 
doubt these :fissures are genetically related to the major structural dis­
turbance in the region. Most of them trend in a westerly direction, 
about parallel to the course of the Kelsaw fault and most likely repre­
sent subsidiary fractures developed incidentally to movement along the 
great transverse fault. These trend from N. 85° W. to N. 55° W., and 
dip mainly to the northeast. Abundance of finely comminuted and 
impervious gouge in the major. fault planes probably explains the lack 
of mineralization along them. 

Part of the :fissuring is perhaps not so much due to movement along 
the Kelsaw fault as to the bending or plunging of the strata northward 
against the major fault plane. This movement has developed a distinct 
crossfold, well brought out in Plate X, A, and part of the openings at 
least are due to breaking of the strata at the crest of the anticline from 
tensional forces involved in bending. 

There is abundant evidence of recurrent movement along the :fis­
sures during mineral deposition and to lesser extent after the major 
period of ore deposition. Appreciable movement occurred, especially 
after deposition of most of the quartz and again before the deposition 
of the calcite. Alo-g.g some of the veins the movement was sufficiently 
severe to reduce the early vein filling to a breccia. A little movement 
has followed the deposition of the ores, but not nearly so much as along 
the veins in the Stokes district. 

VEIN STRUCTURE 

The structure of most of the veins is simple and represents massive 
replacement of the limestone. Such veins are free from banding or 
crusti:fication, and rarely contain clefts or other openings. The ore 
minerals are scattered irregularly throughout the vein, although in 
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general they favor some parts more than others, especially such parts 
as were most broken during the early stages of mineral deposition. 
The ore occurs mainly as small granules or irregular masses, usually 
less than an inch, and more or less closely spaced. In some deposits 
the ore also occurs in small lenses or seams, usually not more than two 
or three inches wide nor more than a few inches long. . As the sulphides 
have replaced the vein quartz much the same as the quartz replaced the 
limestone, their occurrence is equally irregular and uncertain. The 
sulphides are not sufficiently well massed, however, to permit profitable 
recovery except by milling methods. 

Several veins are; however, characterized by intense brecciation, 
such as is common in many deposits formed near the surface. Frag­
ments have in part been healed with later minerals, but open vugs with 
drusy surfaces are common. In these the sulphides are confined to the 
open clefts or fractures, but in the veins sulphide minerals are com­
paratively rare. 

SECONDARY ENRICHMENT 

Deposits high on the flanks of the mountains or near. the heads of 
valleys show little evidence of surface alteration or enrichment. Ero­
sion has been in most places more rapid than secondary enrichment 
processes, and as a result the sulphides appear in the outcrop. In some 
there may be a slight enrichment very near the surface, but such 
a zone would be extremely shallow and in most veins of no consequence 
because the vein was probably too lightly mineralized with primary 
sulphides at the start. A slight enrichment has probably occurred at 
the Silver Hills mine, but its effect is not deep and has not greatly 
increased the tenor of the ore. 

Lower on the slopes of the range, oxidation has been more prolonged 
and secondary enrichment has been a more important factor. Some 
secondary zinc carbonate ore had accumulated at the surface of the 
Ruth vein. This enriched ore was bottomed in less than 12 feet below 
the surface. At that depth, however, sulphides had not made their 
appearance. Heavy iron gossans at the Hazel Pine suggests the possi­
bility of enrichment, but the zone is apparently shallow, shafts a few 
dozen feet in depth soon encountering primary vein matter. As a whole, 
secondary enrichment has been a negligible factor in these deposits. 

GENETIC CLASSIFICATION 

These deposits have some of the characters of the mesothermal 
group; that is, of those deposits formed at intermediate temperatures 
and at moderate depths by ascending thermal waters. Massive replace-
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ment of limestone with absence of crustification or banding are espe­
cially displayed in the mesothermal group. On the other hand, some 
of the veins are extensively brecciated and the openings lined with 
drusy surf aces such as are especially characteristic of the epithermal 
deposits; that is, of those deposits formed near the surface and at tem­
peratures less than 175° C. or closely approaching those of hot springs. 
Cinnabar and realgar are especially indicative of epithermal conditions 
and barite is also more characteristic of the low temperature deposits 
than in those formed at more intense conditions. Such other sulphides 
or metallic minerals as are present form under either epithermal or 
mesothermal conditions. Larsen 1 in discussing one of the cinnabar 
deposits states that the character of the mineralization-abundant 
barite, considerable porosity, and the sooty character of some of the, 
cinnabar-indicates a mineralization of no great depth and that the 
deposit is the result of hot-spring action of comparatively recent geo­
logic age. 

There is a possibility that the mineralization has been in two distinct 
stages, widely separated in age and not even remotely related; the first 
mesothermal and the last epithermal; and the two associated in the 
same veins only because later fissuring followed the earlier zones. But 
there is little evidence of a structural or textural break between the two, 
for the barite and calcite are nearly contemporaneous and the realgar 
and cinnabar are not much later. Progressive change in the composi­
tion of the solutions with falling temperatures and recurrent opening of 
the veins seem best to explain the sequence of deposition. Although it 
is not unlikely that temperatures were near mesothermal when deposi­
tion started, through most of the vein-forming period the conditions 
were probably epithermal and these deposits can be classed in the base­
metal epithermal group. Such deposits are not unknown in the Cor­
dilleran region. 

AGE AND GENESIS 

Genetic relation of the Black Pine deposits to magma is very strong­
ly implied, not alone from the mineral succession or paragenesis, but 
from the texture and structure of the veins as well. But the absence 
of intrusive rocks in the district makes it more difficult to trace out 
such a relationship and also to determine the age of the mineralization. 
These deposits show little resemblance to the quartz-galena veins in 
the Albion Range whose genesis has been linked with the intrusion of 
the late Cretaceous or early Tertiary granodiorite. In fact the char-

1 Larsen, E. S., in Univ. of Idaho School of Mines Bult 2, Vol. 14, 1919, Tungsten, cinnabar, manga­
nese, molybdenum, and tin deposits of Idaho, by D. C. Livingston, p. 67. 
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acter of the mineralization is so different in the two localities that the 
question immediately arises whether they can represent the same epoch 
of metallization. 

Two distinct metallizing epochs have been definitely established in 
Idaho, one following or accompanying the intrusion of the Idaho batho­
lith and its satellites in the late Cretaceous or early Eocene, and the 
other following or accompanying the intrusion of granitic rocks in the 
Miocene or later. Deposits related to the earlier epoch are mainly 
mesothermal and include the lead deposits in the famous Coeur d'Alene 
district1 and in the Wood River district. 2 Deposits related to the later 
epoch are, on the other hand, mainly epithermal and include most of 
the gold-silver deposits such as those at Silver City3 and those in the 
Salmon River Mountains, 4 as well as the base-metal lead and zinc 
deposits in the Lava Creek district. 5 Several epochs of metallization are 
also recognized in adjoining states, including at least four in Nevada. 0 

As yet the epochs of metallization have not been fully differentiated in 
Utah, 7 but the age of the deposits associated with the igneous rocks is 
said to be essentially that of the igneous rocks to which they are related 
in origin, and so far as has been definitely shown, the main igneous 
activity began in post-Cretaceous time. Both extrusion and intrusion 
continued through middle and late Tertiary well into recent time. 
Most of the Utah deposits have been assigned to the earliest epoch of 
igneous activity, but some deposits are associated with lavas.of younger 

. age. It seems certain, therefore, that when fully investigated the Utah 
metallization will be related to an early Tertiary epoch when the copper 
and lead-zinc veins and replacement deposits of mesothermal charac­
teristics were formed, and also to a later Tertiary epoch when veins ' 
with epithermal affinities were deposited in Tertiary extrusive rocks. 
Both of these epochs are represented in Nevada, and in addition there 
is one at the close of the Jurassic and another in the late Tertiary. 
These several epochs of mineralization in the surrounding region pro­
vide ample grounds for believing that perhaps two of them. are present 
in Cassia County, one in the late Cretaceous or early Tertiary as already 
discussed, and one near the mid-Tertiary. 

, 
1 Ransome, F. L., and Calkins, F. C., Geology and ore deposits of the Coeur d'Alene mining district 

Idaho: U. S. Geol. Survey Prof. Paper 62, 1908. 
2 Umpleby, J.B., Westgate, •L. G., and RoBB, C. P., Geology and ore deposits of the Wood River 

region, Idaho: U.S. Geol. Survei Bull. 814, 1930. 
3 Piper, A. M., and Laney1 F, B.1 Geology and metalliferous resources of the region about Silver City, 

Idaho: Idaho Bureau of Mines and Geology, Bull. 11, 1926. 
4 RoBB, C. P., Ore deposits in Tertiary lava in, the Salmon River Mountains, Idaho: Idaho Bureau of 

Mines and Geology, Pamphlet 25, 1927. 
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In most places the mid-Tertiary deposits are in association with 
volcanic rocks. Their absence in the Black Pine district makes correla­
tion much less direct, yet, as has already been stated, the Tertiary 
strata and lavas at one time blanketed the region and they have been 
subsequently eroded from some of the higher arched parts of the dis­
trict. This can account {or their present absence from the mineralized 
area. 

It therefore seems most likely that the mineralization in the Black 
Pine district belongs to the younger of the two main epochs of metalliza­
tion now recognized in Idaho or to the Tertiary epoch. The close 
grouping of the deposits in the Black Pine Range suggests the occur­
rence of an intrusive body some distance below the surface as the con­
trol and source of the mineralizing solutions. As the volatile constitu­
ents left the magma they found their way upward through the fractured 
rock, especially along the minor fractures or fissures in the broad zone 
developed along · the major transverse fault. Deposition of minerals 
apparently did not occur until the temperatures of the solutions had 
been much lowered or were not far from that of thermal springs. As 
these solutions edbountered the limestone walls they reacted chemically 
and replaced the limestone by quartz. Movement along the fissures 
concurrent with deposition maintained open channel-ways for the pass­
age of these solutions. Deposition from the solution was progressive. 
Earlier minerals formed were in part unstable, as the composition of 
the solutions changed, and these were partly replaced by succeeding 
minerals. These solutions were at first mainly siliceous, then became 
enriched in carbonate, and finally enriched in sulphate. Cinnabar and 
realgar were the final products of the metallizing solutions. 

COMPARISON WITH DEPOSITS IN_OTHER REGIONS 

The Black Pine mineralization has some features in common with 
the mineralization described by the writer in the Lava Creek district. 1 

In the latter, however, the deposits occur as replacements of volcanic 
rock, mainly andesitic lavas, but a few occur as replacements in the 
underlying Paleozoic1 limestones. These deposits are also of the epi­
thermal base-metal type and the chief values are in lead, zinc, and 
silver. The veins are grouped near bodies of intrusive Miocene (?) 
granite. Deposits in both areas probably belong to the rather excep­
tional base-metal epithetmal type listed by Lindgren, 2 in which chalco­
pyrite, galena, zinc blende and tetrahedrite are associated in an abund­
ant gangue of quartz, carbonate, or barite, but with principal values 

1 Pamphlet 32, op. cit. 
2 Lindgren, Waldemar, Mineral deposits: McGraw-Hill Book Co., 1928, pp. 526; 580-592, 
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usually in gold and silver. Such deposits are especially well represented 
in the most interesting metallogenic province of the San Juan region in 
Colorado, including the mining districts of Telluride, Ouray, Silverton, 
Lake City, Rico, Needle Mountains, La Plata, and Creede. Some are 
rich in galena, sphalerite, and tetrahedrite, but the yield is principally 
in gold and silver. Deposits of similar kind in Utah are also associated 
with Tertiary extrusives and consist of similar base-metals in a quartz­
calcite-barite gangue. In both the Mercur and the Marysvale districts, 
the base metals and the quartz-calcite-barite gangue are acco~panied 
by some cinnabar and realgar. 

"' I! OUTLOOK FOR THE DISTRICT 9'f 

The epithermal deposits constitute the source of a large part of the 
world's production of gold and silver and they contain the spectacular 
bonanzas of the Cordilleran region, of which examples are found at 
Cripple Creek, Goldfield, Virginia City, Silver City, and many other 
districts. Base-metals are present plentifully enough in places, as in the 
San Juan region, but the mines are rarely worked for these alone. 
Silver and gold a.re the profitable metals and the others are usually only 
by-products or are not recovered at all. 

The Black Pine district gives little promise of ever becoming a pro­
ducer of base metals alone. It is true that some zinc has already been 
produced, but the zinc ores were from the enriched surficial zone and 
the supply has been largely exhausted. In all deposits, except one, the 
zinc blende is only an accessory mineral. The same may be said of the 
lead mineral, jamesonite, and as this mineral is not so rich in lead as is 
galena, it is probably not in sufficient abundance to warrant mining for 
its lead alone. The future of the district must depend mainly on the 
precious metals in the ores, especially silver. The tetlahedrite is suffi­
ciently rich in silver and is sufficiently well distributed in the Silver Hills 
vein to off er attractive inducements, especially if silver should com­
mand a better price than it does at the present time. In additionto the 
silver at the Silver Hills mine, the lead and zinc are also especially worthy 
of recovery. So far, only the Silver Hills mine has disclosed sufficient 
metallization to make the district attractive to further development. 

PROPERTIES 

SILVER HILLS MINE 

The Silver Hills mine lies very near the crest of the ridge between 
Black Pine Canyon and East Dry Fork on the Black Pine Canyon side, 
in Sec. 26, T. 15 S., R. 29 E. The veins outcrop almost on the divide, 

l'f 
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but the tunnels and camp are several hundred feet below at an eleva­
tion near 7,000 feet A.T. This property is connected by road with the 
southern branch of the Old Oregon Trail. The connecting link follows 
the bottom of the canyon from the edge of the mountain to within a 
short distance of the camp where it must ascend a comparatively steep 
short switchback. The upper part of the road, though steep, offers no 
greater hindrance to travel by automobile than the numerous crossings 
of the dry creek bed lower in the canyon. This property is the main 
one controlled by the Silver Hills Mining Company whose organization 
dates from March 31, 1920. The Silver Hills mine was located about 
1880 and some ore shipped about 1894. Neither the amount of ore pro­
duced at that time not subsequent production, if any, was learned. 
This mine has the largest and most highly mineralized vein in the dis­
trict, and has been much more fully developed than any of the others. 
Development consists of more than 3,000 feet of underground workings, 
in addition to a long crosscut only recently started. In addition to this 
mine, the company has acquired many surrounding claims,. including 
most of those in Mineral Gulch on the east. 

The Silver Hills mine .affords the most ideal example of the Black 
Pine type of mineralization. It is strictly a replacement of limestone 
and in consequence has the usual irregular shape and form character­
istic of deposits of such kind. Its position is directed along a line of 
fissuring about parallel to the Kelsaw fault, which lies about a half a 
mile or more to the north, and it is in the massive light gray limestone 
so widely distributed in the southern end of the Black Pine Range. 
The fissuring here is apparently not so much related to movement 
along the Kelsaw fault as to the bending or plunging of the massive 
limestone beds against the fault plane. This downward plunging of 
the normally northerly trending strata amounts essentially to a large 
cross fold or arch, and it is in fractures near the axis of the arch that 
the most extensive mineralization has occurred. In the vicinity of the 
deposits the limestones trend about N. 75° W. and dip about 16° N. 
Some of the veins and minor quartz stringers strike in about the same 
direction as the limestones, but the main vein strikes about N. 85° W. 
and dips 70° N. Beneath the limestone occurs a thick series of calca­
reous and carbonaceous shales into which the veins must eventually 
pass with depth. These shales appear in each of the tunnels on the 
property. In the principal underground disclosure they practically 
form the footwall of the vein. 

Replacement along the fissures and fractures has been mainly by 
quartz, but in the main deposit the quartz is accompanied by some late 
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carbonate and by grains, lenses, or small irregular masses, and occa- ,. 
sionally wider compact seams, of ore minerals, notably sphalerite, 
tetrahedrite, and jamesonite, and to lesser extent pyrite. .AI;say made 
of more or less average ore from the upper tunnel shows the follow-
ing values: gold 0.03 ounces, silver 42.4 ounces, lead 3.6 per cent, copper l: 
1.2 per cent, zinc 8.4 per cent, and antimony 4.5 per cent. Assay of 
selected high-grade will give returns of several hundred ounces of silver 
per ton. Most of the deposit consists of massive vein material, together 
with some stringers of quartz and also larger blocks or horses of lime-
stone. The vein is perhaps 30 or 40 feet wide at the surface, but its 
true width in the workings 75 feet below the outcrop has not been 
determined, although it probably exceeds 60 feet. At the surface the 
vein may be traced for several hundreds of feet, but it shows much 
pinching and swelling and no doubt maintains the same character with 
increasing depth, at least until shale is encountered, when pinching 
may be very likely. The cropping. contains scattered or occasional 
grains or granules of tetrahedrite, less commonly sphalerite, and also 
occasional patches of malachite and azurite. There is very little sign 
of oxidation or enrichment on the level 50 feet below the cropping 
although some vugs show, but at 75 feet the ore is wholly primary. 

The vein may be examined underground only in the upper tunnel, 
whose vertical distance below the outcrop is about 75 feet. This tunnel 
passes through about 90 feet of shales; black carbonaceous shale near 
the portal and lighter colored calcareous shale farther in; before encoun­
tering a zone of more massive limestone with barren quartz stringers. 
At a point about 114 feet from the portal some of the stringers contain 
a little of the ore minerals, but it is not until after passing through about 
50 feet of alternating shales and limestones (also with quartz stringers) 
that the main ore body is cut. From this point a short drift has been run · 
a few feet to the southwest on a well mineralized zone or streak of 
high-grade; also a winze of undetermined depth has been sunk, and 
drifting has been carried to the northeast. Drifts to the northeast 
branch and pass diagonally along the vein, but none have extended to 
the walls. As much as 60 feet of the vein have been exposed, all in ore. 
Sotne of it includes masses of country rock and stringers in limestone, 
hut.the larger part is massive vein quartz and calcite with a scattering 
of ore minerals, sphalerite usually predominating, closely followed by 
tetrahedrite and subordinately by jamesonite. There are occasion­
ally some high-grade seams and more closely grouped masses of the ore­
minerals. No more exploratory work has been done along the vein 
than across it and the true limits of the shoot cannot be fixed. Most 
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drift faces end in ore or mineralized vein matter. From one of the 
drifts a raise connects with the outcrop ~t the surface. From another 
drift a raise connects with a level 12.5 feet above. This level consists 
of a single drift a little over 100 feet in length and driven about N. 55°W. 
It cuts much vein matter and numerous stringers in limestone. Some 
parts are well mineralized. A raise also connects with a still higher 
level 14 feet above. This one is parallel to the one below, but is only 
about half as long. Stringers of quartz are also numerous on this level, 
some of them with metallic minerals and some of them with vugs from 
which the ores have been leached. 

A second tunnel has been driven about 100 feet below. It is now 
blocked to serve for water storage. This tunnel also discloses the shale 
series beneath the vein. It crosses the vein, but no drifting has been 
done on either side. It is unfortunate that this tunnel was not available 
for study, as it should give valuable clues as to the character and per­
sistency of the minerals with depth, also the effect of the shale series on 
the size of the ore body. A long crosscut had been started about 550 
feet below the level of the upper tunnel and had penetrated several 
hundred feet of black carbonaceous shale at time of the writer's visit. 
No attempt was made ·to measure the distance the tunnel must be 
driven before the vein chould be encountered, but it will probably have 
to be extended two thousand feet or more. 

The upper workings are not sufficiently adequate properly to dis­
close the ore body. Conditions shown there amply justify further 
development, especially to determine the width and length of the min­
eralized body. Much more work could be expended in the tunnel 
100 feet below to determine what effect the shale might have on the 
continuance of the ore shoot or on its size and position. The ore shoot 
is certain to be irregular and erratic, as is.indicated by the irregularity 
of the vein on the surface and as suggested in the several levels of the 
upper workings. Other veins showing at the surface are probably in 
part those encountered as stringers and in wider bodies in the workings 
underground. No doubt much of the contiguous country rock will 
contain irregular veins, stringers, or chimneys of quartz, more or less 
thoroughly metallized. 

RUTH MINE 

The Ruth Mine, acquired by the Silver Hills Mining Company in 
1929, lies not far above the east base of the Black Pine Range at an 
elevation near 6,500 feet, in Sec. 26 or 27, T. 15 S., R. 29 E. Its posi­
tion is on the crest of a secondary ridge between Mineral Gulch and the 
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first large gully on the south that opens to the main Black Pine basin. 
It is reported that six cars of rich zinc carbonate ore were mined on the 
property during the World War. This ore was mined directly from the 
outcrop. There has been little work done underground. 

This deposit occurs as a replacement of massive light gray lime­
stone, such as outcrops at the Silver Hills mine. The original minerali­
zation followed a narrow zone of fissuring whose trend is N. 60° W. and 
dip about 40° N., cutting the general trend of the limestone, whose 
strike varies from N. 80° W. to N. 80° E. The fissuring has extended 
across the ridge, well down into Mineral Gulch and has been followed by 
cuts for 110 feet. Along this zone the vein swells into small chimney­
like masses or lenses, sometimes measuring up to 12 feet across, but 
usually less than 4 feet. In places it pinches out completely. Other 
cuts and short tunnels on iron-strained croppings farther to the north­
west suggest that the vein continues for a long distance in that direction. 

The main ore is smithsonite and it occurs mainly as crystalline 
incrustations or as botryoidal crusts, as a filling in former openings, 
or as a massive granular replacement of the limestone walls. Its color 
is ordinarily white or grayish, but some of it is tinged with green and 
blue. Some ore still remains and some of the lumps on the surface are 
several feet across. In some places there are also patches of malachite 
and azurite, whose presence suggests that tetrahedrite may be among 
the primary ores. None of the cuts have actually extended into the 
primary zone, but some tiny grains of brownish sphalerite were noted 
in some of the material on the dump, likewise an occasional grain of 
cinnabar and realgar. Other vein matter noted consists of calamine, 
a little scorodite, and a little vein quartz. Oxidized ore has been mined 
on the surface for nearly 100 feet. 

HAZEL PINE PROPERTY 

The Hazel Pine property lies at the base of the Black Pine Range in 
Sec. 26, T. 15 S., R. 29 E., about one mile south of the mouth of 
Mineral Gulch. It is reported that 14 cars of ore have been shipped 
from the property, but these figures could not be further verified nor 
could the character of the ore shipped be ascertained. The ore is said 
to contain gold, silver, and lead. 

This vein, like the others in the district, is a replacement of lime­
stone and exhibits the usual great irregularity in size and shape, fre­
quently swelling into chimney-like masses. Its course is directed by 
fissuring or brecciation in the limestone and its strike is about N. 55° E. 
and its dip steeply northwest. Much of the replacement is by white 

t 
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granular quartz, but with the quartz is considerable vein calcite. No 
primary ore minerals were seen, but the ore is entirely oxidized and 
consists of yellowish and reddish iron oxides, black manganese oxide, 
with occasional streaks or crusts of smithsonite and calamine, and less 
commonly scorodite. Much of the cropping can be regarded as a gossan 
and is unusually heavy in iron oxides. Some of the iron has nearly 
a vermillion or crimson color. Assays were made on a number of 
samples collected from various parts of the cropping and from ore on 
the dump, and although some showed values in zinc and a trace of lead, 
none contained gold nor more than an ounce of silver. 

A notable amount of work has been done near the south end of the 
property. Here the vein has been prospected by a series of shafts, 
tunnels, drifts, and glory holes, most of which are now inaccessible. 
One of the shafts descends at least 50 feet. Some of the tunnels open 
into large chambers a dozen feet or more in diameter, and these no 
doubt give clue to the shape and size of the ore shoots. Apparently 
much vein matter has been removed from the workings. 

More work has been done about 100 yards to the northeast where 
the vein has been cut by a small gully. This has afforded better means 
for working the deposit and several tunnels have been run into the vein 
from the side of the gully. These short tunnels also open up into 
chambers 12 to 15 feet in diameter and expose much iron oxide and 
numerous quartz veinlets in limestone. 

VALENTINE PROPERTY 

The claims of the Valentine Cinnabar Company also lie near the 
east base of the Black Pine Range at an elevation of 6,000 feet A. T. in 
Sec. 35, T. 15 S., R. 29 E. This property has been described by Lar­
sen,1 who states that the cinnabar deposit is at the top of a limestone 
bed beneath a shale horizon and has been formed through a replace­
ment of the limestone. The deposit has the form of a chimney and 
dips with the bedding of the sediment at about 30° to the west. In 
horizontal section it is elliptical or lens-like, is about 10 feet long and 
5 feet wide, with some stringers of mineralization extending along 
the bedding for 10 feet or more in both directions beyond the main 
chimney. It has been opened up for a depth, measured along the dip, 
of about 40 feet. 

The material of the mineralized· chimney is porous and friable, 
breaking up into coarse sand, and made up in large part of barite 
and quartz. Tabular crystals of barite commonly project into the 

1 University of.Idaho School of Mines Bull. 2, Vol. 14, 1919, pp. 65-67. 
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cavities. The cinnabar is unevenly distributed and forms a very thin, 
sooty or dust-like coating on the quartz and barite crystals of the 
cavities. In places it is abundant enough to impart a decided red color 
to the rock, but nowhere forms more than a very small part of the vein 
material. This cinnabar also carries realgar. Near the surface there 
is much scorodite. Some gold is reported to be present in the deposit, 
notably in some of the narrow seams which extend along the bedding 
from the main chimney. A sample of quartz containing some specks of 
cinnabar and realgar gave on assay 0.05 ounces in gold and 2. 7 ounces 
in silver per ton. A prospect hole about 50 feet to the east of the chim­
ney has been sunk to considerable depth and has exposed some crushed, 
non-ironstained material that is said to carry gold and some silver 
and lead.· 

MILLER PROPERTY 

The Miller property lies high up the slope of the range at an eleva­
tion above 7,500 feet A.T., a short distance below the top of Black Pine 
Cone, in Sec. 34, T. 15 S., R. 29 E. This deposit is also a replacement 
of limestone along a fissure or breccia zone whose strike is N. 80° W. 
The vein ranges from two to six feet in width, with stringers extending 
to greater distances. It may be traced for several hundred feet by the 
line of cuts and short tunnels. Mineralization is mainly by quartz but 
includes a little tetrahedrite, jamesonite, cinnabar and realgar, · and 
some thin patches of their alteration products. Barite also occurs in 
the ores. Workings consist essentially of two short tunnels, one about 
50 feet long and the other about 60 feet. These have a vertical range 
of 50 feet. 

PROSPECTS ALONG MINERAL GULCH 

Several veins have been explored along Mineral Gulch, but no work 
has been done on them for years. They are now controlled by the 
Silver Hills Mining Company. These show little difference from those 
already described, but occur as replacement of limestone, mainly on the 
south side of the Kelsaw fault. Mineralization has been chiefly with 
quartz, and to lesser extent with calcite and barite. In addition, some 
contain scattered granules of tetrahedrite and patches of secondary 
copper carbonates, and, occasionally, crusts of zinc carbonate. Most of 
the tetrahedrite is the freibergite variety and selected speciments of 
nearly pure mineral on· assay give very high values in silver. Some of 
the veins are reported to have values in gold. These deposits are scat­
tered from the mouth to the head of the canyon. 

One deposit lies directly across the canyon from the Ruth about 
100 feet above the canyon floor. This one has much quartz, some cal-
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cite, and scattered granules of tetrahedrite. It is also reported to carry 
gold. Another lies a half mile or more up the canyon and consists of 
a large quartz-calcite vein with scattered patches of azurite and mala­
chite and some thin crusts of smithsonite. This vein is about 12 feet 
wide where exposed and strikes N. 70° W. and dips 40° W. Others 
are nearby but have little to show. Several lie very near the head of 
the canyon. One of these consists of a heavily iron-strained gossan 
encrusting a gangue of quartz, calcite, and barite. 

OTHER PROSPECTS 

Mineralization is also shown near the head of East Dry Fork and 
along the ridge between the Silver Hills mine and War Eagle Peak. 
The most striking occurrence is on a ridge between two tributary 
gulches near the head of East Dry Fork in Sec. 21, T. 15 S., R. 29 E. 
This occulTence consists of an immense iron capping or gossan zone 
about 200 feet wide and 200 yards long, striking about N. 55° W., and 
occurs partly in sandstone and partly in limestone. No openings have 
been made on the iron capping and little could be learned of its char­
acter other than that it consists mainly of limonite in the form of black 
limonite varnish and shows few vugs and little porosity. The presence 
of so much iron oxide should excite curiosity as to the nature of the 
primary mineralization benea:th. 

Another prospect lies near the top of War Eagle Peak at an eleva­
tion above 8,200 feet A. T. At this place a remarkably persistent 
replacement' vein in limestone may be traced in a westerly direction for 
a long distance. The vein is more than 40 feet wide in places and has 
been explored by glory hole and a 50-foot shaft. The vein material 
consists essentially of white granular quartz with very scattered patches 
of azurite and malachite and occasional grains of partly oxidized 
tetrahedrite. 

Several disclosures have also been made on the north side of War 
Eagle Peak and several to the east near the divide between East Dry 
Fork and Black Pine Canyon. These show quartz replacing limestone 
and traces of secondary copper minerals. 

BUILDING STONES 

GENERAL FEATURES 

The district is supplied with an abundance and a large variety of 
rocks suitable for building materials. Some of these have been utilized 
in the past, especially when transportation facilities were such that it 
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was cheaper to quarry and use nearby rocks than to bring in lumber 
from distant sources. Although in more recent years bricks and concrete 
have found greater favor as structural materials, nevertheless various 
kinds of rocks continue to be quarried and constitute a large economic_ 
resource. Some of the materials have very pleasing qualities, such as 
are desired in residences, churches, banks and public buildings. Such 
materials have been used in schools, churches, and business buildings 
in Oakley, and have also found favor in Albion in business buildings 
and in the construction of the Albion State Normal School. Rock has 
also been used elsewhere to more limited extent, particularly in the 
school building at Malta and in several buildings in Declo. These 
places are all near easily available sources. Little rock has been used 
at Burley, however, partly because it is about 15 miles from the avail­
able material, but mainly because structural materials are more readily 
and perhaps more cheaply obtained from a local brick plant. Never­
theless there will always be some local demand for rock as building 
material, and such demand may increase, especially among home-build-
ers and for municipal structures. .. 

Almost all available kinds of rocks are used as building materials 
in this region, but most demand has been for the more easily quarried 
and trimmed Tertiary tuffs and lavas. Quartzite has been used in one 
in$tance; Snake River basalt has been employed at Declo, especially 
for foundations and back walls; marble has been used to very limited 
extent. There has been no attempt made to utilize the Carboniferous 
sandstones and limestones or the granitic rocks. In general but a single 
kind of rock has been used in each construction, but in some few build­
ings very pleasing results have been obtained by combining one kind 
of rock with another. With the wide range in color and texture afforded 
in these materials, there is chance for very artistic and striking com­
binations, such as are especially desired in residences. The character of 
and quality possessed by each of the materials will be discussed in 
detail. 

VOLCANIC TUFF 

Tuffaceous beds in the Tertiary series have been more extensively 
used for building purposes than any other variety of rock, mainly 
because of the ease with which the tuff can be quarried and trimmed 
into blocks. This kind of rock is widely distributed in the County, as 
discussed in the section of the report on the general geology of the dis­
trict, but is mainly concealed beneath the latite flows. Exposures, 
however, occur at regular intervals near the base of fault scarps, in the 
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A. TUFF QUARRY 
Part of quarry face seven miles southeast of Albion. Shows t he bedding of t he light colored pumiceous 
ash or t uff. Above may be seen the overly ing flow of columnar quartz latite. D espite its apparent fragility 

t he tuff serves well as a building stone. 

I]. . 
1· . --~ ... 

~ . 

B. BANK BUILDING IN ALBION CONSTRUCTED OF VOLCANIC T UFF 
Shows the adaptability of t he luff as a building stone and its surprising resistance to crushing, which 

permits its use in two-story buildings. Darker colored blocks are of the yellowish-green t uff. 
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base of landslide blocks, and-in the gulches or canyons cut through the 
capping lava. In a few places it presents white bold outcrops, but in 
most places the tuff is beneath a mantle of hillwash of variable thick­
ness. Quarries have been opened in only a few places and have sup­
plied material used in buildings at Albion, Oakley, and Malta. 

At first glance the t1,1ff appears wholly inadequate as a building 
stone, for the material is only slightly compacted or indurated, and is 
not well cemented, if at all. It appears to be somewhat crumbly and 
small fragments may be broken between the fingers. Yet it seems to 
harden slightly after seasoning and has been used in the walls of two­
story buildings (Plate XVI, B). Most of the tuff shows bedding (Plate 
XVI, A), though not conspicuously laminated, but, fortunately, parts 
with some difficulty along most of the planes. It is cut by few widely 
spaced fractures or joints approximately at right angles to the bedding. 
These fractures lack regularity and therefore cannot be utilized to 
advantage in systematic quarrying. Much of the tuff can be pried loose 
from the ledge without the use of explosives and is easily trimmed into 
rectangular blocks of appropriate sizes. 

The tuff has a pleasing white to gray color and from casual inspec­
tion resembles very light gray sandstone. The white is not as greatly 
desired, however, as is an intercalated stratum of pale greenish yellow 
color, whose desired quality is in its more resistant character rather 
than in its color. The white or light gray tuff has the composition and 
texture of a fine to coarse grained pumiceous ash and is composed 
almost wholly of colorless shreds of glass, occasional feldspar fragments, 
and a few small specks of black mica. These are only loosely cemented 
and the rock has a high porosity, the individual shreds of glass being 
readily detached by rubbing. Much of it is plainly laminated and the 
individual layers are usually an inch or two thick, although some are 
18 to 36 inches. 

The greenish yellow-tinted tuff differs considerably in-composition 
as well as in appearance from the white or light gray tuff. Its texture 

•-••/ is more granular and its fragmentary glassy constituents are not nearly 
so well observed. Fragments and crystals of feldspar are plainly visible. 
Under the microscope it shows more than half feldspar fragments (oli­
goclase-andesine), some augite fragments, and a few magnetite grains 
embedded in a glassy and in part clayey matrix. The glassy matrix is 
full of large gas cavities which add greatly to the porosity of the rock. 
Chlorite is also present in minor amount and an occasional grain of 
zircon. Some of the clay seems to have developed from alteration of the 
augite, but much of it was perhaps contributed at the time of deposition 
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of the tuffaceous material. Most of the feldspar is surprisingly fresh. It 
would weather rapidly perhaps when wet, but in so dry a country as this 
none of the materials constituting the rock detract from its adaptability 
as a building stone, and actual use in the region shows that the stone 
does not weather seriously under local climatic conditions. Enough clay 
is present to impart a distinct clayey odor to the tuff. It has been dem­
onstrated that rocks containing noticeable quantities of clay minerals 
are not well suited for many structural uses, 1 as the effect of these 
minerals is to induce a gradual swelling and spalling of the rock when 
moistened, with consequent weakening. This is not a serious factor in 
the utilization of the tuff in Cassia County, because of the aridity of 
the region. Unfortunately, such coarse, granular, better compacted 
layers are not numerous in the series. 

None of the tuff was submitted to physical tests, but the results, if 
such tests had been made, would probably have been similar to those 
obtained in the building stone (tuff) from Challis, 2 Idaho. Arithmetical 
averages of several tests from the Challis deposits are given below. 
The rock there tested is greatly similar to the granular pale greenish 
yellow tuff in Cassia County. 

RESULTS OF PHYSICAL TESTS OF BUILDING STONE (TUFF) FROM CHALLIS, IDAHO 

Compressive Stength: 
Dry, perpendicular to bedding (3 tests), pounds per sq. inch .............. 10,880 
Dry, parallel to bedding (3 tests), pounds per sq. inch ................... 11,446 
Wet, perpendicular to bedding (3 tests), pounds per sq. inch ............. 4,245 
Wet, parallel to bedding (3 tests), pounds per sq. inch .............. : .... 4,136 

Absorption by weight (12 tests), per cent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.70 
· Apparent specific gravity (6 tests) . .............................. · .... 1,742 

Weight (dry, per cubic foot), pounds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 

The Challis rock was subjected to weathering tests. Four out of 
six specimens showed extensive disintegration upon 123 freezings, and 
the remaining two withstood 162 freezings with no recognizable change. 
All showed complete disintegration after having been frozen 255 times. 
The testing bureau concluded that the tuff is more resistant to weather­
ing than some of the poorer grades of limestone now on the market. 

Comparative data on the strength of tuffs are scarce. The com­
pressive strength of the tuff from Challis is about that of similar 
material from Lilliwaup, Washington,3 but the absorption _ratio is 

1 Loughlin, G. F., Usefulness of petrology in the selection of limestone: Rock Products, Vol. 81, 1928 
pp. 52-58. 

2 Behre, C. H., Jr., Tertiary volcanic tuffs and sandstones in the upper Salmon River Valley, Idaho: 
U.S. Geol. Survey Bull. 811-E, 1929, pp. 244-245. -

a Shedd, Solon, The building and monumental stones of Washington: Washington Geol. Survey Ann. 
Report for 1902, Vol. 2, 1908, pp. 49-51. 

' I 
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GEOLOGY AND MINERAL RESOURCES OF EASTERN CASSIA COUNTY 145 

greater. Merrill1 mentions a tuff in California which, though having 
a greater density, possesses a dry crushing strength of only 7,469 pounds 
to the square inch at right angles to the bedding. Compared to several 
building stones, the Challis tuff has a compressive strength when dry 
as great as many limestones and sandstones, despite its low density. 
However, the limestones and sandstones exhibit no such noticeable 
decline in strength when wet; this reduction in strength probably being 
due to the presence of the clay mineral. 

The white pumiceous tuff in Cassia County, however, cannot be 
compared with the Challis tuff, as it is of wholly different character 
and texture~ Very likely its compressive strength is much less, both 
when dry and wet, and its absorptive capacity is probably greater. 
Nevertheless, its strength appears to be in excess of local requirements. 

Both varieties of tuff have served well in the bank building in 
Albion (Plate XVI, B), in one of the stores, and also in several of the 
local residences. These structures have been built for many years, and 
the rock shows little sign of weathering . or disintegration. The rock 
was quarried at a place about seven miles southeast of Albion in Sec. 35, 
T. 12 S., R. 25 E., about one-half mile from the Elba road. 

The quarry is near the west base of the Malta Range and appears 
in a gully beneath a thick capping of black glassy columnar latite, which 
grades upward into the platy grayish porphyritic facies. The quarry 
face has been extended along the tuffaceous beds for a little more than 
500 feet. Beyond, the tuff is concealed by the talus from the latite 
flow above. The tuff and overlying lava dip about 5° westward and 
a short distance down the slope disappear beneath the alluvium between 
the Malta and Albion ranges. The lower part of the stratified series is 
concealed by landslide and hillside debris, but a hundred feet of beds 
may be safely estimated at the quarry site. Only the upper 20 to 25 feet 
of it is easily available and utilized as building stone. 

The tuff is directly overlain by the porphyritic glassy lava and 
almost seems to merge with it. The upper 15 feet is not used because 
of its more or less softened condition due to weathering. This has been 
stripped back. The lava above because of its columnar jointing, has 
receded more rapidly than the strata beneath, and in so doing has pro­
vided a quarry depth of some size. As the quarry face extends into the 
hill, the overburden, and eventually the lava capping, will assume such 
proportions that the tuff can no longer be easily or profitably quarried. 
The amount still easily available can supply local needs for many years. 

1 Merrill, G. P., Stones for building and decoration: New York, i910, p. 507. 
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A section of the tuffaceous series as exposed in the quarry face 
(Plate XVI, A) is given below: 

SECTION IN QUARRY AT WEST BASE OF MALTA RANGE 
SEVEN MILES SOUTHEAST OF ALBION 

Feet 
Latite flow, black glassy base, columnar structure, grading upward into 

grayish platy rock .............................................. 100.0+ 
Tuff, admixed with fragments of latite ......................... .'...... 1.0 
Tuff, grayish, white, pale buff, fine to coarse, glassy pumiceous fragments, 

in part sandy in layers 1 to 20 inches thick, in part finely laminated; lies 
above present quarry face ........................................ 11.0 

Tuff, coarse to fine, mainly medium, grayish, pumiceous, in layers five to 
twelve inches thick; partly quarried. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.0 

Tuff, med,ium grained, pumiceous, with two irregular seams of coarser glass; 
utilized. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 

Tuff, alternating layers two to six inches thick of fine to coarse grain, gray-
ish, pumiceous, yielding thin blocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.0 

Tuff, granular, pale greenish yellow in layers one to five inches thick, alter-
nating with grayish pumiceous layers of equal or greater thickness..... 2.5 

Tuff, coarse granular, greenish yellow, feldspathic.. . . . . . . . . . . . . . . . . . . . . 1.5 
Tuff, medium grained, grayish, pumiceous.. . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 
Tuff, coarse granular, greenish yellow, feldspathic, with grayish ·pumiceous 

layers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 
Tuff, pumiceous, from quarry floor to base of gully 50 feet lower ......... 50.0 

TOTAL ...................................................... 185.0 

The tuff remains firm in the quarry face and maintains vertical 
walls. All parts may be readily quarried. The blocks are usually 
plainly dressed, but are adapted for taking a chisel-dress. As the more 
desirable granular f eldspathic tuff forms such a small proportion of the 
whole series, it is used mainly as a trimming or in cornerstones and the 
pumiceous facies is employed in the back walls. This adds a pleasing 
color contrast in the buildings in which it is used. 

Similar tuff has been quarried a few miles southwest of Oakley, but 
the quarry is now beneath the storage waters impounded· in the Goose 
Creek reservoir. It is wholly the pumiceous variety. One of the gar­
ages in Oakley has back walls of this tuff. The front is finished in 
brick. Tuff is also used in cornerstones and for trimming in the Latter 
Day Saints' Church in Oakley (Plate XVII, B), and in the construc­
tion of several houses and business buildings. Such material is still 
easily available in the canyons south and west of Oakley. 

The quarry from which the tuff used in the school building at Malta 
was obtained was not visited. This tuff presumably was procured from 
the base of the fault scarp or from a landslide block at the foot of the 
Malta Range. Building stone of such character may be had in most 

.. 

.. 
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of the region of volcanic rocks with but little search or prospecting 
beneath the mantle of hill wash. 

The precipitation in Cassia County is too low to be damaging to 
the stone used above the capillary reach of water from the ground if 
the stone has been properly seasoned before use, and especially if it is 
well protected from direct rain by an overhanging roof. Hence the 
tuff, despite its lightness and porosity, wears well under local .weather 
conditions. Furthermore, the capacity of the porous rock to resist 
freezing and weathering is in part indicated by the tendency toward 
complete saturation. The tuffs, despite their high porosity, show a 
markedly low saturation, which lends resistance to disintegration by 
freezing. 

Tests on the Challis rocks show that the absolute compressive 
strength of the tuff-a minimum of 4,000 pounds to the square inch; 
even when wet-is far in excess of local requirements. The strength of 
a stone under water depends upon its constituents and texture. A 
rough measure of its suitability is given by the ratio of its compressive 
strength when water saturated to its strength when dry. For the tuff 
from Challis, tested by the Bureau of Standards, this ratio is 0.37-a 
low figure. For such uses as bridge piers or even house foundations, in· 
a water-soaked subsoil, the tuffs near Challis would not be satisfac­
tory, and the same conclusion may be drawn with the tuffs in Cassia 
County. Hence special precautions should be taken if use in founda­
tion is contemplated; spalling or .disintegration may be avoided if the 
stone is coated with cement mortar. At heights of two feet or more 
above the ground there should be no danger of spalling or disintegra­
tion. Such action is much less likely in the pumiceous tuff than in the 
coarsely feldspathic with·its admixture of clay. 

QUARTZ LATITE 

The quartz latites associated with the Tertiary tuffs have proven 
most satisfactory as a building stone. The rock is not as easily quarried 
or trimmed as the tuffs, but when once quarried and shaped it has· a 
desirability and strength equal to the best of building stones and is 
suited for most purposes where resistance to crushing strength is espe­
cially desired. In addition, it has a pleasing color, normally pinkish or 
light purplish-gray, which adds much to its attractiveness. Most of 
that quarried has only a slight porous structure, which does not detract 
from its value for use in the walls of buildings or as a foundation 
stone. None of that used shows signs of weathering. 
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Quartz latite is widely distributed in Cassia County, as discussed in 
another section, but not all of it is suited as a building stone. The 
lower part of the flows is generally vesicular, black, glassy, and although 
some of it has been quarried and used locally in foundations, its porosity 
and brittleness, together with its unattractive color, do not make it 
desirable.. Above, the flow changes gradually from black porphyritic 
glass to pale pinkish or reddish aphanitic rock, and in some of the 
thicker flows into a gray fine-g.c3:ined crystalline rock, in all parts por­
phyritic. Generally the pinkish tinted rock is quarried, but the grayish 
also possesses pleasing qualities. Unfortunately, so much of the flow, 
including that with attractive color and suitable texture, has a thin 
platy parting. This structure makes it impossible to procure blocks 
of desired size except in occasional massive bands or layers some dis­
tance below the surface of the flow. Where erosion has removed the 
thin platy part of the flow the more massive parts not far above the 
black glassy zone may be quarried. In an earlier discussion of the 
petrography of the latites it was pointed out that the .pinkish latites 
have mainly a glassy groundmass, but with a better developed crys­
tallinity than in the underlying black obsidian facies; whereas, the 
grayish rock is nearly entirely crystalline. The platy character appears 
to increase in most· places with the crystallinity of the rock, and for 
this reason the pinkish facies with its lesser tendency to develop parting 
planes has been most generally used as a building stone. Some of the 
thinner flows are perhaps better suited for exploitation than the thicker 
ones because of the proportionately greater quantity of pinkish or 
purplish tinted rock. 

This lava has been quarried and used as a foundation stone for 
most of the buildings on the campus of the Albion State Normal School. 
As such it forms the first two to eight feet of the wall above the ground, 

. and in the gymnasium building nearly the entire lower story. Because 
of its relatively low porosity it can be used as a foundation stone where 
capillary action would rapidly destroy tuff if used for the same purpose. 
Because of the difficulty and expense of quarrying and trimming, it is 
not used in the superstructures of the building. Red brick is used 
instead. Nevertheless, with its minor role it adds to the attractiveness 
of the buildings. This rock is quarried near the edge of the campus on 
the top of the hill immediately north of the town of Albion, only about 
200 yards from the place of use. Here. the latite forms the capping of 
a large landslide block and is tilted about 15° to the west. The lava 
has the usual black obsidian base, and above, the pinkish or reddish 
and the still higher grayish platy facies. Through the pinkish zone are 

-
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layers or bands of fairly massive, non-platy, and only slightly vesicular 
rock. Rock from the more compact bands has been quarried in two or 
three places, but all near together. The one highest on the hill is on 
a particularly pinkish or reddish layer, and from it blocks three feet 
thick are readily procured with careful blasting. The lava is broken 
by widely spaced joints, usually as much as five feet apart. Only the 
upper three feet of the band has heel). quarried and it is not known to 
what depth it extends. The rock has a dull, light reddish color; is 
highly porphyritic with numerous glassy plagioclase phenocrysts in a 
reddish groundmass. Its structure is minutely vesicular, but not 
enough to spoil its use as building stone. The rock has also a faint 
fluidal banding. The layer has been quarried along an area 75 feet 
long and 20 feet wide. Much more is available, for the thin platy rock 
above is not thick. Most of the platy facies has been eroded and does 
not approach serious proportions for a score of feet. Most of the quar­
ried rock, however, is from a point about 100 yards to the west and 
lower on the hill, and at about the same horizon. The rock has about 
the same color and texture, although in places it is only faintly pinkish. 
This part of the flow is cut by widely spaced vertical joints, in places 
10 or 12 feet apart, and by several horizontal joints 12 to 18 inches 
apart. The worked layer is mainly massive or only minutely vesicular. 
The rock has been described in petrographic detail in another section 
of the report. The quarry face is about 150 feet long and seven feet 
high, all in workable rock (Plate XVII, A). The overburden is from 
nothing to two feet, but will continue to increase as the working face 
advances. The amount available is large and far beyond local demands. 
About 15 feet below, the lava changes to the obsidian facies; a short 
distance above to the grayish _Iatite, which in addition to its platy 
character has large vesicles and is much too vesicular for use. 

Quartz latite has also been utilized to a moderate extent for dwell­
ings and buildings in Oakley. The grade school has a foundation of 
pale reddish colored quartz latite built nearly eight feet above the 
ground. The L.D.S. church on the east side of town is constructed 
wholly from blocks of latite except for cornerstones of white tuff (Plate 
XVII, B). These blocks have all been trimmed to uniform size and have 
been aligned in a most attractive manner. Latite is also used as a foun­
dation stone in many of the dwellings in Oakley. Most of the rock has 
been quarried on Cottonwood Creek, seven or eight miles west of Oakley 
and outside the area discussed in this report. The same kind of rock 
is as readily available several miles east of Oakley or in the canyons 
to the south. 
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Rock so widely distributed iri the area as this should come into 
more general use as a building stone. As a foundation stone, subject to 
the action of ground water, or for piering or shoring of any sort, the 
pinkish latite is far superior to the tuff. It is not as readily dressed, 
however, and is therefore less suited for the fronts of buildings than 
the tuff. The color, too, is darker and perhaps less desirable. Yet it can 
be trimmed into remarkably uniform blocks, as has been done in the 
stone used in the L.D.S. church at Oakley, and because of its color 
it really adds to the attractiveness of the buildings. Where the stone 
buildings are trimmed with rock of other hues, the effect is most strik­
ing. Although the cost of this stone may be higher than for other 

' materials, its strength and durability and its resistance to weathering 
. make it highly desirable for permanent structures. 

BASALT 

Basalt has been rather extensively used as a foundation stone at 
Declo and to lesser extent in the walls of some of the smaller buildings. 
It has many of the physical properties possessed by the quartz latite­
durability and toughness-but is less attractive because of its dark gray 
or black color. Used in combination with other stones, it adds more 
tone and gives most pleasing effects, especially when used as the foun­
dation or chimney stones or when scattered through the walls with other 
varieties, etc. The basalt flows lack the platiness of the latitic flows, 
but are generally much more vesicular and have much larger vesicles. 
For this reason the upper part of the flow is generally unsuited for use 
in the walls of buildings. Toward the center of the flows the rock 
becomes more massive and has much smaller vesicles. Most of the 
basalt has columnar jointing, but, as usual in the Snake River basalts, 
the columns are thick or the joints widely spaced. By judicious selec­
tion, blocks of considerable size may be quarried and these may be 
trimmed in desired size and shape with no greater difficulty than is 
experienced in working the quartz latites, although the basalt is some­
what more resistant to hammer blows. 

The Snake River basalt is the only basalt that has been used. Its 
distribution in the northern part of the County has been cited in an­
other place, also its petrographic characters. As it has not been folded 
or faulted or dissected by gullies, natural quarry sites are in general 
lacking, but most of the basalt is beneath a very scant overburden. 
The basalt shows not the le;:tst sign of weathering and should last 
indefinitely. I ts use in foundations can be strongly recommended. 

• 
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A. LATITE QUARRY AT ALBION 
Rock from the quarry has been used in the construct ion of the Albion State Normal School buildings. It 
makes an attractive pinkish or pale reddish stone. Some distance back may be seen the platy quartz latite. 

1 

.l "" . 
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B. LATTE R D AY SAI N TS CHURCH IN OAKLEY CONSTRUCTED OF 
QUARTZ LATITE BLOCKS 

Shows how eITectively the quartz latite may be used as a building stone. I t is possible to obtain well shaped 
blocks of this rock. Cornerstones are of volcanic tuff. 
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With reference to the use of basalt in other parts of the State, 
Loughlin 1 remarks: 

"The Zion Cooperative Mercantile Institution building at Idaho 
Falls, built in 1884, has a front entirely of basalt in dressed blocks, 
with both rock face and finely tooled surface; some blocks are six feet 
long. The stone is of nearly black color and contains several small to 
large irregularly spaced vesicles. It gives a somber appearance, but 
shows no weathering effects after 30 years of exposure, and door sills 
where loaded trucks have been passing back and forth have not suffered 
any noticeable abrasion. Basalt has also been used, and with good 
effect, in the base of the Methodist Episcopal church at Lewiston, 
erected in 1907. Here the blocks are mostly small, with rock face 
exposed.'' 

QUARTZITE 

The pre-Cambrian quartzites afford excellent possibilities for utiliza­
tion as building stone. The general character and distribution of these 
rocks are described in another section. They have not been prospected 
or tested, but they occur . in such abundance as to justify extimsive 
development should market and other conditions warrant exploitation. 
So far as could be learned, only one dwelling has been entirely con­
structed of quartzite and this one is probably the most pretentious in 
the County. The house is on the property of the Melcher Mining and 
Milling Company and has been constructed from quartzite blocks col~ 
lected on the ground. Since the quartzite has given such excellent 
results in this dwelling, it should find more general use in the district. 

Most of the quartzite is white and nearly vitreous in luster. Bed­
ding planes are commonly spaced about a foot apart. For this reason 
the quartzite may be quarried in blocks of about the desired shape. 
Deep quarrying would perhaps not be necessary, for immense reserves 
are available at the surface, much of it already scattered around in 
loosened blocks .. Such material is available in the north end of the 
range and not far from the most thickly settled parts of the County. 
Ledges suitable as quarry sites should not be difficult to find. For use 
in foundations, piering, etc., the rock has no equal among the natural 
stones and should last indefinitely. 

MARBLE 

Marble has been used in the lower part of one of the business build­
ings in Oakley, white tuff being used for the remainder. Some also has 

I Loughlin, G. F., U.S. Geol. Survey Mineral Resources for 1913, pt. 2, p. 1379, 1914. . . 
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been used locally for tombstones. This rock has been quarried from 
the crystalline limestone or marble beds in the upper part of the pre­
Cambrian Harrison series not far southeast of Oakley. This marble 
should prove a valuable resource. Blocks are usually small, but some 
as much as three feet thick and nearly twice as long have been blasted 
from several of the quarries and no doubt much larger slabs could be 
obtained with undercutting and proper quarrying methods. Some 
layers are of exceptional whiteness, much like the fine Georgia marble. 
Most of it, however, is mottled white and gray, and if blocks were 
properly cut and polished, it would be a very attractive ornamental 
stone. All the marble is well crystalline, of medium grain, and in general 
is mainly free from foreign minerals of metamorphic origin. Little 
attempt has been made to utilize it as a building stone, but some 
has been burned to lime for local use. The deposits will be described 
in greater detail in the section on Limetone and Marble. 

OTHER ROCKS 

Otvler rocks might also serve as building stones. For example the 
Brazer limestone contains thick beds of uniform character, relatively 
free from chert and other impurities, that might be worked into blocks 
suitable for building. Some at the north end of the Albion Range might 
serve for this purpose and has an advantage over many of the other 
varieties in that it is not far from the main highway and the railroad, 
and is adajcent to the most thickly populated part of the district. The 
sandstones in the Wells formation were not examined with the idea of 
their utilization as building stones, but it is possible that they might 
suffice. Because of their failure to produce ledges, it is difficult to 
determine their adaptability to quarrying. Most of the surface blocks 
are hard, dense, nearly quartzitic, and brown from oxidation. Some of 
these when broken have gray centers. The suitability of the sandstone 
can be determined only by prospecting. 

Granite does not give much promise as a building stone. That now 
exposed at the surface in the City of Rocks area is much shattered and 
weak and if quarried and used as building stone would soon disintegrate. 
This shattering or granular disintegration probably extends many feet 
below the surf ace or into the exposed ledges. But even though the 
outer disintegrated shell were removed the rock would not possess the 
desired qualities of a building stone or ornamental stone because of the 
white opaqueness of its feldspars. This alteration of the feldspars is 
not due to surface weathering, but is probably the result of deep-seated 
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action soon after the rock had solidified. For this reason the rock 
would show no improvement with depth or assume the qualities espe­
cially demanded in monumental stones. 

LIMESTONE AND MARBLE 

Limestone and marble are among the most abundant and most 
widely distributed mineral resources of the region. Mention has already 
been made of the use of some of the marble as building and ornamental 
stone and of the possible use of the Brazer limestone as building stone. 
Aside from these uses, the rocks are also adapted for burning to lime, 
as a cement material, as agricultural lime, chemical lime, and perhaps 
other purposes. 

CARBONIFEROUS LIMESTONES 

The Brazer formation and the lower part of the Wells formation 
contain many beds that appear to consist of relatively pure limestone, 
much of which may be classed as "high-calcium" lime; that is, which 
carries more than 93 per cent calcium carbonate. The distribution of 
these rocks has already been discussed and may be seen by reference to 
the geologic map. On the whole, the Brazer beds appear to be more 
nearly pure than the others, though this formation includes beds of 
sandstone and shale in addition to limestone. Some of the limestones 
were analyzed in the Idaho Bureau of Mines and Geology laboratory1 

and the results obtained are given in the following table: 

1 2 3 

Insoluble (silica) ....................... 1.35 8.95 1.63 
Calcium carbonate ..................... 94.8 91.3 95.7 
Magnesium carbonate .. ................ 3.66 2.37 1. 30 
Iron oxide ............................. .21 .29 .14 
Aluminum oxide . ...................... .17 .3 .18 

1. Sample from massive light gray limestone (Brazer), southern end of the 
Black Pine Range in Sec. 9, T. 16 S., R. 29 E. 

2. Sample·of the Brazer limestone in Sec. 7, T.12 S., R. 30 E., in Power County. 
3. Sample from the Lower Wells formation on the west slope of the Albion 

Range, east of Oakley. 

The sample from the Black Pine Range (1) is from the ledge of white 
or light gray massive limestone so conspicuous and widely distributed 
in that part of the Range. It is much fractured and seamed with calcite. 

1 Analyses by Mr. R. V. Lundquist, chemist, Idaho Bureau of Mines and Geology. 
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As this limestone contains more than 93 per cent of calcium carbonate, 
the product obtained by proper burning would be classed as high-cal­
cium lime. The same member or horizon is also widely distributed in 
the northern end of the Sublett Range and probably in the north end 
of the Albion Range. It is reported that analyses made on limestone 
from the north end of the Albion Range yield consistently less than 
one per cent magnesia, but usually more than 10 per cent silica or 
insoluble. Sample (2) from the Sublett Range is from a grayish, dense, 
fine-grained limestone containing numerous cup corals and crinoid 
stems. The silica or insoluble material is comparatively high and the 
product obtained on burning would fall below the grade of high-calcium 
lime. The sample, however, is not wholly representative of the bed. 
Sample (3) from the west slope of the Albion Range east of Oakley is 
from a dark gray limestone in the lower part of the Wells formation. 
This limestone would also yield high-calcium lime. Its low content in 
magnesium carbonate and silica is worthy of note. 

None of the Carboniferous limestones have been utilized. It is 
certain, however, that limestone of suitable quality exists in sufficient 
variety and quantity to form a potential resource of great future value. 
Much of the limestone is suitable as a cement material. It may also 
be burned to lime and used for many purposes, such as building lime, 
finishing lime, agricultural lime, and perhaps chemical lime. The utili­
zation of the limestone will probably be slow, in view of the great 
amount of this material more readily available or nearer railroads in 
southeastern Idaho. There probably will be no demand for the lime 
as a cement material so long as a cement plant continues in operation 
near Pocatello, but the limestone for this purpose must be regarded 
purely as a potential resource. 

PRE-CAMBRIAN MARBLE 

The marble beds in the middle division of the Harrison series also 
possess many desirable qualities. Much of the rock appears to consist 
of relatively pure calcium carbonate and is of high-calcium rank, 
although the magnesium content is somewhat higher than in most of 
the Brazer limestone. The general distribution of these rocks along the 
western slope of the Albion Range has been discussed in another place. 
The marble has been quarried in a number of places and the rock burned 
locally to lime and to some extent used at the sugar factory at Twin 
Falls. Samples from several of the quarries were analyzed and the 
results are recorded in the following table (R. V. Lundquist, analyst): 
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1 2 3 4 

Insoluble (silica) ............ 5.25 1.06 0.50 0.77 
Calcium carbonate .......... 87.7 94.0 97.4 97.4 
Magnesium carbonate ....... 4.85 4.57 1.38 1.05 
Iron oxide ................. .79 .21 .14 .14 
Aluminum oxide ............ .66 .19 .09 .09 

1. Quarry at north end of the Albion Range in Sec. 31, T. 10 S., R. 25 E. 
2. Quarry near highway between Albion and Declo in Sec. 24, T. 11 S., R. 24 E. 
3. Quarry near the mouth of Smith Creek, Sec. 24, T. 12 S., R. 23 E., grayish 

mottled bands. 
4. Same quarry as (3), but of the white marble bands. 

The marble has been exposed in several small quarries at the very 
end of the Albion Range about three miles east of Declo, less than one­
fourth of a mile from the main highway, in Sec. 31, T. 10 S., R. 25 E. 
An analysis of the marble from one of the small quarries is given in 
Column 1. This agrees closely, except for the high percentage of 
insoluble, with analyses furnished by the owner of the property. It is 
reported that the marble contains up to 11 per cent magnesia, but the 
average is between 3 and 5 per cent. It is also reported that 500 tons 
were used by the sugar factory at Twin Falls. The marble is mainly 
thin-bedded and unsuited for building stone. It is rather coarsely 
crystalline, grayish, mottled, and has some disseminated pyrite and 
lime silicates. About 15 feet of beds are exposed in the quarry, but 
because of overburden the true thickness· of the member could not be 
determined. The beds strike about N. 55° E. and dip about 20° NW. 
The same series of beds are again exposed several hundred yards to the 
northeast, but little rock has been quarried at that point. The marble 
is overlain by schist. No doubt the marble beds appear in many other 
places in this part of the range. 

Marble has also been quarried along the highway between Albion 
and Declo near the upper part · of the grade where it makes rapid 
descent from the summit of the range to the plain below. The beds 
appear much thicker here than farther north and measure more than 
60 feet across in th~ working face. The marble is massive and bedding 
is very difficult to distinguish. Most of it is moderately coarsely 
crystalline, free of pyrite or other minerals, grayish, mottled and 
banded. It should prove suitable for monumental and building stones, 
provided blocks of sufficient size can be obtained. At or near the 
surface the marble is much shattered, although blocks two or three 
feet wide and five or six feet long, free from cracks, may be seen in the 
quarry side. With depth the cracks should become less numerous and 
more widely spaced and eventually disappear altogether, affording rock 
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of suitable size and quality. Analysis of this rock is given in column 2. 
It may be classed as high-calcium lime with nearly 5 per cent magne­
sium carbonate. The deposit has been opened by a cut, glory hole, and 
a short tunnel and shaft about 60 feet below the outcrop. This marble 
has been burned to lime, and remains of an old kiln may still be seen. 
Apparently the plant has not been operated for many years. The beds 
strike about N. 85° E. and apparently dip about 55° SE. into the hill. 
They may be traced several hundred yards to the southwest by the line 
of float, but beyond that point the marble is effectively concealed by 
detritus from above. Its actual width could not be determined. 
Reserves at this place are large and probably far above local demand. 

Marble has also been quarried on Smith Creek about three and one­
half miles southeast of Hazel, probably in Sec. 24, T. 12 S., R. 22 E. very 
near the base of the Albion Range. The structural relations here are 
very complex, as there appear to be several beds of marble separated by 
quartzites; all much disturbed by faulting. Two glory holes have been 
made on the main bed of marble, which lies to the east of a fault which 
has brought these beds in contact with a different part of the series of 
marbles on the other side. This marble is moderately coarsely ~rystal­
line, grayish, mottled, but has some layers of pure white. Much of 
the marble exposed in the two glory holes is broken into small blocks 
by jointing and weathering. Some blocks on the waste pile are as much 
as four feet long, three feet wide, and two feet thick. Blocks of size 
suited for monumental stone may be obtained, and the proportion of 
large blocks is likely to increase with depth below the surface zone of 
joints and fractures. Chemical analyses were made of both the mottled 
and the white marble, with the results recorded in columns 3 and 4. 
The high-calcium content of this marble is at once apparent. The bed 
is about 100 feet thick and its trend as measured in the two glory holes 
is about N. 75° E. and dip 40° NW. The bed may be traced across 
two ridges and then intermittently for a number of miles. Immediately 
to the west of the glory holes the beds are cut off by a fault ( outlined 
by the gully) and lie against beds of impure gneissic marble belonging 
higher in the series. These strike about N. 20° E. and dip 30° SE. 
The marble is much weathered and stained from the alteration of some 
of its silicate minerals. In places the strike changes to the west and 
locally is as much as N. 60° W. About 100 feet of these beds, the 
upper part composed of relatively pure marble, show in the hill beneath 
the capping of quartzite. The bed may be traced to the north for more 
than two miles. Much of the marble is not of sufficient purity to inter­
est development. Several zones of marble, apparently the entire upper 
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series, appear on the east side of the fault at the top of the ridge north 
of the glory holes. One of these is continuous with the marble bed 
exploited below and has a thickness of about 105 feet. This lies beneath 
about 105 feet of the impure gneissic marble. Then follows about 75 
feet of massive grayish marble, 30 feet of gneissic marble, 25 feet of 
white and mottled marble, and finally quartzite. 

On the south side of Robinson Creek some of the marble forms a 
ledge about 85 feet high, overlain and underlain by quartzite. Another 
bed of marble about 30 feet thick outcrops higher on the ridge. The 
same beds exposed on Smith Creek appear also on Willow Creek and 
other streams to the south, especially . on Boulder Creek and Land 
Creek. The marble beds are several in number and in the aggregate 
total several hundred feet. Some of the marble on Land Creek has 
been burned for lime. 

Marble also outcrops extensively southeast of Basin or Oakley, 
beginning near the foot of the Albion Range near Spring Creek and 
Slide Creek. It is the grayish and white kind so widely distributed 
farther north and may be quarried in blocks of considerable size. Some 
has been utilized both for stone and for lime. This marble is readily 
accessible and easily quarried. Outcrops also appear south of Mill 
Creek, but the deposits do not appear south of North Carson Creek 
The last quarry is in Sec. 28, T. 14 S., R. 23 E. The marble is cut by 
the granite, but no contact lime silicates were noted. It is mainly 
white, granular, and distinctly bedded. The member is probably more 
than 50 feet thick and has been prospected in several places by small 
cuts. Some of the marble has been burned to lime, for an old lime 
kiln still stands on the premises. 

It seems certain that marble of suitable quality exists along the west 
margin and north end of the Albion Range in sufficient variety and 
quantity to form a potential resource of considerable value. 

QUARTZITE 

The quartzite in the Harrison series is ordinarily rather pure and 
vitreous, and should prove a valuable resource in addition to its use as 
a building stone. Some of it has all the qualities possessed by vein 
quartz and may be crushed or ground and used in a variety of ways. 1 

Pure quartzite may be used in the manufacture of pottery, in metal­
lurgical and chemical processes, as an adulterant in paints, as a filler 
for wood, in the manufacture of silica glass, as a road filler, as an 

1 Loughlin, G. F., U.S. Geol. Survey Mineral Resources for 1913, pt. 2, chapter on silica, 1914. 
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abrasive in scouring soaps, in making sandpaper, in the manufacture of 
polishing powders, for "frosting" glass, and for other purposes. As an 
abrasive, crushed quartz is preferable to sand or crushed sandstone 
because it has sharp edges. For the same reason it is preferred for 
paints and as wood filler, because grains with sharp edges adhere more 
closely than those with rounded edges. 

The quartzite in the northern end of the Albion Range is favorably 
situated with respect to transportation, both by highway and by 
railroad. Location of quarries involves only the selection of those places 
with a minimum amount of overburden and easy access to the highways. 
The quantity of rock in the Albion Range needs no estimation, for the 
supply is inexhaustible. Utilization of this resource can come with the 
establishment of abrasive, ceramic, metallurgical, and chemical indus­
tries in the surrounding region. It probably would be impossible to ship 
the quartzite to eastern markets in competition with deposits nearer the 
point of demand, because of the long, expensive haul across the country. 

VOLCANIC ASH 

Volcanic ash or pumicite is a widely distributed resource of consid­
erable potential value. Its general characters and distribution have 
been discussed elsewhere, much of the so-called tuff in the Tertiary 
series being in reality thick beds of white to light gray, fine to coarse, 
pumiceous ash of rather exceptional purity. High grade pumicite has 
a variety of uses, especially in abrasives. Usually it is ground so as to 
give a uniform product, when it may be used as the principal ingredient 
in many cleansing compounds, in abrasive hand soaps, in metal polishes, 
tooth pastes, and as a filler for paints. It has also found use as a light­
weight concrete aggregate, taking the place of a considerable part of 
the cement. 

None of the pumicite has so far been utilized. Its exploitation is 
controlled by the same factors that govern the marketing of the 
quartzite-namely, the long distance from present markets where the 
supply is from much nearer sources. Much of the ash is concealed 
beneath the Tertiary lavas, but exposures are sufficiently numerous in 
the fault scarps and deeper gullies to provide an immense reserve of this 
material. Deposits are farther removed from the railroads than the 
quartzites, but this factor is more than balanced by the cheaper costs 
in quarrying and grinding. Adequate exposures are on the east and 
west flanks of the Malta Range and in the canyons southwest and 
south of Oakley. Deposits in the Sublett and Black Pine ranges are 

e 
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too far removed from railroads to compete successfully with those in 
other parts of the district. 

MICA 

Considerable prospecting has been done for mica near the southern 
end of South Mountain, but so far none 0f commercial size has been 
found. Such muscovite as has been found forms small plates or books, 
rarely more than four inches across and seldom more than two, scattered 
widely through the pegmatite bodies. These lie in any position in the 
pegmatites and show no tendency to form nests or seams. With such 
an abundance of pegmatites in some parts of the region and with so 
many holding muscovite plates, there is always the possibility that 
some with marketable sizes of mica may be found. But the failure of 
large books to show in any of the outcrops or in any of the surface 
debris does not lend encouragement. 

FELDSPAR 

Feldspar is an abundant constituent in the pegmatites admixed with 
quartz, muscovite, biotite, and several minor accessories, as discussed 
in the section under igneous rocks. Feldspar is employed mainly in the 
ceramic industry and to a less extent as an abrasive in scouring soaps 
and window washes. It is also used in the manufacture of glass, roofing 
material, and concrete. Most whiteware bodies consist of 10 to 35 per 
cent off eldspar and glazes usually contain from 30 to 50 per cent of this 
material. 

As the pegmatite bodies are usually small and irregular, the mines 
must also be small and irregularly developed and operated. Few de­
posits farther than five miles from a railroad can be operated success­
fully. Unless exceptionally well located or of unusual purity, deposits 
less than 25 feet wide are of little commercial interest. For economical 
operation, marketable feldspar should constitute at least 50 per cent 
of the rock mass; should occur in fairly large clean masses, so that 
sorting is easy; should be free from iron stains, and other finely dis­
seminated impurities; and quartz should constitute not over 25 per cent 
of the shipping product. 

Most of the pegmatites are in the southern end of South Mountain, 
nearly 18 miles from the end of the railroad at Oakley. Some of the 
bodies are large, exceeding 25 feet in thickness, and may be traced for 
several hundred feet on the surface. In some the quartz and feldspar 
are intricately intergrown as graphic granite, composed normally of 
about 75 per cent feldspar and 25 per cent free quartz,. but most of 
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them have essentially the textures of very coarse grained granites. In 
most of them the feldspar constitutes nearly half of the rock. Should 
there ever be a demand for feldspar from the general region, no doubt 
suitable deposits may be found for exploitation. 

CLAY 

No special study was made of the clay occurrences in Cassia County. 
Considerable clay has been mined and burned to bricks in a plant at 
the east edge of Burley. A good grade of brick is produced and is used 
extensively in buildings and houses in Burley and in the surrounding 
region. This clay is of the transported kind and is mined from the silt 
or floodplain deposits not far from the banks of the Snake River. 
Reserves are probably sufficient to supply the local demand indefinitely. 
Clay has also been burned in other parts of the district, but none other 
than the plant at Burley is in operation at the present time. 

High grade clays or kaolins were not seen anywhere in the district, 
but the lower grade suitable for structural uses are widespread. In 
addition to the clay or silt deposits along the Snake River, there are 
extensive deposits of aeolian clays or loess which are · equally as well 
adapted for burning to ordinary bricks or tile. Such deposits have 
been mentioned elsewhere as occurring north of the town of Albion and 
in the north end of the Sublett Range and the bordering Snake River 
Plains. In the latter locality the aeolian deposits are exceptionally 
thick and easily mined, but will never find utilization in Cassia County, 
because deposits of the same kind are more easily available along the 
railroad at American Falls in Power County. 

CYANITE 

Cyanite has been found in the north end of the Albion Range, in 
Sec. 9, T. 11 S., R. 25 E., in boulders or blocks derived from the thick 
garnetiferous schist member in the upper part of the middle division of 
the Harrison series. Several small boulders have been found on the 
surface, in part resting on the schist and in part in the talus slide below 
the outcrop. These boulders or blocks contain small lenticular masses 
of bladed crystals or crystal aggregates measuring from an inch or two 
thick to nearly a foot. They constitute relatively pure cyanite aggra­
gates whose individual crystals of pale bluish color form blades as long 
as six to eight inches and an inch or more wide. The nests are firmly 
bedded in the highly garnet if erous schist and some of the blades pene­
trate into the schist. Quartz is commonly associated with the cyanite, 
and in some there are large flakes of brownish phlogopite. Microscopic 

\ 
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studies of the enclosing schist show it to be composed essentially of 
sillimanite, with some andalusite, quartz, graphite, garnet, and several 
minor accessories. Relict structures of the schist may be seen in the 
cyanite nests without the aid of the microscope and these relations sug­
gest that the cyanite has been developed by the recrystallization of the 
materials in the schist or by replacement of these materials. The cyanite 
masses are not readily detached from the firmly held schist. 

Cyanite contains the same chemical elements as andalusite and in 
the same proportions, and should serve the same purpose as andalusite. 
The latter is being used in the manufacture of sparkplug porcelains, 
and if it could be produced cheaply it might be used as a source of 
alumina in many other ceramic processes. Not only is there a demand 
from· the potters for aluminum material, but it has been learned that 
aluminous refractories are much more satisfactory than firebrick for 
certain purposes. 

No search has been made to find the part of the schist in which the 
cyanite is developed. Cyanite is a frequent or common constituent in 
metamorphic rocks, although it rarely forms large masses or occurs in 
such quantity as to encourage commercial development. It is very 
unlikely that it will be found in any greater abundance than in occa­
sional scattered nests and then probably very locally. This schist 
member may be traced for many miles along the west margin of the 
Albion Range, but so far as known, cyanite has not been found in any 
part of it except in the one particular locality. Its localization is per­
haps the result of contact action in the neighborhood of granite, al­
though no granite appears at the surface in this part of the range. It 
should· require very little effort to find the cyanite in place, as most of 
the schist (here about 200 feet thick) projects above the surface or is 
beneath a comparatively thin overburden. Its interest will probably 
prove to be more scientific than commercial. 

' ROAD METAL 

Supplies of rock suitable for road metal are very abundant in Cassia 
County, but comparatively little use of them has been made. Most of 
the surfacing of roads has been with gravels derived largely from the 
same formations which are considered best adapted for use after crush­
ing. Obviously, it is much less expensive to utilize rock already broken 
than to quarry and submit the material to crushing. While crushed 
rock possesses some qualities on the road lacking in rounded gravel, 
these same qualities may be obtained by submitting the gravels them-
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selves to crushing. Should crushed rock be desired, practically inex­
haustible supplies are readily available. Such rocks adapted for use as 
road metal include the Snake River basalt, the Tertiary latites, pre­
Cambrian quartzites, and, in some of the more remote parts of the 
area, the Carboniferous limestones and cherts. · 

Where rock is intended for water-bound macadam construction, the 
most essential qualities to be determined are hardness (resistance to 
abrasion), toughness (resistance to impact of traffic), and binding power 
or cementing value (ability of the rock powder when in contact with 
water to bind or cement the larger rock fragments and prevent their 
displacement under the shearing action of traffic). In general, the 
igneous rocks possess qualities superior to those of sedimentary rocks. 
In south Idaho the cementing value of the crushed rock or gravel has 
been one of the critical factors in the construction of permanent maca­
dam roads. No rock has yet been found that would stand under the 
arid climatic conditions, but binding material is soon loosened during 
the dry ·season and carried away by the winds. This difficulty in road 
construction has recently been overcome by the use of a bituminous 
or oil binder. 

Crushed Snake River basalt is probably the best material for per­
manent roads. Usually it is superior in hardness and toughness, and 
its cementing value, especially in the slightly weathered rock, is high. 
This rock is available across the northern part of the district in the line 
of the heaviest traffic, but none of it has been utilized. The rock is 
exceedingly fresh and none of it has been eroded to form gravel deposits. 
It would therefore be necessary to quarry and crush the rock from the 
ledge before it could be used · on the road and it would probably be 
necessary to add an oil binder to obtain the best results under the arid 

· climatic conditions. 
The Tertiary quartz latites also possess desirable qualities as road 

metal. As much of the latite has a platy character, it would probably 
reduce to smaller fragments much more readily than the basalt, but also 
would probably break down more easily under heavy traffic. No doubt 
its wearing or abrasive qualities would also be somewhat less. None 
of it has been quarried and crushed directly from the ledge, but some 
obtained from talus slopes has been used on certain of the secondary 
roads. It appears to be satisfactory under the lighter traffic and its 
value could probably be improved by removing some of the larger 
fragments or blocks from the roadways. Gravels derived from the 
latites have been used on the South Branch of the Old Oregon Trail 
near Idahome. The gravel cements better than most of the other 
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materials used in the district, but the road becomes dusty· and ravels 
in the dry, hot part of the summer. The rock is available over much 
of the area, either in the ledge or in the gravels at the base of the lava 
ridges. Crushed talus or. gravel would serve as well as the crushed 
massive rock and would prove much less expensive. Such material 
would also possess better cementing qualities because of the weathered 
materials and clays or silts admixed with it. 

Quartzite, which is composed essentially of the hard mineral quartz 
and in this region is a recrystallized sandstone of much the same char­
acter as vein quartz, is superior to all other sedimentary rocks and equal 
to or superior to most igneous rocks· in resistance to wear, hardness, 
and toughness, but is inferior to all in cementing value. But where 
bituminous material forms the binder, the cementing value of the rock 
used as surfacing material is of less importance. Such quartzite can well 
suffice in or near the Albion Range, the Raft River Range, and South 
Mountain, but is not available elsewhere except in some of the trans­
ported gravels or extensive alluvial slopes at the base of these ranges. 

Rocks available in the eastern part of the County are mainly the 
Carboniferous limestones, sandstones, and cherts, locally latite and 
basalt. Sandstone is not satisfactory as a road material, as it is readily 
reduced to sand under light traffic. Chert is locally abundant along 
Sublett Creek and it might be utilized, especially as some· of the out­
crops of the Rex chert member are well located and much fractured, 
so that quarrying would be easy. Its wearing qualities would perhaps 
be lower than for sandstone and limestone, but its hardness and tough­
ness should exceed both. It should also develop good binding qualities 
on the road. Limestone has in general an excellent cementing value, 
but its hardness is low and the wearing qualities only fair. It is suitable 
under light traffic. It is probably the best material available in the 
southeast part of the County and may in places be utilized from the 
gravel deposits which extend from the base of the Black Pine Range. 

Granite is not well fitted to serve as a road dressing. Much of it is 
so shattered or disintegrated that it would readily reduce to a sand 
under traffic. However, with a suitable base beneath, it could serve as 
a top dressing and would yield a smooth sandy road. Its utilization 
could be only local on roads mainly in the City of Rocks area. 

SCENIC RESpURCES 

The scenic resources of Cassia County could be much more fully 
utilized. In the Cassia City of Rocks the district has one of the most 
unique features of its kind in the country and perhaps in the world. 
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Although picturesque erosion features, such as rather striking displays 
of large boulders, domed monoliths, castellated forms, and pedestal 
rocks of varied size and shape, are fairly common in the granitic rocks 
of arid and semi-arid regions, in no place, so far as the writer knows, 
except possibly in the Buffalo Mountains in Australia, are they so 
strikingly developed and brought together within such a relatively 
compact area as in Cassia County. The rock city is within forty miles 
of th~ Old Oregon Trail and could be made an interesting side trip for 
the thousands of tourists who cross the northern end of the district and 
know nothing of its presence. The old immigrant road to California 
passed about a mile to the south of the main part of the rock city, and 
needless to say, the City of Rocks was better known to the pioneer 
travelers who first settled southern Idaho than to residents of Idaho 
today. It is a scenic resource of great worth, as yet practically un­
developed. I ts features are sufficiently unique and interesting so that 
they should be included in a national playground or National Monu­
ment. No comment is necessary as to the value of such a resource to 
Cassia County were it widely advertised. The thousands of tourists 
who would enjoy seeing these spectacular features and who could be 
made to linger in the region is answer enough. 

1 
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EXPLANATION 

Alluvium, hill wash, moraine, undifferentiated 

Payette or Salt Lake formatfon 

Phosphoria-Wells formations undifferentiated 

Wells formation 

Cb Brazer formcition 

Cm(?) Madison limestone 

Ah Harrison series 

Tl Quartz latite 

Gra Granodiorite and granite 

Fault 




