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A. looking Bast. Acidiec Tertiary late lava, on the north
side of the Plain in middle distance and horizon, dip-
ping gently soutlward and dissppearing under the Snake
River Plain basalt, A basaltic cinder cone, perched ow
the older acid lava, shows in the extrems left middle

distance. In the foreground, in front of the trees, isa
a small lava cone.

Be looking East. Acidic Tertiary Late lLava, on the soutk~
ea3t side of the Plaln, on horizon dipping gently north-
wgrd and northwsstward to disappear under the Snake
River Plain basalt. Alluvial fan of South Fork of Snake
River in foreground and middle distance.

C. Looking North. Carboniferous limestone which makes up
the west wing of Beaverhead Range can be seen plunging
stratigraphically and topographically beneath the Plain.
This is the southeasternmost tip of the ranges, Note
the angular unconformity delineated by the heavy black
line between the limestone and the over-lying Tertiary
Late Lavas which lie on the noses of these ranges and
also dip to the Plain at a different angle.

D. Iooking North. Typical lava cone showing wide expanded
base. This type of cone is more common in tha western
lava area. :
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A. looking West. The dim horizon shows Tertiary Late Lava
at the north edge of the Plain, dipping gently south-
ward and southeastward to disappear under the Snake
River Plain basalt which makes up the foreground. 1In
the eenter of the picture rises an old acidic cone
perpendicular to the acidie lava series on which it
sits, but tilted toward the Plain.

B. The vesicular nature of the trachytes and rhyolites is
typified by this boulder. These vesicles, several
feet in diameter as shown inm the lower part of the
boulder, are characteristic of one wide~-sorsad flow
in the Tertiary lLate lava.

C. Iooking South. Juniper Buttes make up the sky-line.
Note the low elevation compared to the lateral extent
which reaches beyond the edges of the photograph. If
this 1s an old volcano, its proportions and character-.
istics are vastly different from those of Big and
East buttes. The lava on ite slope dips gently to
the surrounding Plain,
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looking West. Stending on the Continental Divide
several miles west of Humnhrey. In the foreground
lie thousards of feet of stratified Tartiary gravel.
The highosi peak om the left of the horizgn is made
up of southwestward dipping Triassic conglomerate and
limestone,

Generalized structure sections of the area showing
12 figures.
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PREFACE

The repért harewifh covers‘a brief and striking
reconnaissance of a large area in that portion of the state
of Idaho adjacent to the corner which is bounded on the esast

by the state of Wyoming and on the north by the state of
Montana.

Although the project itself has a definite economic
basis, the most significant results will probably be found to
lie in the realm of structural geology. This does not mean,
however, that the report is devoid of major economic signif-
icance for as the great fnglish scientist John Tyndall once
said ~ "The science of today is the practice of tomorrow", and
1f the rather bold hypothesis of the "Snake River Downwarp"
put forward by Professor Kirkham, together with his tentative
analysis of the fault system in the sediments north of the
Plains, should be confirmed by further detailed work, then this
rather modest publication will becoms a major one indeed in the
annals of the geologic history of Idaho.

Francis A, Thomson,
Secretary, Idaho Bureau of Minas
and Geology.



A GEOLOGIC RECONNAISSANCE
OF CLARK AND JEFFZRSON AND PARTS OF 3UTTE, CUSTER,
FREMONT, LEMHI, AND MADISON GOUNTIES, IDAHO.

By

Virgil R. D. Kirkham

INTRODUCTION.
PURPOST OF THE INVESTICGATION.

Previous to thls investigation, local rumors concerning the
presence in Clark County of o0il and coal resulted in requests from the

region for a geological examination of this county by the Idaho Bureau
of Mines and Geology.

The writer was commissioned to make this examination and
entered the field on July 20, 1925, with Norman R. White, a student in
the School of Mines, as assistant. The purpose of the investigation
was to search for oil, eocal, phosphate, and other non-meta2llic re—
sources as well as to make observations which would provide data for
a geologic map of the area. It was hoped, also, that a study of the
sediments and structure north and northwest of the Snake River Plain
might result in a correlation with formations and structural features
lying south and eastward ef the Plain.

The entire proaect was of neeessity conducted as a rapid
reconnaissance.

The area mapped, which was 65 miles wide and 120 miles long,
contains 167 townships. The work was prosecuted by means of auto camp
outfit, by horses and on foot,

Temporary headquarters were established at Dubois, Areo,
Mackay, Howe, and at Sheridan and Medicine Lodge ereeks, and work was
projected from each base. The prlan of attack was to iraverse the
valleys and to cross and recross the ranges, by auto, on horseback, or
on foot, as necessity demanded,

Geological mapping was facilitated by Forest Servies topo-
graphy of a few townships in the eastern part of the Targhee National
PForest. Drainage lines on the Lemhi ‘National Forest map, together
with seetion and township corners, served as the only available guides
%m location of formation boundaries in the western part of the area,
and the latter, cousequently, have only sketch walus. The lava desert
area was crossed everywherse that a road was available and visits were
made to nearly all of the eones shown. These Werse only apprOX1mately
located by rudimentary triangulation and intersectioning with a QOMPASS e

The party left the field en September 13, 1925, and -this com-
pleted the field examination except for five additional days spent in
the area by the writer in August, 1926. A winter’s study of the asol=
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lected field data suggested structursl possibilities in the area whieh
were confirmed when re-~visited. The field geology was of necessity
colleeted on several maps ¢f varying scales, significanes, and degrees
of accuraey, and the geology of the area was not assembled until com-
pllatien was accomplished in the office.

The following brief bibliography represents, as far as is
known, the chief publications whish embrace any part of the ared. The
explanatory notes in parentheses are appended by the writer. References
to publiecations throughout the following pages are made by the serial
mmbers assigned to the publications listede.

(1) BRYAN, L. L., and STEARNS, H. T., Preliminary report
on the water resources of the Mud Lake RBasin, Idahe,
Us S. Geola Survey in eooperation with G. L. 0., and
Idaho Bureau of Mines and Geol. mimeographed Bull.,
June 1922. (Thd eentral third of the area is reprow—
senteds No geologie maps, but some excellent structure
sections of the Snake River basalt are presented. Work
done in 1921,)

(2) ©ONDIT, D. Dalo, Relations of late Paleozoie and early
Mesozole formations ¢f southwestern Montana and ad-
Jacent parts of Wyoming: U. S. Geol. Survey, Prof.
Paper 120, pp. 111-122, 1918. (A brief reeonnaissance
along the eastern erest of the Gentennial Range 1s re—~
bresented, No geologiec map, but a structure sestion
18 represented. W&rk done in 1916.)

(3) » Oil shale in western Montana, southeastern
Idaho, and adjacent parts of Wyoming and Utah: U. S.
Gool. Survey Bull. 711, pp. 15-40, 1919: . {4 recon-
nalssance of Centennial Range, chiefly in Montana, 1s
represented. Map shows outerop of Permian in eastern
part of area and no other geology. Work done in 1918.)

(4) HAYDEN, F. V., Eleventh Ann. Report ef the Survey of
the territeries, 1879. (About 12 townships in ex—
treme southeast are shewn en reconmaissance geologie
map. Work done in 1877, )

(6) KIRKHAM, Virgil R. D., A geologlic rocomnaissance of
parts of Butte. OClark, Custer, Fremont, Jefferson,
Madison, and Lemhi eounties, Idaho. Idaho Bureau of
Mines and Geology Press Bull., Sept., 1925. {Summary

ef entire area. No geologic map presented. Work done
in 1925.)

(6) 1%, Willis 7., STONZ, Ralph W., GALE, Hoyt S., and
others: Guidebook ef the Western United States,
Part- B. The @verland route with a side trip te
Yollowstone Park: U. S. Geol. Survey 612, PPs 136w
148, 1915, (About 10 townships in southeastern part

of area are represented. No geologic maps presented.
Work dnne in 1914, )
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(7) MANSFIBLD, G. R., Ceal in eastern Idaho: U, Se Gool.
Survey Bulle. 716 pp. 123-153, 1920, (Bastern third
of the area 1s represented. Reconnaissance geologle
map presented. Work done in 1917, )

(8) RUSSEZLL, Israel, C., Geology and water resources ef
the Snake River plains of Idaho, U. S. Geol. Survey
Bull. 199, 1902. (BEastern and southeastern half of
area represented. Reconnalssance map showing only
Snake River basalt 1s presented. Work dene in 1907, )

(9) SCHULPZ, Alfred Reginald, A Geologie recommaissance for
phosphate and e¢eal in southeastern Idaho and western
Wyoming, U. S. Geol. Survey Bull}, 680, 1918. (A fow
townships in the extreme southeastern portion are re-
bresenteds Recennaissance geologic map presented.

Work done in 1911 amd 1912.) '

(10) STEARNS, H. T., and BRYAN, L. L., Preliminary report
on the geology and water resources of the Mud Lake.
Basin, Idaho, U. S. Geole Survey Water Supply Paper
560-D in cooperation with G. L, O. and Idaho Bureau
of Mines and Geology, 1925. (Eastern half ef the
area represented. No geologic map or sestions pre~
sented., Work done in 1921 and 1922.)

(11) STEBARNS, H. T., Voleanism in the Mud Lake area, Idaho,
Am. JOT_.II'. 'Seli.' VOl. 11’ Ppo 353"’563, Apri.l' 1926.
(Eastern three-fifths of area represented. Small re-
connaissance geologic map presented. Work presumably
done in 1921, 1922 and later.)

(12) UMPLEBY, Joseph B., Geology and Ore Deposits of the
Mackay region, ldaho, U, S. Geol. Survey Prof. Paper
97, 1917. (Northwestern amd western part ef area is
represented. Reconnaissance geologic map and detailed
maps of small areas are presented. Work done in 19124)

Aside from unavallable private reports; and unpublished and un-
available work done by the U, S. Geological Survey; the above list is bew
lioved to include substantislly all geologie work dome in the area.

ACENOWLEDGMENTS.

The writer takes pleasure in expressing appredlation ef the
ecurtesies extended by Messrs. H. R, Harn, D. T. Marphy, and R. W,
Raterndahl, of Dubois, Idaho, amd by Frank J, Hagenbarth, of Speneer,
Idaho, in faeilitating the werk in the area and for use of maps, etee
Indebtedness is acknowledged to Alfred L. Anderson, Assistant Geole-
glst, Idaho Bureau of Mines and Geelogy, for a petrographic study of
some of the lavas deseribed in this bulletin. Boundaries for soms of
the gravel and alluvium areas shown on the map were alse taken from his
unpublished field data. Thanks are cue Dr. Francis A. Thomson, Dean eof
the School ef Mines, University of Idaho, for valuable sounsel in pre-
paring the report and for a critical reading of the mamscript. The
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writer is alse grateful for the care and cooperation given by Vernon T.
Otter in the drafting of maps accompanying this report. Able assistance
was given in the field by Norman R, White. Protograph D. en Plate II
has been borrowed from the U. S. Geological Survey.

GEOGRAPHY.
LOCATION.

The area examined and represented on the map contains 167
townships which lie in that part of eastern Idaho adjacent to the
Idaho-Montana boundary as shown by the Index map on Plate IV, It
lies between meridians 111° 38! and 114° 02' W, and parallels 43¢ 38t
and 44° 34' N, The above mentioned area is approximately divided
among six counties as follows: Clark sounty complete, 51 townships;
Jefferson county complete, 32 townships; Butte county 32 townships;
Custer county, 23 townships; Fremont eounty, 17 townships; Lemhi
ceunty, 4 townships; and Madison county, 8 tewnships. An areas scm~
prising approximately 28 townsiipsllies in the Lemhi National Forest,
about 13 townships are in the Targhee National Forest, and the re-
malnder is public domain, or private or state land,

IRAINAGE.

-The entire area lies within the Snake River drainage.
Snake River appesrs only within the southeastern part ¢f the map
where the northwestward flowing south fork of the Snake makes con-
fluence with the southwestward flowing Henry'’s Fork. From this roint,
Snake River flows westwerd for a fow miles and then in a southerly
"direection till it passes beyond the limits of the mapa

The largest tributaries are Teton River, flowing west,
and Sheridan Creek, flowing east into Henry's Fork.

“Other large streams in the area contribute to tﬁe Snake
River drainage but do not flow into it at the surface, All of these

discharge into "sinks" except Camas Creek which empties into Mud
Lakes.

From Sheridan Cresk, at the extreme sastern edge of the
area, westward for more than a hundred miles beyond the area limits,
no stream ' flows into Snake River from the northern side af the Plain.
Snake River, in this part of the state, mgs the southern edge of the
Plain. Consequently, each river or sreek which would enter it would
have to flow over arid lava rock for a distance of from 40 to 80
miles after it leaves its mountain valley. Desert evaporation, gravels,
and cellularvesisular, and jointed lava conspire to entirely rob the
stream of its water before it completes the journey., Many of the
"sinks" are really intermittent lakes or playas whieh cccupy depressions
formed in the lavas by flows from surrounding lava cones and vents. A
rather notably elevated area, formed by built-up lava extrusions, oe-
euples the central paris of the Plain and thus separates ths lateral de~
bression along the southeast side of the Plain in which Snake River
flsws, and thes similar depression which extends alcng the northwesiern

.
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side of the Plaln and in which the "sinks" are found, Many of the
streams disappear beneath the edges of lava flows which have origi-
nated farther out in the Plain,

Some of the major streams which are lost in "sinks" are
Big Lost River, Little Lost River, Birch, Medicine Lodge, Beaver,
Warm Springs, and Blue cresks. Mad lLake and assoclated lakes which
are virtually "sinks", receive waier at the surface from Camas Cresk
and underground from some of the above mentioned streams. Some of
these streams sink and reappear even during their eourse through the
mountain canyons. Big Los% River, after leaving its mountain valley,
strikes off across the Plain *towards Snake River. About 10 miles out
on the Plain it meets the higher lava area mentioned before and veers
to the east for a distance of 10 miles, There it gradually swings
northward for another 10 miles where it sinks to reappear after a few
miles. It sinks again and rises to the surface again to flow for
nearly 10 miles in a noritheastern direction to where it finally dis~
appears in the same major "sink" where Birsh Creek loses itself, Thus,
it flows eastward and northward for more than 50 miles over the basalt
to find this depression after reaching the Flain. ILittle Lost River
sinks upon reaching the Plain but mch of its water probably contributes
to the reappearance of Big Lost River in its Journey to the "Big Sirk,"
Many dry playas and old stream channels mark the courses that Big Lost
River has used in other times, Major tributaries to Big Lost River
are Willow, Lone Cedar, Pete, Upper Cedar, Lower Cedar, Pass, Sage, Alder ,
and Antelope crecks. Many minor ereeks sink upon entering Big Lost River
Valley. The chief tributaries of Little Lost River are Mahogany, Bell
Mounsain, Basinger, Deer, Cedar, Horse, Badger, Boulder, South, Wet, and
Dry Creeks. It also has many tributaries that sink in the alluvial fans
before reaching it. The only tributaries which reach Birch CGreek are
Bightmile, Skull, and Pass creeks., About 25 creeks disappear in the
alluvial fanz of this valley.

Medicine Lodge Creek has Warm, Irving, Fritz, Webber, Eddy,
Middle Fork, ard Indian creeks for its main trivustaries. Beaver Creek
is fed by Nodoc, Idaho, Pleasant Valley, Miners, Stoddard, Dairy, Three=
wile, Rattlesnake, Corral, and Spring oereoeks; the chief tributaries
of Camas Cresk are Cottenwood, Rast Gamas, and Spring creeks. Many
Streams flow from Big Bend Ridge, which lies on the eastern edge of the
area, and sink at its base.

Flve lakss corstitute the Mad lake group. These are Spring

Lake, Jofferson Resorvoir, Mud Lake, North Lake, and Hamer Lake. These
streteh for 16 miles in an east and west direation and are readily le-
cated on the map in Jefferson county. Ascording to Stearnslothe maxi~
mum area of Mud Laks which is the largest of the group 18 12,670 aeres.
It is said to have been as small ss 24500 acres before 1908, and as

large as 14,200 acres in 191419, According to the same source, Joffer-
son Reservoir has an area of 1354 acres, North Lake 1200 acres, Spring
Lake 700 acres, and Hamer Lake 184 acres. Sheridan Creek reservoir

lies in the northeastern prart of Clark County and Mackay reservoir lies
on the western edge of the area a few miles from the town of that name.

Another playa marks the site of extinot Market Lake, which lies
north of Roberts in the southeastern part of Jefferson county.
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Pahsimerol River, Burnt, Sheep, and Gooseberry creeks drain
northward into tribtautaries of Salmon River which eniers the Snake many
hundreds of miles to the northwestward, .

TOPOGRAPHY.

Four types of topography are represented in the area: (1)
rugged mountainons provinces, made up of tilted, faulted, and folded
sediments and early andesitic lavas, (2) gently sloping foothill-like
areas made up of older gravels and later acidic lavas, which slope to
the plains at a very low angle, (3) broad mountain valleys floored with
later gravels and vast alluvial fans, and (4) the dominant feature of
the region, the Snake River Plain.

The first type is represented by the Lost River Range which
lies between Big Lost and Little Lost rivers, by Lemhi Range which is
the next range to the east, and by Beaverhead Hange which lies between
Birch and Medicine Lodge creeks. These ranges are exceedingly rugged
and serrated and are chiefly composed of limestone, dolomite, quartzite,
shale, and schist. Minor quantities of soft lake beds and altersd ande-
sitie lavas make up some of their foothills. ERaeh of these ranges has
many characteristics similar to the others. They appear to have had a
similar genesis, to contain many of the same fo¥mations, and to have
undergone the same erosion cycles and physiographic history. They are
notably parallel and are sevarated by basin~like valleys of similar
width and each range strikes the Plain at a right angle. The rangss
are also similar in their reslief and in their major structural features.
The highest known point in the area is Mt. McCaleb which reaches more
than 11,500 feet above ses level. It is situated in Lost River Range -
which has 12 other peaks more than 11,000 in elevation within the area.
The crest of this range is all above 10,000 feet except where passes sut
through, dividing it into thrée sections. The highest part lies north
of Pass Creek. The second section extends from Arco Pass north to Pass
Creek, and the lowest part from Arco Pass south to the Plain. The
valley bottom of Big Lost River to the west of this range is from 5,800
tn 6,000 above sea level o0 that a vertical relief of about a mile is
bresented on the western gide.

Lemrhi, Range, which is an uncut unit, has two peaks within the
area whish extend above 11,000 feet and has its crest at an altitude of
10,000 faest. The valleys of Little Lost River and Birch Creek ars mainly
less than 6,000 fest above “lea level and a reliasf similar to that of the
Lost Biver Range exists here.

The Beaverhead Range also has many high peaks of altitudes
similar to those mentioned in the other ranges. It is divided into
sast and west units with the re<enirants formed by Warm Springs €reelk
and Nicholia Creek on the north, giving it the appearance of a butter-
fly with Oone outstretched wing reaching to Bireh Creek and the .other
one to Medicine Lodge Creek. The eastern wing is the highest and most
rugged--its erest is above 10,000 feet, while the western wing is over
9,000 feet in elevation. Stratigraphisally as well as topographically,

these ranges pitch to the southeast where they plunge under the lavas
which border the Plain.
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No rmads cross Lemhi er Beaverhead rangss, but three roads eross
transversely the Lost River Range. At Doubls Springs Pass the elevation
is 8,200 feet-~at Pass Creek it is 7,500 feet and at Arco Pass approximate-
ly 7,200 feet.

That Part of the Lost River Range included in this area is about
65 miles long and averages about 13 miles in width. About 45 miles of
Lemhi Range is included, It has an average width of 9 miles. The Beaver—

head Range projects only about 20 miles into the area and has an average
width of about 15 miles.

The second topographic type is represented by most of the Cen-
tennial Range, by Big Bedd Ridge which borders the area on the east, by
the foothils of the Big Hole Range in the southeastern portion of the
area and by Junilper Buttes, west of S%. Anthony, This topographic type
1s made up of gently sloping lavas, chiefly rhyolite, trachyte and ande-
site with some basalt and interbedded lake sediments, ash and gravels,
These lavas are late Tertiary in age and vary in thickness from place
to place. 9TRey stretch in an uninterrupted fringe completely around
the northwestern, northern, northeastern, sastern, and southeastern
boundaries of the Snake River Plain. The head of the Plain area is not
included on this map so the eastern and northeastern edges are not
shown,

From the western point of Beaverhead Range to the mouth of
Medieine Lodge Creek, the acid lavas dip gently southeasiward to the
Plain and ascend gradually almost to the Continental Divide. From -
Medieine Lodge Creek, eastward to beyond the limits of the map, they
dip in a southerly direstion and rise gontly to the Continental Divide
to arch over and dip northward into Montana, where they have been
eroded from the crest of the Centennial Mountains. Tertiary gravels
lie unconformably underneath them and Cretaceous or older eddiments
are also revealed in small areas. The latter formations, where exposed
by erosion, invariably occupy relatively lower areas along the Divide.
The higher peaks along the Divide are formed by the lavas which reach
heights more than 10,000 feet above sea level.

‘ The sides of these rangss are gentle slopes rather than pre-
cipitousveliffs such as are found in the ranges of the rough mountain-
ous provinces. These gentle slopes do not appear to have been DIo-
duced by peneplanation as suggested by Stearns,11 but rather by gently
dipping lavas. The slopes in general conform 30 ths dip of the acidie
series and interbedded ash, and sediments,. Although erosion has
roughened and modified the original surface so that it is no longer
technieally a dip slope, it virtually is one.

v The third topographic type consists of broad-bottomed basin-
like mountain valleys, illustrated by the valleys of BiY Lost and Little
Lost rivers and Bireh Creek. These valleys are now chiefly ocecupied by
Btream gravels and alluvium but Bay bo underlain by lake beds and old
lavas, Big Lost River Velley is the longest, but it is narrower than
the others. Its length in the area is 65 miles and its average width
is five miles. A% one place it is as narrow as three miles while at
Places it is eighi miles across. It is also very narrow at its southern
end. Vast overiapping piedmont alluvial fans reach more than half way
across the valley from either side. The head of this valley in this
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are2 has an elevation of about 6,800 feet and where Big lost River enters
the Plain, the elevation is less than 5,900 feet above sea level. Some of
the alluvial fans rise gradually to a point of 1,500 feet higher tham
their bases. The valley of Little Lost River is 55 miles long within
this area and shows similar characteristias, The narrowest part of this
valley is six miles across and this is at the southeramost extremity.

Its average width is about elght miles and at some plaees it is more

than 10 miles wide. Vet and Pahsimeroi ereek valleys are also unusually
-wide, Little Lost River Vallsy is about 7,000 feet above sea level at
the northern limit of the area and below 5,900 where the river enters the
Plain province. Alluvial fans, stream gravels, and alluvium, as in Big
Lost River, make up its floor. The fans here are gonerally less than
1,000 feet in height. Lake beds and early Tertiary andesitic lavas are
known to underlie the gravels in parts of the depression.

About 35 miles of Birch Creek Valley lie in the area. At its
narrowest part, near Kaufman, it is nearly six miles across. This
point is about 10 miles from whsre the valley opens upon the Plain. Its
average width is also eight miles and some places are sleven miles across.
It also is 7,000 feet high at the limits of the mapped area and Bireh
Creek is less than 5,900 feet above sea level where it enters the Snake
River Plain. Alluvial fans less than a thousand feet high, likewise
flank the sides and cover its bottom. '

Late Tertiary gravels, well consolidated, lie west of the
stream in the northern extremity and the valley bottom, north of Kauf-
man, is also omcupied by late Tertiary Lavas somewhat distorted and
chiefly andesitic or basic. Lavas and lake beds probaﬁly underlie in
Places the stream gravels and alluvium which now cover its bottom.

All of the depressions are undoubtedly structural and ante-
cedent to the streams now ocecupying them. They all may be assumed to
have a depth considserably in excess of that now reprosented. These
valleys parallel the mountain rangss as well as each other and their
present surface gradient plunges gradually to the Snake River Plain
which they strike at a right angle to its adge.

The undisturbed Quaternary lava of the Plain does not form
surface embayments in the valleys although oldar underlying lavas of
the Plain very liksly extend up thess valleys for varying distsnces.
The barren gentle alluvial slopes of these wide mountain valleys fur-~
nishes a striking contrast to the precipitous flanking mountain ranges..

The basalt-covered Snake River Plain area shown in the south-
eastern half of the map is only a small part of the Snake River Plain
depression whiech sweeps across the southern half of Idaho into Cregon
in a great cresecent. The part of the Plain presented here, as well as
those parts extending some distance east and west of the area limits,
represents a great structural depression,-probably a downwarp, which
has since been filled with continental deposits and lava flows issuing
from local craters and vents. Thae chisf locus of the extrusive centers,
now at the surface, is in the central portion of the Plain area and con~
sequently the last extrusions have Ppiled up the lava along the center,
as has already been mentioned, so that the lowest parts of the Plain now
lie near the flanking mountain proviness. The outpouring of lava, which
has built up this Plain has been gradual and broken by intervals of
quiet, accompanied” by continental deposition. Perhaps 20 different
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ages of extrusion may now be differentiated by conses and flows showing
at the surface. Many older exirusion records are undouttedly buried
beneath these later flows. Sowe of the older cones on the present sur—
face may represent Pliocene basalts but nsarly all, if not all, may be
placed as Barly to Late Quaternary. Temporary lakes and streams alter—
nating with lava druptiong have formed a complicated and heterogeneous
pattern of interbedded gravels, silts, and flows and interleaved flows
from competing eratsrs and vents.

The relatively flat surface of the Plain is now relieved by
a great number of tuff, e¢inder, and lava cones, of varying dimensions,
and by abrupt lava flow faces, by so-called pressure ridges and domes,
by caverns, tunnels, and all the phenomena ordinarily accompanying a
region of volcanic extrusions from losal sources.

The Plain area has a relief from side to side of perhaps 600
feet becanse some of the gigantic gently-sloped lava cones rise Several
hundred feet above their base. These bases vary from a few hundred
yards to several miles in diameter. The extreme eastern end of the
Plain is the higher and has an elevation of about 6,300 feet. The
Plain slopes gradually southwestward along its longer axis to nearly
4,800 feet at the southern and western limits of the map.

Juniper Buttes, composed of asidie tuffs and lava flows, re—
bresent either a swell or dome in the more acid Late Tertiary Lavas
which underlie the still later basalts covering the present Plain sur-
face, or an o0ld voleano of large proportions, which was a source for those
acid lavas, which remained an island in the basalt inundation. It rises
by gentle slopes eight mundred feet abova the basalt-coversd Plain,
which surrounds it zt on elevation of about 5,400 fect.

At the oxtreme eastera edge of the area are the foothills of
Big Bend Ridge which flanks the area on the east. It is an arch in the
acidic Late Tertiary Lavas and is nearly 20 miles long by 6 miles wide.
It also was an island in the basalt-covered basin and the isclated
basalt flows now found on its surface are local and younger than most
of the basalts at its base which surround it at an elevation of 5,400
feet on the south and southeastern slopes and at least 1,800 feet above
the surrounding basalt Plain onm its side of least relief.

South of the map limits a short distance are Fast Butts and
Big Butte which revresent the unsubmerged tops of great volcanoes which
were imbedded in the basalt filled basine Big Butte protrudes more
than 2,350 feet above the surrounding basalt plains but East Butte is
smaller and lower. Middle Butte, also outside the area, 1s a south-

eastward tilted monadnock of early or late Tertiary lava and is chiefly
basalt and andesita.

PHYSIOGRAPHIC HISTORY.

It has been shown that the three mountain ranges in the
western part of the area have much in common. Their physiographic
development also has been similar. Lost River Range diffars from the
ether ranges by having two old valleys crossing it transversely.
These valleys both extended south &sross the range and are now marked
by early Tertiary lavas and in one case by lake beds. A minor range,
which trends parallel to the othe:Jpangesivhas not been mentioned
befere, It is represented,hng*w&oy’Mountain, the Donkey Hills,
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which lie northwest of Wet Creek and east of Pahsimerol Creek, and the
southern noge of a mountain mass which lies north of ihe headwaters of
Little Lost River, A deep valley onos eut through this minor renge

and ran south from the northern limits of the area, across where the
southeastern end of the Donkey Hills shows the older lava, ané then

cut deeply across the larger Lost River Range nsear Pass Creck inta the
Present Big Lost River Valley. This depression appears %0 have been
Six or seven miles across in places and was narrowest at ths mouth of
Pass Creek. What happened if it joined the present depression is zon—
Jectural but it may have extended soutlwestward toward Alder Creek,
which lies west of the mapped area where arother vailey filled with.
early lavas reaches south to join the Plain. I%ts narrow widith at

Pass Creek may te evidence, on the comtrary, for a morthward flowing
stream whose head was near the present mouth of Pass Greek. This

early valley, extending from Pass Creek northward, i& now filled Jlarge—
ly with lavas and lake beds and must have been at least 30 miles long
within the map area. A valley of similar nature lies east of Areo.

It also crosses the raunge and runs norih and south. It appsars %o

have been about five milez wide and at least 20 miles long. What
happens at its north end is concealed by gravels and alluvial fans.

It is narrowest where it joins the Plain at its southern extremity and
widens to the northward. Another old valley, paralleling the present
river valleys, existed between Lost River Ronge and Doukey Hillsl This
headed into the Pass Creek Valley near the present head of Wet Creek
altho a divide probably separated the antecedent of Pahsimeroil River
and a northward flowing predecessor of Wet Creek. It is at present
oceupied by great thicknesses of early lava and late gravels. A
tributary to it was also filled with lava and shows in the western

edge of Donkey Hills, This valley was about 30 miles long, within the
area, and was &bout five miles wide. These valleys, no doubt, were
occupied by streams of considerable importance but were, it is be~
lieved, chiefly structural valleys.. The evidence for this conclusion
can only be suggested here and will be discussed under the sedtion sn
structure. The stratigraphic relationships in Pass Creek make reasonably
certain that overthrust faulting orosses the range in that vicinity.
Another overthrust fault is ovidenced on the east side of the Areco

Pass region. Anothsr overthrust fault sevarating Hawley Mountain from
Lost River Range is believed to extend northwestward to separate the
Cambrsan of the Donkey Hills from the younger beds in Lost River Range
to the westward. At the north edge of the map the ancient Cambrian (7)
beds of Lemhi Range must be separated by faulting from the yovrnger beds
lying west of them. A continuous fault did not necessarily extend the
full length of any one of these valleys but it seems likely that topo-~
graphic gaps were made in the Lost River Range by large faults which
influenced the early drainags of the area. This does not mean that
all the structural adjustment in the area was pre-lava but that post—
Carboniferous, (probably Cretacsous), movement had establishod some
earlier structural linss along which movement was renswed in post-lava
times. Both the lavas and lake beds are tilted at high angles and some-—
what deformed indieating the strength of wosi~lava movement. It scems
likely that the lower ports of tho present valleys of Birch Cresk, Little
Lost and Big Lost Rivers also existad 2t the same time. The depressions
occupled by these streams extond for aqual or greator distances to the
northwest where they ars occupied by similar strzems which flow into
Salmon River. Each valley has o divide in the graval-covered valley
floor at an elevation of about 7.200 faet. The ranges sxtend to heights
sevaral thousands of fzst wbove the sites whers tha presant rivars are
tricklgng stroamlets with elmost no erosive powsr. The prasent streams
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are not to be assigned credit for these valleys.

Insufficient evidence was gathered io perrdt a positive
statement as to the dirscticn of flow of the sarlier streams, but 1t
seems probably that early streams such as Lemhi and Pahsimerol rlvers
whieh now flow northwestward had valley heads ohnslderahly farther
south than thas present divides.

The evidence suggests a northward-flowing stream which
headed near the mouth of Pass Creek and flowed along the present course
of Wet Creek past the southeastern end of the Tonkey Hills and through
the gap now ocscupied by Milk Cresk. Amother northward-flowlng stream
probably headod in wide valley lying between the Donkoy Hills and
Lost River Mountains in a mammer similar to Pahsimerol River, The
lava~cccupied valley, which lies on the west side of Donkey Fl1ls, is
8o orianted as to have contributed to an old northward-flowing stream.
The narrow valley north of Donkey Hills was a tributary to the.old
stream, '

The narrow gap immediately east of Arco, may vossibly be
conceived as the head of ancther northward-flowing stream which flowed
through the Arco Pass region ani then northward up Little Lost River
Valley and out at the Milk Creek depression. The 0ld Pass freek
dtream would be a tributary of this larger stream. Other tributaries
are indicated by the orientation of the ro-entrants along the walls
of Lost River and Lemhi rangss. '

In Birch Creek Valley a northward-flowing stream probably
headed west of Keufman. Re—entrants in the valley walils indicate
northerly-flowing tributaries. Southward-flowing streams occupied
~yarts of Big Lost River Valley and the lowsr part of Little lLost
River Valley northeast of Howe and Berenice. Another southward-flow-
ing stream nccupied the Birch Creek Valley, south of Xaufman.

The subsidence of the present Snake River Plain regionm,
which lowered the south end of these valleys was accompanied by a
complementary, nearly parallel, uplift to the north, which formed the
east-west folds in the Centennial Mountains amd probably contimued in
a general westerly direction across these ranges and valieys. ©Since
Late Pliocene acid lavas took part in this movement the present
stream arrangement prohably represents the necassary adjustment which
resulted from the now divide developed by this gentlg—archad, sast-
west fold. Undoubtodly much Early Tertiary and Late Tertiary Lavas
and associated continental deposits have beon sroded from the present
valleys by tho prosent southeastward-flowing stroams,

Pleistosone alpinz and cliff glacicrs furnishod much rock
waste cnd debris which, at thc time of glzcial mslting, sppoars to
have boen spread by torrontizl stroams into graat clluvial fans,

Evidence for a Tertiary pemneplain surface may be found in
the area by the similarity of the heights of the peaks in the various
ranges. This peneplain was suggested by Umplebyl %, but the evidence
presented in the limited part of central Idaho renresented here,
seemed to the writer inconslusive and esvecially so regarding the age
of the supposed base-levelling. If such a peneplain existed hers, it

~BS_considerably warped and also Brokem by renswed faulting along

ggrller zones of weakness in Plioesense and possibly early Pleistocemse

mel

*Umpleby, Joseph B., an old erosion surface in Idaho; its age and value as a

datum plane: Jour. Geol.Vol.XX,pp. 139-47,1912, also Jour.Geol.Vol.XXI,
Pp,224~31, 1913, B ,




It is Umpleby's belief that the pemeplain im this region
was formed previous to the deposition of the iake beds im the valley
of Wet Creek, and that these beds were deposibed in a basin oxoded
after the peneplain had been developed. These lake beds are comtempox-
aneous witkh the later flows of the early andesitie lava series sirnee
the upper lava flows and lower lake bed and tuff members are inter-
leaved and conformable. A lliccene age is given to these beds by
Unpleby because he believes the lavas to possess a Miocene age, and
he correlates these lake beds to similap ones in IAmhi Valley north
of Birch €reek Valley, where Miocens leaf rcomainauwere identified.

The writer believes that the Miocens age of toth Lemhi
Valley and Wet Creck lake beds and tuffs may be quastioned in the
light of evidence contributed by a study of the Payette and associated
formations of southwestern Idaho made by J. P. Buwalda in 1920. The
writer acecompanisd Buwalda in the entire investigation, and is cog-
nizant of his conelusions regarding the fossil record of those form-
ations. Lindgren* considers tho Payettse as Miocena in age chiefly on
evidenee of fossil lsaves. By the samo method of determination,
Umploby assigns the samc age to his lake beds, and thus the two form—
ations, being similar in lithology and in rslation ship to other
formatiouns, appear to be corrslated.

Buwalda,** as the result of Mannalian fossil remains, assigns
an age to the lower Paystte of upper Miocens of lowar Pliocens, and
for the upper Payette (Poison Creek Formation of Buwalda***) s lower
Pliocens age.

A eorresponding change in age is not improbably necessary
for Unpleby's lake beds, and should this surmise prove eorrect the
ags 0f the psneplain need rnot be so ancient as he contends.

At numerous places in southwestern Idaho, the writer has
observed the Payette lying in fault valleys and structural depressions
distinctly post-Payette in ags. It seems likely that Payette lake
beds were also deposited in erosion valleys or strucdtural valleys which
existed before peneplanation. Whether or not a penevlain existed be—
fore the deposition of the Payetts, much evidence for pensplanstion,
after its deposition, surely exists in the mountainous area north of
the Suake River Plain both in southwestern and southeastern Idaho.

Possibly an Barly Tertiary vpemseplain existsd which was suc-
ceedad by a Pliocens peneplain. If so, the earlier baso~level was
badly warped and faultad aftsr the deposition of the lak: bed ssdi-
ments and then subjseted to another base levaling which alse affeeted
the dadXm beds by oxeavating them excapt whers they wers protscted by
down—~faulting snd downwarping. ‘ ' ' .

* Lindgren, Waldemar, Bolse Quadrangle, U. 5. Geol. Folio 45, 1895,

*ox Buwalda, Jomm P., The age of the Payette formation and ths old
srosion surface in Idaho. Seience Vol. 60 No. 564, pp. 572-73, Dec.
19, 1924, ‘ _ ' '
¥**Buwalda, John P., A Preliminary Recommaissance of the gas and oil
possibilities of southwestern and south-central Idaho. Idaho Bureau of
Mines and Geole. Pamphlet 5, July 1923,
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Evidence collected over several fisld Seasons seems to paint
to the eomelusiorn that the upper portion of the Snake River Plain, part
of which is represented in this area, ic the site of a great regional
subsidence or dowanwarp.

A practieally unbroken fringe of a series of lavas, chiefly
acidic in nature, borders the Plain from the west wall of Birch COresk
Valley, where it debouches on the Plain, eastward to the head of the
Plain where it swings gradually souihward and then westward on the south~
sastern border and extends across the end of the Blaackfoot Range. Iso~
lated remnamts of the same lavas are found farther westward on both the
north and south* side of tho Plain.

These lavas, which project unconformably beneath the generally
undisturbed younger basalt flows of the Plain, riss gently from this

contact to 2 height varying from several hundred to a few thousand feet
above the Plain.

Assuming a Pliocene age for the late Tertiary lLavas, a Pro-
lava peneplain~like area must have existed over a wide region in order
to have such a wide-spread relatively flat-lying series of these acid
lavas which are consistently thin for their extent and notably similar
in lithology over a vast region.

These Pliocene acidic lavas extruded from great volsanoes and
small local craters must have had an appearance not unlike the present
surface basalt flows Qf the Plain region. Sinking for several ndred
miles along the long axis of the Plain caused the lavas and interbedded
Salt Lake formation to dip gently inward to this axis.

Structural features and ranges, antecedent to the warping,
which extended scross this great area now eovered with late basalt, were
likewise affected and warped down. The warping in the middle area was
accompanied by complementary uplift beyond the present Plain boundariesz.
The southern ends of Lost River, lemhi, and Beaverhead rangss now plunge
stratigraphically as well as topograrhically under the basalt lavas of
the Plain. Similarly, the folded ranges south of the Plain, and outside
the limits of this area, approach the Plgin at a right angle and appear
to plunge stratigraphically beneath it.

The complimentary, almost parallel, fold produced to the
north of the Plain is expressed by the arch which makes up the erest of
a large part of the Centennial Rgnge. A continuation of its expression,
as already stated, is probably the cause for the divide in the old
valleys at the heads of Birch Cresk, Little XLost, and Big Los% rivers,
which flow southeast, and Lemhi and Pehsimerol rivers, and Warm Springs
Creek which flow northwestward into the Salmom. This divide appreximates
the point where the Lemhi, Lost River, and Beaverhead ranges begin to
develop the stratigraphic plunge, te the Snake River Plain. Uplift,
unaccompanied by much lateral movement or folding, is evident ip tho Big
Hole, Caribou and Blackfoot ranges, although no evidence for another
Parallel arch cutting acress the ronges to the south of the vlain has

*Kirkham, Virgil R. D., Geology and 0il Possibilities of Bingham, Bonns-

ville, and Caribou counties Idaho. JIdaho Bureau of Mines and Geology
Bulletin 8, September,_1924. ’
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been seen by the writer.

The downwarp is ehiefly filled with lake beds in southwesters
Idaho and eastern Oragon and tlhess beds bass vnder the late basalts te
the sastward. It is very likely that a considerabls thicknass of laks
beds underlie the lava-~covered Plain area in this region either intey-
bodded with or underlying the lowes: of the Quaternary flows. The
lower Paystte series lies convormably under a similar but thieker acid
lava series in southwestern Idaho and esstera Oregon and it seems not
Improbable that a similar relationship may osccur here, On %ha Centennial
Range several thousand feet 0f consolidated and bedded gravels are ex-
bosed by erosion under this acid series of late Tertiary lavas. Lake
beds, gravels, etc. Possibly £ill the great plunging valleys of Birch
Creek and Little Los% River to geeat depths and project out under the

basalts to join similar buried matorials in the greater depression of the
Plain,

CLIMATE, SETTLIMINT, OCCUPATIONS, AND ACCESSIBILITY.

Differences in altitude and regional widds are the chief eon-
tributory reasons for a marked variation in the eclimate of the area,

Mackay, which lies in one of the valleys of the western part
of the area, has an anmal precipitation of 9.31 inchss and an anmual
normal temperaturs of 4l.4 degrees. At Arco the figures are 9,64 and
40,8, respectively. These stations may be elassed as representative
of sonditions in the mouvatain valleys. Preecipitation is much heavier
on the intervening ranges, which are timbered on the northsrn and north-~
eastern slopes, whare showfields lis for many months of the year. The
higher peaks bear snow-.filled cirques throughout the year. Snow is
8aid to remain in the valleys only a few weeks yearly. January and
May are the months of heaviest precipitation for the mountainoug sections.

In the vicinity of Mud Lake}oon the lava desert of the Plain
area, precipltation averages about 8.25 inches and the temperature abeout
38 degrees. At Camss,l9 {0 ths northeast and slightly higher, the pre-
cipitation is 10.85 inches. At Suger City, in the sastern edgo of the
area, the average yearly precinitation is 12.42 inches and the average
yearly temperature is 41.2 degrees. Idaho Falls, outside the area and
Just south of Roberts, has an average yearly precipitation of 13,59 inehes
and an anmual average temperature of 43,6 degrees, It is lower in alti-
tude than most of the desert region in the mapped area.

At‘Spencer,lo which lies at the northern edge of the Plain
and at the base of tho Centsnnial Range, the precioitation is 17.22 and
the temperature similar %o ybat of Areco. Xilgore 0 in the northeastern
part of the area has a precipitation of 22.32 inches. These two towns
are about 6,000 fset above sea level and have the highest anmial pre-
elpitation and lowest anmal temperatures of any places in the area ox-
clusive of the mountain ranges and Big Bend Ridge. The ecastsrn end of

the Centennizl Range is heavily timbered and is snow sovered many monthg
of the year.

The lava-gnversd Plain region has great yearly extromes of
temperature ranglag from 90 ta 100 degress in ths samme® Yo 30 to 40
degreens below zero in the winter.

The low precipitation of the western valleys is caused by the
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high mountain barriers which effect condensation and supersaturation on
the ranges. ’

The largest town in the mapped area is Rexburg with a porulation
of about §5,900. §St%. Anthony has 3,200 inhabitanta and Rigby about 1700.
Mackay has less than 900 inhabitants and Arce about 500.

Roberts, Dubois, Teton City, Sugar City, Ririe, Spencer, Hamer,
Camas, Moore, and Darlington, are small towns with a few families and
business houses. Post offices, sehools, or statioms and little else are
represented by Howe, Berenise, Clyde, Leslie, Dickey, Chilly, Lost River,
Sweet Sage, Reno, Winsper, 01d Monteview, New Fonteview, Small, Edie,
Argora, Xilors, Idmont, Temno, Jones, High Bridge, Wilford, Salem, Parker,
Egin, Sunny Dell, Lewisville, Heise, Herbert, Hlenan, level, Hawgood, Terre-
ton, and Plano., Only a few of these latter names represent railroad points.

The more thickly settled agricultural regions are along Snake

River in the southeast, along Big Lost River in the west, and around Mud
Lake.

The occupations are varied. Mackay represents a mining and
agricultural community. Speuncer and Kilgore depend on livestock, The
rest of the area is agricultural. The larger centers represent rail-
road shipping points in irrigated areas and the small ones.are trading
centers for dry farming regions. Little lumbering is done in the area
and practically no manufacturing, except sugar refining.

The Oregon Short Line Railroad is the only rail transportation
represented in the area. The main line extends from Pocatello, Idzsho to
Butte, Montana. It cuts across the area from north to south. Spencer,
Dubois, and Roberts are the larger stations along this line. The
Yellowstone Bwanch of this system leaves at Idaho Falls and extends to
West Yellowstone, serving the Upper Snake River Blain. Rexburg, St.
Anthony, and Rigby are the largest towns served by it in this srea. The

Mackay Branch, which leaves the main line ai Blac®foot, serves Arco and
Mackay.

A main gravelled highway follows thse railway line from north
to south. The Yellowstone Trail follows Snake River from Idano Falls
across the southeastern corner of the arsa. The Central Idaho Highway
cuts westward from Sheridan Cresk through Xilgore to Spencer, thsn to
Dubois angt west through Howe to Arco. The valleys of Big lIost and Little
Lost rivers, and Birch Creek are sarteries of travel toward the Salmon

\River and nossess uninproved roads. Several roads cut acrose the desert,
One of these cuts the desert from the mouth of Birch Creek to Camas, and
one eonneets Birch Creek and Mud Lake. Another leads from Howe to Mud
Lake, Hamer and #oberts, and still another connects Arco with Roberts.
Arco, also, has desert roads connecting it with Idaho Falls and Blacke
foot. Desert roads in the ecstern part of the avea comnect S%. Anthony
with Kilgore and Spencer, and St. Anthony with Tnxhois. 8f the desert
roads, none except the Central Zdaho Highway and the Mud lake roads have
water along their courss. Yiany little-used desert roads wander aimlessw
ly across the barren lava Tegion and are used almost exclusively by
sheep eamp outfits, and live—stock meu.,
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GEOLOGY.
STRATIGRAPHY,

In the attempt to glve stratigraphic and age values to the
groat mass of Paleozolc sediments making up the western mountaip renges,
the wrlter was guided by the lithologlic doscriptions of Unpleby 2 and
Mansfield* and the palsontologzie descriptions of Umpleby.

Previous experience with the stratigraphic sectlon. southeast
of the plains was useful since wome similarijies appear to e:}it. ~Visits
were made to the localities described and measured by Umpleby and whare
fossil determinations werec made by the U. S, Geological Survey. A few
days were spent in becoming familiar with the lithology and sequence of
these sections and then an attempt was made to allocaté approximate ages
to the various parts of the mountaln masses. The boundaries of the
variously aged groups, as shown on the map, are sketchy and inferred
rather than traced and their chief value 1s %o show the main formational
relationships and to help indicate the probable major struetural features
of the region. The boundaries as well as the structure seetions are
highly generalized and do not undertake to show anything but the main
form of the structural masses. Thé relationships near the major faults
are fairly obvious and have a higher degree of aseuracy. Vast numbers
of small folds and faults were observed but not mapped. Thus &n a section
where a formation appears as a relatively gentle monocline several folds
or faults of small displacement may occur, sud the sectior undertakes to show
only the general regional dip of the formationm. :

Faulting may liXewise have brought small outerops of older beds
to the surface in a formation mapped as younger. Such occurrences were
often too small to map and many, no doubt, were also undetected in this
rapid reconnaissancs.

Drainage was the chlef guide to location on the base map and
distances were generally estimated,

CAMBRIAN(?) SYSTZM.

The section first studied was at Wilbert, on the west side of
the Lemhi Range at the head of Camp Creek. Tho age of these beds is
questionabls as no fossils have been found associated with them. They
are tentatively assigned to the Cambrian purely on lithologic similari-
ties and stratigraphic position. o

2 : ‘ :
Um.pleby1 describes the Wilbert section as follows:

"The supposed Cambrian quartzites in the
vicinity of Wilbert ix the Lemhi Range, include four
fairly distinct formations that are designated lower
quartzite, shale, middle quartzite, and upper quartz-
ite. The lower quartzite is a massively to semi-
massively bedded white rock that has a wide range in
texture but is, in most places, pebbly, containing
subangular, pebbles of guartz as much as a quarter

* Mansfield, G. R., Geography, geology and mineral resources of the
Port Hall Indian Reservation, Idaho, U. S. Geol. Survey Bull. 713, 1920,
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of an inch across; firmly cemented by the finer siliceous
material. The base is not exposed, tut 200 fest of
beds appear in the canyon side below the Wilbert mill.

A shale fovmation intricaisly folded in the
vieinlty of the mill tut arparsnily ahont 150 feey
thick, overlies the lowsr quarizite. The roek is
greenish gray aud has been so greatly sompressed that
1t breaks readily into irregular plates with curved
facess Tts metamorphism was accompanied by tha
developmenti of considerable chlorite and sericlie.

Above ths shale formation is the middle
quartzite, whick, as vxposed in nearly vertical beds
along the canyon above the Wilbert mill, ig 475 feet
thicks The rock kas a maroon eolor which ccntrasts
sharply with the prevalent light grays of the other
quartzite formations. The lower part of it is made up
of thiek beds, some of which are intricately cross-
bedded; but the upper layers are thin and regularly
stratified.

Overlying this formation is an assemvlage of
quartzite beds that were grouped and mapped as the up—~
per quartzite. They are at least 800 foet :hick al-
though, as thers is a strong fault on the egast, their
full thickness was probably not observed. The lowest
beds consist of 25 feet of milky-white fine-grained
quartzite, overlain by 6 feet of dark gray medium-
grained quartzite, thsn 10 feet more of the mi lky-white
varlety, which grades into a brownish facies cortaining
mamerous annelid borings, the total to this horizon
representing a thickness of about 170 feet. Above
this lower group of bpeds is 80 fest of thin--bedded
clear-white fine-grained quartzite, which from local
evidence might be considered a distinct unit. This is
overlain by 550 feet of massive quartzite beds of
light-gray color and fine-grained texture."

The foregoing description fits mach of the series of sediments
ascribed to that age by the writer. In most instances the thicknesses
appeared to be greater than those given by Umplebyg12 Although, accord-
ing to Umpleby, his seetion is faulted or eroded at both the top and
the bottom, he measured a total of aboub 1625 foet. The writer would
raise this figure to 2,000 feet at other localitiese.

A series of rocks assigned to the Algonkian system by Umpleby12
lie next to the valley on the west side of the Lemhi Hange, This band
of rocks is about three miles wide at the edge of the area and di-
minishes to the south uniil it entirely disappesrs near Horse Croek.

4 study of the Cambrian, as i% is traced north from Camp Creek to the
same locality, shows these beds to be either the same or wery similar.
If they represent Algonkian rocks they appear to bs coanforinable with
wembers assigned tentatively to the Cambrian farther south. Thesse
rocks east of Milk Creek and in Cedar Creek and Easinger danyon are
chiefly gray sericitic schist and gray and red quartziies and are no
Tore metamorphosed than the Cambrian(f) farther south. Ths meta-
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worphism, which is slight, may have been induced by the nearby major
fault which 1s assumed to lie near their basge,

Red, white and gray quartzites largely make up the onkey
Hills and a slice of the mountain mass west of Milk Creeok. The
Cambrian(%) series is belisved to oecupy the entire western side of
the Lemhi Range from the edge of the area southward almost to Bere-
nice. Its regional dip iwm this range is slightly north of east at
varying angles where it lies apparently conformable under the
¢rdovician series of sediments.

4 slice of red snd gray quartzites thought to be up-faulted
Cambrian is exposed surrounded by the Carboniferous series in the
Wwest wing of the Beaverhsad Range in Skull Canyon.

This series is similar to the Cambrian series described by
Mansfield* in the Fort Hall Indian Reservation southeast of the Snake
River Plain. Red, purple and pink quartzites are fairly abundant
throughout this region and may correspond to the Brigham quartzite
(Middle and Lower Cambrian} of that region and the region farther south
in Idaho and Utah. The chief difference between the two series seems
to be in the absence of any limestons in the Cambrian of this region.
Some of the limestone at present assigned to the overlying Crdovician
should possibly be included here.

The presence of annelid trails and the apparently conform-
able relationship to the overlying Ordovician, coupled with the
lithologic similarity to the Brigham quartzites are the only eriteria
for assigning to the beds a Cambrian age.

ORDOVICIAN SYSTEM.

This series, as defined by Umpleby,lz has three formatioms.
At EBlbow Canyon the lowest is made up of 1600 feet of fine-grained
white quartzite. This is overlain by 420 feet of dark blue dolo~
mite and 530 feet of Ygite dolomite. The latter two formations,
according to Umpleby, contain Ordovician fossils.

This series is exposed along the western base of the lLost
River Range from the northern edge of the area to a point east of
Mackay. After a short break it appears again at the northern edge
of Butte County and reaches south to & roint east of Moore, where it
1s cut off by a fault., This series also appears for a short dis-
tance along the northern end of the sast side of the range, where
it extends south of Spring Hill mountain. The northern half of
Hawley Mountain is made up of these beds as is also the western tip
of the low ridge about five miles east of Arco.. A band of thess
rocks extends along the entire west side of the Lemhi Range. Erosion
along a subordinate fold in this range has exposed the Ordovician
serles along its eastern flank in several disconnected areas. A
small area appears west of Milk Creek at the border of the map., Ths
series was not recognized in that part of the Beavorhead Range re-
pbresented here. However, the upper dolomitia %embers are so similar
to the Carboniferous that they may be presemt in small areas wherse
they were undetected.

*Mansfield, G. R., Geograpyhy, Geology and Mineral resources of the Fort
Hall Indian Reservation, Idaho.. U. S, Geol. survey Buil, 713, 1920.
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The white vitreous guartzite is tentatively correlated with
the Swan Peak quartzite of southeastern Idaho. It is a comspieuous
cliff-maker where gently tilted, and a ridge-maker where steeply ine
clined, It is mush fractured due to structural movemeant, cozbains
many mimte eavities, and is iron stained im places.

_ The two dolomite members of this series are fossiliferous
according to Umpleby12 and are identified by characteristiec Richmond
fossils. They are correlated with the Fish Haven Dolomite, southeast
of the Plain. The upper gray dolomite may very doubtfully be eorrelstsd

.With the laketown dolomite of southeastern Idaho and Utah which has
been assigned to the Silurian system in that regions. :

DEVONIAN SYSTFH.

More than 4,000 feet of beds assigned to this system by

Umpleby,lz are exposed at several pdaces in the area. They lie con-

- formably on the Ordoviclan beds of Fish Haven or Laketown(?) dolomite.
The lower 2,000  feet are correlated with the Jefferson limestone and
are mads up of dark blue and gray colored massive dolomite. The
upper 2,000 feet are chiefly brown shaly limasstones which weather
into smooth grassy slopes characteristic of the formation throughout
the entire region. The uppermost 500 feet is another dark blue and
gray dolomite with massive cliff-forming members. This dolomite
contains red and brown shaly limestones which weather easily and
stain the series giving it a color which serves as a convenignt hor-

~izon marker, This limestone contains, according to Umpleby™“, fossils
of Three Forks age. The top 2,000 feet of the Devonian is.corre-
lated with the Three Forks limestons of southeastern Idahe and Mon-

" tana. '

These beds make up the sides of the northern part of the
Lost River Range and are exposed along the western flank of the
southern portion. They are exposed in stream vallays on the eastern
slope of the range and 2 narrow strip of them bordsrs the eastern
valley occupied by Arco pass near Horsethief Canyon,

Lemhl Range is capped by this series for most of its length,
and small unidentified areas of dolomite probably occur in the Reaver-~

head Range, where erosion may have cut through the Carboniferous
‘series. k -

CARBONIFEROUS STZRIHES.

This series has the widest areal distribution of any of the
Palezoiec formations. A thickness of approximaigly 12,000 feet is as~
signed to this group of limestones. Unpleby's™  #sation in the Joggle
Canyon east of Maockay, shows 4,300 feet of Carboniferous beds at this
point. His description is as follows:

"The lower beds exposed are 1500 fest of

§hin—bedded, fine—grained, calcareous slate, whieh
ecomes somewhat t icker-pedded noar the top. Con-

formably above these beds is 400 fest of buff and
pale~marvfon shale with a few thiek heds of fossili~
ferous limestones near the base. "Above the shale
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beds is 200 feat of dark limestous in thin teds,
whick Become thicker upward and lie heneath a
medium-bedded limestone of distinctive reddish-
buff ard blue color., Above this limestons is

300 feet of massively beddad dark blue limestone,
whieh grades unward 100 feet of buff sandstone,
tren follows 100 feet of clayey limestone whinh
weathers a bright red. Above this, 1,050 faed
of thick-bedded blue limestons remarkably free
from partings aloag the bedding contimtes to th
sumit. Fossils were found only in %the lower 230
feet."

4%t other places in %he area from 2,000 to 4,000 feet of
limestone, uniform in xna*ure and of a dark blue eolor, ocour in &

position apparently above these highly colored horiszon markers, The
lower exposures of this uniform section gonerally show an unusnally
large number of chert bands. Thess eho»: masses make up from 20 to

30 per eent of the rock for several hundred fooh of tha sechion.

They are well exposed on the ridge oast_of the mouth of Birch Cresk.

According to U’mpleby'sl2 fossil doterminations this serles

is ehlefly upper Mississippian and would be comrclatsd with tho Brazor

Limestone of other Rocky Mountair areas. The lowermos? gseries may
likewise be part of the Madison limestome whish ia s0 extensive in
other regions,

lMore than 6,000 feet of eorglomerate, sardstone, quart—
zlte, and limestone, overlie the Mississippiam series. The rocks
are nearly all rusty brown sandstone and blus Amestone., A heavy
conglozerate apparently segarates this series a% places from the
lower limestons. Umplebyl

age. It would correlate easily with the Wells forsiation of o%her
regions but for its immense thickness.

Only a small portion of these beds appear in the Lost

River and lemhi ranges. They show best in the Beaverhead Mountains,

where they ocoupy the center of a great syneline along the axis of
the range.

The Mississippian beds are best exposed along the crest

glves this group of beds a Pennsylvanian

and the southeastern slope of Lemhi Range. Thay appear again on the -

extreme outside flanks of the Beaverhead Range and at plases within

the range where they are exposed by erosiom in deep canyons.

East of Medicine Lodge Creek a series of limestones be-
lieved to be Nississippian are shoved ¥p, as the upper lip of a
great everthrust, above a ssries of Triassic conglomerates and
limestones, which no doubt overlie Permian doposits. '

Several chert exposures not unlike the Rex chert member
of the Phosphoria formaticn were seen im ths area north of Lidy
Bot Springs where the Tertiary Late Lavas have been removed in
isolated arsas., Stearns~V reports that the U. S. Geological Sur-
vey has identified Permian fossils from Medicine Lodge Creek. No
Permian deposits were recognized in this area,.although the Phos-
phoria formation in Montana has been traced by Condit® te the
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northern edge of the area. The writer believes the phosphate bearing
Permian formation to be covered in the north part of Medicine Lodgoe
basin by overthivsy Mississippian limestones. Peimian Jdercsits were
found on the oresi 02 the Centennial Range. north of Sheridan Creek,
whers Bhosphate rock creps out. This locaticn i raferred to by
Condit®s3,” Mhe Permian deposits at 4his place are less than 200 feet
thick and are chiefly guartzite, ohert and shals. About 2,000 feet of
Pennsylvanian and Mississipsoian rocks oceuw helow the Permian hers and
outerop across the Montaus iine, The Permsylwsnian at this place ap-
pears to be only a fow hundred foet thiclk.

It is doubtful if more %han 2,500 fzet of Carboniferous -
Sedimonts is represented in tho almost complete section egxposed in
Oentennial Range. In the western rart of the area a thickness of at
least 12,000 feet is assumed for the Mississippian ard Permsylvanian
members alone. This figure may be raised to 15,000 when detailed
work is doms or may e ocut down if duplication by faulting is found
whore now undetectod.

TRIASSIC SYSTEM.

. More than 3,000 fest of massive rad conglomerate and thin
limestone members is 2¥poged in one swall arsa on the map., These
are in T. 13 N., R. 33 E., north of Irving Creek.

. Possils from this limestone according to Stearnslo Were
identified by the U. S. Geological Survey as coming from the Thaynes
formation of Lower Triassic age. That part of the series shown on
the map dips to the southwast under the overthrust, gastwardly-dip-
ping Mississippian limestone. This conglowerate is filled with an
abundance of black chert, red quartzite and white quartzite pebbles,
large quantities of limestone and dolomite fragments are also in-
cluded in the red eclay-like matrix,

About 1,000 fest of brown and bright red shale is exposed
north of Sheridan Creek. The lower 300 feet of brown shale is
tentatively correlated with the Woodside shale of southeastern Idaho,
and the upper red shale with the Thaynes formation which contains
red shale in other parts of Idaho.

These beds dip southward at a low angle ranging from 5 to
15 degrees.

JURASSIC SYSTEM.

About 700 feet of sandstonc and shale overlies the Triassie
red bédesnorth of Sheridan Craeck, These hava besen tentatively assigned
to the Jurassic and are probably to be osrrelated with the Ellis formation
of Montana. %hey dip southwest at a low angle.

CRTTACEOUS SYSTEM.

Oretaceous bzds of Frontier Age7are exposed in three isolated
ratches along ths Contennial Range and Coniinental Divide where the
everlying Tertiary gravels and lavas have bean rexoved bty erosion.
About 3,000 feet of Frontier(%) and older Cretaceous formations ars
exposed in these areas. In.the wo easternmost exposures the beds dip
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at low angles to the southwest. They probably represent a continuous
series because the beds at the head of Cottonwood Creek are assigned

to the Frontier by Mansfield” and those north of Sheridan Creek appear

to be the Wayan or Bear River formations which underlis the Frontier,

The thickness of Cretaceous beds represented here in this monocline is
possibly in excess of 6,000 or 7,000 feet. The Frontier beds are

more disturbed near Humphrey and Modoc Creek where a few minor folds
occurs These beds are almost entirely yellow and cream-colored sand-
Stone and shale and contain occasional small seams of bltuminous material,
Some limestone merjbers occur a few miles east of Humphrey.

TERTIARY SYSTEM.

Tertiary lake-beds occur at two places in the area. One
group lies in Wet Creek basin west of ILost River Ranga and the other
group is situated at the head of Medicine Lodge Creek and extend across
the divide into Montana. As has been suggested under the discussion
of the age of the central Idaho peneplain, the writer believes the
age of these lake beds to be upper Miocers or lower Pliocene, com-

parabfie to the age assigned to the Payette of Poison Creek formations
by Buwalda.*

In Medicine Lodge Creek the lake-beds dip to the southwest
at angles of about 15 degrees. They are probably less than 1,000
feet thick and are made up of sandy shale, dark shale, lignite, sand-
stone, and conglomerate.

On Wet Creck the lake-beds dip northeast at stesper angles,
generally more than 30 degress. The series hers is more than 2,000
feet thick of which about 1,500 feet is shale. Limestonse, sandstone,
conglomerate, lignite, and tuff, are all present in the sectlon. The
lower lake-~bed members are here interleaved with the upper flows of
the underlying and conformable tuffs and lavas of the Tertiary Zarly
lava series. The lalw-beds in both places range from a brown to a

creamy-yellow color and appear to differ in texture and material
locally.

The Tertiarly gravels are of an age earlier than the Plio-
cene late acid lavas (called Tertiary late Lavas in the section on
igneous rocks) since they are overlain by members of that series
wherever they were recognized. They may represent the Salt Lake
formation. Two notable areas of these gravels are represented on the
map. One area lies in the upver valley of Birch Cresk. The other
lies along the crest of the Centennial Range west of Humphrev and
Spencer. In the latter arsa the gravels are steeply folded into a
syncline, and possibly an anticline, and show a thisknass of over
5,000 feet. They are consolidated and roughly stratified and ars made
up chiefly of black chert, and red, white, and pink guartzite pebbles.
Practically no limestone pebdles occur in this formation. The pebblss
rangs from 8 inches in diameter to minute sizes. These gravels also
underlie the lava in places north of Kilgore and east of Humvhrey where
they are relatively thin.

*Buwalda, John P., The ags of the Payette formation and the old erosion

surface in Idaho. Science Vol. 60, Io. 564, pp. 572-73, Dec. 197, 1924,

s 4 preliminary reconnaissence of the gas and oil possi~
bilities of southwestern and south-central Idaho. Idaho Bureau of Mines
and Geology Pamphlet 5, July 1923.
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Many other gravel deposits fill the intermontane valleys but
nearly all of them are Quaternsry to Reecent at the surfaze. No doubt
Late Pliocene gravels, which are younger than the Tertiary Late Lavas,
lie in some of these valleys but are covered over with younger devosits,

The Balt lake formation which is interleaved in this arsa
with the Tertiary Late Lavas is described with that sories.

QUATERNARY SYSTEM.

Gravel and alluyium daposited b& river, glaciers and in lakes
are wldespread over ths area,

In the western mountain valleys, the gravels represent alluvial
valley flats, alluvial fans and cones, and glacial moraines. Older
gravels, cross-bedded and sorted, and probably of Pleistocene ags are
partially covered with late alluvial deposits. The pebbles are colored
quartzite and bluck chort with some limestono.

The gravel and alluvium in the area west of Mud Lake extends to
a depth of about 400 feet in many places as evidenced by well logs. This
material is probably Pleistocene to Recent and chiefly represents deposits
in a temporary lake of great extent. fhe gravels here are rhyolitiec, .
quartzitic, and dolomitic pebbles., Loess and light clay soils extend
over much of the older lava desert.

The present flood plain of Snake River is occupked by alluvium
and the gravel deposits of an emormous alluvial fan or delta according
to well logs; these gravels are dout 300 feet deev near Rexburg and
Ririe. They are underlain by basalt at shallow depths in many places.
There appear to be two or more ages of alluvium in differemt varts of
the area but they were not differentiated.
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STRUCTURZE,
GENERAL STRUCTURAL FRATURES.

The geologle structure of the arca is complex and Involves
folds and faults of major proportions as well as uncounted minor ir-
regularities. A4t least three periods of movement have affected the
area. Much of the structure is masked by Tortiary and Quaternary

gravels and lavas and only hypothetieal conclusions can be arrived at
In some casas,

_ The major folds of the region are the Snake River Plain
geosyncline and the Centennial Mountains geenticline. Each of the
mountain ranges of the area show folds of great persistence and size
as well as myriads of small flexures. Four great regional faults
were mapped in the area. IZvidencs points to their overthrust character.
One of thess, east of Medicine Lodge Cresk, is overthrust to the east,
as are the majority of faults in southeastern Idaho, The other three
appear to be approximately parallel in altitude and are overthrust to
the west. These faults, because of their westward overthrust nature,
point to the development of two~sided wedge zones from comprassional
stresses and give added weight to the necessity for consideragion of
the major structural features of Idaho in the light of the diastrophie
wedgo~theory of R. T. Chamberlain* and his associates. The west side
0f the Beaverhead Range is probably bounded by still another fault of
major proportions. This may also be an overthrust to tha west, but
insufficient ovidence was collected to detormine this fact. Many
normal faults of various extent and é&isplacament ware observed, but
only a few were mapped. '

The traces of the faults and folds shown on the map are
Sketchy so far as accurate location is concerned, but the writer be-
lieves the relationships of the major masses are correctly delineated.
Several notable angular undonformities are found in the Tertiary re-—
lations to Mesozoic and Palezoic sediments.

SFECIAL STRUCTURAL FEATURES.
SNAKE RIVER DOWNWARPD AND CENTENNIAL MOUNTAINS UPLIFT.

The great structural depression which lies in the southeastern
half of the mapped area extends beyond the boundaries to the east and
the southwest. It is now partly occupied by the Snake River lavas and
the interbedded gravels and lake beds. The assumed axis of this trough
extends from a point on the map edge directly south of Mud Lake north-
easterly to Camas thence in the diredtion of Camas Cresk northeastward,
The Plain region at its widest part in the mapped area is about 50
miles across not counting the wide valley re-entrants. Its average

width, in the area, messured at right angles to the axis, is nearly 45
miles,

*l, Chamberlain, Rollin T., The Wedge Theory of Diastrophism, Jour. Geol.
PP. 755~792, Vol. 33, 1925.

2. Flint, Richard Foster, A Brisf View of Rocky Mountain Structure, Jour.
Geol. pp. 410-431, Vol. 32, 1924,
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A. TLooking East. Acidic Tertiary Tate Lava, on the north side of the Plain in middle
distance, and horizon, dipping gently southward and disappearing under the Snake River Plain
basalt. A hasaltic cinder cone, perched on the older acid lava, shows in the extreme left middle
distance. In the foreground, in front of the trees, is a small Java cone,

C.

C. Looking North. Carboniferous limestone which makes up the west wing of Beaverhead
Range can be seen plunging stratigraphically and tapographically beneath the Plain. This is the
southeasternmost tip of the range. Note the angular unconformity delineated by the heavy black

Jine between the limestone and the over-lying Tertiary Late Lavas which lie on the noses of these

ranges and also dip to the Plain at a different angle.

B. Tooking Fast. Acidic Tertiary Late T.ava on the southeast side of the Plain on horizon
dipping gently northward and northwestward to disappear under the Snake River Plain hasalt.
Alluvial fan of South Fork of Snake River in foreground and middle distance.

1.

D. Looking North. Typical lava cone showing wide expanded base. This type of cone is
more conmmon in the western Java area.
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As has been described under physiographie development, the
outline and extent of this structural depression is mariked by the Plio-
cene (?) acidie lavas (desoribed under igneous rocks as Tertiary Late
Lavas) and interbedded continonial depositsa ’

. These acidic lavas and associated inteibedded continental
sediments, as has already boen mentioned, dip gen*ly toward the edge ef
the Plain, on all sided. Piosures 2 and 3 are sections showing the re-
lg*ionships existing from feiicine Lodge CGreek to Henry's Rork along
the northern edge, The relief here is often as much as 4,000 feet. In
other parts of the Plain area, egpecially along the east and southeast,
the relations are the same but the relief is less (See photographs 4
and B, Plate 1.).

These lavas dip towards the Plain at some places along the
Continental Divide with a grodient of about 300 feel per mile., Af
other places as on Medicine Lodge Creek, this gradient is as low as
100 to 125 feet per mila,

A slope of four to 5 degrees represents the angle of dip abouy
the periphery of the Plain. At many plaess on the southeastern edge
of the Plain the lava rises less than 2,000 feet above it on the npses
of the ranges and to a lesser distance in the intervehing struetural vale
leys. How far these acid lavas continue their dip beneath the Snake River
basalt is of ecourse conjectrual but in a siructural valley whose average
wldth is 45 miles a great vertical distance might be reached before flat—
tening out taks place. To assume that the acidic series lies more than
2,000 feet desp in the center of the Plain, in this area, would not seem
unreasonable. A distance twice this greay is not unthinkable.

It 1s believed that the subsidence whiech took place in these
relatively flat-lying widespread acid lavas was sceompanied by an isos—
tatic upward tilting of tho regions adjacent to the area. This oxprossion
to the north is reprosented by the Contennial Range geanticline or up-
1ift whose axis parallels the topographic axis of the Centonnial Rangel
It gradually dies out as it cxtends westward zeross the Baavorhead, Lemhi,
and Lost River ranges and their intervening valleys.:

Although upward movement was exerted southeast of the Plain,
1t was from several hundred to a few thousand feet less than that north
of the Plain. Some possible physiographic effects of the subsidence and

complementary upbifts are discussed under the section on physiogravhie
historye.

Minor warpings occurred at Big Bend Ridge after some of the
Snake River basalt was erupted. At this place, the Snake River basalt
i1s arshed and ereded, in many places, to the underlying acidie series.
The eminence at Juniper Buttes may represent a similar warping. Flows
of Basalt and lava caps and mesas are found. on its higher points al-
though no late source for them was observed. The groat size of this
acld mass compared to its lack in height makes it seem possible that
this also 1s an arched-up arsa. (See photograph € Plate II.) Further
data on its occurrence is also presented under the section on igneous
geology. OCther movements in ths aroa are represented by faulting which
has affected the late lavas. The most notable of these displacemsnts
lies northeast of Mud Lake. These later movements may be due, however,
to settling rathor than to regionsl movement.
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It must be understood that in using the expression "downwarp",
that the writer doss not mean to infer that minor faulting or smsall
step~faults dld not occur. It would seem a physical impossibility to
move any wide-spread rigld shest of material, whieh wag so thin in
comparison to its extent, without esusing mimor breaks and gisplace~
ments,

Step faults, and slumpings of a few feet displacement should
be abundant, tut great block faults with several hundred feet displace-
mont need not necessarily bs assumed in this part of the Plain. XNo
doubt breaks of some magnitude occurred in the bottom of this depression.
From these probably exuded the Snake River basalts along rifts now re-
presented by chains of cones. Thess, however, at every place studied
are more eommon near the center of the Plain than near the odges where
they would te if great blosk famlts formed the Plain borders. only
two hot springs lie within 25 miles of the Plain borders and these, lo-
cated at Heise and Lidy Hot Springs, are associsted with major mountain
faults which approach the Plain edge at a right angle.

In brief, the evidence, here as well as olsewhere, points
hverwhslmingly to a gently folded synclins of great vroportions ac—
cempanied on either flank by a corresponding and complemeniery uplifte
This appears to have been greatest to the north where au sniicline
®uch less in length and width was formed coontemporaneously. The age
of this movement was later than the Tertiary Late Lavas which are as—
sigred a Pliocens (7) age on the strength of their rslationship with the-
Salt Lake formatiom.

M3DICINE LODGE OVZRTHRUST FAULT.

This overthrust fault was first noted where Carboniferous
limestone beds, whose lithology caused them to be assigned to a Missis—
gippian age, wers found everlying a vast thickness of red conglomerate
apd thin interbedded limestones which dip in an opposite direction. The
fault was traced in both directioms along 1ts strike from Irving Creek,
which 1s & branch of Medicine Lodge Creek, and found to expend for many
miles into Montana where i1ts nossible extension may be found in the
overthrust fault west of Dillon. TFigure 9 of the strueiure sections
rapresents, by a generalized skesteh, the condiiions here. The fault
‘has-Mississippian (%) limestone, which dips east and northoast, on the
western overthrust side)._..L The underthrus® or east side is occupied by
beds assigned by Stearns go the Lower Triassio.

To the southeast the fauli disappears under the Tertiary Lage
lavas which are apparently urbroken by it. The vertieal throw at this
place is probably not less than 10,000 feet and the horizontal over—
thrust several times that much,

South and southeast of the Plain in Idaho and Utah occurs
the Bannock Qverthrusi, a fault of tremendous exteny and proportions.
This was first described.in 1912.*

* Richards, R. ., and Mansfield, G. R., The Bannock Overthrust: A
major fault in southeastern Idaho and northeastern Utah; Jour. Geol. Vol,
20, pp. £81-707, 1912,
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Further work by geologists of the U. S. Geol@ggggl Survey and expeoclally
by Esmsfield* has furnished further Infyrmeddon regrding it.

The overthrust is credited by those writers with a length of
more than 270 milex ard a horisomial @isplacement of from 12 to 356 nlles,
The trrust is to the norihassiward. The uncarlying block ie gensrally
conposed of folded Menozoic rocks somewhat less resistant than “he Falow
0zole roeks which generally make up the more competent overlying block.
In some places the overthrust constitutes a single fault plane but more

commonly it is brauched and shows as many as six distingunishable branches
In zome localities.

From previously published investigations, its férthest northf
traee southeast of the Plain is shown to lie in the Blackfoot Mowstains
where they disappear under the acid Tertiary late Lavas which in turny

plunge under the Plain. Thuis point lies approximately 23 miles due
south of Rigby.

At this point the plane of the fault, where it cuts the sur~
face, has a general strike of about N, 20 W. It seems in the highest
degree improbable that this vast fault abruptly ceases here. The striks
glven akove, when projected across the lava desert, passestnorth of Mud
lake and strikes the north side of the Plain in the vicinity where the
Medicine Lodge fault appears from beneat?othe acid lavas ané extends
across the Divide into Montena. A fault™ of considerable magnitude lies
along the north shore of Mud Lake and may represent recent movement
along the possibly underlying Bannock overthrust.

In the Blackfoot mountains Carboniferous beds are thrust
sastward over the Trisssis and younger beds. At that place the Carbon~
iferous beds dip west and southwest and the Mesozoic beds dip to the
northwast. Thus, the same stratigraphic relationships exist where the

Bannock overthrust last appears and where the Medicine Lodge over-—
thrust first appears.

All the evidence points to the probability of the Medicine
Zodge fault, whiech extends into Montana, being am sxtension of the
Bannock fsult southsast of the plains,. '

THE LOST RIVZIR OVERTHRUST FAULT.

The Lost River overthrust with the Hawley Mountain overthrust,
and the Lemhi overthiust is of importance inasmuch as it offers an ex-
planation of the fomration of these ranges and valleys diffarent from
that heretofore praposed. These faults are also notable because they
differ from the major overthrusts of southeastern Idaho in the directioam
of the thrust. These valleys and ranges have, previous to this investi-
gatlon, been called products of "Basin Range failting". But Basin Rangs
femlting is generzlly conceded to be predonminektly of the hnrst ans
graben type, and represent expressions of vertical, rather than horizon-
tal, forces, whereas the Juxtaposition of the various stratigraphios

*1l. Mansficld, G. R., Types of Rocky Mountain Struéture in southeasterm
Idahs: Jeur. Geol. Vol. 29, No. 5 Pp. 4125468, 1921,
)

2 » Structure of the Rocky Mountains in Idaho and Komm
tena: Gerl. Soc. 3f Am. Bull. Vol. 34, Ppe. 263-284, 1923,

3. Richards, R. ., and Mansfield, G. R., Geology of tho Phosphate
deposits northeast of Georgetown, Idze: U. S. Geol. Survey Bull. 577, 1914
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series and the regional tilt of the mountaln slices in this area point
conslusively to an overthrust origin. Many minor folds along major
ronoolines show also the overthrusting forces. Overtbrmed folds, pro-
ducts of both overthrusting and underthrusting, are abundant.,

Figures 11 and 12 are presented as examples of the complex
minor folding which may take place in one formaiion whieh appears on
the map as an area without dip or structure swvmbols. Only regional
dips are given on the nmap except in a few ewses where it was con-
venient.to secure more deiail, Consistently the older beds sppear on
the western sides of these tiltad blocks and the younger beds appear
only on the eastern sides of the mountain masses. The relations are
evidently not those of "Basin Range faulting".

: ' The Lost River overthrust extends northwestward from a
§oint eaxt of Arco beyond the mapped area. Its relationships arse
Obvious and can be studied at threc places. The best sections are
sast of Moore and north of Dickey. At the north end, @rdovieian
strata are thrust westward over Carboniferous strata; ecast of Moors,
Ordovician and Devonian strata have bean thrust over the Carboni-
ferous beds; and cast of Arco, Devonian bads ovorlie Carboniferous
strata. A stratigraphic throw of seversl thousand foet is avidont at
¢ach place but the fault plane is thought to be mueh staepsr than
somo of the southeuastsrn Idaho faults. The angle of this fault is
assumed to be above 40 degrees.

The fault is inferred fram Moore northwestward to its oute
crop at Sheep Creek becauss the rocks west of the valley are with~
out exception Carboniferous while those to the east ars older.

The rock slice, which constitutes Lost River Range, tilts
to the sast and northeast although it is folded into anticlines and
synclines, Figures 5 and 8 of the structure sections shows this
strikingly. Figure 4 represerts the ralationships at the northern
end of thy range and the middle fault shown in Figure 1 represents
the Lost River overthrust. This fault appears %o have had at least
two branches with important provortions and far-reaching effects.
These split the range into thres units and shoved each unit north as
well as west upon that unit lying northwest of it.

One fault called the Pass Creesk fault cuts the range east
2f Pass Creek and disgppears under the lake beds. This fault shows

in Figure 4 and thrusis am Ordaviecian anticline over a steeply ever-—
turned Carboniferous fold.

The branch fault which leads north through Arco Pass and
Briggs Camyon is inferred because of the eastward-dipping Devonian
on ona side of the valley and the younger Carboniferous on the west
slds of the valley also dipping eamtward under it.

THZ HATLEY MOUNTAIN OVSRTHRUST FAULT.

The Donkey Hille made up of Cambrian (%) quartzite dippimg
nartheast apparently overlie Dsvonian strata which appear at a much
lower elevatisn to the west across the lava filled valley. At Hawley
Mountaiqs, however, the Ordovician and Devonian Beds which conformably
overlie the Cambrian are thrust over the Carboniferous limestone of
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Lost River Range. The trace of the fauli is assumed from there south
to Howe and lies somewhers near the course of Littls Lost River.

The stratigraphie throw and horizontal displacement of this
fault are similar to those of the Lost River overthrust.

THE LEVMHI OVERTHRUST FAULT.

This fault is thought to lie along the western base of the
Lemhi Range. At the north Cambrian or older beds, tilted to the
east, outerop much higher in elevation than do the eastward-dipping
Devonian beds west of them, The same is trus east of the Hmxwley
Mountains, and north of Howe whers ths Cambrian appears %o overlie the
Carboniferous beds which dip to the east on the opposite side of the
valley. The stratigraphic displacement would be greater at this point
than on either of the other westward overthrusts. Figure 10 shows the
altitude of the strata in the north emd of the Lemhi Range and Figure
6 suggests a solution to the highly complicated folding &t the south
end of the range. A fairly continwous syncline extends along the
axis of this range. It is flanked on the east for a few milss by a
low anticline. The whols slice, WeWever, eants to the northeast.
The syncline is greatly overturned at the south end. This explains
the discrepancies in the dip which show in the Carbonifarous and
Devonian strata northeast of Bereniees.



IGNZOUS GEOLOGY.
MODES OF OCCURRENCT.
CONZS AND CRATIRS*.

Several types of eones, oraters and vents were fournd ir thae
lava desert region of the Plain. The most conmon type in the mapped
area are lava cones. These broad-based gentle—sloped eminentes vary
greatly in their dimensions from cones a faw hundred vards asrosw
the base of their meager flows to cones whose diameters are more than
ten miles. (See photograph D, Plate I.) Several of these cones oover
&reas equivalent to two or three townships, although their vertical
range may be less than 400 feet. The lava which forms these couneg ap-
pears to have been very fluid. The cones nearly always show some sort
of crater-like depression at their summits, and here also appears a
more scoriaceous or pumiceous type of red-colored lava. The lava
cones appear to have been extruded quietly and rapidly from relative—
ly small vents. ILava ccnms resist erosion more successfully than
other types and this, with their frequensy of occurrence, makes them
chiefly responsitle for the building up of the Plain arsa.

Noxt to lava cones, cinder cones are the most numerous type
found in the area. These are of a very different shape and arc more
ebviously the result of volcanic phenomensz. They are nearly all
grouped in the eastern part of the lava area. Their rounded haystack-
like summits are generally considerably higher and are wvery short-—
based eompared to the lava cones. Usually only a few mndred ys=nds
across, they sometimes rise 400 to 500 feet above the surrounding
lava. Their slopes are generally grassy, but otherwise barren, and
they exhibit more notable craters than do the lava cones.

Driblet cones of small dimensions are, generally, found
oriented so as to suggest a fissure vent in a few blaces.

Tuff cones are located in the southeastern rart of the area.
They appear to be much older than the other surface lavas of the
Plaiw area and probably should not ke classed with the Quaternary
extrusions. They are known as the Market Lake Craters er Menan Butges
and bave been described in considerable detail by other writers¢4’ ’
They are several hundred feet high and have craters several hundred
yards asross. Their slopes are made up of a variety of ash and lapilli.

1o, 11.

All, except the lava cones, zre explosive types that sover roe
latively.-smull aress.

Two gently slopkig grass-covered acidic tuff cones were
ldentified in the area. Thess were about 500 feet high and about »00
yards across the base. In both cases, these cones arose from the
acidiec lava fringe, which borders the Plain arca.. Cne, Indian Crésk
Butte, lies northsast of the mouth of Medicine Lodge Creek. The othor
lies southeast of Rexburg. Several other cones of the same nature
have been examimed in the vicinity, but outside the limits of the
area. Thess eones sit on & tilted base and are to be found tilting to
the Plaim. {See photograph 4, Plate II.) It is assumed tkat at ons
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time they were built up perpendicular to the originally horizontal
acidie lavas and that the subsequent tilting of thess lavas toward
tho Plain likewise affacted them.

Juniper Buttes, an eminence chi=fly made up of asidie
lavas and tuffg, has been called am o0ld acidiec come or voleano by
former writers'® 20 on this #rea, It may also be the site of a
local uplift. Basalts, which show no local source, covar much of
its area, and dip quaquaversally from its sides. In it{s center lies
& wide crater--like area, b“ut no such variety of material is found
here as is found on Big Butte and Zast Buttie south of the area,
with which such a volcano must be compared. No scoria, pumice, as
lapilli was observed in the"Crater", The pitch of the outward dip-
pring lava is gentle and, of course, could be slther a lava flow
slops from a crater or that produced by & gentle swell. . Big Bend
Ridge,indisputebly an arched--up area, lies nsarbye In the eases of
Big Butte amd Hast Butte, the nature of the lavas and their attl-
tudas are such that there is only one solution. '

If Juniper Buttes represent sn old erater, as some evi-
dence would indicate, i wos of trememdous sigze and can be grouped
Wwith Big Butte omd Bast Butte as sources for much of the wide—
Spread aeidia series, which underlics the Flain basalt, In somse
of the dseper parts of tho downwarp are probably severzl voleanoss
rising from lower ground or of less height than Hast cnd Big Buttes,
Wwhose fianks and summits lie below tho surfues levsl of the late
basalt . . A . .

, 8, 10
~ T LAVA FLOWS .

TERTIARY ZARLY IAVAS,

: Theso are raprosented in this area only in the western
wountain valleys. The old valley which extends northward along
the east side of Lost River Range, eontains the greatewt area of
this lava series. The olid northward—-reaching valley sast of Arco
contains about 60 Ssquare miles of this seriss. A fow small buttes
at the south end of the Beaverhsad Range, represent erosional rem-—
nants of these flows. The north side of Wet Creek Valley shows an
cxposure of a few square miles as also does the west wall of Milk
Creek. These lavas, in all cases, occupy o0ld struetural and erosion-
develeped walleys, and were not ebserved to occur as mesas, buttes,
cappings or erosion .remmants on the higher mountain regions. It is
comsaquently belisved that they occupled only the lower depressions
of an aneient topography. They were undoubtedly more widespread
than their present outcrep shows. Much of their extent lies buried
beneath later gravel deposits of am alluvial or lake bed origin,
and large areas have surely been removed by ice and stream erosion
of Plionena to prasent age.

Although ro detailed study was made of these lavas, it was
noted that many of the flows wers separated by explosively formed
members such as ash and tuff, which represent a good share of the
thiclmess of the series. The upper lava members are interleaved and
conforzable with the lower members of the lake ¥%eds in Wet Creck

kagin. This relationship effers, so far as js knocwn, the only
evidence as to their probadle &89. At all places whers observed,
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they appeared to have been moderately tilted and disturbed. They have
boen notably altered and weathored and present an apvearance of age.,
The series as exposed in this arss is given a minimum thickness of
3,000 feat by Uhpleby.lz No attempt to verify this was msde by the
writer. In the field thess rocks were classified as basalts, andew
sites; trachytss, or rhyolites and related tuffs, which was UEpleby'slz
classification. In deseribing a typical occuryence, Umplebyﬁ says

the rock

"is a grayish-black rock, studded with many bright
needles of hornblende. In it the phenoerysts exceed the
ground mass slightly in area. The ground mazs is
microsrystalline and is composed principally of

minute erystals of feldspar. The phenocrysts comprise
hornklende, oligoclase, andesine, a little biotite,
and mueh less magnetite and apatite. Another sneci-
men from the same vicinity is pale lavender and con-
tains noteworthy amounts both of hornblends and bio-
tite, along with feldspar, in a fine-grained to glassy
ground mass, The feldspars are approximsfely oligo-

" clase-andesine in composition and evceed hornblends,
which in turn is somewhat greater than biotite in
amount. The area of the ground mass groatly exceeds
that of the phenocrysts.”

A rhyolite exposed east of Arco, hae deseribos as

- "a light-gray rock that carries small crystals of feld-
spar, biotite, and quartz, embedded in dense material,
some of which shows flow lines.”

Heo describes another rock which he terms "an olivine-
fres basalt", as belonging to the seriss east of Arco. The writer
belisves that the latter may belong to the Tertiary Late lavas,
rather than to this older series.

Several specimens classified In the field as andesites or
latites, by the writer, when petrographically stddied, were given
the name of hornblende rhyolite porphyry by Mr. Alfred L. Anderson,
‘'who made the petrographic analysis. A ropresentative analysis of
a 8specimen:selected eight miles east of Mackay is deseribsd here,
This rock borders on a latite, but the inferred presencs-of suf-
ficient quartz and the lack of suffieient plagioclase places the
rock just within the rhyolite group. The rock is dense, greenish
porphritic, much like a dike rock, with a liberal sprinkling of
black hornblends crystals, tabular in outline, and as long as one-
fourth inch and as wide ag one-eighth irch. Andesine foldspar
erystals generally dull in appearance, are even more abundant. All
are embedded in a greenish ground-mass.

Under the microscope, the Phenocrysts are seen to be em-
kedded in a microspherulitic ground mass, composed of about 57 per
cent orthoclase and 18 per cent quartz (inferred). The color is
brownish probably due to the presence of mimte grains of hematite.
Similar graing of megnetite are present. About 20 per cent of the
rock is made up of lzth-like andesine crystals which as a rule

show partially rssorbed and roundsd outlines. Carlsbad, ecombined
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with polysyathetie twinning, is abundakt. The hornblends, representing
about flve per sent of the rosk, appears as euhedral laths showing
strong greenish-brown pleosliroism, large quantities of magmetite border
the hornblende which has an unusually high iron contens.

Many of the roecks ealled andesites are true andesites and
these, with the type just deseribed, are the most abundant flows in bhe
series, A generally red tinge shows in the whole series and may be
aseribed to hematits.

It 1s difficult to say what is the extent of the flows in-
asmieh as a souree for any of them was not recognized. Various flows,
however, must have had dimensions of at east 15 to 20 miles in one
direction and some of them show thicknesses of mors than 100 feet.
Their actual number is unkaown, but more than 20 different flows of
this older lava are belioved to be exposed at various places.

TERTIARY LATE LAVAS.

As has already been suggested, this lava series, oneeo wide—
spread at the surface, now outcrops as a ragged fringe bordering the
Snake River lava whore it has becn left unburied, or it chows whers
recent erosion has cut through the younger basalt and revealed it in
stream canyons. It also appears in arched-up areas where it was
never completsly covered with basalt or where the basalt has been -
almost entirely removed by erosion.

On the northwestern side of the Plain area, the farthest
west exposure of this lava appears at the southern tip of Lemhi
Range where it joins the ba&alt lava plains. At this place only a
relatively small erosional remnant remains. It contains basalts,

andesites, trachytes, and rhyolite, which dip beneath the Quater—
nary basalt.

This upper edge of this series has been eroded away by
Bireh Creek although it probably extends aeross the mouth of the
valley underneath the overburden of gravels and later basalt.

East of Birch Cresk, where the south end of the west wing
of Beaverhead Range protests them, (See photograph ¢, Plate I.)
they appear again and extend without a break around the northeast
and north side of the Plain, eastward until they pass off the mappad
area. They occupy re—entrants in Warm Springs and Blue Creek valleys
and reach almost to the head of the wide depression occupied by Medi~
eine Lodge Creek and its tributaries. From the north-south pass which
erosses the Centennial Range, they extend dastward and in many places
extend northward over the rénge into Montanz. Where they are sroded
through, they reveal underlying Tertiary gravels or Cretaceous and
older sediments. Outside ths area this frings swings apound at the
true head of the Smake Rivsr Plzin and occurs on the eastern and
southeastern side from where it proceeds southwestward, paralleling
the long agis of the Plain. On this side aiso it appears on the
noses of the ranges (See photograph B, Plate I. ) and extends into
the struetursl valleys which lie between the ranges for many miles*

* Kirkham, Virgil R. D., Geology and 0il Possibilities of Bingham,
Bonnewille, and Caribou counties, Idaho: Bureau of Mines and Goology
Bull. 8, 1924. .
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K Looking Fast. The dim herizon shows Tertiary Tate Lava at the north odge of the
plain, dipping gently southward and southeastward to Jdisappear under ihe Snake River Plain
basalt which makes up the foreground. In the center of the picture rises an old acidic cone
perpendicular to the acidic lava series on which it sits, but tilted toward the Plain.

C.

C. Tooking South. Juniper Buttes make up the sky-line. Note the low elevation comipatred
to the lateral extent which reaches beyond the edges of the photograph. If this is an old volcano,
its proportions and characteristics are vastly different from those of Big and East buttes. The
Java on its slope dips gently to the surrounding Plain,

~B. The vesicular nature of the trachytes and rhyolites is typified by this boulder. These
vesicles, several feet in diameter as shown in the lower part of the boulder, are characteristic of

one wide-spread flow in the Tertiary Late lava.

b.

D. TLooking West. Standing on the Continental Divide several miles west of Humphrey.
In the foreground lie thousands of feet of str:}uh‘cd Tertiary gravel. The highest peak on the left
of the horizon is made up of southwestward dipping Triassic conglomerate and limestone,
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These lavas characteristically dip towards the long axis of
the Plain on all sides with angles of two or thres dsgrees up to 10
degress. This dip is often the surface slope and nsarly always ap-
proximates it. Erosion in the ocanyon of Henry's Hork, east of the
arpa covered by this map, exposes these acidie lavas as lying beneath
the basalt for several miles. Blg Bend Ridge, a gen®le arch in the
upper end of the Plain, exposes them over am ares of mors than 100
square milex. Lavas and tuf+vs of this nsiure are agaln exposed,
further south and far out in the Plain, at Juniper Buttes. Similar
exposures are represented by the old volecanoes, Big Butte and East
Butte outside the area. Acid lavas are uncovered by erosion for
saveral miles in Snake River Canyon at Shoshone Falls. All of these
ocourrences offor versuasive cevidsnce for believing that ® widespread
sheet of aeid lavas now cxtends,or formerly extended, uzder tha later
‘basalts which partly fill up the present depression.

This fringe at its farther south points is often represented
by mesa-~like caps which are erosional remnants on some of the higher
peaks.* This blanket-like series of acid lavas seems to have had a
mych greater extent than do the present wide-spread late basalts of
the Upper Snaks River Plain. Ipterbedded with this series, there is
found in many places bedded continenial depcsits which aroe conformable
and tilt, as do the lavas, toward the axis of the Snake River Plain
Gownwarp. The formation daseribed and called the Salt Lake Formation,
by Mansfield™*, is given, tentatively, a Pliocens age. The conformable
relationship of this formation and the lava series has been previocusly
described for some of the area south of the Plain, by the writer.* The
tilted ashbeds, tuffs, eonglomerate, limestone, etes which make up
this formation, convirce the investigator that the conformable lavas
which lie above and below the series are not flow slopes like the slopes
of the graat broad-based conss of later basalt to bs observed out in
the Plain. At the Continental Divide, in the Centennial Bange, the
same flows which pass over the range at an elavation of 10,000 feet,
pass under the Plain basalt flows at an elevation of about 6,000 feet.
The differsnce in elevation is nearly as great on the ranges south and

southeast of the Plain, tut is less towards Yellowstone Natioral Park
o the sast,

Since this mush difference in elevation exists above the prosent
basalt lava of the Plain, a corsiderable relief must be allowed for, with
the cxtensisn of this series under the Plain.

Seations made in the area and at various points outside the
mspped arsa, show that the selies is gwwerslly made up of basal flows
ot basalt and andesite, with trachytes, latites, and rhyolites con-
stituting the upper flows. Interbedded with these lavas occurs ash
beds, freash water limestone, clay, shals, sandstone, and conglomerasa,
which are called the Salt Lake Formation, southeast of this area.

A section on Snake River,southeast of Heise and off the mapped
area, showed at the base cadeareous conglomerate of the Salt Lake
fnrmation, thickness unknown. This was overlain by 35 feet of latits.

* i rkbam, Virgil R. D., Ibid. _
** Maysfield, G. R., The Wasatdh and Salt Lake formations ef south-

pastern Idaho: Am, Jour. Sei. Vol. 5O po. 54-54, July, 1920.
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This in turn is overlain by 25 feet of blaek to dark green vesicular
basalt. Next ecomes 55 feet of vink rhyolitle tuff and apgglomerates
akove this occurs 100 feet of a conglomeratic deposii cemented by
pink voleanic ash in some plases and by travertins spring deposiis

in other loealities. Rounded pebbles of variegated country rooks ars
found within this matrix, Succeeding thiz is a red trachyte, a red
andesite, and a gray ghyolite. This section is about 250 feet thick.
Over it all rests Snake River Basalt.

Wost of Warm Springs Creek, more than half the section ig old
basalt, but a few flews of andesite and rhyolite, separated by acidie
tuff, make up the top of the series. At this place, much of the upper
part 1s eroded leaving a fairly large area of the older basic matetrial
exposed. '

In the canyon of Medicine Lodge Creek, one basalt and several
andesites make up the base of the colum. On the gentle sloping
benches bordering this cresk, appear higher uneroded flows of trachyte
and rhyolite which apparently top the series here. Near Humphrey the
upper acid series has been sroded to a lower basalt member but the

overlying flows appear in the foothills lying to either side of the
pass.

Most of the Centennial Range is covered at the surface with
rhyolites and trachytes. The lower lying andesites<are expesed main-
1y in the stream valleys and eliffs.

Rhyolites, and trachytes are exposed at the surface mnn Big
Bend Ridge and Juniper Buttes. No andesites of this series appear
here, Perhaps because of insufficient erosion. Southeast of St.
Anthony and Rexburg, the andesites and old basalt are uncovered at
zeveral places in the stream valleys.

The following deseriptions of roeks collected from semations
in this area are based on petrographic analysis made by Alfred L.

Anderson. They are designed to represent typleal occurrences, over
a wide area.

An olivine basalt, which forms the base of the series near
Humphrey, appears at several places in this area and southeast of it.
Several acid flows overlie it. It is highly porphyritic. This is
a distinguishing field characteristice.. The phenoeryst are masses of
rlagioslase erystals arranged in groups - or rosettes. The lath-like
individual crystals of these aggregates are Jlassy-appearing and
show multiple twinning. The masses are from one half to one inch in
diameter with laths of proportionate dimensions. These masses are
generally in cavernous parts of the rock suggesting that after the
crystals assumed their position, the surrounding liquid magma was
drained off. Thke ground mass appears dense and non-vesicular but
shows on close examination a minutely vorous structure. This roek is

black and a dark greenish tint is imparted by the presence of oli-
vine.

Under the microscope, large augite masses are also revealed.
They are more abundant even than the plagioclase phenoccrysts. These
two kinds of phenocrysts make up about five per cent of the rock.
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The ground mass is holoerystalline with.the feldspar of the same
generation as.the bnehocrysts. An ophitintexture is represented by the
interlosked and interwrapped augite ouul feldspar erystale. The poiki-
Iltie character of the auglite cthows cleaxly thai i+ is the youngest
. mineral. The roek is composed of approximately 20 ber eent labra-~
dorite, 58 per cent augite, eight per oent ragnetite and four per cent
olivine. Apatite is an important accessory mineral. The magnetits oe-
curs in two generations and the olivine was the first mineral to form,

Another basalt; typical of those higher in the series and
interleaved with %the mowre acidie flows; is dark gray in eolor and
slightly vesicular. The vesieles vary from one-sixteenth to one~half
ineh in diameter. This basalt is non-porphyritiec. It is a dense stoney
basalt of a pale greenish tint given by olivine. The hinute labradorite
crystals oseupy less than ono per cent of this roek. The ground mass ias
ophitie, and crystalline without glass. Augite makes up 60 per cent of
the rock and lies in formless masses between the asid labradorite laths.
Magnetite of two generations comprises eight ber cent of the roek and
rounded olivine grains form less than four ver cent. Clivine crystallized
first, then prlagioclase, then magnetite, followed by augite and more
magnetite. The plagionlase of the grovnd mass is of the same generation
as the few small phenocrysts, the laths of labradorite are iwinned poly-
synthetically. Apatite is an lmportant aeccessory mineral.

4n andesite in the series is a dull red color which dis-
tinguishes it in the field from the light pink, gray, and lavender rhyo-
lites and trachytes. This rock is porphyritic, but the plagioclase and
amphibole erystals are small and infrsequent. - The roak is mimitely vesi-
cular. Andesine-labradorite and augite phenccrysts make up eight per
eent of the roek. They are embedded in a eryptoerystalline ground mass
of pilotaxitic structurs made up of minute andesine laths in fluidal
lines with much magnetite and a reddish subtranslucent, non-planochrois
mineral whieh colors the rock. Id iz assumed to have been derived from
sugite. Tabular eyystale of augite with meddish bordsrs of the mineral
Just mentioned are abundant. The plagioelase laths are twinned séveral
times and show zonal extinetion. The minute andesine erystals of the
groundmass are twinned oncs and packed elosely together or separated by

magnetite or the red unnamed mineral which occupies half of the ground-
nass,

Cne rhyolite eharacteristic of the acid types of this serima is
pale lavender to mauve in eolor. A layered fluidal structure is cansed
by alternating deep lavender dense and stony bands, and sream color
porous bands ef feldspar and quartz. Glassy phenocrysts of eligoelase
ars present in both btands. More erystalline quartz oecurs in this type
of rock than in the other acidie types. It is generally in lense-like
Seams in the ligh% aolored porous bands. Biotite is reepgnizable. About
90 per cent of the rosck is a microspherulitie ground mass estimated to
contain 66 per cent orthoclase and 22 per esnt quartz. Phenocrysts of
oligoclase polysynthetieally twinned make up two per cent. The cream
colored bands of quartz and feldspar make up eight per eemnt of the roek.
The erthoclase formed first and is surrounded by anhedral quartz. It
appears that the lava cooled very rapidly permitting a mecrospherulitie
mass tn form with eavities and vesisles filled with aeueous solution ef
orthsclase and quartz, residual juises, %o erystallize slowly. Bimtite
conzxbitutes two per cent of the mass, butv was originally more akundant.
Hematite devoloped from the biotiYe gives the rook its color. Magne~
tite mekss up two per oent of tho tosal.
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The trachytic type of rhyolite, the most common in the series,
contains no observable quartz. The rock is dense, sligh%ly vorphyritic,
and of a pinkish, cream or laveader color, with faint fluidal strusture.
The rock rings like phonolite when struck. Infrequent vhenocrysts of
dull white oligoclase comprise less than one per cent of the mass.
Altered hornblends crystals are accessory.

The ground mass is eutaxitic and cryptocrystalline, and ap-
parently chiefly orthoclase. The texture is that of a rhyolite, and,
although quarkz could not be identified, its presence 1is inferred from
this texture. This rock also has lenses filled with orthoclase probably
orystallized from a slowly cooling solution in cavities of a quickly
chilled magma. Magnetite and hematits are unimportant accessories.

Another trachytie type of rhyolite is darker lavender with
more pronounced fluidal structure. The weathered lava possesses knotty
seams, and ridges in high relief, like the bark of yellow pine. It al-
s0 rings when struck., Its phenocrysts are orthoclase and sanidine.

No quartz is observable and the rock is less acid than the preceding
ons. Nevertheless, it is called rhyolits because of the texture.

A dark gray rhyolite which is gemerally present in the area
is highly vesicular. The cavities are often several inches along and
an inch across. Flow structure is dominant, and fine lines of lavender
alternate with black glassy bands. Sanidine crystals are abundant.
They are glassy and lath-like forms, and ths fuidal lines curve around
them. They comprise four per cent of the rock and are characterized by
a notable cleavage. The seams and cavities in this rock are lined with
subhedral orthoclase crystals indicating that after the main mass had
quickly cooled these cavities retained aqueous solutions which crystal-
lized slowly. Hematite has formed from hornblende. No quartz is ob-
servable but the texture is that of s rhyolite.

A latite porphyry little different from the other types des-
c¢ribed, contains more hornblende due perhaps to slower cooling con-
ditions. The color is lavendsr but no flow lines show. About 80 per
cent of the phemocrysts are andesine and 20 ver cent hornblende. The
ground mass is 55 per cent orthoclase, 5 per cent quartz and the rest
glass. Magmntite, hematite, and biotite are accessories and the horn—

"blende is rich in iron.

The Tertiary late Lavas appear to have occurred in wide~-spread
flows, many of which were observed to have areas of at least 100 square
miles. Along the entire Centennial Range, only one source was recog-
nized. This was Indian Creek Butte, north of Small.

$f the Juniper Buttes eminence represents an old voleano, per—
baps mueh of this area received lava from that souree. If no other inter—
vening volecano exists beneath the Snake River basalt, then acidio lava
flows from this source may have extended for 50 miles. Fissure eruptions
now coneealed by later undisturbed basalts may havs contributed great
areas of this lava.

Flows in the eastern part of the area undoubtedly belong to the
widespread westward-extending sheets of Yellowstone National Park.
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It may be that a great part of the lava in the ares owes its origin to
this soures. Southeast of the Snake River Plain about a dozen 0ld, but
relatively small acidic lava and tuff cones hzve teen recognized. Thess,
of course, would suggest a manner of distribution of the agid lavas very
similar to that of the Snake River basalt. Six flows with an average
thickness of less than 50 feet each, were noted at several places in
this series.

QUATZRNARY AND PLIOCENEZ( %) LAVAS.

This type of lava rock, commonly called the Snake River basalt,
appears everywhere as the surfack® lava in the Plain area. At some places
it is covered with an overburden of gravel or soil and at others it has
been eroded so as to reveal lower lying lavas of another series.

The basalt does no*t extend as embayments in the valleys, as
has been said of this area. No Snake River basalt extends into the
valleys north, northeast, or morthwest of the Plain.

Basalt flows do, however; occupy some of the valleys whieh
enter the Plain from the southeast. These valleys lie outside the
mapped area and in all instances the basalt does not reprc¢sent embayments,
but flows which have originated in the upper part of the valley and
flowed towards ths Plain. At some, places the flow joined the basalt of
the Plain and at other places failed to reach that far. This valley
basalt,because of its lithology and relationship to the under-lying
formations, is assigned the same age as the lava in the Plain.

Most of the cones have volcanic necks of diabase, and the
craters contain much scoria, but the flows vary greatly in texture from
fine-grained stoney rock, to vesicular and porphyritic types. The
basalt is generally a heavy dark gray to black rock which contains
varying amounts of olivine, magnetite, and labradorite. No specimen
- can be described which is typical of any great area. More than 100
different flows of about 20 different ages were noted. At no place
was a flow more than 15 miles long or covering an area. greater than
125 ®m@hare miles, seen in the Snake River basalt area. A few lava cones
have extruded flows covering ereas from 75 to 100 miles in area. The
groater number, howevor, are much smaller and represent only a few
-8quere miles. The thickest flows observed, were no more than 50 feet
and most of them appear to be much less in thickness. At no place were
widespread lava sheets, similar to thoss of the Columbia River lava,
recognized. A possibility exists that earlier end basal flows may
have boen extruded from fissures and wore more widesvread than thoss
showing at the presont surfacs.
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NON*METALLIC RESOURCES.
OIL POSSIBILITIES.

Aroas sugpected of oil-bearing pozsibilities by the laymen of
the loeality proved to be unfavorable. A few areas, however, north of
the Plain and near the Mon%ana Boungary in Clark County are occupied by
sedimentary beds of Cretaceous age. A formation exposed at two locali-
ties, by erosion of the older lavas, is believed to be the Froniier of
Upper Cretaceous age. It appears lithologically and stratigraphically
to be the same formation which is oxposed at the surface in Tedon Basin.
Fossil evidence at the latter place has classified that formation ag
Frontier.

The Frontier is the fommaiion that producew petroleum in many
fields of Wyoming, Colorado and Montana. % ir now producing a notable
gas flow at the wells drilling for oil in Teton Basin. Because of this
record any area where the Frontier formation is present deserves exami-
nation fof oil bearing possibilities. Weither the strueture or nature
of the older Palezoiq sedimen*ts as cobserved in most places, were con-
sidered favorable for petroleum produciion. However, considering the
interest recently shown in the Pennsylvanian in adjoining states, thie
formation may justify further detailed examination.

Geologiste recognize some nine controlling factors for com-
mercial accurmlation of 0il. They are:

l. Presence of sedimentary rocks of marine origin.

2+ Absence of intense metamorphism or deformation.

3. Presence of an organic soures for oil.

4. Presence of a porous reservois or eontaining rocke
5. Presence of a suitable cover or impervious capping.
6. Presence of a suitable structure for trapping 0il,.
7. Presence or absence of water in reservoir rocke

8. Presence of ¢losure.

9. Presence of a sufficiently large drairage area.

Measuring the area by these standards, Mesozoic sedimentary
rocks of marine crigin, that are not metamorphosed, are present. They
contain a aoal bed and seams of carbonaceous material and shales which
could be construed as a possible source horizon for oil. . POrous reser—
voir rocks and suitable cappings are present. The bresence of a suit-—
able structure and ome with closurs is more uncertain. =Eroded lava
has exposed one gemn*ly folded anticline, in the area on Modoe Creek
and Beaver Creek, but lava covering over the ends fails to reveal
whether closure is present to trap the oil. Another fold appears to
be present but only what may vossibly be the probable west limb of the
anticline is revealed. lLava masks the rest of it so that its proportions
or outlines ars too problematical to risk testing unless the western-~
roat structure should produce petroleum. For neither of these structures
is the drainage area definitely known, although for the western one,
which is most exposed, it appears to be large enough to satisfy the
demands. Samples of sandstone having the field appearance of saturated
sanda® were taken from both structures and subjected to laboratory analysis
with negativs results. The absencs of surface indications is, however,
not necessarily a disadvantage to ths area.
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Owing to the lack of a clearly defined structure, the writer
cannot enthusiastically recommengd drilling in this area unless oil is
produced from this formation at Teton Basin.

The region is, however, within a petroliferous province and
has rocks representing petroleogenic epochs. If 01l ig found in nearby
areas, where investigations aie now proceeding, the sedimentary column
of this area, especially the Mesozoic and Carboniferous beds, will
Justify detailed examination.

COAL POSSIBILITIES.
Carbonaceous material was found at many places in the area.

. Many seams of dark. shiny, carbonaceous shales were found in
the Devonian and Carboniferous beda in the western part of the area.
Analyses showed that none of these beds could be classified as coal or
fuel, Lignite beds were found in the Teriiary lake-beds in Wet Creek.
These also proved valueless as coal. Many reporied coal arecas Were ex-
&mined but with the excepticn of the Cretassous areas along the crest
of the Centennial Range the scarch was frui“less. In the latter fegion
Cretaceous candstone,shale, and limes%onse, thoughd to te the Frontier
formation, carry small coal seams. This formajsion contains at least

20 notable seams of eoal in the Teton Basin ani is a broducing com-
mercial coal in several areas in Wyoming. The largest seam examined

is one described by Mansfield’ in 1921. 1In & five foot section, lo-
cated in %he S. B 1/4, Sec. 11, T. 14 N., R. 38 E., on Cottonwood
Creek, he' gives the following measurements:

Ft.IH,
Clay, gray, grades upward into sandstone 6
Coal, sheured and slickensided: Pinches out eastward 6
Glay, gray 6
- Lo nl <638y, hard, dense 2, 8
Clay, black, partly bons 7
Clay, gray 3
be O

This seam widens in a few hundred yards to 36 inches of good
sound coal. Analyses made by the U. S. Geological Survey and other re-
putable sources show an ash conten: averaging below 10 ver cent, a low
moisture content, and a fixed carbon percentage of about 55. At some
blaces on the seam this vercentage ig e¢loser to 50, The volatile mat-
ter ranges between 30 and 40 ber cent. In heating value this coal
averages well above 22,000 British thermal units and as a whole compares

very favorably as a fusl with the good bituminous coals of Utah, Wyoming, -
and other Rocky Mountain states. '

7 The seam dips to the southwest at angles ranging from 15 to
20 degrees, and appears to lis in ths east limb of a wide and gently
folded syncline. Its strike is from 65 to 80 degress west of north and
the clay bed and "blossom" extend for nearly four miles. It disappears
under rhyolite of the Tertiary Late Lavas to the southeast and passes
over the Continental Divide into Montana. Zxploration may prove that
this seam extends into Centennial Valley. where it would be located

if found, many miles nearer the railroad and at an elevation two or
three thousand feet lowsr thsn here.
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This eocal, although an excellant fuel, 1s so handicapped by
loeation and seasssibility as to be valueless to the region. Only a
few tons are mined yearly and hauled down the trail to suprly the
sehool at Kilgore. The distancd to Spencer, the nearest reil shivping
point, by road, is more tham 35 miles. The present coal prospect, which
is accessible only from the Idaho side, lies on ths very crest of the
range, nearly two thousand feet above Kilgore. Although the seam could
Be opened up at a lower elevation 1t would be no more accessible than
now because of the drainage of the area.

Realizing that this seam, as exposed, 1s valueless to the
commmity, the writer spent some time endeavoring to find a recurrence
of this or some similar seam in the region west of this and nearer rail
transpprtation. Similar beds appear again in what possibly may We the
west limb of a syncline which outecrops in a "window" in the acid lavas,
in the vicinity of Pete Creek, tributary of Camas Creek. In a two days
search of this region, commercial coal was not found although small seams
of carbonaceous material developed an occasional "blossom"., These beds
outeron again in another "window", where the Oregon Short Line Rallroad,
and the main Pocatello to Butte highway eross the divide. This reogion
lies in an air line about 16 milas west of where the three-~foot vein of
coal dips to the southwest.

If that vein, or a similar vein, wers discovered hers it would
be commercial coak chiefly, because of its strategic situation on the
Continental Divide with easy haulage in both directions to, at present,
coalless regions. It has been stated authoritatively that more than 75
pber cent of the north-bound freight which goes over this Divide is coal
destinsd for Beaverhead Valley and Butts.

Prospecting by the inhabitants of the region around Humphrey,
instigated and directed by the writer, revealed some carbonaceous seams.
of exsellent coal of only a few inches in width. Up to date, this pros-
bPeeting has been only surface scratching, and no attempt to systematically
cxawine the arsa has beer macde, Bscause of the prevalente of carbonaceous
material throughoui these bets, and their strategic position, the writer
believes that considerable detailed prospecting is Justified.

CLAY RZSOURCES.

Various elays, formed from decomposed lavas and loess and which
are sultable for ordinsry Yrick and tile. are abundant in the region. An
important and less scrmon clay. rather notable in its proverties, also
occurs in this regiom. It i called Behtonite and becauce of its extra-
orddinary abscorphive quality, and obther charscteristics which make its
©uses manifeld, % has a hizlier conmercial vaiue than ths average clays.
This clay is developed By the altors:ion aund decomposition of aeidie,
ash, tuff, or lava. f%he Paysical and shemical reactions, agencies, and
Processes, which are necessary to produce this certain kind of clay
rather than soms othar, are at bresent still not fully understood.
Assoeiated wita ths Tertisry Late Tavas in this region, as well as in
nearby lomalitics, are various sediments tentatively assigned to the
Salt Lake formation. I+ is in thie interbeddsd formation +hat the
bentonite ocours. At two places in the region it is perhaps accessible
and could be developad. Near tha railrvoad south of Mackay it is very
Pure and white- ZRecnusa of a masking overburden of gravels its extent
at thig place is unknown. Its nearness to transportation justifies an
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investigation. About 15 miles from the reilway west of Dubois is an
enormous tonnage of this material underlying a fmesh water limestone.
At this place the outerop is several hundred feet long and probably
averages 15 feet thick. The bentonite here, which is, of course, im-
pure at the weathered soil-govered surfece, seems to be pure enough
for commercial uses and has a soapy yellow color. The haulage problem
for this deposit at present is a handicap which will probably null
its value. Prospecting in the acidic lava-coverad regions near the

railway is almost certain to discover other deposits of this unusual
eclay,

PHOSPHATE POSSIBILITIES.

Numerous samples wers colleoted from formations suspected of
containing tricalcium phosphate. Analyses showed that several carbonaceous
shales collected from formations of different ages carried low percentages
of phosphate of lime. Although the Permian aged formation, called the
Phosphoria, which contains nsarly all of the commercial phosphate of
Idaho and the western field, was sought for with diligence, it was ob-
served at only one place in the area. This place, atztge crest of the
Centeunial Range, was visited and described by Condite’“In describing
the phosphatic shales which are contained in the Phosphoria formation
at this place, he gives the following measurements:

Cherty shale 8 feeat
Shale, black, bony 4 n
Phosphatic rock, gray, oolitic 8 inches
Sandstone and shale ———

He found the black shéle to contain 6 gallons of shale oil

per ton, but the whole series has a low phosphatic content and is not
comercial,

In a publication, issued after the field work on this problem
was finished, Permian fossils were revnorted by StearnslO to have been
found on Medicine Lodge Creek.

Commercial phosphatic shales of the Phosphoria were found north
of this area dout 2 miles from the Idaho line, but the formation was not
traced into the area boundaries. It was anticipated that phosphate rock
would be found in the vicinity of Medicine Lodge Creek, but a fairly
diligent search was fruitless. The carbonaceous members of ths Fennsyl-
vanian which bear commercial phosphate rock in other regions may be pre-
sent in this area but analyses of the samples collected revealed no com-
mercial phosphate rock, The writer believes, nevertheless, that com-
merecial phosphate rock will yet be found in the mapped region, when a
detalled study is made of the areal geology, because areas both of Per-
mian and Pennsylvanian rocks, undetected in this reconnaissance, very

probably outerop in such a region where the Carboniferous series is so
widesproead.

WATER RESOURCES¥

-In a reglon so arid as is most of this area, water is one of the

* A more adequate description of the water resources of the region is

found in 1 and 10 of the biblliography.
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moet valuable mineral resources. Every major stream in the area which
lies in either the Plain area or the mountain valleys is used for irri-
gation or power.

Irrigation in Birch Creek and Big and Little Lost Rivers has
robbed the Plain of an extensive playa, or lake similar %o the present
Mad Lake, and left in its place a "sink", but irrigation has also eom—
bensated by developing in a similar old "sink" the Present Mud Lake
from water which comes from the sastern irrigated regions. According
to Stearns, Mud Lake is increasing in volume each year and .the supply
for irrigation is thus augmented. The water resourcss of a small part
of the area are described by Meinzer*.

To the writer it seems that the hope of the water situation iz
to tap the underground flows of Medicine Lodge, and Birch creeks and Big
and Little Lost rivers, which can be found underlying the vast alluvium
and gravel covered area, westh, northwest, and south, of Mud Lake. Some
of the lost water from Medicine Lodge Creek no doubt contributes to Spring

Loke and others of the Mud Laks group but most of it goss farther west
and south. '

At the north end of the alluvium and gravel district are several
thousand acres of fertile soil which can be watered from pumped wells
with depthz less than 25 feet., Farther south and west, the depths of the
wells would gradually increase to perhaps as much as 500 feet. With
proper technical precautions, the flow from seach well, where efficient
supervision and apparatus exists, would be sufficient to irrigate a half
section of land. Lines for electrical power would have to be extended
only a few miles to serve 25,000 acres adequately.

Shoudd rail transportation conmnect Birch Crebk Valley with the
Oregon Short Line Railroad, pumping projerts in this region may meet
with successe. :

Two hot spring centers which, as yet, have value only as nata-
toriums, are in the regiom. Both Springs have temperatures of about 120
degrees Fahrenheit and large flows. The three springs at Lidy Hot Springs
are located on a north-south fault which plunges under the Plain. They
are almost entirely undeveloped. They lie on the new Cemtral Idaho-
Yellowstone Highway, and offer great tourist, and redreatioral and health
possibilities. Heise Hot Springs lie across the Snake River from a
scenic canyon drive which follows the River south to Wyoming. These
springs are also agsociated with a darge fault which follows the river
valley for several miles before it plungss under the Snake River basalt.
These are destined to be popular resorts with the increase of tourist
traffic on this thoroughfare. '

BUILDING STONE RESOURCES.

The gray, pink, white, lavender, and mauve rhyolite, trachyte,
and tuff of tha Tertiary Lats Lava series are widely used for building
stone in the Upper Snske River Plain. These beautiful stones are gquarried
at many places and are easily extracted and dressed. Their pastel shades
make pleasing colers and the stone is very popular. A black shiny tuff,

* Meinzer, Oscar E. Ground water in Pahsimeroi Valley, Idaho. Idaho
Bureau of Mines and Geol. Pamphlet 9, February, 1924,
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ehlefly glass, is quarried for building purposes at Menan Buttes and
Market Lalke Craters. It is often used 4% & trimming stone in rich con-
trast to the delicately shaded lighter blocks., ZIvery town along the
Southeast side of the Plain has its looal quarries so that rail shipment
is rarely necessary. In many of these towns, three-fourths of the busie
ness and public buildings are made from this material. Many residences
are constructed from it, as woll as all the foundations. It is also
very popular for chimmey and fireplace stone and in its variety of colors
1t achieves an effect difficult to excels This muterial is one of the
most important mineral resourses of the area and could readily be ex-
panded into a widely used produet -by advertising and organization. Trans—
portation, which is the usual obstacle to the produstion and marketing

of bufldimg stone in Idaho, is readily available.

These acidic lava flows and tuffs probably lead all other
building stones in the state in popularity, abundance, and ease of ex-
tractlion and dressing. Their only drgwback may lie in their softness

and lack of compressive strength, which may limit thelr use to smaller
dulldings.

ROAD MATZRIAL RTSOURCES.

Aecording to the conclusions of Alfred L, Anderson, Assistant
Geologist, Idaho Bureau of Mines and Geology, set forth in an unpublished
report on the road materials of southeastern Idaho, there are, in this
area, abundant gravels of almost every variety and size, large deposits
of cinders, and an unlimited and complex variety of lava rocks, all of
which are easlly accessible. Clay for binder is discussed elsewhere in
this report. Gravels are found in the alluvium and gravel-marked areas
on the maps. Cinders are found in the slopes of many of the cones of

the area, and the lava rocks cecupy considerably more than half of the
surface area.
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SUWMARY %D CONELUSIONS.

The area examined in the alght weeks regonnaissanee comw-
prisas adout 157 towiahips which make up all of Glark and Jefferson
counties and larse parts of Butte, Custer and Fremont counties, and
small areas of Lemhi anmd Madiscn counties. The extremitiss of the
area lie in Townshipz 4 te 14 N., end Ranges 20 to 41 E. Importamt
railway points within the mapped area are Rexburg, St, Anthony, Rigby,

Dukols, Spencer, Camas, and Humer in the eastern part and Maclay and
Arco to the west.

The entire area lies within the Snake Kiver drainage., Une
usual features whieh mark the drainage is the presence of s large
mumber of "lost" rivers, and sinking streame. The "sinks" in which
these streams disappear are large flat playas which are lakes in some
years and are dry for parts of other years. Mud Lake is such a sink,
whieh has reeently been gaining water from irrigation. @ther sinks
are losing water by the same cause.

Four types of topography are repreasnted iz the area. Thess
are (1), rugged mougtainous provineas, represented by the western rangse,
(2), gently sleping foothill-like areas composed of gravels and sently
sloping aeid lavas which make up the slepes surrounding the Plain, (5),
~ drmad mountain valleys, flecsred with gravel, which are found in the western
»art of the ares, aud (4), the dominant feature of the region, the basalt-
covered Snake River Plain. Interrupted by lava and tuff cones, and inter—
lacing flows , this great plain slopes gradually along-its longer axis
f2om a keight of more than 6,300 feet towards its head, to 4,800 feet
where it leaves the mapped arsa. Its relief from side to side is about

600 feet with the lowest portion along the borders, where the lakes and
streams are losated.

The mountainous area which borders the Plain on the north and
west is rough and rugged, and represents alternations of parallel
mountain ranges and stream valleys. The altitude of each valley varies
from ¥,000 te 5,800 feet above sea level and many points in the rarnges
reach heights in excess of 11,000 feet. Mt. MeCalsb is believed to be
the hipghest known point and has an elevation of 11,525 feet. These
valleys and ranges trend in northwesterly and southeasterly direetions.

A% their southeastern extremity the valleys merge with the
Bnake River Plain, ané the mountain ranges plunge beneath the flat lying
lava of the Plain., The important ranges in the area are lLost River
Range, Lemhi Range, Bea®erhead Range and the Centennial Mountains.

Important water bodies appearing in the area are Mud Laks,
Benry's Fork, and South Fork of Snake River, Big Lost River, Little
Lest River, Birch, Medicine lodgs Creek, Beaver and Gamas ereeks. Of
those emumerated, the latter creek and Smake River are the only streams
Which d9 not lese themselves tn the dessrt before reaching another
water body. Parts of the Targhee and Lemhi National Forests lis in the.
area and their acreage as well as much lané ad jacent to their boundaries
is chiefly used by live stock produgers. A few irrigation projeets and
‘Oceagional dry farme in the valleys are the only arable lands.

Peneplanation appears tn have developed cver the area in pro-
Flingema qr sarly Pliscens times. Pho existence of northward flowing
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Streams before the late Pliocene in most of the western mountain valleys
is suggested by persuasive evidense. In the late Plioccena a large
‘rogicnal subsidenee, now markad by the Snake River Plajin, was accom-
Panied by a gentle complemaentary arch to the north which disturhed this
sarlier ¢rainage and set up new drainage in thesa valloys similar to
that at present.

The sedimentary colimm of the area includes a large number of
important and well-imown formations reaching a thickness of about 36,000
feet and comprises sediments of Cambrian (%) Orddvieian, Devonian,
Carboniferous, Triassic, Jurassic, Cretaceous, Tertiary, and Quaternary
ages. '

An attempt ®as been made to identify, correlate,and segreogate
these formations throughout the entire area and their main masses are
indicated by sketch boundaries,

The igneous geology of the region is represented by a variety
of voloanic and extrusive oscurrences., A large numbar of lava and
cinder cones and their associated phenomena dot the plain and three
lava series, distinct in age, are found in different parts of the area.
One series represents early Tertiary lavas chiefly of andesitic tyve,
another series of about Pliocene (%) age are chiefly acid but contain
basalts and andesites, and the third group are chiefly Quaternary (pos-
slbly some Pliocene (%) ) basalts. The first two have been folded and
faulted more than the third series which is relatively undisturbed.

The Snake River Plain is the greatest structural feature of
the region, It is believed to constitute in this area a gentle down-
warp or subsidence which was at least 50 mlles wide and at least 150
miles long. The acidic Plioeene (%) lava flows which were poured out
over a relatively flat surface, and over a wide area, before sub-
sidence, now may be found pitching to the long axis of the great syn-
cline from each side and around the east end. They disappear under
later basaltic flat-lying lavas and are covered at every place except
along the edges of the downwarp, or where erosion hasg revealed them,

Four overthrust faults of great magnitude lie in the western
mountainous area. '

One overthrust fault with an sastward thrust which brings
Garboniferous formations into a position overlying younger Triassic
sediments was mapped near Msdicine lodge Creek. This is believed by
the writer to be a northern extension of the notable Bannock over-
thrust which plunges beneath the lavs covered Plain on its southeast,
with almost identieal relations whore last visible. The fault extends
southerly from that point for a distance of 275 miles. ' The writer's
assumption extends the probably length-of this fault yot another 100
miles. .

The Lost River, Hawley Mountain, and Lemhi overthrust faults
differ in having westward thrusts. The overthrust slice, in each case,
makes the range for which the fault is named. Several thousand fest
of vertical displacement and much more horizontal displacement are re-
presented by these faults. The mountain masses are canted to the north-
east and are completely folded and faulted on a smaller scale.
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Monoclimal-and gently folded strustures wers found in the
Cretaesous sedinents of the Cemtennial Mountains but each af these was
partly concealed by overlying lavau. Arsss susPeetesd of oll bearing
Dbassibllities by the lajmon of tha ioeality proved to be unfavorable,

4 few areas, howevar, novih of tho Plain near the Mohtana siato line in
Clark County are not unfavcroble, Thoy contain bede which have rroduesd
Petrolewm at ether localitier and have several of the factors thought

to be neeessary for favorstio brospesiing areas. Poorly éelinsated
struetures, which are parily concealed by lava, preclude recommendations
for a test until these beds or similar ones have proven produstive in
nearby areas.

An examination was made for phosphate and although some shales
revealsd a low phosphate content, none were found within the area which
hed commereial value even had they been easily accessible,

A three-feot exposure of good coal srops out on the state line
at the heed of Cottonwood Oreek in the Centernisl Mountains. A futib at-—
tempt has been made to mine this for local use, but the rugged topo-
graphy and att{endant difficulty of transportation has discouraged dev-
slopment. The seam appears to be in the east limb of a wide and gently
foldad syncline. Several days spent in searching for & possible ex-
Posad western limb closer to rail transportation were fruitless. Many
other areas and samples were examined for soal but without favoradle re-
fults. Prospecting in the vieinity of Humphrey appears justified.

A ecommereial grade of bentonite, a peculiar type of clay with-
sxtraordinary absorptive fualities, was found at two localitiss in the
area. One is near the railway in the vieinity of Mackay, the other is
rors remote. and lies west of Duboisw

The ehief water resource mot as yet utilized, is the lost flow
of Bireh-and Medicine lodge ereeks and Big and Little Lost rivers. Wells
drilled in the alluvium and gravel covered "sink" areas should produce
sufficient water for irrigation. Several thousand acres might thus be
claimed if marketing conditions were improved.

Building stone, distingulshed for its variety of color,
abundance, ease of extraction and dressing, is easily aceessible and
represents one of the most important mineral resources of the region. It
effers considerable opportunity for exploitation.

Various excellent road materials occur im abundance. In general,
it may be said that no startling finds of non-metallic mineral resources
resulted from the field examination. Considerable value, however, probably
was derived from the data collected which served to round out a fuller
understarding eof physiographic, stratigraphic, and structural devaelopment
of this part of the state and the Rocky Mountains. Soms new conceptions
wara necsasary to explain the evidence.

No endeavor was made to study in detail the rather extensive
and well-known metalliferous resources in the northwestern portion of the
aresa inasmuch as tho time for study was quite limited and as this vortion
of the area has been studied by the U. S. Geological Survey, and is coverw
ed in the following puklicatione by Joseph B. Umpleby: @eology and Ore
Beposits of the Mackay region, Idaho. TU. S. Gsol. Survey Prof. Paper 97,
1917, to which reference should be made by persons interested in the
metallic.mineral resources of the area.
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