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s S PREFAC’E'.‘ e

This bulletin presents the results of a study of addltlona

" areas in southeastern Idaho which lie within the so-called %
roliferous province” of the state. . -

The reception accorded to Bulletin 4-——-Petroleum posszbil‘
ties of certain anticlines in southeastern Idaho—by the sam
author, indicates that the people of Idaho are disposed to ac
cept and to act upon competent geologic advice. This is further
evidenced by the fact that, so far as known, drilling in impos 4
ble and ridiculous places in the state has practically ceased.
Nothing could be of greater value to the state of Idaho a
the present time than the discovery therein of areas capable o
commercial oil production, and efforts to this end in likely areas
are to be commenided ; nevertheless it is thought wise to point out:
that in most instances in a “wildcat” area no test well should
be started without sufficient financial backing to go to at leas
2500 feet depth. Neglect of this precaution in adjacent ar
has led to the abandonment of wells before structures have bg
adequately tested, resulting not only in total financial loss but:

also in undesuable and unJust:f:ed reflection on the area in
volved.
The Bureau of Mmes and Geology is endeavormg in thls ’
and other similar publications to bring before the people th:
potential or possible mineral resources of the state and to do sof
in such manner as to enable an mtelhgent estlmate to be ma ¢
of the rxsk mvolved in their development
» ‘ FRANCIS A. THOMSON.
Secretary




GEOLOGY AND OIL POSSIBILITIES OF PARTS OF
~ BINGHAM, BONNEVILLE, AND CARIBOU
COUNTIES, IDAHO.

BY VIRGIL R. D. KIRKHAM,

INTRODUCTION,
o PURPOSE OF THE INVESTIGATION,
A reconnaissance examination of a part of southeastern -

Idaho and a small strip of western Wyoming lying between lon-.
~gitudes 111° and 111° 45° W, and latitudes 43° and 43° 30" N,

‘comprising an area of approximately 1330 square miles, was un-
“dertaken during the summer of 1923 for the collection of data
regarding the oil possibilities of the region.
. Previous to this examination considerable local excitement

over oil possibilities had been manifested. Thousands of acres
of patented lands in the western part of the area had been
leased. The data collected during the examination indicate,
- however, that only a part of the region examined can justifiably
‘be suspected of having possibilities of petroleum production to
& commercial extent.
.~ The field work was accomplished by two partles The flrst
composed of four persons, entered the field about June 1, 1923,
under the supervision of Mr. Arthur M. Piper, a geologist of the
State Bureau of Mines and Geology. The work of this party
was to establish stations in a secondary control that would serve
| 't?o facilitate the accurate mapping of geological outcroppings
and structures throughout the region. This work was extended
~over four of the six quadrangles herein reproduced. The writer |
joined this party on J uly 8, 1923. The control work was finished
about July 17, and Mr. Piper left shortly thereafter for another
~ part of the state.
- . The geologlcal examination proceeded from that date until
‘Sept 9, 1923, under the supervision of the writer. Progress over
,the mountainous region was slow, due to lack of roads, trails,
. and navxgable stréams All work was accomphshed with the
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ald of a pack outf1t and was of such a strenuous character asto

necegsitate frequent changes of horses. No camp was made for:
longer than f1ve days; most stops were much shorter. The plan‘
of attack was to cross and recross the Caribou Range and to fol-
low the Snake River and other major streams of the area.

The geological mappmg was facilitated by the ‘l?se of Forest

Service topography in three. quadrangles and ‘the use of the U.

S. Geological Survey topographic sheet for the Cranes Flat

.. quadrangle, Formations in other areas were. located by drain-

- age and by resection and 1ntersectlon with plane table, ahdade,
and compass. :

; :v PREVIOIJS GEOLOGICAL WORK IN 'I‘HE AEEA

The entire area was examlned in 1877 by. geolog‘lsta of the -

‘Hayden Survey and was described in the report for that year. **

This exammatmn was conducted by Oréstes St. John His
report Whlch 1ncludes a fund of accurate information, repre- '
‘sents reconnalssance work of high standard. ‘The area was cov=
" ered in one field season. It may be said, however, that the writ-
ten report conmderably excels the géologic. maps Wh1ch aceom-
pany it and that many localities were not visited’ e1ther by St
John or by members of his geologmal staff.

- About -one-third of the area Was covered in a reconnaissance - a
~examination for phosphate lands in.1911. 3 This examination, =
" whichi lasted about three weeks, was made by A. R. Schultz and ’

' R. W. Richards of the U. 8. Geological Survey. Their work es- .
" . tablished more accurate boundarles for the: phosphate lands and: '
caused 141,000 acres of wit
‘stored to agrjcultural entry.
—An earlier expedltion by" Schultz Was made through the:
Snake River valley of this area in 1906.* :
A similar expedition traversed ‘the Salt River valley to
Snake River and thence to Irwin and across the Snake River
range in- 1910.1 This party was headed by Ehot Blackwelder
of the U. 8. Geological Survey. ‘

[
'12.° See reference No. 12, Bibliography p. 10. °
89. " 8ee reference No. 39, Bibliography.

¥ Schullz, A., R-—-Geolog'y and geography of a portion ot Lincoln County, Wyo: U S Geol.,
Survey Bull. 543, 1914, -

"1, 8ee reference No. 1, Bibliography.

phoSphate Iand to be re-
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- Another examination for phosphate was made by Schultz
in the summer of 1912. 38 This reconnaissance covered parts of
the Snake River valley and irregular areas on each side.

“An exammat:on for coal was conducted in the summer of
1917 by G. R. Mansfield of the U. 8. Geological Survey. ** A part.
of the two months consumed in the investigation was spent in
{hé western portion of the area discussed in this bulletin. The
report on coal prospects was negative,

. ACKNOWLEDGMENTS, ' o

‘ The writer takes pleasure in acknowledging his deep in-
debtedness to the following members of the United States Geo-
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seribing many formations and faults in the area; to Dr. Francis
B. Laney, professor of geology, University of Idaho, for many
yaludble suggestions and eriticisms advanced during the prepa-
ration of this manuscript and the accompanying maps, and also
for editorial supervision; to Dr. Francis A. Thomson, dean of
‘the School of Mmes, University of Idaho, for valuable counsel
ix;_ preparing the maps and format of this report, and for a criti-
al reading of the manuscript. The writer also wishes to ex-
ress gratitude for the able assistance given in the field by Mr,
_Arthur M. Piper, geologist of the Idaho Bureau of Mines and
Geology, and Mr. Felix A. Plastino, in cha%e of geologic in-
',V"xtructxon at the Idaho Technical Institute, Pocatello.-

 The writer wishes to acknowledge to Mr. Alfred L. Ander-
‘son, gr aduate assistant in geology, Un1ve1s1ty of Idaho, his ap-
preciation for the petrographic analyses of many of the igneous
‘rocks described in this bulletin. He is also grateful for the
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'("randdll in the preparatlon of the maps accompanying this
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38, ' Bec re;;rence No. 88, Bibliography. k
23. - See reference. No.. 22, Bibliography.
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 GEOGRAPHY.
LOCATION

The area exammed and mapped constltutes six 15-minute
uadrangles lying between meridians 111° and 111° 45’ W., and
arallels 43° and 43° 30’ N. It comprises an area of approxi-
mately 1330 square miles located chiefly in Idaho but extending
ver the state line into Wyoming for a distance slightly in ex-
ess of two miles. The above-méntioned area is divided as fol-
ows: Bonneville county, 1025 square miles; Bingham county,
‘60 square miles; Caribou county, 55 square miles; the State
f Wyommg, 90 square miles. An area comprising 520 square
les lies in the Caribou National Forest, 260 square miles are
the Targhee National Forest, and the remaining 550 square -
mxles are pubhc domam, prlvately owned lands, or state prop-
rty ERRR . V ‘ ,

TOI’OGBAI’HY.

The entire area lies within the upper Snake River drainage
asin. Snake River flows through the northeastern and eastern
,a'rt of the area in a northwesterly direction. .The largest trib-
taries are: Salt River, flowing north, which receives in turn
he drainage of Tincup and Jacknife creeks in the area; McKoy,
ear, Indian, Fall, Pritchard, Garden, Granite, and Antelope
reeks, flowing northeasterly to join the Snake at a right angle;
ind Indian, Elk, Palisade, Rainy and Pine creeks, flowing south-
westerly to the Snake and joining it at a similar angle.

The western half of the area is drained by Grays Lake Out-
et ‘and its tributaries: Willow Creek, with its tributaries Crane
and Homer creeks, Meadow, Indian Fork, Bull Fork, Hell, Lava
ind Brockman ereeks. Grays Lake Outlet draing Grays Lake
(in the southern part of the area) and enters the Snake. about
hree miles north of the city of Idaho Falls. The Snake at this
omt has made a great curve and is ﬂowmg dh ectly south
ugh the Snake River lava plains.

The entlre ﬂramage system has been controlled by the
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structgre of the sedxmentaly beds in the area, Whlch exhlbxt“
‘numerous alternatxons of hard and soft strata with consequent ‘

~unequal erosion. The headwaters of the most 1mportant streams,

g

as well as many others, flow in a northwesterly or southeasterly

direction along any soft, easily eroded bed, or between and par-

allel to dominant antxclmal axes until a depressmn or down-

~ ward undulation in the main anticline permits them to break
across at a right angle to join the Snake River, This striking "

and common relatlonshlp between. structure and drainage is
typified by the course of Fall Creek and its tributaries as shown
in the Fall Creek and Hell Creek quadrangles.

' Grays Lake is the Iargest body of water in the area, bemg
about 85 square miles in extent. It is little more than a vast
marsh. From the summit of Caribou Mauntain, immediately to

the east, it presernts a tangled skein of open, stream-like water-

ways making a ver itable maze in the midst of the marshy
growth. Its elevation is approximately 6390 feet above sea level.
Two islands lie in the central eastern part of the lake.

A portion of the lower end of the Blackfoot River reservoir :

enters the Grays Lake quadrangle. This quadrangle also con-
tains the Little Valley reservoir.

Three types of topography are included in the area: (1)
Lava plateaus, (2) alluvium covered basin plains, and (8) rug-
ged, mountainous provinces made up for the most part of tilted,
folded, or faulted sediments, chiefly sandstones, conglomer-
ates, shales, and limestones. The first type is found in the Hell
Creek, Fall Creek, and Cranes Flat quadrangles. The second
type is represented by Swan Valley in the Fall Creek quadran-
gle, Star Valley in the McKoy Creek quadrangle, and Little Val-
ley, Long Valley and Outlet Valley in the Cranes Flat quadran-
gle. The third type is found mainly in the Fall Creek, Palisade
Creek, McKoy Creek and Grays Lake quadrangles.

The highest point in the area is Caribou Mountain, reachmg

an elevation of approximately 9800 feet. It presents a truly
scenic spectacle due to its isolation and 8errated outlines of cir-
ques and spurs, scars from a past period of glaciation. It is
easily the most commandmg landmazk in the southern part of
the area. . .

* The lowest point in the area lies in the Fall Creek quadran-
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le; bemg slightly more than 4300 feet above sea level. This_ is
here the Snake River passesout of the area examined.

- The mountainous areas include the Caribou Range, which
verses parts of all the quadrangles except Cranes Flat quad-
. ‘'rangle, and the Big Hole or Snake River Range which is found
“tin Palisade Creek quadrangle. In these ranges many peaks ex-
-ceed 8000 feet, and a_few reach a height of 9000 feet or above.
~The most notable eminences in that part of the Caribou
ange discussed here are Caribou Mountain, Big Elk Mountain,
“Little Elk Mountain, Black Mountain, Bald Mountain, Poker
eak; Tincup Mountain, Red Ridge, Fourth of J uly Ridge, Ma-
-hogany Ridge, Congress Knob and Point Lookout. Prominent
eaks in that part of the Bighole and Snake River ranges in-
luded in the area are Atkinson, Thompson, Elkhorn, Pahsade,
tarvatmn, and Powder peaks.

* The regions occupied by the two ranges are composed of
edimentary rocks representing many geologic periods and vary-
ng greatly in their resistance to the various weathering agencies
nd erosion processes to which they have been exposed through-
ut millions of years. These mountains, which have a north-
west and southeast trend, have been subjected to a number of
ycles of uplift and consequent active erosion, and have been
levated altogether several thousand feet. This does not mean,
owever, that they probably existed at any time at an elevation
“much in excess of the present high points.

: The harder sediments form the prominent peaks and ridges
: and the softer beds have been excavated along their strikes.

- In many places structural eminences are likewise topo-
graphlc high points. In other words, structural anticlines and
domes are often, respectively, ridges and oval-shaped mountains.
Some of the region has been rejuvenated a number of times,
and is now in a youthful period of erosion exhibiting deep V-
shaped valleys, vertical lava cliffs, and many other criteria of

SETTLEMENT, 0CCUPATIONS, AND \CCESSIBILITY.

The chief centers of habitation are in the Snake River val-
ey, around Grays Lake, and in Long Valley. Sheep raising and
hay growxng are essentlally the industries of the area.
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The abundance of aIluvmm supphed by the erosive work

Tkl

of the stream makes the Snake River bed attractive for agricul-

the basin Valleys employ irrigation when it is needed: Much of
- the bench land above the Snake channel is used for dry farming
and produces considerable wheat and many hardier grains.
Much of Cranes Flat, Grays Lake, and Hell Creek quadran-
gles is dotted with homesteads, but these are now chlefly used
by sheep men for late: range when the bands are brought out of
the national forests. The Caribou National Forest gerves as a

~ great grazing area for several hundred thousand sheep eachl

season. A few herds of cattle also g1 aze here durmg the grass
season.

The north and east sides of the larger mountams are heavx— :

1y timbered -withwed fir, cedar, juniper, pine, and other conifers.
The yalleys and remaining sides of the mountains generally con-
tain dense thickets of -aspen, sagebrush, and chaparral growth.
An occasional sawmill operates to supply the local demand for

rough lumber, but the dressed article generally comes from -

other forests by rail transportation.

Considerable trapping is done in both. the Caribou and Tar-
ghee National Forests, and the latter has become a celebrated
game country noted for elk and big-horn sheep. Alpine, a post

office and supply point in the McKoy Creek quadrangle, serves .
as a starting point for many “dude parties” during the summer

season. The hot baths of the Alpine Hot Springs are also sought
each year by a goodly number of tourists.

- Towns and post offices in the area, in order of s1ze, are Ir-
" win, Etna, Gray, Alpine and Dehlin. Mail arrives at Irwin each
day from Idaho Falls, and each day at Gray from Soda Sprmgs
All other postofflces have alternate-day service.

An excellent hlgh“ ay enters the area from the north and
extends through the Snake River.valley along the eastern edge
to Freedom by way of Salt River vallé§. Another main artery
of travel is a sagebrush road from Idalio Falls to Soda Springs

which traverses Cranes Flat and Grays Lake quadrangle by way

of Gray. A numbe1 of prlvate roads Wander aimlessly to. all

ture, but in some Iocahtxes early or late frosts limit agricultural =
pursuxts to the raising of stock and of hay for feed. Many of
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parts of the bench lands but are in doubtful condition for auto
nsportation.  The Caribou Range can be crossed by auto at
only one place in the area—on a road from Gray to Freedom
along Tincup Creek. In spite of the lack of good roads all the
rea can be reached by pack outfits or sheep camp equipment.
- During the summer months Idaho Falls serves the western
yart of the area with rail transportatmn, supplles, and in the
winter’ with schoolmg facilities. 'Soda Springs, to the south,
1m11ar1y serves that region which is nearest it. Soda Springs
s approximately 30 miles by road from the nearest part of
he area and Idaho Falls lies less than 25 mlles from several
points in the northwestern portion.

GEOLOGY.
STRATIGRAPHY.

The rocks of the region range in age from Carboniferous to

" Quaternary, inclusive, and exhibit six evident unconformities

and sediments to a thickness of approximately 27,000 feet.
These include all the usual types of clastic deposits.

et CARBONIFEROUS SYSTEM (MISSISSIPPIAN SERIES).

" Madison Limestone (Lower Mississippian)—This forma-
tion, occurring in the northeastern portion of the area along the
- 8nake River, is dark bluish-gray in color, fairly thin bedded in
“places and massive elsewhere. It is a notable cliff maker where
- tilted, and contains comparatively little shale. Its age has been
~determined by the finding of numerous recognizable cup corals.
Although a complete section was unavailable, 1ts thickness is
thought to be approximately 1000 feet. _
< Brazer Limestone (Upper Mississippian)—This limestone
appears to overlie the Madison conformably where observed. It
s massive in occurrence, forming rugged cliffs or ridges where
ilted and levelled. It has a dark gray color when fresh, but
weathers to almost white or gray. A notable feature is a series
of dark chert zoiies where banding, nodules, and irregular forms
abound. Fossils are abundant and consist of distinctive cup cor-
als. Calcite and siderite veins fill many of the fissures. The
thickness of this limestone is approximately 1000 feet and the
formatlon appears to thin toward the horth,
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OARBOVIFEROUS a’YSTEM (PEN'NSYLVANIAN SEBIES) .

Wells Fm'm«ztzon—-The lower member, lying conformably,
immediately above the Brazer, is a thin bedded series ‘of fossili-
ferous limestones and calcareous sandstones, and is probably
‘about 100 feet thick. The central member is the promment one
of the formation, and is made up of white and yellow sandstores
and quartzites. Occasxonal thin beds of limestone are also found
in this member. The quartzitic member varies notably from

* south to north, where it decr eases rapidly to a thlckness of less

than 80 feet.

The upper member is a massive gray siliceous hmestone,
which weathers into prominent white cliffs. Numerous bands
and nodular zones of dark chert occur throughout and especial-
1y near the base of this llmestone Its average thickness rarely
exceeds 200 feet.

) Both the upper and lower. members of this formatxon are
fossiliferous, containing abundant Brachiopods and Bryozoa.

R CARBO\IFEROLS SESTE\I (PERMIAN SERIES),

Phosphoz ‘o Formation—The formation in this area is made
up of the Rex chert member at the top, overlying softer phos-
phatic sandstones, shales and limestones of a yellowxsh green-
ish, to gray color, and black oolitic phosphate rock at the base.
The Rex chert is a cliff-maker and forms the crest of minor
ridges, whereas the underlying shales, to the contrary, generally
weather to a depression. The formation varies from 80 to 400
{feet within the area, with the Rex chert making up about one-
sixth of the thickness. A number of attempts were made to se-
cure a good section but due to lack of success none will be given
here. Only one horizon is believed to contain commercial phos-
phate in this area although‘contiguous areas contain more than
one workable bed.

_ This formation bears the rich and immensely valuable phos-
phate deposits of southeastern Idaho, and its stratigraphy has

been worked out in great detail in other parts of southeastern

Idaho by a large corps* of U. S. Geological Survey geologists.

An unconformity with the underlying formation is reported
in some localities, but if one exists in this area 1t was not de-
,tected

. See rder«.uces No. 6 "1 34, 38, and 39, Bibuormpﬁy
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| TRIASSIC SYSTEM. : o
odside Shale—No angular unconformity between this
mation and the underlying Phosphoria formation was noted
s area, although Mansfield believes a stratigraphic break to -
from evidence found in other localities of southeastern
. The formation as found here is composed chiefly of russet-
prown and variable olive-green calcareous and arenaceous
hales, containing impure fossiliferous limestone members. A
erigs of limestones which makes up the top of the formation
as difficult to distinguish from higher calcareous formations
£ the Triassic system. There is present in this region also a
shale member, wash from which gives the limestone cliffs a
ghtly reddish tinge throughout most of the exposures. As
his formation is not clearly distinguishable from the overlying
ne, it was not actually measured, but it is thought to be ap-
yroximately 800 feet thick at the exposures. o
... Thaynes Group—Mansfield has differentiated the remain-
ng Triassic formations in a number of southeastern Idaho
quadrangles and in the Fort Hall Indian Reservation. The de-
scription of the formation in the latter area is published,** but
the findings in the areas adjacent to this region were not avail-
able to the writer. He describes a Thaynes group containing the
Ross Fork limestone, the Fort Hall formation, Portneuf lime-
~ stone and Timothy sandstone, the last-named being the young-
. est formation. Above these come in order, the Higham grit,
Deadman limestone and Wood shale. The writer was able to rec-
ognize some of the above-listed formations but, because the Fort
Hall Indian Reservation is relatively distant, and lithologic
changes are not only possible but likely, he could not be certain
of the correlation. LA B
*° For convenience, the remaining Triassic formations also
rere mapped as the Thaynes group. One or more members of
his group may be missing and some of the subsequent forma-
ions may be included in this grouping. Detailed paleontological
‘identification, which alone can determine the ‘sequence here,
“was lacking in the present field examination. .. .
~ The Thaynes group thus indicated is made up of a series of
ck-bedded limestones of a bluish-gray color; and a reddish
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’limestone hxghly fossxhzed thh a form thought to be meekoce-'
- ras.  Limestones: of another series are th1n~bedded and of brown
-cclar Still another series contains yellowwh sandstones ‘and
cherty hmestones, which in turnare overlain by another massive

limestone, gray. to brown in eolor, and siliceous in character i

The formation is probably less than 1200 feet t}uck in. most ofj_
the localmes studled ‘

© JURASSIC SYSTEM.

Nugget Sandstone——Thls foxmatlon is beheved to he uncon-
'_formably on the underlying Triassic formatxon The Nugget has
a light and generally whlte~colored zone of sandstone or grlt

near its base. 'In many places this is changed to quartzite, much

of which is pink. . The main part of the Nugget is a brick-red -
fine-grained sandstone in fairly thin platy beds, with cross-bed-
ding evident in many places ‘The color of this phase changes i in
places to a deep purple and the entire member weathers to
blocks and slabs which cover extenswe talus slopes. The upper- ;
‘most member again changes to a white-or light pink sandstone,
grit, or quartzite, varying locally. The entire formation is hxghly
resistant and because of its general occurrence it appears in
high, bold udges, and broad rounded slopes. The Nugget main-
tains a ‘thickness of apploxxmately 1000 feet in every locality
where it was studied but appears to be thmmng slxghtly to the
northward

Twm Creck Lmzestone——Thls formation appears to he con-
formably on the underlying Nugget formation, although the -
stratigraphic change suggests an unconformity. This limestone

, exhlbxts a lithology pecuhal to the Twin Creek, and the follow-
ing section made on Fall Creek is designed to make the forma-
tion readily recognizable. The section given presents a thick-
ness of 970 feet but the formation attains a thlckness of approx- k

'imately 1200 feet in parts of the area. It appears to decrease ‘

. toward the nor th The section is as follows
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: ﬂwin Creelc Farmation
. Thicknesa in* Feet
: 88 ‘An. lm‘ e yeﬂow. sandy limestone.
ST L An-inipu areous’ sandetone with
S limestorie lnelmlaus ~This  weathers
to a rusty brown, and being erosion-
reatstant, forma ridges where steeply
S Tinclmed !
SR LBE T s AL ERRYS ‘platy, soft llme-tmw con-
S ; t,o,ining calelte’ seams, ‘This weathers
Jin T ginalle drregulavly shaped  eliffs,
- ‘presentibg soft, yenow ish slopes from
o dlutame :
140 A dnrk bl‘ue.vcompact tine-grained
which presents a splintery
surface, The fragments. arve generally
less than one-inch in any dimension.
“7This" . wenthers ysllow and forms
_mlmtery t&mn llopel T

. 80 A masslvely bedded. oolitle’ umestone
B darle gray  ineolor,- which weathera
“to & gray<brown. . It is ridge-making
“whefie_ steeply. inclined " and - ledge-

maldnr where gently inclined.

1100 A massive; dark blue limestone con-
-~ talning & few . thin-bedded, . platy
‘' members, weamermg to & dirty yel-
lowigh-white co!or It is fossilifer-

ouss -

500 A’ thin- bedded platy limestone with
. : disthictly shaly structure. Its fresh
.. eolor- is~ dark  blue: its weathered

.color, menish-yellow It breaks:into

"minute scales and - flakes, - varying

. fromi 1-18:ta 1+ ineh in thickness.

* This -tormation forms' ‘soft, rounded

+ “slopen, . eastly eroded, presenting a
‘greenish o a Jellowwh dirty-gray

appeal ance,

B

970 feet

Pveuss meatwn—-—Thls formatzon i separated from the
,underlymg Twin Creek limestone by a minor unconfor mity. The
~formations differ-so greatly throughout most of the area, from
the brief descmptxon set forth by Mansfield in his only published
escription of its occurrence in southeastern Idaho, that the
writer sets forth here a detaaled descmptlon of a section exam-
ined on Fall Creek. As the line of “demarcation between
the Preuss and the overlymg Stump formatlon could
ot be determmed the exact thickness is- in doubt. The
formation as observed here can be said to be less than 425 feet.
Mansfield has described it with a thickness of 1300 feet in other
'ecahtles. The. ormation shows shghtly dlffereﬁt characteris-
tics in the southiern portion of the Cranes Flaﬁ quadrangle,
here it consists of fine, even-gramed sandstones of a reddish-
'gray to deep réd color, alternating thh an oc smnal,shaly
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41'5 feet : : : :
: Stump Formatwn«-—'l‘hw formation is of marme origm and‘
'seems to indicate a change in deposition from the underlying -
Preus& formation. However, no unconformity was establi hed‘
~ during the exam natwn Its thickness and lithology vary greatly
: .from those"pree nted in lecahtles prevmusly mentioned, exam-
' : ld in ad;.acent areas censethently a detaxledj

. ge tmn studied’
"in the Cranes Flat avea is conslderably greater than the 220 pet
‘-displ yed on Fall Creek. This formatxon is combined in a map
. unit with the underly g and overlymg formatxons. The section;
fls as follows e :

. : B < Btump Fama
; No. o‘! Member E i "Phickness in
ety @0

Dmcﬂptlnn e ;
dark;  blue-gray, tlne«zrained. m% -
ve - sandatone; - extenaively:

- marked and containing numer:

,mﬂé;
" ¢ite seams. It weathers to 8 brown-
hh-rreen and yehowl-hmy eolof, . -
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30 A green, shaly eandstone that is
e ripple-marked and easily eroded.
50 A massive, coarse-grained caleareous

- gandstone. It is dark gray in color
when. fresh, and weathers to a vyel-
low surface. - It contains a very large

. number. of calcite seama varying. in

/ : S iwidth wp to-1% inches. The entire
' k  yormation shows extensive cruss-
bedding.

A soft, shaly sandstone, very platy
and weathering to thin green frag-
- ments;

5 . A sandatone similar to No. 4, ex-
. copt weathering whito,

bl
[+

220 feet

B CRETACEOUS SYSTEM,

- Gannett Group—This group is composed of five distinct
embers. In order from bottom to top they are the Ephraim
formation, Peterson limestone, Bechler formation, Draney lime-
one and Tygee sandstone. » o

- The formations of the group appear to be conformable, al-

though some are marine formations and others are of fresh wa-
r origin. The entire thickness as measured on Fall Creek ap-
proximates 1750 feet but each of the members varies notably
hroughout the area. S . ‘
- Ephraim Formation— This formation is the lowest of the
annett group and is apparently conformable with the underly-
‘ing Stump formation. Its similarity to the underlying Stump
nd Preuss has caused it to be incorporated in the same map
nit with them. ‘ . : _
" The Ephraim in the Grays Lake and Cranes Flat quadrangles
s several hundred feet thick, and is dominated by the third
member of the following section, which is the most distinctive
member of the series. It varies in color from purple to red to
ellow but is ¢onstant in containing a large quantity of black
hert pebbles of an inch or less in diameter. ,

“Another unusual member is the purplish-red limestone. The
yright erimson-red soil which is a product of its weathering is
easily recognizable and aids in distinguishing this formation
from others of the large number of red formations in the area.
The Fall Creek section shows 360 feet of Ephraim, but other lo-
calities outsidé the area present a thickness of 1000 feet. ‘The
gection on Fall Creek is as follows: : :
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‘Ephmtm lf‘omatlon.
Thickness in Yoot
‘10

. No. of Member. - Denérimwh
-1 (bottom). ‘popperand-ss
S Alnv ndar - sandstone, - contaln
- dark and “light-colored.” stre
which weathers: to_a:deep W'n!a .
mdd!ih-purpuah thale, very, soﬂ
mul thifi-bedded. : !
& very ‘massive contkmurau Wi
‘& reddish-purple matrix: - el
~ed pebbles-are" predemtaute%y peen, -
and inclade smdtwna, ‘quartz, chérs,. .
‘limestone, ete..” The psbbles. are gen- . -
erally lesw mnn nne “inch in. any di
~~mminn

a5

; A roddlshmhoco!ate shn?‘
B X “pepper-and-salt
o throughout. . It is similk
6 A mmlve tine-grained
7 .
& galt sandstone.
cfrosh ~fracture; W
R gray. " This 18 hotabl
-and massive. It is 4
8 A -purplish-reddish lintesto
i slliccons . in characler . and cmg-»,
~4aing great ‘quantities  of chert, fint,
‘arid agate - inclusions, It weathers. to
a bright crimson-red soil emd gentie
: ‘ : . _slopea. It is Tosellilorous. - SR
02 : REE 1 IR N favender-red; platy sandstons. wun i
TR o o Ce sl T alternater light wd dark - bands. o
10 Tl : o 35 A very  maasiy gﬂtw. 60 ™
P : " : ’ Cgralned,” pepper»and -galt uanﬁﬂuﬂ@" 1§ S
.8 eross-bedded - gnd'. containg “atters
L ingte Mght - oand darik ‘hands, The.
quartz “Iragments incmded ars “both
i ghgular and rmmd It {n 8 ledge
L o b maker, . ;
11 (top) . ©0 B0 A light plik, shaly ukudmn . which

weathers to @& light red-soit, torming -
saddies between ‘the above-mentionsd
member and ths Tower member of the -
. Peterson  liniestone, !t is very ' mﬁ. ;
: and easily 'emded. o T

Peterson Lzmestmze~Th1s ;Eormatlon is falrly umform

~ ‘throughout thé area. It contains fresh water fossils of lower
Cretaceous age. but apprears o be conformable with the contxgu-
- ous . formations. It is -a massive, fine-grained limestone, dark

~gray in color, and contains an abundafice of calcite seams and

~ dark chert nodules, in most of the locafltles where a study was =

made. ‘It weathers to dxrty-white maksive ledges from one to )
three feet thick. These massive ‘phaseg form promment rxdgea
,which persmt thro, ghout the regxon W'here the formation‘" is
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teeply tilted. ‘The thickness varies from about 180 feet in the
thern part of the area to 50 feet on Fall Creek. This forma-
n is combined in a map unit thh the two 1mmed1ately over-

flyxng formations. :

: Peterson Formation. .
. No. of Member - Thickness in Feet . -~ Description
1 : : 80 A massive fine-grained limestone,
: : .- dark gray ih.color and containing an
© -abundance of ealcite seams and dark
chert nodules. It weathers to dirty-
white massive ledges from one to
three feet thick. It is fossiliferous.

" Bechler Formation—This formation presents an aspect so
ferent from that described by Mansfield in its type section on
‘Bechler Creek, Bannock County, Idaho, that its identity Was un-
ertam until the latter part of the field season.
" In the type section it is 1700 feet thick and is known as the
‘Bechler conglomerate where it exhibits a profusion of “salt and
epper” sandstones and interbedded conglomefates. Through-
‘out the area examined by the writer, the thickness varied from
225 feet on Fall Creek to 450 feet in the southernmost quad-
rangles. The formation invariably was made up of soft red
hales which weather to a red soil in soft, rounded slopes and
addles between the Peterson and Draney limestones. So differ-
ent are its characteristics from those of the type locality, and so
constant are these features as found over a range of 85 miles,
hat the writer suspects them to be more typical of the forma-
tion than those described in the type locahty ‘Only its position
‘between the Draney and Peterson limestone causes it to be rec-
gnized as the equivalent of the Bechler conglomerate. This for-
‘mation is mcluded with the contlguous foxmatlons in a- map
nit. : :

Bech ler Formation.

fo. of Mcmber i . Thickness In Feet - Description

1 . . C 225 Soft reddish shales which weather

; B . to a red soil in soft round slopes or.
in saddles.

Draney Lzmestone—-—Thls formatlon lies conformably over
he Bechler formation and is made up of a light grayish lime-
tone so. fme-gramed as to be lithographic in texture in most of
he sections exammed It weathers to a dlrty-whfte color and
enerally forms ndges where tilted at a high angle. It is not so
asswe as the Peterson hmestone and consequenfiy not 80 re-.



28 IDAHO BUREAU OF MINES AND GEOLOGY

sistant. It contains numerous small and simple fossil forms.
The thickness varies from about 300 feet in the southern part
of the area to 175 feet on Fall Creek, where the top member is
an impure, dark-colored, coarse-grained, siliceous limestone, .
which weathers to a dirty-brown color and forms large talus
blocks averaging three feet in their greatest dimensions. This
' member is also fossiliferous and presents a thickness of about
25 feet. The whole formation differs very little from the section’
described at the type locality. This formation is combined with
the Peterson and Bechler formations to form a convenient map
unit. - N : :

Drunecy Limestone.
No. of Member ’ Thickuness in Feet ] . Description .

-1 (bottom) - 150 - Light grayish limestone, very fino-
L . grained and lithographic: in texture.
It weathers to a dirty white and gen-
g . - Co erally forms ‘ridges, although not so
. ; . - resistant. as the Peterson. -It is fos-
: stliferous. R
An impure, = dark-colored, - coarse-.
grained, siliceous limestone. It weath-
ers brown in color, In large blocks,
averaging 3 ft. in greatest. -dimen-

.slons. It is fossiliferous. -

2 (top)

»
I

P

175 feet

Tygee Formation—At the type locality in the Freedom quad-

- rangle Mansfield’s description of the Tygee sandstone is as fol-
lows: “The rock is gray to buff, even-gr#ined, and without the
greenish or reddish tinges of some of the higher sandstones. The

- top is ‘nqt exposed, and in much of the region this sandstone,
with part or all of the limestone below it, has been eroded be-
fore the deposition of Wayan formation. At the type locality
about 100 feet of this sandstone is exposed.”?® : '
‘The Tygee formation of this area, however, differs greatly
from the above description. Part of this difference is apparent-
ly due either to the great amount of erosion, which seems to
have removed all of the formation at the type locality except
the lowest member; or else to decidedly different conditions of
deposition. The formation has sufferéd erosion to varying de-
 grees throughout this area and in oth‘ér localities. The notable
unconformity with the overlying Wayan has concealed much of
its upper portion. A section measured on Fall Creek, conform-
able with the underlying formations and unconformable with
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definitely known to be Wayan, measures 1020 feet in thick-
and «e:llﬁw H SR e e
Tygee . Formation. P
i Thickness . in. Feet - escription -
. O 1. . UA finegralned . brown  sandatons,
. wesathering fo reddish-brown. It con-
taing numerous calcite seams vary-
-inch in thickness.
fch. are very soft.
- A; gray, - pepper-and-salt ~sandstone,
masaive i1 character and congaining
: o ovo caleite seamp, - S
80 ‘A red and . green . shaly sandstoné
which weathers to soft red slopes.
A wery  ine.grafned, -greenish-gray
sandstone, fn  plates sbout 4 inches
thick. It weathers to a dirty  green
: eolor. - R ’ :
850 €arbonaccous shales and a carbona-
ceoud, - shaly: sandstone, varying from
black to. datk green.in color, It is
thin:bedded and platy, with an drri-
nt staining on the. surface.
LA dark-colored shaly sandstone, very
" goft; and eroding into depressions.
i A" dark, very thinly bedded and brit-

16 eéarbonaceous  shale, immediately
bendath a nassive ridge-making sand-
gtone, which  constitutes the chief
horizon marker for recognizing  the
Tygee. . .

A massive, hard, very fine-grained
sandstone, mentioned above. Its color
oh fresh frafture is yellowish-gray.
8oma: of the fsolated talus fragments
weather to”-a pinkish-white,. while
magrive ledges and many talus. slopes
weather to, s brownish-black. It is a
notable ridge maker.
A 8andy shale and shaly sandstone
of a laveunder color. It is very soft,
making rounded hills and depressions.
It weathers fo a light pink color and
can  be -easily confused with many
Wayan members. - :

,,"“‘fso'
R

8-

[+ . A _yellow-green . sandstone, making
- subordinate ridges, .
80 A shaly sandstone and sandy shale.

" It is lavender-pink in. color and
. ‘weathers to s pale pink soft alope,
-easlly confused with members of the

; g c= I Wayan group. S
. 256 A~ gemi-massive ~ sandstone, . dark-
greenish. to dark brown in dolor. It
contains much earbonaceous material
= which “has irridescent staining, as in
“ No, 8. -3t weathers to light brown

Lo o with pinkish and’ reddish tints.

150 " 8oft,  fine-gralded, * yellowish sand-
: stone,  which ‘webthers into rounded
slopes. It exhibits a black -tarnish

upon. weathered  durfaces. . -

40 7 UA”dark, - fine-grained massive sand-
o atone, It is & ledge maker but has
_ , interpolated carbonaceous shales of
) ’ : varying thicknesges not to exceed 6
et ..t The membef weathers to & dirty
.+ brown, color. E
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18 RN (IO Plnkinh. reddlah purpllah ~and

‘ PO SR s s greeidishy shialesd  They are very mft.

‘making . ‘depressions, . and ; 3

s confused with membe:

e S S L greum, e :

17 ; - FRERE T { R medtumdine grainad greenish

: . gray sandstone. It is .4 subordinate

. _ridge maker which weazhcu to a
: : ; s dlrty green color,

18 X LT R ; 80 ~i A wotty - Tight-colored, “ghaly uand-‘

; L I F - stone - which up -dep: :

: Ao and s easily: confused with the mam :

. > ’ “ “bers of the Wayan group. : -

190 . 40 A- coarse-grained, light gray, penpt’r
: ' B and gray - sandstone,  with alternate
light and- dark sfreaks. It is platy
“.and ' cross-bedded in  places ‘and

- “swenthers to a - rusty brown. It i8 ex- .
tensively . oslcite aeamcd (md 18- 8

lcdze makor. ; : 2

1020 feet

CAsS mentloned in the foregoing section, many of these mem-
~ bers, assigned to the Tygee are very Similar in lithology and
co}or to members known to be in the Wayan group. Only an ob-
‘vious unconformity between these beds and similar Wayan beds
caused the writer to group them with the Tygee. The hypothesls\
that the apparent unconformxty was & fault failed to satisfy the -
‘problem, and the presence of a- 51m11ar unconformlty between
the Tygee and Wayan formatlons, equally evidefit in several lo-
calities throughout the region, was persuasive evidence that the-
locality where thlS sectmn ‘was taken also exhlbxted an uncon-
- formity. e
~ The probablhty of the occurrence of such mmllar beds in
both of these contiguous formations is further strengthened by
the occurrence in the Wayan of limestone lithologically similar
to the Draney and Peterson limestone of the Gannett group.
Conglomerates, shales, and sandstones almost identical litholo- ,
glcally with the Bechler, Ephraim, Stump, and Preuss forma--
tions are also abundant in the Wayan formation. In no case,
however, were the interrelations of these confusing beds observ-
ed to be the same as m the Gannett group and Stump and Preuss
;formatmns. :
Waytm Forma twn——T}us group of formatlons I:es uncon-
fformably on the underlying Gannett in numerous localities
: throughout this area. Similar unconfortities are found in Free-
dom quadrangle, contiguous on the south, and Mansfxeld has ‘
- pubhshed a descnptmn of another 1naz1;arn::e.°3 L
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Th1s group of formations is composed of sandstones, grlts,
glomerates, shales, limestones, and ash beds, of fresh water
and continental origin. Mansfield has d1v1ded the group into an
pper and a lower unit. 30 The lower unit contains eight mem-
ers, including four red beds, three limestones with shaly
hases, and one sandstone. He estimated the thickness of this
nit to be 2800 feet, whlch thickness together with the litholo-
gy was corroborated by the writer m the southern part of the
rea exammed :
' The upper unit is made up of vred and gray sandstones,\
rits, characteristically cross-bedded ; vari-colored shales; and =
“some limestones. The only good outc_rops‘are, afforded by some
-of the sandstones, grits, and limestones, because the remaining
beds weather into tinted soil devoid of indications of dip or
trike. This condition requires the structure to be deduced from
solated and widely scattered outcrops, and also prevents posi-
tive recognition of duplication by faulting and folding. Mans-
field estimates a thickness of 9000 feet for this upper unit as ex- '
osed in the limb of a vast syncline located in an adjacent area,
_ut on account of the smaller folds and more disturbed condi-
ion of this area the writer experlenced difficulty in measuring
1ore than 6000 feet of sediments in the upper unit. No attempt
was made to differentiate these formatxons they are mapped as
“unit throughout the region.
.~ In age these formations appear to be only slightly younger
. than the Gannett group as shown by similarities in fossil fauna.
“Evidence is present, however, which indicates a rather strenu-
ous period of movement and erosion in the Gannett group dur-
ng the brlef mterval before the dep051t10n of the Wayan.

TERTIARY SYSTEM (PLIOCE\E SERIES).

Salt Lake Formatron—-—Thls formation lies unconformably
on all older formations. It is made up of caleareous conglome-
tes (light gray to ‘buff colored, with a white matrix), fine-
gramed lithographic limestones, marls, clays, sandstones, and
grits. Most of the exposures occur in the Snake River valley
along both sides of the river and in the Palisade Creek and Fall
eck quadrangles. More than 1000 feet of thesé beds are ex-
ﬁposed in the chénnel of the Snake Rlver near Alpme post offlce,
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where they have been tilted, eroded and masked by altuvium. In
many places they are concealed by later lavas and show only
“where streams have ecut through the 1gneous flows.

QUATERWARY SYSTE‘\[ (PLEISTOCENE BSERIES),

Hzll Wash——Thls material is generally tinted sxmllar to the
‘eroded rocks of the locality but frequently tends to display. a
pinkish, greenish, or yellowish color. It is commonly made up .
of shales and pebbles of sandstones and limestones. Its origin
was in alluvial fans, cones, and stream deposits, aided m a few
cases by glacial action.

' Spring Deposits—Several extensive areas of travertlne,
tufa, and sinter are found throughout the region bordering the
- Snake River. . Some of the hot springs are now depositing tufa.

QUATERNARY SYSTEM (RECENT)

Allzwmm——Thxs material, made up of a mixture of sed1-
ments derived from the mountains of the region, occupies the
larger valIeys and basins and successfully masks rock exposures
,except in gorge-like channels where the alluvium is cut through.
Entrenchment has removed all but an occasiorfal remnant of it
in some localities. In a few p_laces the stream deposits are being
~washed for gold. '

STRUCTURE.

GENERAL STRUCTURAL FEATURES OF THE AREA.

The region is traversed by a series of folds consisting of
anticlinoria and synclinoria. The axes of some of the anticlines,
which were traced to the extremities of the area and beyond, are
probably more than 50 miles long.

Relatively few of the synclines or anticlines are symmetri-
cal. A number of the folds are overturned either to the north-
east or to the southwest. Transverse folds cause undulations
along the major folds, thus forming well defined domes and
~ cross synclines-along the dominant axes. ’

' The whole arrangement presents a Series of long, nearly -
‘parallel folds sweeping across the entire area and possessing
structural features SImllar to those of the southern Appalachlan

' reglons _ , . : :
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he most notable faults are quite extensive. Their over-
st character persuades one to connect some of them with the
nnock overthrust which is the principal fault of southeastern -
aho. A few normal faults were also observed but with a few
ceptions these produced no unusual effect on topography or

rop.
|SPECIAL STRUCTURAL FEATURES.

Marked Unconformities—The unconformity between the
ayan formation of lower Cretaceous age and ‘the underlying
_énnett group of slightly earlier Cretaceous age is a gtriking
nd unusual structural and stratigraphic feature. Observation
nd proof of this unconformity throughout the area was oneé of
he first important findings of the season. Until this examina- .
n the beds of the region occupied by the Wayan formation had
een thought to be of a different age and were believed to be the
ear River formation. The formation was assumed to lie con-
srmably upon what has been described here as the Gannett
oup..Evidences of an. angular unconformity are found in Fall
reek basin and on Meadow Creek in the Hell Creek quadrangle,
north of the head of Bear Creek in the Fall Creek quadrangle,
on Jacknife, Trail, and Trout creeks in the McKoy Creek quad-
angle, and in several localities of the Grays Lake and Cranes
Flat quadrangles. , ‘ AT
‘Another notable unconformity exists between the Salt Lake
iormation of Pliocene age and all underlying formations. This
angular unconformity is strikingly exhibited along the Snake
iver in Palisade Creek and Fall Creek quadrangles.
" An attempt is made to include some instance of each uncon-
gormity in the geologic cross-sections portrayed on the various
quadrangle maps. .
Fan Folds—This unusual type of structure occurs in both -
\e upright and inverted forms in the Cretaceous and Jurassic
eds of the area. In all cases these folds have been deeply erod-
d, but conclusive evidence of their original form still remains.
- The best example of the upright fan fold exists in the Fall
reek quadringle, being represented by the region known as
ourth of July Ridge. The Tygee and Draney formations are
wverturned on each side of this ridge; forming 4 fan fold contain-
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ing two definite crests. The fold is about four miles wide where
the beds are now eroded but the upper part once was wider. |
: “An equally 1mp0rtant but inverted fan fold is found in Mc-

_ _Koy Creek quadrangle near its southwestern extremities. The
Draney and Tygee formations are here overturned on the sides
~ofa synclme and two overturned anticlines. This fan fold is less
than one mile wide at the neck but as deduced from the dip must
be more than twice that wide beneath the surface.

» Another inverted fan fold was observed in Cranes Flat
quadrangle near Sugar Loaf Mountain and Long Valley. This
occurs in the Wayan formation. It is about & mile and a half wide
at the neck and nearly two miles wide at a distance beneath the
surface. This fold has been descnbed by Mansfield in a recent
pubhcatxon 29 : e

S The attitudes of these structures are illustr ated in the geo- '
logic cross-sectibris accompanying the maps. ‘

“Swallowtail” Folds—In some places the orogenic forces ex-
erted in developing the Caribou Range have created cross folds .
along the main axes and subsequent erosion has left outerops of
various formations in a pattern resembling a swallow’s tail. In
practically all instances the Tygee and Draney formations form
the distinctive pattern of these unusual folds.

The best examples are illustrated by branching synclines
with a complementary intervening and plunging anticline. Lo-
calities where these may be observed on the maps are in the
northeastern part of Hell Creek quadrangle, the southern por-
tion of the Fall Creek quadrangle just north of Bear Creek, and
the northern part of the McKoy Creek quadrangle.

" Bannock Overthrust—The Bannock overthrust fault is the
major fault of the region but only a small part of it is represent-
ed in this area. The overthrusts occurring in the Little Valley
“Hills are, however, believed to be two branches of it. The one
: -farther east brings the Preuss formation of Jurassic age, the
~ Thaynes group of Triassic age, and members of the Lower Cre-
" taceous Gannett group against the Wayan formation of still
later Cretaceous age. Another branch about two &nd one-half
miles to the southwest approximately . parallels the one first
mentioned. This one brings the Brazer formation of Carbonifer-
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us age against the Preuss and Twin Creek formation of Jurassic
ge. - . o :
- Three more faults of considerable vertical displacement en-
er and leave the area still farther to the southwest. They repre-
‘sent block faulting, and the writer is unable to say whether or
‘not these should be considered as branches of the Bannock over-
‘thrust.
. This great overthrust was first descrlbed in 1912 36 Fyrther
‘work by geologists of the United States Geological Survey and
‘especially by Mansfield has furnished much information for
publications.*

* This overthrust is credlted with a length of more than 270
miles and a horizontal displacement of from 12 to 35 miles. The
thrust is to the northeastward.
“ The underlying block is generally composed of folded Meso-
‘zoic rocks somewhat less resistant than the Paleozoic rocks
which generally make up the more competent overlying block.
In some places the overthrust constitutes a single fault plane but
more commonly it is branched and gshows as many as six distin-
“guishable branches in some localities.

Snake River Fault—This fault appears to be nearly vertical
in many places, and assumes an overthrust attitude in others, al-
“though in two localities it has the appearance of a normal fault.
"It can be traced for approximately 30 miles within the area but
“its displacement is very small compared with that credited to the
Bannock overthrust. This fault has been described as an over-'
- thrust by federal geologists* as a result of former brief recon-
nalssances
- Absaroka Fault—This is a large fault Wthh enters the area
: for a short distance in the eastern edge of the Palisade Creek
. quadrangle.» Its displacement is unknown but is less than that of
he Bannock overthrust.and greater than that of the Snake River
ault. It has been described by Schultz,3s as the result of an ear-
ier reconnaissance.

St. John Fazdt—-—Thxs large overthrust fault is apparently
he Wwest branch of Absaroka overthrust fault, which it parallels
hroughout its extent in the Palisade Creek quadr angle Like the

Seg re!erences No. 16 23, 24, and 35, Bibliography.
" 8ee references No. 2-}. 38, and 39, Bibliography. .
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Absaroka it hevéf has been worked Out m detail but ha‘syhori-”

- zontal and vertical displacements much greater than the Snake ’

River fault. It has also been described by Schultz?® although not

. Meadow Creek Graben—Block kfaulting in the southwestern

- part of the Cranes Flat quadrangle has produced what appear

to be two grabens* and an intervening horst. One of the grab-
ens lies in the vicinity of Meadow Creek and has been deseribed
by Mansfield as the Meadow Creek graben.*® The extension of

" ~ the faults in this quadrangle is masked by superficial deposits of

later extrusives and hill wash. A transverse fault which barely
enters the quadrangle has permitted down faulting of the block
south of it. Limerock and Meadow Creek mountains, made up of
Carboniferous strata, represent the horst. Little Gray Ridge,

- made up of the same strata, and its extension to the north found

in the Little Valley Hills, make up another horst-like block on
the northeast side of the graben. Mansfield finds exposures of
the graben rocks that are Triassic in their extension to a quad-

-rangle farther south, but no graben rocks are exposed within
- this area. This graben structure is exposed for about nine

miles as it crosses the southwestern corner of the Cranes Flat

quadrangle.

‘ IGNEOUS GEOLOGY. e
Each of the quadrangles, except the McKoy Creek quadran-

‘gle, discussed in this report contains evidence of igneous activi-

ty and a variety of igneous rocks. Because of their possible in-
fluence upon the accumulation of petroleum in the associated
sediments, a discussion of their occurrence will be included here.
~ The general forms of occurrence are varied and include ex-
humed plugs, dikes, laccoliths, and sills, as well as craters,

- -cones, flows, and ash beds. . = .
. The relationships of these various igneous occurrences to
. the several sedimentary formations, make it possible to estimate

their relative age and with some degreeé of accuracy. Practically

all of the igneous episodes are believed by the writer to have

occurred within Tertiary time althotigh some of tfe sills may -

* . For the benefit of the layman: a horst ig a sedtion ‘0f the crust separated by tau)h from

- adjacent areas known as grabens which have been relatively depressed.
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en intruded in late Cretaceous time and some of the late
iptions and flows which are obviously younger than Pliocene
liments may be as young as Quaternary. :
he types vary in chemical and mineral composmon from
bbro, olivine and fayalite basalt to rhyolite and pegmatitic
e. - Several intermediate types of an unusual character
found between these extremes.
n texture is found an equally wide range represented by
phic granite, coarsely crystalline gabbro, andesite, basalt,
achyte porphyry, rhyolite porphyry, felsite of varying types
and several unusual examples of perlite, glass, and obsidian.
any of the basalt and trachyte flows show an extraordi-
ary development of vesicles which range in‘size from micro-
ie cavxtxes to those large enough to contaln a man.

- MODES OF OCCURREXCE.

i Laccohths——At Sugarloaf Mountain m sec. 25 ‘T, 2 8. R. 41
in Cranes Flat quadrangle, is an intrusion which has follow-
d the bedding planes of the sediments in the manner of a sill
has thickened locally so as to present many of the character-
ties of a laccolith. Owing to its present state of denudation, it
‘impossible to determine whether or not the overlying strata
re arched to any appreciable extent. “This igneous body makes
p the crest of the higher part of the eminence and encloses
emnants of highly metamorphosed sediments along its top
hich exist as eros1ona1 remnants of the immediately overlying
ed.
- This intrusion is oriented along the axis of a minor anti-
line in Wayan sediments, and suggests the hypotheses (1) that :
the intrusion could be the cause of the folding; (2) that the anti
line existed before the intrusion; and (8) that the foldmg of .
he anticline occurred later than the intrusion.
; It should be obvious to the reader, after noting the descrip-
. tion of igneous phenomena which will follow, and after a reali
zation of the large number of anticlines and dotnes in the ares
that much importance is to be attached to theoties which wo!

not, caused t’he folds. If igneous intrusion has caused ‘much 0
the folding the heart of these folds would be veny unhkely
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voxrs for commercxal petroleum. On' the other hand 1f it can be
shown that the foldmg occurred before or since the intrusion,
: : : regarded as decidedly more attractive,
Y .prmnded other necessary factors for the accumulatmn of petro-
leuni are present.
.. The laccolith, or thxckened sxll is composed of hornblende
andemte porphyry, the phenocrysts of which produce a striking
o pattern a microscopic examination of thin sections of this rock

‘shows promment crystals of hornblende, andesine, and biotite,

,along with many minor minerals in varying amounts Since

B these phenocrys’cs show no evidence of strain it is believed that

‘the folding could not have occurred later than the intrusion of
the hernblende andesite porphyry. This deduction appears to
eliminate one of the three hypotheses. ,

To dxsprove the two: remaining hypotheses 1s much maore dlf- .
: fxcult Support for the hypothesis of simultaneous intrusion and
deformatlon is found in the words of one of Amel ica’s foremost

~ economic geologxsts ‘He says:

Everywhere: intiisions carraamnd to uplifts. and the: evidenee it seems: ta me, is entlrely \
f&vorab[e to aimunmxeous uplifs dhd' mt.msion Con we dolibt that uplift was one of the con:
sequences, of batliolithic intrusion? Te it not also probable that Iarge areas of slevation in the
Corgilleras. are undeﬂnin by eonceuled bathohth-’

A great many phenomena presented in this dlstrlct may be
thought to contrlbute evidence to this view: the common occur-
rence: of dlkes, sills, ¢ craters, and cones scattered over a large
area offer. persuasive ev1dence for an underlying igneous mass
katholithic in proportions. A further argument for this point
may be found in the. relatxonshxp of the Sugarloaf intrusion,
Brockman Creek vent and lava flow, and the Cambou Mountam
.mtrusmns. .

All of these mtrusmns, although separated by many mlles,
v he in a direct line along the strike of the same sediments in the
Wayan formatlon. Hornbiende andesite porphyrles, almost 1den-_
tical in character, occur at Sugarloaf Mountain and Caribou
- Mountain. It is interesting to note that the axial strike of many
-of the major anticlines is approx1mately parallel to a line drawn
_through the Caribou Mountain intrusiot, Brockman Creek vent,
Sugarloaf intrusion, and Pine Creek vént. In sumq’nng up the -

'3 Waldemar Lindirerii The fgncous gsalogy of the Curdmoras and its problems: Yale Uni-
;;uézy Slmmau Foundatwn 1013. - Prob!emn of Americun Geolozy Pp. 282284, New :Haven,
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;ev1dence there seems to be a weighty argument in favor of sim-
Itaneous intrusion and folding.

" Arguments for the remaining hypothesm are equally con-
vincing. A number of dikes composed of hornblende andesite
- porphyry occur adjacent to the Sugarloaf intrusion. Some of.
‘them lie parallel to it and others are transversely related. These
“dikes are made up of essentially the same rocks as is found in
Sugarloaf and Caribou mountains. All of them are cross-cutting
in their relationships to the sediments and are obviously later
‘than the folding. This cir cumstance leads to the belief that these
‘intrusions of similar magma may probably be of the same age
and presumably younger than the folding of the area. Another
large intrusion in the southern part of the Grays Lake quad-
rangle is made up of the same igneous material and appears to
“have entered the beds after folding. At Caribou Mountam, where
“several successive intrusions have occurred, the hornblende an-
desite porphyry appears to have been the first lava intruded and
“also makes up the major portion of the igneous types repre-
sented. It occurs here in a multitude of sills, variable in thick-
ness and extent, emerging from a feeder, laccolithic in propor-
. tions, but more like a dike in its apparently cross-cutting rela-
" tions to the Wayan sediments. Such relations would also sub-
stantiate the belief that folding and tilting preceded the intru-
sion. Another argument in favor of the latter hypothesis is the
-~ fact that this intrusion exists midway along the dip of a vast
monocline in the Wayan sediments rather than along the axis of
an anticline or dome where it would be expected to exist had lac-
colithic pressure been exerted.

"The evidence, as a whole, persuades the writer to beheve that
much of the folding of the area, probably all of the Wayan fold-
ing, occurred previous to the intrusion of the hornblende ande-
. gite porphyry found at Sugarloaf Mountain, Caribou Mountain

and other places in the area where this rock type has invaded
tilted and folded sediments. Accepting this theory, the writer
_believes that the sill at Sugarloaf Mountain followed structure
lines already established in the fold at that locality. No other
- intrusions that could be called laccohths were recognized by the
writer,
Szlls-—Carlbou Mountam, the hlghest peak in the regxon,

L
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owes its supemor res:stance toa serles of sills, composed of var-

jous types of intruswns, which are interleaved with the Wayan
- gediments. A ground plan of these intrusive masses is dlsplayed ,
" on the Grays Lake map, (PL. VII, in pocket) and a suggestion of
their relations to the sediments is shown in one of the geologxc
cross-sectmns Due to the scale of the geologic map and ¢ross-
section it was found impossible to show the actual number of
sills and dikes makmg up this unusual intrusive area, and no at-
tempt will be made in this report to describe it in any great de-
tail ‘because of its lack of especial sxgmflcance to. the economlc '
problem involved in- the investigation.

The Wayan sediments and sills dip in a general du'ectlon
toward the southwest at an average angle of 40°, making 1 up an
, umnterrupted monocline more than six miles wide. T

The sills, approxxmately 50 in number, emerge from central .
« ,‘Wtedge-shaped intrusions whose cross-cutting’ relatlonshxps ap-
" pear to classify them as dikes. These in turn have been intruded
a number of times by successive lava types. The larger number
. of sills are to be found east of the feeders and are well exposed -
in the pre01p1tous cliffs of the many eirques developed by moun-
tain glaciation. These cliffs are, however, so steep as to prevent
any sxgmfxcant areal mapping of sills with a thlckness equal to
~ those on the western side. Ten or a dozen sills are exposed west
of the feeder, and erosion along the dip slope of some of them
has exposed areas of the intrusives wide enough to be shown on
the geologic map. Because of this dip slope exposure these out-
- crops are very deceiving, giving the 1mpressmn, in some mstan-
ces, of. great thicknesses.

The sills are fairly uniform in _extent and thlckness and the‘
larger number are made up of andesite porphyry displaying
notable hornblende and plagioclase phenocrysts. Other types
are chxefly trachyte porphyry, dacxte porphyry, or sxmﬂar

The associated sedxmentaxy gxoups mclude shales, lxme-

~ stones, sandstones, and conglomerates. The whole sedimentary
~mass has been pretty generally metamorphosed by the intru-

sives into slaty axgllhtes, siliceous marbles and quartzites. Be-.

- ‘cause of the change in hthology and physxcal characteristics due

S to the mtrusxons, it 1s vexy dlfflcult in places to decxde in what
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sedlmentary series these altered 1ocks belong Structural rela-
tions, however, make clear that the greater part of the meta-
orphosed series belongs to the Wayan group. Sills other than
those found in the vicinity of Caribou Mountain were not rec-
ognized elsewhere. o

- Dikes—Several large blunt and wedge-shaped masses ap-
pedar along the crest of Caribou Mountain. These are granitic in
texture and show hornblende and plagioclase as dominant min-
erals. - These dioritic masses have the characteristics of dikes
and appear to have served as feeders to a majority of the asso-
ciated sills. Other dike-like intrusions of granular texture ap-
pear to be syenite, pegmatlc or graphic gramte, gabbro and
diabase.

< ~Fragments of still more basic types were found on talus
alopes near the summlt but: were not observed in place. The-
magnitude of most of ‘these feeders appears to have been suffi-
cient to provide enough heat, aided by a heavy covering of sedi-
ments, to prevent rapid cooling which resulted in thesc partly
or ‘wholly crystallized rock types. The same magma, interca-
lated with the sediments in flat, relatively thin sheets, cooled
more rapidly into porphyritic types.

Other typical dikes are found in the extreme southeast-
ern corner of the Grays Lake quadrangle and near Sugarloaf
Mountain in Cranes Flat quadrangle. The latter groups occur
respectively about one mile south and west and four miles
northeast of that eminence. All of these dikes are hornblende
andesite porphyry.

Plugs—Castle Rock is the name locally applied to an intru-
sion which has some of the characteristics of a plug. It appears,
however, never to have reached the surface and has been re-
vealed only by erosion. Large quantities of included country
lock are found throughout the mass but the mtruded sediments
show no quaquaversal tilting.

This rock has the appearance of basalt, havmg a black fine-
grained ground mass with huge glassy plagioclase phenocrysts.
thin-section -determination revealed about equal amounts of
plagioclase and magnetite as its mineral compos1t10n The
ground mass is predominantly magnetite and it has been ten-
tively classified as an andesite. No remnants of any possibly
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: eassocmted Iava flow were found ‘This plug is located 1n sec 5
T2 S R. 42 E,in the Hell Creek quadrangle :

Vents-——A number of: loeahtles give evidence of bemg vents ’
or_fissures of limited dimensions from which non-exploswe;
eruptlons of lava occurred. Each of these is associated with an

~attached lava flow which makes their relatlonshxps seem obvi-

Qus. Typ1ca1 examples of such occurrences are: the Pine Moun- g
tain vent, located in sec. 6, T. 2 S., R. 41 E., in Hell Creek quad-

,rangle Brockman Creek vent secs. 30 and 31, T.2 8, R. 43 E,,
in Grays Lake quadrangle; and a vent in the Little Valley Hills
" located in the northwest corner of the unsurveyed T. 4 8., R. 42

E. All of these vents have produced flows of olivine or fayahte

basalt

C’I ‘aters—The most noteworthy cratexs of the area are dlS-

tinguished in most places by the red- colored scoriaceous lava '

which surmounts the old cones. Associated with these craters

"are attached lava flows with obvious relations.

Typlcal basaltlc craters are Sheep Mountain, located in sec.

82, T.28, R. 41 E, in the Cranes Flat quadrangle, and Castle

Rock crater in sec. 5, T. 2 8., R. 42 E., in the Hell Creek quad-
rangle. A rhyolite crater is situated in T. 4 S,, R. 42 E,, in the
Cranes Flat quadrangle.

Lava Flows—Lava flows of considerable extent and varlety

~ are aburidant in many of the quadrangles.

- Cranes Flat quadrangle displays flows of olivine and faya-
lite basalt which cover more than half of the area. Several dif-
ferent flows. are found here but no very great thickness of
basalt exists, even where flows are overlapping. Craters,

‘vents, and fissures located along fault lines have been identified

as the source of individual flows. Three relatively small patches
of rhyolite were found in the Little Valley Hills and are repre-

~sented on the map. This rhyolite shows a fluidal and perlitic
~ structure, and phenocrysts of quartz, orthoclase, and a little -

plagioclase. The thlckness has been measured in excess of 200

 feet.

©Grays Lake quadl‘angle has a small basalt flow from the
Brockman Creek vent, and a strip of basalt along the western -

part of the area representing extensiohs of flows from Cranes
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"lat quadrangle and from a source 1mmedxately west of Grays
Lake, o
Hell Creek quadrangle contams basalt flows identified with
rater and vent eruptions from within the quadrangle, as well
s extensions of basalt flows from Cranes Flat quadrangle.
About one«elghth of the quadrangle is covered with basaltic lava.
A rather unusual series of perlltlc, glassy, and porphyritie
rachyte flows exists in thls area and extends beyond to the
north and east.
From one to three flows of trachyte, no one of which ap-
pears to be more than 35 feet thick, are exposed in different
parts of the area. Each flow shows widely different megascopic
haracteristies in different localities. On Bull Fork is a flow of
nse, brownish-gray, porphyritic type, showing equal amounts
_plagloclase and orthoclase under the microscope. Many of -
e‘orthoclase crystals are very glassy but have a marked cleav-
uge. These crystals are probably sanidine and, as observed in
he hand specimen, greatly resemble quartz Quartz phenou ysts
Are rare.
‘Another flow in the same v1cm1ty appears as a graylsh-blue
ck, slightly porphyritic in texture. Plagioclase of the oligo-
ase type is more abundant than the orthoclase feldspar; and
quartz, although prominent, is less abundant than the feldspar.
This rock could be classed as a dacite at thislocality but appears
as a trachyte in other parts of the area. The rock shows a mi-
crospheruhtxc ground mass under the microscope.
Other trachytes show large quantities of glassy sanidine
phenocrysts much more abundant than the associated plagio-
clase. Spherulites, crystallites, and fluidal lines are common in
many of the samples.
‘In general, sanidine, orthoclase, andesme and ohgoclase
feldspar with minor varying amounts of qualtz, make up the
minant minerals of these trachytes. '
. _The descriptions of these rocks have been given cons1dera-
le space due to the fact that they have been ‘déscribed and
pped as basalts and rhyolites in U, 8. Geological Survey
ulletins 53039, 68078, and 716°%. The above mentibned surveys
ere reconnaissance in character and if field determinations
ly were made the glassy quartz-like 'a'ppearanc'é of the feld-
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spar phenocrysts could easﬂy account for the class1f1cat10n as
»rhyohte., , ,

.. The oldest flow in the area appears to be a rusty brown,'
hlghly vesicular trachyte which was identified and ably ' de-
scribed by ‘St. John'? in his early reconnaissance of the area.
This ancient flow appears to have covered vast areas previous to
the last major uplift and is now found tilted away from the tec.
tonic axes as well as in isolated patches on some of the highér
summits in the region. The arrangement of these erosional
remnants is such as to furnish persuasive evidence of its former
blanket-like extent. The writer was unsuccessful in finding any
point of origin for it within the limits of the area studied.

‘An obsidian of unusual color was found in connection with
~ the rusty brown, highly vesicular rhyolite near Point Lookout.
. Specimens were collected in sec. 21, T. 1 N., R. 42 E. This rock

is a typical obsidian except for its gray color, which is not unlike
that styled “ba%tleshlp gray.” Typical black obsidian is also
' found at the same locality. ,

“Fall Creek quadrangle contains small patches of trachyte
representmg the flows extending into the area from Hell Creek -
quadrangle.

More than one-sixth of the area is covered Wxth a group of
formations which could not be differentiated for mapping pur-
poses in the limited time spent in the investigation. Sections
taken along the Snake Rlver show the succession to be as fol-
lows:

The lowermost member is the Salt Lake formation made up
of calcareous conglomerates. This is overlain by 35 feet of dark
..gray trachyte. This in turn is overlain by 25 feet of black to

dark green vesicular basalt. Next in order comes 35 feet of pink
“trachytic tuff and agglomerate; above this occurs 100 feet of a
conglomeratic deposit, cemented by pink volcanic ash in some
places and by travertine spring deposits in other localities.
Rounded pebbles of variegated country rocks are found within
_this matrix. Succeeding this is a red %rachyte, a red andesite, a
.gray trachyte and a hard black basalt, making a total thickness
of approximately 230 feet for the series. :

In many places the basalt has failed to cover the entire ser-
ies or has been removed by erosion. Differing degrees of erosion -
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have exposed different members of the series at various places
in the area indicated. The entire group appears to be conform-
able and has been tilted away from the Snake River fault, sug-
gesting its existence previous to the last movement along that
plane .

-" The Palisade Creek quadrangle contains an extension of the
Same lava series along the east side of the Snake River valley.
Pyramld Peak at the mouth of Bear Creek, although possibly an
erosion remnant, has some appearance of being a source for cer-
tain flows which extend down the river valley. At the palisades
in the river are two lava masses which also appear to have been
the sources for some of the lava in the area. As no time was
available for examining these questionable lava masses in detail,
they have been mapped w1th the rest of the undifferentiated

~The trachytes of Fall Creek and Palisade Creek quadran-
'gles have essentially the same megascopic and microscopic
characteristics as those in Hell Creek quadrangle.

" One trachyte on Indian Creek shows considerable quartz
ut it is decidely subordinate to the orthoclase. The orthoclase
‘shows the glassy phenocrysts common throughout the trachytes
of the area. Most of the quartz is present in éutectic or graphic
intergrowth w1th the orthoclase. Plagmclase feldspar occurs
“rarely.

‘The andesite flow which appears in the undlfferentlated
ies is a dull red porphyritic and vesicular rock. A plagioclase
eldspar and an amphibole which appear to be respectively an-
esine and katomorphite are the dominant minerals and appear
be present in about equal amounts. Pyroxene occurs as a
or mineral. The feldspars show carlsbad twinning. luidal
tructure is found in the ground mass. '

The succession of igneous rocks in the area appears to have
egun with the intermediate andesitic type, which was followed
y alternate eruptions of basalt, trachyte, and rhyolite. Three
eriods of tracliyte eruptions are believed to be present, with
WO eruptlons of basalt and one of rhyolite. The age of the in-
sive andesite appears to be anywhere between Eocene and
jocene inclusive. The basalt and rhyohte appear to be of Ph—
ne age. | . R



' FACTORS GOVERNING ACCUMULATION OF OIL
. ~AND NATURAL GAS; R

~ Petroleum geologists in searching the earth for oil have
learned that many parts of the world can be considered favor-
able for its accumulation, whereas, for a variety of reasons,
- other regions are unsuitable for oil occurrence. They believe,
for instance, that no petroleum will be found in great expanses
of the earth’s crust where rocks of Archean or Algonkian age
- are exposed at the surface. Other unsuitable areas are those oc-
cupied by the vast batholithic intrusions of 'g‘ranular’fi'gneous/
rocks or by masses of intensely metamorphosed sediments. By .
~ thus limiting the search for oil we may rule out half the land
surface at the very beginning. The remaining areas are known
to many geologists® as “petroliferous provinces” until detailed
study of the component parts pronounces them to be unfavora-
ble. Of the remaining sedimentary areas, possible petroliferous
districts may be defined as follows: ; S
(1) Cambrian and Ordivician sediments so slightly folded .
as not to produce faulting and metamorphism which would per-
mit distillation and escape of the hydrocarbons. e
(2) Highly folded and slightly metamorphosed marine or
brackish{Water deposits from Cretaceous age to Recent. Distil-
lation and escape of petroleum in such occurrences may not in
some places have been complete owing to lack of time. =
' (8) Some deposits of slightly saline lakes where kerogen
was developed and is now found in rich oil shales of undoubted-
ly continental origin. Although no commercial production of
petroleum is known to occur in these beds the presence of kero-
‘gen coupled with other essential conditions may yet lead to dis-
covery of an oil field in such an area. ' S
- Favorable “petroliferous provinces” may be defined as
those made up of marine or brackish water sediments from
Ordivician age to the present which show proper folding and
m. G. Petfoliferous provinces. Trans. A;ﬂi#-lnst. Min. Eng. Vol. 85, pp. 199-

; 204. 1921. - Digcussion; Sehucherc,‘Chuleu. PP, -204-218. ’

v
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which contam certam amounts of thm-bedded sedlments com-
mon' to shallow water deposition. Thin-bedded sandstones, con-
omerates, dark—colored or fossiliferous hmestones, and dark-
‘colored shales are all considered highly favorable to a “petroli-
tous provmce.” All strata typical of shore line conditions
e more favorable than deep sea types, since in shallow water
deposits are more apt to appear the results of oscillations such
ag a true sedimentary sequence of alternating conglomerates,
fsandstones, shales, and limestones.
" Petroleum geologists recognize also the existence of “pe-
oleogenic epochs”—periods in the past when beds that contain
oil were deposned Although petroleum has been found in strata
nging in age from the Cambrian to the Recent, ages such as
arbomferous, Cretaceous, and Tertiary have been the most
productive in the largest number of areas. -
These facts make it clear that oll-prospectmg, to hold ‘
promise, must proceed in a “petroliferous provmce * and in sedi-
ments of a “petroleogenic epoch.” ~
‘A careful examinatlon of sedimentary rocks which have con-
tained, or now contain, commercxal ‘concentrations of natural gas
and petroleum has been made during many years and in all the
widely separated oil fields of the world. This examination has
resulted in responsible geologists recognizing certain essential
conditions visible at the surface, other than those already dis-
cussed, as controlling the commercial concentration of oil and
natural gas in rocks. Various geologists disagree as to the num-
ber of such factors and also as to the relative importance of
some of them, but each factor which is advanced by the writer
has the spon%ormg of a number of succesg,ful petroleum geolo-
sts.*

The essential econtrolling factors of commercxal accumula-
tion as advanced by the writer are:
- 1. Presence of sedimentary rocks of marine orlgm.
2, Absence of intense metamorphxsm or deformatlon
8. Presence of an organic source for oil. ;
4 Presence of a porous reservonr or contaming rock

® ~'.l‘ho writer rvcommepda that anyone wishing to go deeper into this ﬂubjecl. read the fol-
lowlng authors: Clapp, Frederick G., The Occurrence of Petroleum, Handbdbk of the petroleum
Andustry, - David T. Diy; Editor-in- _chiet. Vol. 1, pp. 1-168, 1922, Emmom‘ Wilﬂam Harvey
Ggolozy of Petroleum m 695, 1921,
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5. Presence of a suitable cover or impervious capping
6. Presence of a suitable structure for trapping oil.
7. 'Presence or ‘absence of water in reservoir rock.
‘8. Presence.of closure.

9. Pxesence of a sufficiently large dramage area. ,
' A brlef explanatlon of each of these factors is given here

PRESENCE OE‘ SEDIMENTARY ROCKS OF MARINE ORIGW.

As practically all of the petroleum fields of the world are
associated with marine strata, the general belief has arisen that
~deposits other than marine cannot furnish a source of petro-
Teum, although the presence of oil shales in ¢ontinental depos-
its may be classed as an exception to the rule. Deposits of pe-
troleum may exist in overlymg continental sediments or, m rare
instances, in a reservoir in associated igneous rocks, to which pe-
troleum has mxgrated from 1ts sotirece in marme ‘strata. ' "

O THE ABSE.\CE OF I)TEI\SE METAMORPHISM OR DEFORMATION,
0il is not commonly found in rocks which have suffered in-
tense metamorphism. In most mountain-making processes suf-
ficient dynamic metamorphism and intense faulting occur to-
dissipate any oil present. Commercial deposits of petroleum
may yet exist in regions where such action has occurred during
Cretaceous times or since, under a deep cover. This condltmn is
true in California, Galicia, and Rumania.
Until recently the amount of metamorphism that sedxmen-
tary rocks could withstand, and still be productive, was un-
“known. At the present, however, in regions where coal exists in
the sedimentary series a measure of metamorphlsm is afforded -
by examination of the amount of fixed carbon in any coal pres-
ent. A careful examination of all the oil fields in the United
~ States which contain coal shows that most of the oil occurs
where the coal shows from 50% to 55% of fixed carbon. Oil is-
“known to occur where the fixed carbon is as high as 60% and gas
is found where it reaches 70%. ; ' :
.~ In geneéral, metamorphism whxch ‘permits. oil to remain in
the rocks distills such oil into a hlgh-ﬁrade product, Rocks in .
mountain ranges which have been métamorphosed for a com-
paratively long geologic perlod are décldedly unfavorable for |
' petroleum prospectmg : ~ ’
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PRESENCE OF AN ORGANIC SOURCE FOR OIL.

Petroleum and natural gas are mlxtures of different com-
Lounds of the elements hydrogen and carbon and of various im-
untles These hydrocarbons vary in chemical content and each

- Theories have been advanced accountmg for the origin of oil
“by certain inorganic reactions or by fractional distillation of or-
~ganic material. As the inorganic theory is generally conceded to
;L-be untenable, this discussion will be confined to theories of or-
: ganic origin. Many such theories have been advanced by various

uthorltles, most of them supported by per. suasive ev1dence, and
8a consequence we find three well defined theories:

(1) That petroleum is derived from animal remains.

(2) That petroleum is derived from vegetable remains.
'(3) That some particular oils are derived from plants,
thers from animals and many others probably from both
ources. A thorough study, by the writer, of publications devoted
o these theories leads to the conclusion that the third is the
most popular with reputable geologists of pr actlcal experience.
; It is quite generally accepted that there are two stages in
he development of petroleum from organic matter. One is a bi-
chemical process; the other is geo- -chemical. In the first, fats of
nimals and cellulose of plants are acted upon by anaerobic bac-
eria present in the mud of the sea bottom. Geo-chemical action
ppears to have developed kerogen into petroleum, in other in-
3stances, by some metamorphic action.

Some geologists suggest that oil and coal are derived from
parent source. Although they are often found in proxumty
‘nd the distillation products of the two are very similar, geolo-
‘1c evidence for this belief is not wholly conclusive. If they
were of common origin, we should find coal in the oil series and
il in the coal measures. In general it may be said that the coal-
roducmg strata are not the oil-pr oducmg strata.

- in many localities petroleum and natural gas have been -
ound closely associated with vegetal remains, partlcularly in

‘Hlatomaceous shales. In an equally large number of cases the

il is directly associated with the shells of animals such as mol- _
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' lusks or formammlfera The beds providmg the 011 sources are
~often black muds hardened to shales, or beds of hmestone con-
" taining many molluscan remains. >

‘The fact that petroleum and gas accumulate in such large
quantities indicates that migration has been very extensive to
_-provide such a concentration. Because of this movement it be-
‘comes difficult to say definitely whether the oil originated
where tapped by drilling, or whether it was derived from other
localities and migrated to its present residence due to certain
.- chemical, physical, and g1awtatlona1 processes normal to the
rocks of the earth’s crust

PRESENCE OF POROUS RESERVOIR OR CONTAINING ROCK. -

The reservoir is a rock that acts as a sponge to retain the
- ~oil. It is commonly known as an “oil sand” but may be any one ’
ofa number of rock types. The chief requirements for a reser-
voir rock are porosity and thickness. These will ensure space
for a large accumulation of petroleum. The reservoirs that con-
tain oil are pore spaces in sandstones, conglomerates, sands,
sandy marls, sandy limestones, and sandy shales. Other reser-
voirs are porés and solution cavities in limestones, dolomites,
and other calcareous deposits. Fissures in shales, limestones,
and igneous rocks-act as petroleum reservoirs in rare instances.

The quantlty of oil in such a rock depends on the size, shape,
and number of the openings. In every field, oil will migrate to
these more porous reservoirs. Generally the movement 1s up-
ward but 1t is sometlmes lateral or downward.

PRESENCE OF A SUITABLE COVER OR IMPERVIOUS CAPPING.

The cappihg rock is an impervious roc‘k‘ layer that overlies

- and seals the reservoir rock, thus preventing the upward escape

of oil and gas. This rock is usually of an argillaceous type such
as a shale, clay, or marl. Shaly hmes’cenes or igneous layers are
exceptional types.. Any impervious layer may act as a capping
‘rock Capping rocks are often ineffective on account of faults
or fractures which may permit a comiplete drainage of the oil
‘reservoir previous to drilling. Faults do not always drain the
reservoir and are often an aid to the sealing of a reservoir rock.
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PRESE\'CE OF A SUITABLE STRUCTURE FOR TRAPPING OIL.
. From the 32 types of structure known to produce oil, one
‘may choose certain of them which are hkely to be productive
more often than the others. Thé best structures are those pro-
duced by folding of the rock layers into traps. These assist in
the accumulation of oil and gas at some points near the crests
~due to the differences in specific gravities of oil, gas, and water.
The oil and gas migrate to the more suitable structures from
more extensive areas of adjoining beds that are less favorably
situated for their retention. The very best structures are con-
ceded to be domes of all types—where of course the beds dip in
all directions from the center—anticlinal folds, structural ter-
‘races and noses, monoclinal forms and sealed faults. It should
-be kept in mind that many of these types are unproductive, this
"usually being dueto lack of elosure. Other types should not be

‘tested in an unproven area until oil has been proven. to exist in
the more favorable structures.

PRESEXCE OR ABSENCE OF WATER IN RESERYOIR ROCK.

Water in the reservoir rock, along with the attitude of the
strata, is responsible for a good concentration of oil and gas. A
knowledge of the amount of water in the reservoir rock of a
dome or anticline is very essential. If water is absent the oil
“would be found in the adjoining synclines or low on the flanks
“of the dome, where it can easily be missed by the drill if water
is. not taken into account. A medium saturation of the oil sand
by water would force the oil into an intermediate position on the
. flanks of the structure and a high saturation would force the
-greatest concentration of the oil so that it would be found near
the crest.

PRESEXNCE OF CLOSURE.

Closure is a condition in which the oil is completely trap-
ed, as in a dome, by an impervious capping above and is. com-
letely surrounded by water lying below it in the reservoir rock.
Closure may aléo be effected by a sealed fault or other factors.
f closure is not complete, 0il may escape from an otherwise
avorable structure and migrate horizontally to a more favora-
le structure. A knowledge of closure is necessary to determine
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the place where the test well is to be drilled. In an anticline -
without undulations but with high water-saturation, oil may ex-
'1st anywhere along the crest and is just as likely to be at one
‘place as another. Where closure exists the uncertainty is re-
moved.

PBESENCE OF A SUFFICIENTLY LARGE DRAINAGE AREA.

Since the quantity of oil and gas within a trap is dependent
on ‘the size of the area tributary to that particular structure,
this factor is important. In a region covered with small folds -
crowded ¢losely together, one is not likely to have a drainage
area sufficient to guarantee a large concentration of oil. An an-
ticline or dome standing alone or in a great anticlinorium would
‘ be more likely to repay prospecting with a large production. In

general the larger the drainage area the more productive and’
long-lived is the field. :

The foregoing dlscussmn sets forth the factors and condi-
tions which the geologist must keep in mind when investigating
a region believed to have oil-bearing possibilities. If the area
lacks any one of these it has apparently small chance of produc-
ing oil or gas. in commercial quantities.

The foregoing evidences-of oil occurrence whlch are so im-
portant to the oil geologist or petroleum engineer are likely to .
be overlooked or not comprehended by .the layman. Besides
these, however, exist other evidences known as “surface indica-
. tions” which have a definite, relative, or coincidental relation to
the existence of 0il and which are comprehensible to anyone un-
versed in the study of petroleum prospecting.

A list of surface indications is as follows:

Qil seeps, oil springs; and oil ponds.
‘Natural gas seeps and springs.
Bituminous rocks:

Bituminous lakes.

Bituminous dikes.

Mud volcanoes.

Burnt clays and shales.

Mud dikes.

Salt and salt-water seeps.

WD TR
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10. Sulphur and sulphur sprmgs.

11. Oil shales.

~Any one of the above is frequently assoclated with oil but
_cil is very likely to occur at a great distance from places where
these evidences occur at the surface. Probably only the first six
of the list presented can be accounted as good indications. The
“latter group may occur where no oil is present and oil is com-
“‘monly known to occur where they are absent. Their occurrence
~with oil is probably a coincidence in most of the cases.

i Surface indications are valuable inasmuch as some of them

offer evidence that petroleum has existed or does exist in the
“rocks of the area and by this means a source can be accounted
for. It is not necessary to believe however, that any one of the
listed indications must be present in any oil field, since many
of the larger producing fields in the United States have offered
none of these surface indications. Needless to say, before the
science of petroleum prospecting developed, all of the early
fields were discovered as a result of some “surface 1nd1catxons
A well-known authority* on petroleum geology says:

The importance of surface indications of oil is often very much.overestimated. They

may be evidence that some oil or gas exists in or ncar the localities where they are found,

but they do not tell us whether such oil or gas is here in commercial quantities. ‘A5 8 mat-

ter of fact, ‘seepages. are excellent witness to the fact that the oil has been escaping, perhaps

for long periods of time. VUnder these circumstances it is the business of the geologist to

search, in the region where the seepages occur, for structures which may have caused the -
retention of oil. He will be less interested in these particular places where, on account of

Ppeculiar structural conditions, original accumulations of pézroleum may have been'depleted

by seepage.

Numerous localities exhibiting oil and gas seeps and bitum-
inous rocks have proven barren of commercial petroleum when
prospected. The lack of oil seeps in some locahtles may be ex- -
plamed by the unbroken folds present in some cases, -and by
€ rosion, which carries away the evidence as fast as 1t is formed,
in other instances.

. Iridescent films or scums produced by the development of
on oxide from marshy plant growth occur in many swampy
places along stréeams and ponds and are usually mistaken for oil.
eeps. Upon being penetrated with a stick these sciims break up
to flakes which remain apart. An oil film subjected to the
ame treatment will not break up, but closes together again.
" Lahee, Frederic M., Handbook of the Petroleum Induﬂijy'. pp. 167-200; 1822,
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. ’Methane or marsh gas'e‘scapements are hkewxse the sources of
 many false alarms, being mistaken for natural gas seepage&

- !f’;trom a petroliferous origin.

In conelusion it may be said that surface mdlcatlons are not‘ B
essentlal and that the occurrence of oil is found to be dependent
on the geolog’mal factors mentioned at first rather than on the -

- existence or non-existence of surface indications, even though
these may have led to the discovery of ptoductxve fxelds in some
_regions in earlier days. ’ ,

The reader is invited to keep the foregomg discussion in
mind to facilitate a clear understanding of the writer’ s conclu-
~sions in regard to the oil pOSSlbllltle% in the region exammed



HELL CREEK QUADRANGLE. -
(Platc III in Pocket).
LocarioN, 7

ThlS quadr angle lies between parallels’ 43° 15" and 43° 30’
N., and meridians 111° 31" and 111° 45" W. It is the northwest-
“ern member of the group of six quadrangles mapped and de-
scribed in this report. Several well traveled roads make the area
accessible during the summer months. Idaho Falls is the chief
distributing point for this and adjacent quadrangles. Fall Creek
~quadrangle lies immediately east, Cranes Flat quadrangle lies

south, and Grays Lake quadrangle lies to the southeast.
" ‘The northeastern part of the quadrangle is extremely rough
“and mountainous. It is heavily timbered on the eastern and
_northern slopes and well watered by several large streams
vhich drain into the Snake River. The rest of the area is made
up of rolling, rounded ridges where sediments are exposed, and
“of mesas, buttes, and table lands where igneous lava flows cover
" the surface. Grays Lake Outlet and Willow Creek have devel-
oped scenic goxges where they cut through these lava plateaus

GEOLOGY.

AREAL GEOLOGY.
The lithology and other characteristics of the various for-
" mations in this quadrangle as named below have been deseribed
in an earlier part of this bulletin. Formations found at the sur-
face are in order of age as follows: The Nugget sandstone, Twin
Creek limestone, Preuss and Stump sandstones of Jurassic age;
the Ephraim formation, Peterson limestone, Bechler formation,
Draney hmestone, Tygee sandstone, and Wayan formation of
Cretaceous age; and the Salt Lake formation, and several tra-
chyte and basalt flows of Tertiary age.

DISTRIBUTION OF THE FOR\!ATIO\S

Nugget Sandstone (Jurassic)-—This formatlon occurs at
,only one place in the quadrangle. It shows in the eastern’ part
of sec. 34, T.2 N., R. 42 E,, where it is e‘cposed on the west Slde
a fault '
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Twin Creek Limestone (Jurassic)—Two patches of this for-
mation are exposed by the erosion of the folds in the eastern
part of the area. This limestone is found in secs. 21, 22, 27, 28,
and 34, at the heads of Granite and Garden creeks in T. 2 N,,
R. 42 E,, and also north of Fall Creek in secs. 3, 20, 21, 27, 28,
34, T. 1 N R. 42 E. Most of this exposure occurs in the heart
of an overturned anticline.

Preuss Sandstone (Jurassic).
Stump Sandstone (Jurassic).
Ephraim Formation (Cretaceous).

These three formations are mapped together and are ex-
posed in a thin band to the west of the Twin Creek limestone in
T.2 N, R. 42 E., and completely surrotund the same formation in
T.1N., R. 42 E “where they are shown in the flanks of an
-overturned fold.

Peterson Lzmestone (Cr etaceous)
Bechler Formation (Cretaceous).
Draney Limestone (Cretaceous).
These formations are grouped into one map unit and make
up the crests and flanks of the three important anticlines in the
“northeastern part of the quadrangle. The formations occur in
"the eastern half of T. 2 N., R. 41 E,, and in the northeastern part
of T.1N,, R.42 E.

Tygee Sandstone (Cretaceous)—This formation occupies

the flanks and troughs of all synclines in the northeastern part

of the quadrangle and occurs in long exposures adjacent to, and
in the same locahtles with, the Peterson limestone, Bechlex for-
mation, and Dmnes limestone mentioned above.

Wayan Formation (Cretaceous)—This formation lies un-
conformably on the formations named before and occupies the
rest of the quadrangle although overlain in places by various
lava flows. Every township in the quadrangle, with the excep-
tion of T. 2 N,, R. 42 E., contains exposures of thls characteristic
formation.

Salt Lake Formation (Te7 tiary)—Only one area of this for-
mation lies within the quadrangle. This occurrence is in secs.
16, 17, 18, 19, 20, and 21, T. 2 N, R. 42 E.

Trachyte (Tertiar y)—-—Flows of trachyte lava are believed
to have extended over the entire quadrangle at an earlier per-
jod. Erosion has left isolated remnants as well as lava plains
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-and plateaus over nearly all of the area. This lava lies uncon-

ormably over the older underlying sediments but has also been

“considerably disturbed and tilted since its outflow. Areas in
T, 2 S., Rs. 40, 41, and 42 E., are the only parts of the quad-
-rangle where trachyte mesas do not occur.

The structure of the Wayan formation in the northwestern
part of the quadrangle is greatly masked by the widespread oc-
“currence of the trachyte flows.

Igneous Intrusives (Tertzmy)——Andes1t1c and basaltic plug

“and vent intrusions younger than the trachytes are found at
. Pine Mountain in sec. 6 T 2S,R.41E, and at Castle Rock in
.sec. 5, T.28,R. 42 E.

f Basalt (Tertzary)-——Basalt flows orlgmatmg at the Castle
Rock, Pine Mountain, and Sheep Mountain vents are found in
the southern and southwestern portions of the quadrangle.

- These flows overlie the trachyte in many places and also lie un-

onformably over the Wayan in other localities.

STRUCTURE

L Faults—Two small faults were recognized and mapped

near the heads of Granite and Garden creeks. These faults are

normal and display a vertical throw of about 500 feet each.

- They disappear beneath the Salt Lake formation to the north
. but extend out of the quadrangle into the Fall Creek quadran-
gle at sec. 34, T.2 N,, R. 42 E. They have no economic import-
nce whatever but are responsible for a variety in the arrange-
; “ment of the formations found in that corner of the quadrangle.
Anticlines—Although many anticlines exist within this area
only a relatively few have economic significance so far as pe-
roleum poss1b111t1es are concerned. Three long, well-marked
anticlines exist in the Wayan formation as indicated on the map
of this quadrangle. The northern extremities of these struc-
tures are covered by trachyte flows and hill wash, while the
gouthern extremities in the case of two of them are covered by a
basalt flow from the Castle Rock vents. The geologic cross-sec-
tion at B B’ (Pl III in pocket) shows the attitude of the strata
n two of these folds and the magnitude of the folding. Although
these folds are unbroken and show marked clostire in places,
they are not recommended for testing until petroleum has been
found in other folds of the area. T , A
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- Two anticlines with petroleum possibilities lie in the north-
- eastern part of the quadrangle. One of these lies northeast of

~ Meadow Creek and is cut by the head of Antelope Creek. Its

- axisis found in the Cretaceous formations known as the Draney
limestone, Bechler formation, and Peterson limestone. The
~ Tygee 'sa’nd’stone is found along its flanks. The northern end
 disappears beneath trachyte and Wayan sediments which rest
~unconformably upon it. Closure to the north seems fairly cer-
tain, due to the abrupt slope of these formations, which dip un-
der the Snake River plains. Dips from 10° to 35° are found
along the flanks, the more gentle dips being found near the axis.
Closure to the south is certain, being forced by the junction of
two flanking synclines in the Tygee sandstone. The axis of this
anticline can be traced from sec. 21, T.2 N, R. 41 E,, to where
it plunges in sec. 8, T.1 N,, R. 42 E. The surface of this struc-
- ture is well watered but poorly timbered. This latter condition
- makes it easily accessible from a number of good roads which.
traverse the neighborhood. '
o~ . The other anticline within the area possessing petroleum
* possibilities is an extension of a long overturned fold which ex-
tends through many of the quadrangles. The fold as it appears
here is the extension of the Fourth of July Ridge, north of Fall
Creek. The attitude of the strata is shown'in the geologic eross-
section A A’ of the Hell Creek map (PI. III in pocket.) At many
places along the axis the dips are gentle and normal but on the
western flank reverse dips of 75° are found in the Tygee sand-
- stone. Erosion by Fall Creek has exposed the Twin Creek lime-
stone, Preuss and Stump sandstones, and the Ephraim forma-
~tion. The axis lies in the Draney, Bechler, and Peterson group.
in its northern extremity, where closure is produced as the an-
ticline plunges beneath the unconformable Wayan formation.
The axis of this anticline extends from sec. 1, T.1N,R. 41 E,
~ tosec.27, T.1 N, R. 42 E, where it leaves Hell Creek quadran-
~.-gle and enters Fall Creek quadrangle. ‘ :
, -Synelines—None of the Several synclines found within the
~-quadrangle is believed to have petroleum possibilities and con-
“sequently this type of structure will receive no discussion here.A
However, each syncline is delineated o1 the map together with
the anticlines discussed. : :



FALL CREEK QUADRANGLE.
(Plate IV in Pocket). o
LOCATI()\

( Fall Creek quadrangle lies between merldlans 111" 15" and
111° 80° W. and parallels 43° 15" and 43° 32°'N. Hell Creek
uadrangle lies to the west, Palisade Creek quadrangle is situ-
ted to the east, and Grays Lake quadrangle joins it on the
outh. Several well traveled roads in the Snake River valley
ake the northeastern part of the area accessible during the
ummer months, but a great part of this quadrangle is reached
nly by pack outflt or sheep camp and then only during. the
est weather.
“. The southwestern part of the quadrangle is dominated by
all Creek basin, drained by Fall Creek flowing northwest into
lell Creek quadrangle, where it breaks across the Caribou
ountains to join the Snake River in this quadrangle. A broad
rea extending across the northeastern portion of the quad-
angle lies in the valley of the Snake River. This valley consists
f terraces and bench lands of lava and a lower portlon covered
ith meadows and alluvium near the stream.
" The foot hills of the Snake River Mountains rise in the ex-
reme northeastern part of the quadrangle, where the immense
anyon and alluvial fan of Rainy Creek open upon the depres-
ion occupied by the Snake River.
The central part of the quadl angle is covered by the Cari-
ou Mountains, which lie in high parallel ridges trending to the
northwest, cut at right angles by steep canyons of the streams
lowing into the Snake River. ,
All of the mountainous areas are well watered and covered
ith heavy txmbel, on the eastérn and northern slopes. The en-
ire region is underlain by sedimentary rocks which show at the
.surface, except in the bench lands along the Snake where tra-
‘chytes and basalt flows predominate. v
“The settlement is entirely within the Snake valley It cen-
: 'ers ‘around the v1llage of Irwm, which receives its supphes from.
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Rigby and Idaho Falls and dxstrlbutes the mail and supphes for”":

e the area.

GEOLOGY.’
AREAL GEOLOGY

Because of the relief, erosion, and structure of this quad-
rangle, more formations are exposed here than in any other '
quadrangle of the area. Since the lithology and detailed de-
scriptions of all. these formations have been set forth elsewhere,
they will not be repeated.

Formations found at the surface in this quadrangle are in
order of age as follows: Madison and Brazer limestones, Wells
and Phosphoria formations of Carboniferous age; Woodside
formation and Thaynes group of Triassic age; Nugget sand-
stone, Twin Creek limestone, Preuss and Stump sandstones of -
~ Jurassic age; Ephraim formation, Peterson limestone, Bechler’
formation, Draney limestone, Tygee sandstone, and Wayan for-

mation of Cretaceous age; Salt Lake formation and various lava
flows of Tertiary age; and travertine, hill wash and alluvium
of Quaternaly age,

DISTRIBUTION OF THE FORMATIONS,

"Madison Lzmestone (Lower Mississippian)-—One small area
of this formation is exposed in the canyon of Fall Creek in sec.
8, T.1 N., R. 43 E. This formation also occurs in the area map-
ped as undifferentiated Carboniferous in T.2N., R. 44 E.

Brazer Limestone (Upper Mississippian)—This formation
is better exposed here than in any other quadrangle. A long
's’crlp extends along the west side of the Snake River fault for
more than 10 miles and then becomes the formation along the

~axis of the Snake River anticline. This outcrop extends from a
_point north of Pritchard Creek to sec. 24, T.1 8., R. 44 E., where
it leaves the quadrangle. The formation is completely cut at
only one place, which is in Fall Creek canyon near the fault.
More of this formation occurs in the mountams northeast of
Irwin.

Wells Formation (Pennsylvaman)—Both members of this
formation are well exposed along the west side of the Snake
" River fault and in the flanks of the Snake River anticline. This
. formation disappears under the unconformable Salt’Lake beds




‘GEOLOGY OF BINGHA\[ BONNEVILLE, AND CAfIBOU COUNTIES 50 -

the northwestern corner of the quadrangle but extends along
tire eastern front of the Caribou Range until it leaves the
adrangle. The massive limestone and quartzite of this forma-
n are easily recognized. Although the same pattern is used
r the limestone and quartzite members on the map, the loca-
of each member is shown by a contact line and the proper
2p symbol. ‘ :
Losphoria For ‘mation (Permian)-—A narrow stnp of this
ale, limestone, and chert flanks the Wells formation along its
stern side for the entire length of the range within the quad-
ngle. The Phosphoria occupies a saddle and forms minor
ges between the more resistant formations. When one stands
the outcrop and looks along the strike of the formation it is
e gazing at a gun sight. This relatlonshxp is of great help in

ing the formation along the ridges. The formation contains
eat quantltles of commermal phosphate rock throughout
utheastern Idaho. Evidences of high-grade phosphate rock
re noted in the valleys of many of the streams cross-cutting
e formation. _
- Woodside Formation (Tr lassic) —This formatlon is found
hereve1 the Phosphoria is exposed and in a narrow outcrop of
out the same width. It is exposed in a monocline which is one
flank of the broken Snake River anticline. Its outerop parallels
e other formations revealed in this eroded fold.

Theynes Group (Tmassw)——-Thls group of formations oc-

urs in two parallel strips, one in the monocline to the west of
the fault and the other in a short outcrop on the east side of
the fault in the northeastern part of T.1 8, R. 44 E. The ex-
ure of the Thaynes in this quadrangle is better than in any
her area of the entire region. The limestone members of the
group serve as ridge makers throughout the quadrangle and aid
in locating the formation from a distance.
Nugget Sandstone (Jurassic) —This red sandstone appears
a number of places. One small strip is exposed east of the
nake River fault in the northeastern part of T. 1 S, R. 44 E.
nother small oiitcrop is in the axis of Big Elk dome in secs. 10
nd 15, T. 2 S., R. 44 E. Four exposures are revealed by the
osion along the Fourth of July Ridge anticline. Two of these
re Just north of Bear Creek where it cuts the Rldge Another
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. lies just west of Rash Canyon, and a small one is in sec. 9, T
1,S,R.43 E.
- The greatest outcrop of Nugget forms the dommatmg phys-‘
iographic feature of the quadrangle. This is Red Ridge, which
extends parallel to the Snake River, the Snake River fault, and
all other structural features of this area. The Nugget here is
" very resmtant to erosion and with its high coloration forms a
bright ridge traversing the quadrangle which can be seen from
néarly all parts of the region. This ridge of Nugget extends
transversely of the quadrangle for its whole length. The Nug-
get is not entirely cut in Big Elk dome or in Fourth of July
Ridge anticline.
v Twin Creek Limestone (Jurassic)—This formation appears
in long parallel strips in the flanks of every structure in the
area. One narrow band appears in the east flank of the Caribou
Range and can be seen on Deer and Yeaman creeks. A very
long and wide exposure flanks the Nugget on the west side of
Red Ridge throughout the length of the quadrangle. The crest
and upper flanks of Big Elk dome and Fourth of July Rldge
anticline are composed of this limestone.

Preuss Sandstone (Jurassic).
Stump Sandstone (Jurassic).
Ephraim Formation (Cretaceous). :
This group of formations occurs only in the central part
“of the quadrangle. One long exposure is shown in the Red
Ridge monocline, another outcrop completely encircles Big Elk
dome, and Fourth of July Ridge contains a wide occurrence
along each side parallel to the axis of the fold.
Peterson Limestone (Cretaceous).
"Bechler Formation (Cretaceous).
Draney Limestone (Cretaceous).
- This red and white group of Gannett formations occurs in
three long, narrow outcrops which traverse the quadrangle ob-
liquely as they are revealed in the flanks of Red Ridge, Big
Elk dome, and Fourth of July Ridge. A small tongue separates
Blg Elk dome from Little Elk Mountain at the southern extrem-
ity of the quadrangle. The two limestohes make chalky white
ridges, with the Bechler occupying a bright red depressxon be-
' tween These formations, ¢oupled with the red Nugget, yellow to
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whxte Twin Creek; red, brown, green, and purple Preuss, Stump,
nd Ephralm, all lying in parallel outcrops and in regular se-
uence on each side of Fourth of July Ridge, present a spectacle
fof, color unequalled even in the gorges of the Yellowstone and
Colorado rivers. The ridge takes its name from this variety of
‘colored sediments. '
- Tygee Sandstone (C’retaceous)——Tth iormatmn occupies
“the overturned syncline lying between Red Ridge and Fourth of
‘July Ridge, and its continuation between Red Ridge and Big Elk.
A tongue of this formation extends into the syncline between
‘the end of Big Elk and Fourth of July Ridge. The western flank
‘of the latter ridge also contains an exposure of the Tygee sand-
_stone where it occurs in reverse dips of the overturned fold.
Wouom Formation (Cretaceous)—This group of sediments
~covers the entire Fall Creek basin and takes up the southwest-
_ern part of the quadrangle. Although it is much disturbed and
folded the folds are in no place congruent with the folds in the
“older Cretaceous and Jurassic formations. This formation ap-
ears to have been deposited in already existing structural de-
yressions in the older sediments. These old depressions appear
to have been subsequently deepened when the Wayan was
“folded. L
 Sait Lake Formation (Tertiar y)——Thls formation is wide-
pread in its occurrence in the foothills and bench lands on each
ide of the Snake River valley. In many places it is-covered with
basalt, trachyte, and andesite but its presence is revealed in the
anyons of many streams that have cut through it. '
Trachyte (Tertiary)—This lava occurs in the extreme
northwestern part of the quadrangle, where it overlies the Salt
Lake formation and all older sediments. Small 1solated patches
occur as erosional remnants and are scattered over many high
points in the northern parts of the area. Such occurrences are
found in sec. 21, T. 1 N, R. 43 E,, and sec. 1, T.1 N, R. 42 E.
" Trachyte, Andesite and Basalt (Tertiary)—These undiffer-
entlated lavas have been represented by the Tlu symbol, Because
of the extent of efosion, various flows are exposed at the surface
in the area bearing this symbol. Lack of time and lack of im-
portance prevented the mapping of this material in separate
ap umts. The area between Yeaman and Deer creeks is basalt
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" af the sulface but has trachyte and other formatlons underly-
ing it. In general the basalt does not extend up the slopes as

. far as the underlying trachyte or andesite and in many places

" has been entirely removed by erosion.

Travertine and Sinter (Quaternary)—These spring depos-
ils occur in small spots at many places in this quadrangle and
" in other areas. Only one such occurrence, however, was large
cnough to be shown on the maps. This deposit is found south of
Fall Creek in sec. 8, T. 1 N,, R. 43 E. It has a thickness of sev-
eral hundred feet in places and a width and length of more than
one-half mile. Several smaller deposits of travertine are scat-
tered along Fall Creek for a mile or more above this large de-
- posit.

Hill Wash and Alluvium (Quaternary)—This material is
entu‘ely confined to the Snake River valley and the mouths of
~its various trlbutanes such as Rainy, Granite, Pritchard, and
Fall creeks.

STRUCTURE.

, F'a;ult.s—The Snake Rwer fault whlch extends along the en-
- tire base of the Caribou Range in this quadrangle is nearly ver-
tical as it appears here. In some places it tends to be overthrust
whereas in others it is to all appearances normal. The horizon- »
tal displacement is only a few hundred feet and the vertical dis-
placement is probably never in excess of 2,000 feet,. The north-
ern end of this fault disappears beneath the Salt Lake forma-
tion north of Garden Creek and the other extr emity enters Pah-
sade Creek quadrangle in sec. 13, T.1 S., R. 44 E.

The Snake River fault has economic significance masmuch .
as it appears for much of its course as a break along the crest of
the Snake River anticline. This break probably would have
drained any oil that might have existed in this anticline al-

. though no signs of such an escapement were noticed.

Two small normal faults with a vertical and horizontal dis-
placement of less than 500 feet enter the quadrangle in sec. 34,
T.2 N., R. 42 E. They run nearly parallel for a few miles and
then converge to disappear in Sec. 12, T. 1 N., R.42E. =~ :

- Domes and Anticlines—Big Elk dome extends into. this
. quadrangle in the southeastern part of the area. .It is a rough
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lmost maccessxble mountam, oval in shape, and has the great-
rest altitude of any point in the quadrangle. ‘
This dome has the greatest amount of closure and gather-
ng ground of any dome examined in the region. The dips are
teep and the fold is normal, with a slight inclination to the east.
Erosion has exposed the Nugget sandstone along its highest
oints and annular outcrops of every younger formation up to
he Tygee sandstone surround it. The oil possibilities of this
structure would have to'lie in Triassic and Carboniferous for-
mations which have not been cut by erosion.
: Fourth of July Ridge anticline extends transversely of the
quadrangle and is the westernmost fold of the anticlinorium
hat make up the Caribou Range. This fold extends into Hell
Creek quadrangle to the west and into Grays Lake quadrangle
o the south where it terminates in Little Elk Mountain. Bald
Mountain dome in McKoy Creek quadrangle appears to be an
undulation on the axis of this major structural feature. This
_anticline takes on the characteristics of an upright fan fold
hroughout most of its length in this quadrangle. Its character--
stic attitude is shown by the geologic cross-section A A’ on the
* Fall Creek quadrangle map (PL IV in pocket). At two places
“'the axis splits to form two minor folds which join again into a
. single axis. Dips along the axis are gentle, but vertical; reverse
dips are common farther out on the flanks of the structure. The
anticline is completely closed on each end but neither of these
plunges is within this quadrangle. Erosion has exposed the
-~ Nugget sandstone at four places along the crest of this anticline
and all younger formations including the Gannett group are ex-
- posed in proper sequence in parallel outcwps along the flanks
snd ends. :

Fourth of July Ridge antlchne has less closure than Big
Elk dome, and at many places the ver tical attitude of the strata
would make testing of the underlying formations very difficult.:
Except for these differences this anticline is as favorable for
testing as Big Elk dome. It is easily accessible from Fall Creek
basin. Only Triassic and Carboniferous strata could hold prom-
ise in this structure, since all youngex formations have been
eroded from the crest.

The Snake Rlver anticline Just south of the Snake River
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. fault 1s beheved to be without petroleum possnblhtles, since only
“the Madison is uneroded on the fold and the fault is in a position
to have drained ‘any existing oil. Should the Madison produce
" oil in other folds in the region, this structure would eventually

deserve testing but should not receive attention before that con-

tmgency ocecurs.
"A small terrace has been formed in the Carbomferous gtrata
in the vicinity of Pritchard and Gar den creeks. The structure

‘is beheved to be unfavorable for exactly the same reasons as-

o 81gned to the Snake River anticline. This structure is shown in

geologic cross-section B B’ of the Fall Creek quadrangle map.
Two narrow anticlines exist in the Wayan formation in the
southwestern part of the quadrangle. These are believed to have
little, if any, chance of producing commercial petroleum, chiefly
. because the Wayan formation is not believed to contain a source
for petroleum and its non-conformity with underlying forma-

- tions prevents recognition of structures in more favorable for-

- mations, Its tremendous thickness would seem to prevent the
-exploration by drilling of any lower formations considered to be
- favorable. Extensive migration of oil from older, underlying
formations-would be the only cause that could make this forma-
tion favorable for prospecting. The great thickness of shales in
its column would seem to nullify that possibility.

Synclines—A great overturned syncline lying  between the
Snake River monocline and Fourth of July Ridge and a branch
lying between the latter structure and Big Elk dome are not be-
lieved to have any economic significance in this region. Other
‘unimportant synclines were noted in the area occupied by the
Wayan formation. These also are consxdered unhkely structures
f01 trapping petroleum. ' e



PALISADE CREEK kQUADRANGLE.
‘ (Plata V in pocket),
LOCATIO\.

. Thxs quadlangle hes between parallels 43° 15" and 43° 30’
"N, and meridians 111° 00’ and 111° 15’ W. It is the northeastern
member of the group of six 15-minute quadrangles mapped and
described herein. Fall Creek quadrangle lies to the west and‘
'McKoy Creek quadrangle lies directly to the south.

This is the roughest and most inaccessible quadrangle of
he group. The valley of the Snake River provides the only line
-of travel through the area. The rest of the region can be pene-
trated only by pack outfit, and during the summer months.
‘Many peaks of this quadrangle rise above 9,000 feet altitude ard
the relief of many of the stream valleys approximates 2,000 feet.
The region is entirely mountainous with the exception of the
alley of ‘the Snake which traverses the southeastern portion
of the area. It contains lava terraces and nar row, alluvium cov-
‘ered plains which, along with the alluvial fans found at the
mouths of the creeks, form the only low relief of the area. The
entire region is well watered and well timbered and is underlain
by tilted sedimentary formations. A narrow strip of lava forms
bench lands on the east side of the river. Palisade, Elk, and
Bear creeks are the largest streams dr aining into Snake River,
which flows nor thweste1 ly in thxs reglon

'GEOLOGY.
AREAL GEOLOGY.

The formations exposed at the surface in this quadrangle
are listed as follows in order of age: Madison and Brazer lime-
stones, Wells, and Phosphoria formations all of Carboniferous
age; Woodside formation, and Thaynes group of Triassic age; -
Nugget sandstone, Twin Creek limestone, Preuss, and Stump
sandstones of Jurassic age; Ephraim formation, Peterson lime-
one, Bechler formation, Draney limestone, and Tygee sand-
,stone of Cretacedus age Salt Lake formatxon, undlfferentxated ,
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o lavas, and basalt of Tertxary age and h111 wash and alluvmm
of Quaternary age : ' e

DISTRIBU’I‘IOI\ OF THE FORMATIO\TS

. Madison Limestone (Lower Mississippian)—This formation
is included in the area mapped as Cu and is found in a broad strip
of the high mountainous area lying east of the Snake River. In-
accessibility and lack of time prevented detailed mapping of
this and other formations to the east of the river.

Brazer Limestone (Upper Mississippian) —A narrow stnp
of this formation is exposed in sec, 24, T. 1 8, R. 44 E., in the
axis of an anticline, and a considerable exposure is found in the -
mountams of undifferentiated Carboniferous age lying imme-
dxately east of the Snake valley and marked Cu on the map.

~Wells Formation (Pennsylvanian)—This formation shows -
both limestone and quartzite members in the axis of an eroded

enticline along the west side of the Snake River fault in secs. 13,
24, and 25, T.1S., R. 44 E,, and in secs. 19, 29, 30, 31, and 32, T.
18, R. 45 E. This formation occurs in the broad strip of un-
differentiated Carboniferous lying in the central part of the .
quadrangle and appears also in the narrow strip of Cu which
extends along the west side of the Absaroka overthrust fault
~located in the northeastern portion of the quadrangle. Two of
these exposures are due to erosion on the western up- -throw
sides of these prominent overthrust faults.
Phosphoric Formation (Permian)—This phosphate-bearing
formation is found in secs. 24 and 25, T. 1 8., R. 44 E., and secs.

. 80,31,and 32, T.1 S, R. 44 E. Small specimens of high-grade,

black phosphate rock have been collected in sec. 32, in the val-

ley of Bear Creek. This formation also appears in the over-

thrust or western side of the Absaroka overthrust fault in the

northeastern townships of this quadrangle.

: Woodside Formation (Triassic)—This formation occurs in
a parallel strip to the west of the Phosphoria where the latter

is exposed.

Thaynes Group (Trlassw)——Thls group of formatmns is to
be found flanking the anticline in the southeastern townships
snd is the formation making up the up-throw side of the Snake
River fault in its southern part and the down-throw side in its
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orthern part in thie quadrangle. It also makee up the larger
part of the Tru area which lies between the Absaroka fault and-

Nugget Sandstone (Jurassic)-——Thick and prominent expos-
res of this formation flank the Thaynes group in parallel
trips at all places where the latter is exposed southwest of the -
nake River. It is to be found on both sides of the fault. .
~ Twin Creek Limestone (Jurassic)—This limestone appears
n a wide, irregular outcrop adjacent to the Nugget, southwest
f the Snake River fault, and occurs in 4 narrow strip parallel
o the fault and-the adjacent formations on the down-th1 ow side.

Preuss Sandstone (Jurassic).
- Stump Sandstone (Jurassic).
- Ephraim Formation (Cretaceous).
‘These formations included in the area mapped as KJesp oc-
upy a narrow strip in the extreme southwestern part of the
“quadrangle and an extensive area designated KJu in the north-
_eastern townshlps
Peterson Limestone (Cr etaceous)
Bechler Formation (Cretaceous).
Draney Limestone (Cretaceous).
* - These formations making up the map unit Kdbp are found in
_two strips flanking a syncline in the southwestern corner of the
quadrangle and in the area marked KJu in the extreme northeast-
ern corner.

Tygee Sandstone (Cretaceous)—This formatlon shows in
"~ one small exposure where it occupies the axis of a syncline in
the southwestern sections of the area.

Salt Lake Formation (Tertiary)—This formation lies un-
conformably on all underlying formations and is exposed at
numerous places along each side of the Snake River valley. It
‘is sometimes covered with lavas but erosion reveals its presence -
by exposures in the faces and cliffs of the terraces and benches
along the river. ‘
 An exposure of this formatxon lymg in secs. 27 and 28 of
T. 1S, R. 45 E.; has previously been mapped, as a result of two
former geologlc reconnaissances, as Carbomferous age and Cre-
taceous age.

T achyte, Andes?te, and Basalt (Tertzary) —~These lavas,

ts west branch, which are in the northeastern part of this area. . |
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undifferentiated for mapping, are to be found in the valley of
the Snake making terraces from the mouth of Elk Creek ex-'
- tending down the river on each side. Gl e SO T
- Hill Wash ond Allwium (Quaternary)—This material
makes up the valley of the Snake below the level of the lava
end the Salt Lake terraces which flank the depression. These
- lava cliffs are broken where tributaries of the Snake have cut
~ through them and have built alluvial fans and cones which ex-
tend down to meet the alluvium-covered valley. :

STRUCTURE,

 Foults—Four overthrust faults are found within this quad-
rangle. Three of these are of major size and have been men-
tioned in the general discussion of structure in another partfof
this bulletin. ' e B O R R o
. 'The Snake River fault which is found southwest of Snake
“ River is an OVQi'thrust fault in this quadrangle although it is
~nearly vertical and perhaps normal at other places. The verti-
cal throw as displayed here is between 1,000 and 2,000 feet, but
‘the horizontal displacement is only a few hundred feet. This -
fault lies approximately parallel to the Snake River depression
and also parallels structural features found in this and other
nearby quadrangles. This fault has significance in this quad-
rangle since it has served to nullify the petroleum possibilities
of the parallel anticline lying adjacent to it. Although no seeps
~or signs of gas or oil escapement were noticed along the fault
zone it is hardly likely that such an avenue of escape would be
sealed along its entire length. : .
The Absaroka overthrust fault; its west branch, the St.

John fault, and a minor branch all extend through the north-
- eastern and eastern part of the quadrangle but were not exam-
‘ined in detail. The vertical and horizontal displacement each
~amounts to several thousand feet, being in all places greater

- than that of the Snake River fault. These faults are effective in

- causing great thicknesses of strata to be duplicated at the sur-

face but have no apparent economic significance. ;

- Anticlines—A long and persistent @nticline extends trans-
~versely of the quadrangle from its southeastern to its northwest-
_ern corner. It is made up of Carboniferdus strata at the surface }



GEOLOGY OF BINGHAM, BONNEVILLE, AND CARIBOU COUNTIES 1]

nd consequently all of these formations have been truncated,
hus permitting any petroleum to escape which may have ex-
sted within them. Since the nature of the underlying forma- '
jons is unknown nothing can be suggested as to their petroleum’
possibilities. Detailed work on this antieline might show areas
vith closure and with uncut Carboniferous formations which
might constitute a source and.trap for petroleum. _ '
The southern end of a large anticline appears in the south-
western part of the area adjacent to and southwest of the Snake
" River fault. This anticline plunges south of Bear Creek provid-
~ing closure at that extremity but it is cut by the Snake River
" fault on the east and north in such a manner as probably to per-
 mit drainage of any oil which might exist in underlying forma-
tions. The Madison is the only formation, known to have oil
- Learing possibilities, that is not exposed and consequently trun-
cated in this fold. Any formations underlying the Madison lime-
stone constitute an entirely unknown factor and are excluded
“'from consideration. This anticline has the Carboniferous for-
mations along its axis, with Triassic, J urassic and Cretaceous
beds exposed in a vast monocline along its southwestern flank
and southern extremity. This condition would preclude oil pos-
- gibilities in beds from the Brazer limestone to the Tygee sand-
- “stone inclusive which are found in this structure. ‘
: Evidence of two narrow anticlines in the Carboniferous
' strata was noted southwest of the St. John fault on Elk Creek
" but the oil possibilities are no better than in the long persistent
~ anticline first described.
‘ Synclines—Parts of three small synclines were mapped in
‘the rough mountainous area of undifferentiated Carboniferous
‘in the central part of the area but none of these is believed to
" have any economic significance. Another syncline with its axis
in the Tygee sandstone appears in the southwestern part of the
quadrangle but is not believed to have any significance as an oil
- structure. o :




McKOY CREEK QUADRANGLE.
.(Plate VI in Pocket), ' i
LOCATIO\'

T}us quadrangle is the southeastern one of the group of six
quadrangles mapped and described in this report, and lies be-
~tween parallels 43° 00" and 43° 15’ N,, and meridians 111° 00’
and 111° 15" W, The entire quadrangle is rough, mountainous
and of great relief, except that portion occupied by Snake River
and its important tributary, Salt River, which flows into it from
. the south. These river valleys furnish the only opportunity for
transportation since they contain the only traveled roads. The
- rest of the region is accessible only by pack trains and sheep
- camp outfits during the summer months. The distributing point
- for this area is the town of Freedom, Wyoming, which lies a few

"mlles sduth of the eastern part of the quadrangle. : .

The valleys of Snake and Salt rivers are fertile and broad
plains from which the mountains flanking them rise precipit-
.-ously. These plains constitute the only low relief in the quad-
rangle. A number of hot springs are distributed along the west
side of Snake River at Alpine Hot Springs and at Spring Creek
and Sulphur Bar Creek in the northern part of the quadrangle.
All of these springs are appar ently along the plane of the Snake
River fault.

The area is plentlfully watered and is well forested on the
eastern and northern slopes of the ridges. The largest streams
are: Salt River, which dominates the eastern part of the region,
* and Tincup and Jackknife ereeks, which flow into this river from
the west. After Salt River the next important tributary of the
'Snake is McKoy Creek which drains the central part of the
quadrangle

GEOLOGY.
AREAL GEOLOGY.

The formations present at the surface in this quadrangle
‘are as follows in order of age: Madison limestone, Brazer lime-
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stone, and Wells formatlon of Carboniferous age; Thaynes group
of Triassic age; Nugget sandstone, Twin. Creek limestone; . - -
Preuss and Stump sandstone of Jurassic age; Ephraim forma-
tion, Peterson limestone, Bechler formation, Draney limestone,
Tygee sandstone, and Wayan formations of Cretaceous age; and
hill wash and alluvmm of Quaternary age. '
: DISTRIBUTIO\T OF THE FORMATIONS

Madzson Limestone (Lowm Mzsszsszpp’mn)

- Brazer Limestone (Upper Mississippian).

Wells Formation (Pennsylvanian).
' These formations are included in the map unit Cw and
make up the mountains flanking Snake and Salt Rlver valleys
on the east.
Thaynes Gr oup (Tr w,sszc)——Thls formatlon lies in a wide
belt in the valley wall west of Snake Rlver in the north-centx al
:part of the area.
: Nugget Sandstone ' (Jumsszc)——Thls standstone appearq in
wo localities in this area. It is exposed in a narrow strip,
anking the Thaynes group just west of Snake River, for.a dis-
tance of nearly five miles, and also in the heart of the fold which
forms Big Elk Mountain in secs. 24 and 25, T.28,R. 4 E.
Twin Creel Limestone (Jurassic)—This formation is well
‘exposed at four places in the area, where the overlying beds
‘have been eroded. A narrow strip extends from Palisade Creek
uadrangle in the great monocline to the west of Snake ‘River,
o a point nearly a mile south of the mouth of McKoy Creek.
-Another excellent exposure of Twin Creek appears near the
-summit of Big Elk Mountain where the limestone completely
ncircles the red Nugget sandstone in the northwestern part of
he quadrangle E
- It appears again in the axis of the dome which forms Black
g Mountam . This mountain is the highest eminence in this quad-‘
2 rangle, west of Salt River. “The formation is only partly cut in
3 this structure and appears in a wide strip surrounded by vari-
olored beds along the flanks and ends of the dome. This strip
xtends from sec. 25, T.3 S, R. 45 E.,, to sec. 20, T. 48, R. 46 E.
" The fourth outcrop is in the overturned fold that is found
n the southwestern part of the area and which " extends into
rays Lake quadrangle as far as Carlbou Mountam Thxs lime- -
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stone occupies the axis of the fold and is not completely cut in
this structure '

P'reuss Sandsttme (Jurassw). _
Stump Sandstone (Jurassic).
Ephraim Formation (Cretaceous).

These three formations are shown on the map by KJesp sym-
bol and are in evidence on the flanks or in the axis of every dome
and monocline in the area with the exception of Bald Mountain
dome. A large expanse of these highly colored formations lies in
and around Poker Peak and in a long strip flanking the Twin
Creek limestone in the Snake River monocline. This strip dis-
- appears about two miles south of the point where McKoy -Creek
enters the Snake. A wide band of these formations completely
surrounds that part of Big Elk dome which appears in this quad-
‘rangle. It makes up the buttress-hke lower-lymg peaks of thls ,
~mountain.

These same red sandstones and shales make up most of the
summit of Black Mountain dome in the central part of the area.
. The remaining exposure is a harrow strip in each flank of the

overturned anticline that lies in the southwestern portion just
" north of Tincup Mountain. This formation is cut in each struc-
ture except Bald Mountain dome. One small exposure lies in
gsec. 2, T.53.,R. 46 E, .

Peterson Limestone (Cv etaceous)
Bechler Formation (Cretaceous).
Draney Limestone (Cretaceous).

These formations grouped together under the map symbol
Kdbp are exposed in every structure in the area. The two white
limestone layers with the red Bechler between them are easily
-recognized in the lower flanks of the Snake River monocline, in
Big Elk dome, in Black Mountain dome, in the overturned fold
north of Tincup Mountain, and at the head of Jacknife Creek.
- This group makes up the crest of Bald Mountain dome but the
Peterson member is uncut on this structure. Because of their

strlkmg contrast in color they are easily recognized. A smallex-

~_posure of Peterson limestone is shown tiorth of Tmcup Creek in
secs. 2and 3, T.5S., R. 46 E.

v Tygee Sandstone (Cretaceous)—This massive sandstone oc-
cupies the axis and flanks of each syncline in the area and
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the west flank of Bald Mountain dome, as well as the east flank
'of the overturned fold to the southwest. It is completely cut on
all domes and monoclines within the area. It is easily recog-
nized by its lithologic peculiarities and the dike-like or wall-like
outcrops where it is steeply inclined. The Tygee sandstone oc-
pies a large area in this quadrangle

Wayan Formation (Cretaceous)—This highly colored for-
mation occupies the foothills of the range west of Salt River and
much of the area in the southern part of the region. Tongues
of this formation occupy the valleys of Squaw, Trail, Taylor,
and Box Canyon creeks and a small area is found in McKoy
Creek valley between Black and Bald mountains in T. 3 8§,
R. 44 E. This formation in each case has the appearance of hav-
ing been deposited in depressions formed by folding of the older
sediments. It is in turn folded and lies uncomformably on the
older folds. At no place in this area is the full thickness ex-
posed.
- Hill Wash and Alluvium (Quatm nary)—7The broad flat
plains making up the valleys of Salt and Snake rivers are cov-
ered by this material. Tongues of alluvium extend up Tincup,
Jacknife, and McKoy creeks and small patches are found along
the course of the latter streams.

. STRUCTURE.

_ Faults—The Snake River fault described on previous pages
-'is believed to extend through the entire length of this area. It
: has been mapped as an inferred fault paralleling the course of
Snake River to the mouth of McKoy Creek, and from there it is
believed that its trend is approximately the same as the contact
between the Wayan formation and all the older formations as
far south as Jacknife Creek. The escarpment caused by the older‘
Cretaceous and Jurassic sediments along this line offers persua-
sive evidence that they have been sliced off by this fault. The
mall patches of formations designated Kdbp, and KJesp, lying
north of Tincup Creek may also mark the west side or escar p-
ment of the faulf, but the alluvium and the Wayan formation
prevent this from being proven. At no place is the actual fault
plane visible as it is in other quadrangles but the escarpment
0 the west breaks 80 sharply as to be construed only as one sxde -
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of the fault. The presence of hot springs along this line is a
- further proof of the existence here of the Snake River fault.
‘ Two very small but unusual breaks are found in the ex-

ireme north end of the Bald Mountain fold. They are revealed
clearly on the north side of McKoy Creek valley. Although
“'Bald Mountain is an overturned fold it attempts here to
straighten up into a normal fold as found in Little Elk Moun-
tain. These breaks are caused by compression as the fold chang-
ed direction and inclination. The displacement amounts to less
than 50 feet on each of these mmor faults and they die out quick-
ly inlength.

Domes and Anticlines—Two large anticlinal . domes -are
wholly within this quadrangle and part of another large dome
lies in the northeastern part. Bald Mountain dome, located
along the west central part, offers some favorable aspects be-
~cause of its complete closure, large drainage area and relative-
ly gentle dips. Throughout much of its length it is overturned
to the west but the eastern slope is so gentle as to offer a suit-
able place for accumulation in the reservoir rocks. Another fac-
tor that makes this structure favorable is the large number of
uncut beds which lie beneath its surface. The structure is one
of the most accessible of all the favorable structures in the
region. It is sparsely timbered and has fairly gentle slopes
from both -McKoy and Jacknife creeks.  The Draney and Bech-
- ler formations make up most of its crest with a wide exposure

of the Tygee formation completely surrounding them. The dips
to the east are ver y gentle, varying from 5° to 18° while to the
west the dips are gentle at the axis but soon become vertlcalr
and finally the beds overturn to dips of 85° east in many places
.on the western flank. A large amount of closure is provided in
the underlying beds by the rapid plunge at each end of the
structure.

Black Mountain dome is slxghtly higher and more rugged
than Bald Mountain but is ‘a normal anticlinal dome with fairly

- steep dips in all directions. Closure on this structure is assured

" on all sides except in the southeastern part, where the end may
be cut by the Snake River fault. At any rate the fault is over-
lain by the Wayan formation, affording an impervious cover at
_ that locality. Since faults are as often causes of trapping as



- “GEOLOGY OF BINGHAM, BONNEVILLE, AND CARIBOU COUNTIES (o

@:they are causes of drainage, it may be sald that conditions for -
2 closure are not unfavorable at this point. This structure pre-
ients the rest of the factors which would appear to make it a
avorable place for the accumulation of any petroleum which
might be present. It has, however, fewer uncut formations than.
the structure to the west since the Twin Creek limestone appears
n the axis along the southern part of the structure and none of
the younger formations could be considered because of their
“truncated condition in the flanks and extremities. Prospecting
¥ for oil in this structure should be confined to the Nugget sand-
- stone and Triassic and Carboniferous formations.
‘ Big Elk dome offers complete closure: a large gathering
~ground; normal dips, although steep in many places, and all
the factors apparently necessary to a favorable structure: Ero-
sion has cut all the Cretaceous and Jurassic formations and
any oil in the dome would have to be trapped in the older sedi-
ments. Approximately oval outcrops of all the formations
from Nugget sandstone to Tygee sandstone appear in regular
sequence on this mountain. Big Elk Mountain is the highest
“point in the area west of Snake and Salt rivers except Mount
i Caribou. It is excessively rugged and difficult of access. Dips
~~along the side are often 50° and the plunge is sudden at each
end.” It has the largest closure and gathermg ground of any
. dome in the region.

The overturned fold at the head of Jacknife Creek and
north of Tincup Mountain is too closely folded and too greatly
“overturned to furnish opportunity for successful prospecting.
"It offers the same geologic column as Black Mountain dome and
~ has assurance of closure on all sides except the north where it
" Las been intruded by the andesitic sills of Mount Caribou. At

that place the Cretaceous and Jurassic sediments have become
- highly metamorphosed and since they occupy the highest place
on the structure, it is doubtful whether any oil exists or could
exist within them now. '
: The Twin Creek hrnestone is exposed along the crest of this
~ fold, and parallel strips of all formations to the Tygee sand-
~stone occur in proper sequence on each flank. Both northern
and southern extremities are concealed by the unconformable
- Wayan formation.




1 vamble structure for testmg althnughf'an‘ :
the other essary factors may be present. : =
Synel —A large syncline was mapped in the Carbnmfer-"
ous formations in the northeastern part of - the quadrangls
‘Other synchnes separate Big Elk dome’from Poker Peak anti-

o clme, ‘Big Elk dome from Bald Mountam dome, Black Mountainq

- dome from Bald Mountain dome, and Tmcup Mountain anticline
“from Bald Mountam dome. Another syncline extends to the.
east -and pamllel to Poker Peak anticline and to the axis of
Black Mountai ome. None of these is beheved to possess pe-




GRAYS LAKE QUADRANGLE

(Plat.e YU in Pocket)
LOCATION.

"This area lies west of 'McKoy Creek quadrangle, south of
Fall Creek quadrangle, and east of Cranes Flat quadrangle, de-
scribed in this report. Lanes Creek quadrangle joins it on the
‘south. The quadrangle is bounded by parallels 43° 00" and 43°
15' N., and meridians 111° 15" and 111° 80" W.

The two rough and mountainous districts are serarated by
‘cne of less relief formed by the wide rolling depressions occu-
E.pled by Clear and McKoy creeks. The extreme northeastern
?portmn of the map is occupied by parts of Little Elk and Big
‘Elk Mountains, while the eastern central region is dominated
,by Mount Caribou and its tributary ridges and spurs. This area
‘offers the greatest relief of any of the quadrangles described in
fthzs report. The elevation increases over 2500 feet in the short
space of three and one half miles, between Grays Lake and the
summit of Mount Caribou. Over a third of the quadrangle is
covered by Grays Lake and the marshy and alluvium-covered
plains adjoining it. This part of the area offers the mildest re-
lief in the quadrangle, and is also the chief center of settlement.
Most of the population is concentrated around Gray post office,
which receives mail and supplies from Soda Springs to the
south. A well travelled highway also makes connection thh
,Idaho Falls to the northwest.
> . The area is drained to the west by Grays Lake Outlet and
1ts tributary, Brockman Creek, and to the east by Tincup, Bear,
| and McKoy creeks and their various tmbutames Little Elk, Big
'Elk and Caribou mountains are well clothed with aspen, juni-
‘per and fir, and earry snow banks for at least ten months of the
year, Caribou Mountam was at one time the scene of consider-
‘able gold mining; and placer mining is carried on at the present
time, during the’ open months. Much deserted equipment and a
number of mills are mute evidence of the attempted develop-
ment of the gold bearmg ledges near the summit of the peak..
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The summit is eas’il’jf'abcéSsible~tWo good roads leading up its

- sides to the deserted millsites, whereas Little Elk and Big Elk

‘approached only by pack train.
GEOLOGY.
° : L " "AREAL GEOLOGY, AR

~ The formations which are exposed in this quadrangle are
listed according to age as follows: Brazer limestone and Wells
formation of Carboniferous age; Nugget sandstone, Twin Creek
limestone, Preuss and Stump sandstones of Jurassic age; Eph-
raim formation, Peterson limestone, Bechler formation, Draney
limestone, Tygee sandstone and Wayan formation of Cretaceous
age; igneous intrusives and lava flows of Tertiary age; and hill
wash and alluvium of Quaternary age. - e -

Mountains to the northeast, although lower in al}tjtude; can be

DISTRIBUTION OF THE FORMATIONS. ) P L
Brazer Limestone (Upper Mississippian) —Faulting has ex-
vosed a small outcrop of this formation which extends into this
area from adjacent ’quadrangles. This exposure is in the ex-
treme southwestern corner of the area. : e
Wells Formation (Pennsylvanian)—Two very small areas
of this formation are found within this quadrangle. They are
shown in.the corner of the map southwest of Grays Lake, where
they enter from Cranes Flat quadrangle. , :
Nugget Sandstone (Jurassic)—This wag seen only in the
- center of Big Elk Mountainin T.2 S, R. 44 E. S
‘Twin Creek Limestone (Jurassic)—The Twin Creek ap-
pears in four places in the area. Two strips outcrop on the
flanks of Big Elk dome and a small patch appears in the crest
of Little Elk Mountain, and on the overturned anticline south- ~
east of Mount Caribou. The limestone is nowhere completely
eroded in the latter exposures. o
Preuss Sandstone (Jurassic).
. Stump Sandstone (Jurassic). :
: Ephraim Formation (Cretaceous). C
: ‘These highly colored sandstones and shales show on each side
of Big Elk dome, and make up the crests of Little Elk Mountain,
and of the high ridge southeast of Moutit Caribou. One other
~ exposure is located southwest of the lake on the edge of the quad-
rangle. o S : ‘
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'Petevrsmz Limestone (Cretaceous). -
- Bechler Formation (Cretaceous).
Draney Limestone (Cretaceous).

extends along the western and southern sides of Big and Little
Elk Mountains.  Another outcrop of this sandstone extends
northward along the east side of Mount Caribou, until it disap-
pears beneath the Wayan formation. A small outcrop which
may be the Tygee sandstone was noted in sec. 19, T.3 S, R. 44
E., where the erosion of McKoy Creek appears to have washed
away the overlying Wayan formation. The full thickness of this
formation is concealed throughout the area by the overlapping
Wayan sediments. “ : :
' Wayan Formation (Cretaceous)——This formation is easily
he dominant one of the area, as it covers nearly all of the quad-
ange. It shows a number of soft rounded, brightly colored hills
lothed chiefly in aspen and with much less relief than the older
formations. The unconformable relations of these sediments to
“the Gannett group is shown in the geologic cross-sections, A A’
.'and B B’ of the accompanying map. (Pl. VII in pocket.) No at-
-tempt was matle to differentiate the large number of members
_in this formation, because of the limited time, the tremendous
“thickness and great lithologic similarity of the different beds.
‘Where the sediments have been metamorphosed by igneous in-
- vasions their appearance is notably different, and makes identi-
fication even more difficult. A large area along the summit and
“eastern side of Caribou Mountain is made up of metamorphosed
‘Wayan sediments and igneous intrusions. These could be dif-
;ferentiated and shown only on a large scale map. This problem -
has been reserved for another field- season and consequently
~only the limits of the area occupied by these sills and metamor-
‘phic rocks are shown. The igneous intrusions are described un--.
der the discussion of igneous geology. SRS FEEE , .
: Igneous Intrusives (Tertiary)—The areas marked by the T
‘symbol are basaltic, andesitic and dioritic dikes and sills, but
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‘the area marked. Tiu contains various igneous rock types, as well
- asinterbedded metamorphosed sediments. Several exposures of
- andesite represented by Ti, are sills cut by the western slopes of
- Caribou Mountain (See geologic cross-section C C’). Only the
- largest and most important of the exposures could be mapped
and shown on the scale used. : e ,
The small area in the extreme southeastern corner of the
~quadrangle appears to be a dike of andesitic rock identical with
the sills at Mount Caribou. The intrusive at Brockman vent is
a fayalite basalt, which shows a peculiar flow structure. The
- rocks included in the Tin area can best be illustrated by a sec-
tion taken from the summit along. the spur reaching to the
northeast. This section does not extend far enough down the
mountain side to include all the sills on the northern or eastern
sides but was taken only to show the typical relationships en-
countered in.this Tiu area. The section is as follows:
) Litholoyic eross aectioaz on. Caribow -Mountain fro'm‘ summiit alon'y main spur,
o traversing due noith, to escarpment. , '
Note-—All’ metamorphosed sediments are believed to represent the Wayan formation. Al

descriptions of.igneous rocks were _made in the fleld and the names used are field names and
_-'do- not represent the conclusions uf final laboratory study. :

No, of Mémber "~ . . " “Thickness in Feet ' “Descriptipn

' 1 (top) . 80 ... Andesite ‘with greenish ground mass
. . " and an . abundance of black. horn-
blende erystals,

RS} : 5 . Argillite.” This 'Is mottled, greenish-
. brown ‘and gray in color,
3 : 5 Crystalline limestone or marble. It

is' massive and bluish-white in color
and highly metamorphosed and - silici-
fied.

4 : 35 Andesite with” a greenish. ground
mass and  an abundance of black
hornbiende crystals, '

B . ) 225 Limestoie, It is ‘massive and silice-
ous and. weathers bine-white to

. white. . .
] T o : 75 Argillite. This is massive, black to

green in- color, and extensively cal-
cite-seamed and fractured, '

7 ’ 150 Diorite. It is very dark. and fine-

grained,
8 : 50 Andesite. This rock is dark colored

and ‘containe an abundance of small
. . perfectly shaped horiiblende crystala.
9 . 10 . Diorite. It is fine-grained and gen-
; erally -dark 1in- color but  becones
lighter near contact with No. 10.

10 . ‘20 Quartzite. This rock is greenish to
S . red: in color, : el
1 ' 15 Diofite. It is dark and has a fine- -
’ graltied texture, . :

12 ‘ 35 Quartzite ‘which is greenish to white

in eolor, .
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45 - Andesite. This is lght colored and

contains large feldspar phenocrysts.
15 “Quartzite, It is gray in color.

18-, ‘. Trachyte porphyry. 'Thig. is pink in
; v color and-contains large clouded feld. -
-#par phenocrysts.

2 Limestone. This {e a hizhly altered
rock exhibiting large cavities filled
with specular hematite. The entire

. member is copper-atained and fissur-
ed with malachite,
Argillite, This is siliceous and green-
ish-red in color. It weathers gray and
is extremely fractured and brittle,

5 " Andesité. This rock is green to gray

5 in color, .
19 ) Shale or a.rg‘llme It is highly in-
: durated and biack to gray to white in

‘ . color.
20 ) 15 " Andesite, It is green to gray in color.
21 : 250 Argillite and indurated shales. They
: ] . : are pinkish-white to gray in color.
23 - R £ Limestone. It is highly indurated
P and white to mottled in color and in-
. i : cludes cherty and agate-like nodules.
23 : S 50 Argillite. “This member is massive
e : : ER and very hard and is purple in color,
a4 ’ L300 “Argillite.  This formation is platy
T o . .and greenish to white in color.
25 i 00 Quartzite. This rock is grecnish-gray
when fresh, and pink to red when
o . . weathered.

26 ; RS 15 : Andesite. .
8 g . : 0 ) Arzilme The rock. is reddish-brown
: . : .  on weathered - surface. but black to

. dark blue o1i fresh fracture.
o8 295 Argilitte. It is gray to violet in
color, containing a emall bed of gray
g . ) <. quartzite.
29 . 90 Syenite, This intrusion is pinkish to
. : . . gray iy -color,
30 (bottom) - : 100 Argillite. " It 'is- very brittle and fra.
: S . gile, and blue to greet -in color.
2315 feet .

‘ Basalt (Te7tm)y)—-Thls type of lava is found in two places
"in the area. One flow extends from Brockman vent southwest
for about two miles, and two more flows which overlap, extend
“into the area along the western edge from sources in Cranes Flat
quadrangle. This material is a fayalite basalt descrlbed in the

pages devoted toi 1gneous geology.

: Hill Wash and Alluvium (Quate)na; 1) —This materxal is
- found in the valleys of Brockman Creek and its tributaries, and ..
,,in the flat region ddjacent to Grays Lake The areas to the north
“and to the east of this lake represent part of the old lake bot-
toms, and are now adapted to hay growmg and stock ralsmg
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STRUCTURE

Domes and Antzclmes—-Thls quadrangle, like others of this
group, contains a part of Big Elk dome. It is a rough, almost
inaccessible structure, oval in shape, and presents the greatest
amount of closure and gathering ground of any dome in the re-
- gion examined. The high point as well as the “structural high”
- of this mountain occurs within the limits of this quadrangle, in
the extreme northeastern part. The fold is almost -normal, but
the dips are very steep along the flanks. The Nugget sandstone
is exposed along the axis, and the younger formations up to the
Tygee are shown successively along the sides. The oil possibili-
ties of this structure would be confined to the Triassic and Car-
boniferous formations, since they are the only ones remaining
untouched by erosion.

Little Elk Mountain is the southern end of Fourth of July
Ridge anticline and affords a perfect closure to the south for this
long structure. The dips on this part of the structure are fairly
steep, but much more gentle than on Big Elk dome (see geologic
cross-section A A’). Although the Twin Creek limestone is cut
in this structure north of the point where it leaves the quadran-
gle, it is possible that it might still serve as a reservoir rock for
petroleum along the southern extremity of this fold, because of
a slight undulation along the axis south of Bear Creek. The
normal attitude of the fold at this point, makes it one of the
most desirable places for testing the possibilities of Fourth of
July Ridge anticline. Little Elk Mountain presents several
more beds for testing than does Big Elk Mountain.

The overturned anticline southeast.of Caribou appears Iess
favorable than the ones just discussed. The closeness of the
folding, and its overturned attitude would make a test of the un- -
derlying beds difficult and expensive (see geologic cross-section -
B B’). The presence of large igneous intrusions near the strue-
tural high point of the fold, along with the metamorphosed con-
dition of the rocks, is likely to nullify any petroleum possibili-
ties. Should petroleum be discovered in the same rocks in other
structures of the area, then this structure would perhaps de-
serve a test in its southern extremities ‘near the edge of this
‘quadrangle.

~Three well defined anticlines are shown in the area covered
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by the Wayan sediments, but none of these is advised for test-
ing because of the origin of this formation and its unfavorable
ilelatxonshlps to the older beds which are considered more likely
for petroleum production. In the event that the large struc-
tures of the region, such as Big Elk, Little Elk, Fourth of July
:Rldge, Black Mountain, and Bald Mountain, produce commer-
cial petroleum, then it is fitting and proper that some of the
Wayan anticlines which show proper structure and closme
should receive exploration by the drill..
Synclines—A syncline between Big and Little Elk Moun-
- tains and a few minor folds in the Wayan formation comprise
‘typical examples of this type of strueture in-this 1eg10n They
appear to have no economic significance.

’



o~ CRANES FLAT QUADRANGLE. -
N TP VT in Pocket); wE
A > , LOCATION.

- This is the southwestern one of a group of six 15-minute
quadrangles mapped and-discussed in this bulletin. It is bound-
ed by parallels 43° 05’ and 43° 15’ N, ‘and by meridians
111° 30" and 111° 45’ W. ‘Hell Creek and Grays Lake quadrangles

~of this report join it on the north and east, and Henry quad-
rangle lies to the south. The geology of hoth the Henry and .
Cranes Flat sheets has been mapped by the U. 8. Geological Sur-
vey but it is not available, being, as-yet, unpublished. Paradise
Valley quadrangle joins this area on the west. e
- This quadrangle has less relief than any of the group de-
~scribed, and is made up of alluvium covered valleys, lava pla-
teaus, gently sloping hills and a few steep-sided ridges. The
chief centers of population are in Cranes Flat and Long Valley,
~ where a few homesteaders spend the summer months and stock
raising is the principal Aindustry. Idaho Falls is the trading
point for this and adjacent areas, and is reached by a well tray-
elled road through Long Valley. Some timber is found on the
slopes of Sheep Mountain and Meadow Creek Mountain, but the
rest of the area is relatively open, or covered with sagebrush and
aspen. Blackfoot River reservoir.and a small reservoir north of
Little Valley Hills are the largest bodies of water in the region.
Important streams draining north are Grays Lake OQutlet,
Brockman Creek and Homer Creeld Drainage to the west is ;
carried by Cranes Creek and Willox?\Creek and to the south by
Meadow Creek, - . -~ . - U R T e
: N ST GEOLOGY.
AREAL GEOLOGY. : - ’
The formations in order of age are as follows: Brazer lime-
stone, Wells, and Phosplioria formations of Carboniferous age;
~Thaynes group of ‘Triassic age; Nugget sandstone, Twin Creek
limestOne, Preuss and Stump sandstones of Jurassic age ; Eph-
- raim formation and Wayan formation of Cretaceous age; rhyo-
lite and basalt flows, and igneous intrusives of Tertiary age;
and hill wash and alluvium of Quaternaty age. gk Bty
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DISTRIBUTION OF THE FORMATIONS.

'Ba azer Limestone (Upper Mzsszsszppum)—The largest ex-
posure of this formation occurs in the axis of the fold which
akes up Limerock Mountain and Meadow Creek Mountain
in the southern part of the area. A continuation of this outcrop
shows in sec. 21, T. 4 S, R. 40 E. : ,'

, Four small outcrops have been produced by faulting and
erosion east of Meadow Creek in the southeastern corner of the
quadrangle. The hmestone heré makes up several prominent
hills.

Wells Formation (Pennsylbaman)———Thls formation flanks
the Brazer in Meadow Creek Mountain and Limerock Mountain,
and extends into two patches along the western edge of the area.
Four small outcrops show along with the Brazer east of Mea-
dow Creek in the southern edge of the Little Valley Hills.

- Phosphm ia Formation (Permzan)-——Thls formation was rec-
ogm7ed at only one locality. A narrow outcrop of it appears in
secs. 34 and 35, T. 4 S.,, R. 40 E. _

Thaynes Group (Triassic)—This group of formations ap-
pears on the west side of a large fault in the central part of the
area and east of Cranes Flat. It is possible that the Woodside
_or other formations are included in this exposure, which has

been mapped as Thaynes. If such were present they could not be

* recognized in the limited time spent in the examination.
o Nugget Sandstone (Jurassic)—One area of this formation
~ outcrops east of Cranes Flat adjacent to the Thaynes group in
" the northeastern part of T. 4 S,, R. 41 E.
‘ Twin Creek Limestone (Jurassic)—The Twin Creek occurs.
 in two small irregular outcrops on the west side of a fault in the
4 northwestern end of the Little Valley Hills and Just southeast
" of the outcrop of Nugget sandstone. '
Preuss Sandstone (Jurassic).

Stump Sandstone (Jurassic).

Ephraim Formation (Cretaceous). »

These formations have been grouped together in the

~same map symbol throughout the other quadrangles of
_ this report. Because of greater thickness heré_along with
a gentler inclination of the strata it was possible to dif-
; ferentiaté these strata on the map of this quadrangle. Al-
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though the same pattern is ' used, the contact hnes a'
shown and the letters Jp indicate an outerop of Preus
Js represents exposures of the Stump sandstone and Ke marks th
areas of Ephraim sediments. These three formations are expos
in irregular outerops in the central part of the Little Valley Hill
The writer noted considerable evidence of faulting in these hill,
but was able to determine and map only a few of the more obv
ous breaks. Other lines of inferred faults should be included a
places where only contact lines exist, but lack of time prevente
the accurate working out of these breaks. The str ucture of thes
hills is very complex, and detailed study of this area will prob
ably required some changes in this mapping. A small area in th
eastern palt of T. 4 8., R. 42 E., was thought to be Ephraim an
mapped as such but a certain determination of this formatlo
was not made.

Wayan Formation (Cretaceous)-——Wayan sediments coverl
the entire northeastern side of the quadrangle, except where:
they are masked by a thin covering of hill wash or basalt. Out
crops of limestone and variegated shales on typical rounde
slopes are prominent throughout this part of the quadrangle
and the attitude of some of these beds is very deceiving. Wha
at first appeared to be a broad anticline with one flank dippin
west at Sheep Mountain and another dipping east at Sugar Loa
finally proved to be part of the complexly folded, inverted fan
fold illustrated in geologic cross-section A A’. These deceiving .
structures have resulted in considerable leasing activity in this
region, and much of the land lying in the central, eastern and
northern part of the quadrangle is being held by a number of
companies with the expectation of testing these structures. '

- Rhyolite (Tertiary)—Three patches of this lava are found

on the southern slopes of the Little Valley Hllls chiefly in T. 4
8., R. 42 E. These rocks are descrzbed more fully in the pages ;
on igneous geology.

Igneous Intrusives (Tertiary)—One intrusion of andesite,
ccecurs as a laceolith or thickened sill at Sugarloaf Mountain in
the northeastern part of the quadrangle. This and the accom
panying andesite dikes in the same area are described in the
discussion of igneous geology in another part of the bulletin.
Their relations to the invaded strata are shown in geologic cross
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_ gection A A’ of the Cranes Flat map. (Pl. VIII in pocket.) Bas-
- altic intrusions occur at Sheep Mountain and at the north end of
" the Little Valley Hills where the lava cores of old craters and
\ents ‘are exposed. These intrusions are the sources of lava
ﬂows ‘extending down the slopes near them. A rhyolitic intrus-
~ ion was identified in connection with one of the rhyolite areas in
‘the Little Valley Hills. Other sources of this rhyolite may be
presen.t in the rhyolite area to the northwest of this vent, but
© 1one was recognized. typical relations of the basaltic intrus-
ives to the lava flows and sediments are (represented by geologic
cross-section B B’ on the map of this quadrangle.
‘ Basalt (Tertiary)—Flows of basalt cover more area in
~Cranes Flat quadrangle than any other formation. The western
side of the quadrangle displays flows from Sheep Mountain,
and the country south of Meadow Creek Mountain shows an ex-
tension of a flow from Henry quadrangle. "The eastern and cen-
tral part of the area is covered with basalt from local vents or
hssures, and a small area on the northern edge of the quadran-
gle is part of a flow from Castle Rock vent m the Hell Creek
quadrangle
Hill Wash and Allumum (Quaternary) —Large quantltles
_of hill wash tinged with the color of the sediments from which
it has formed, have been deposited in all the flats and depres-
sions in the area. This material is instrumental in concealing
much of the structure in the area and in many places is easily
confused with the Wayan formation, whele it has been derived
from that source.
: STRUCTURE. .
" Faults—Two large normal faults, discussed under struc-
{ure in another part of this bulletin, extend transversely of the
gouthwestern townships of the area. These faults bound on the
northeast and southwest the high Carboniferous ridges known
a8 Meadow Creek, and Limerock mountains. Dot-and-dash lines
- have been used to illustrate their inferred path to the point
where they leave the quadrangle on the west. Much of their
length is masked by the Tertiary basalt and hill wash, and the
_ relationships of the various ridges are the only criteria
in" some instances, upon which to determine their
course. The vertical throw of these faults is believed to be as
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much as 3,000 feet in some places. These normal faults have
caused the anticline in the Carboniferous sediments to be raisedu
in a huge horst which extends out of the quadrangle both to the
west and to the south. A transverse normal fault cuts across the
south end of Limerock Mountain and probably extends across
the intervening area of hill wash to appear again at the south-
ernmost contact of the Wells and Brazer in the ridges of the
southeastern part of the quadrangle. The vertical throw of this
fault appears to be as great or even greater than those mentior-
ed above. Evidence of another fault, too indistinct to be describ-
ed in any detail, was found west of Blackfoot River reservoir and
south of the exposure of the Phosphoria formation. Part ‘of its
course seems to lie in the depression occupied by the reservoir. .

The east side of the graben which is complementary to the
horst is delineated by another normal fault which extends from
a point in sec. 25, T. 4 S., R. 41 E,, to sec. 5, T. 5 S, R. 42 E,
where it is masked by hill wash. The vertical throw here ap-
pears to be 2,000 feet or more. This horst and the two graben-
like blocks which flank it are believed to be blocks in the
overthrust lip of the Bannock fault. A branch of this overthrust

"appears at the contact of the Carboniferous formations with
the Preuss, Stump and Ephraim strata to the east.- The Wells
and Brazer have been thrust up over the J urassic and Cretaceous
formations along a line extending from Sec. 2, T.58S., R.42 E.
to a point in T. 4 S., R. 42 E., where the fault is masked by a
rhyolite flow. '

Both the vertical and horizontal displacements here may b
in excess of 5,000 feet. Evidence of another branch of this branch
fault is found in the Preuss, Stump, and Ephraim formations
and extends from sec. 2, T.5 S, R. 42 E,, to a point east of the
largest rhyolite flow. The outlines of this break were very dif-
ficult to determine and lack of time prevented this fault from
being mapped. A large branch, or the main branch of the Ban-
nock overthrust itself, extends transversely of the central part
of the quadrangle. It separates the J urassic and Triassic sedi-
ments from the younger Wayan formation to the northeast. The
overthrust from the southwest has placed the Thaynes group,
Twin Creek limestone, Preuss and Stump sandstones and Eph-
raim formation in a position overlying the Wayan formation
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= into several branches in secs. 26 and 35, T. 8 S., R. 41 E., but
= only the two outside branches were mapped because the others
were practically indistinguishable in the soft rolling hills of
:"‘Wayan sediments. One branch extends along the edge of Cranes
lat until concealed by hill wash and lava from Sheep Moun-
tain. The other branch can be traced along the east side of
Sheep Mountain beyond the summit, where it is concealed by
!‘la\‘a. Several minor faults were mapped along the contacts of
small patches of Twin Creek limestone, Ephraim formation and
‘Preuss sandstone in the northwest corner of T. 4 S, R. 42 E,,
and south of the Bannock fault line. A number of small faults
were mapped in the basalt covered area northeast of the Littie
Valley Hills and many other- places showed relationships prob-
jably produced by faults which could not be recogmzed and
mapped for lack of certainty.

The writer feels that detailed mapping of this area will
ear up the confusion that appeared to him to exist in some lo-
alities, and will show faulting and complex structure which
‘were not recognized by him in the brief time spent in the recon-.

naissance of this quadrangle.

g whick is much younger than any of them. This fault splits up

. Anticlines—The largest anticlines in the area that are un-
broken by block faulting on a large scale are the two tightly
'folded overturned anticlines which are responsible for the for-
tion of the inverted fan fold deseribed under the discussion of
¢unusual structure and portrayed in geologic cross-section A A’

f the map of this quadrangle. Much of the westernmost anti-
line is concealed by lava and hill wash and no attempt was
ade to plot its axis. The eastern anticline lies along the north-
astern slopes of Sugar Loaf Mountain and parallel to the axis
he minor fold which extends along the crest of that eminence.

“These folds in themselves are not of the best type to serve as
00d traps for petroleum, and the fact that they are in the Way-
gEan formation, which is composed of fresh water and continental

Bediments of vast thickness, coupled with the further fact that
hey lie unconformably on any possible favorable structures
elow, does not make  their chances of producing commercial
etroleum appear very bright.
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Tentative Correlation of Oil-producing Formations in Montana with Equivalent Formations in Southeastern Idaho.
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 OIL POSSIBILITIES OF THE AREA.

The foregoing‘tables represent an attempt at a c¢orrelation
of oilsbearing beds and others in the geological column, ranging
from the Lower Cretaceous to the Carboniferous in Utah, Mon-
tana, and Wyoming, with beds in the same stratigraphic sequence
in that part,}éoutheastern Idaho considered in this bulletin.
Such a correlation under the most favorable conditions presents
a difficult task, and when it is realized that even the correlation
of many oil yielding horizons in these states is still in doubt,
although the various areas have been worked in detail, one may
comprehend how tentative this correlation must be. In Wyoming,
Montana, and Utah the oil fields are often widely separated by
unmapped areas, or by areas masked by unconformable lake- -
bed and continental sediments of Tertiary age, which absolutely
prevent the continuous tracing of certain productive formations.

A correlation such as this must of necessity be made up from
published data pertaining to the oil-bearing formations of the

" different fields. The publications of the United States Geologi-
cal Survey, and of the various state geological surveys, as well
as papers by geologists of responsible oil companies, have been
the sources of the information used. Most of this material
contains information concerning formations producing oil, their
thickness, the stratigraphic position and age, and a description
of the lithology and physical characteristics of the oil-bearing
beds. Some of the correlations between adjacent fields seem
quite positive, but others need verification and are presented
tentatively. . . ‘

The beds found in this area in order of age are correlated

with other Rocky Mountain States as follows:

POSSIBLE OIL BEARING FORMATIONS,

Madison Limestone (Lower Mississippian).

This formation has been definitely correlated with many
occurrences of Madison limestone in Montana and Wyoming.
It furnishes seeps and a small production of oil in the Crow
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Indian Reservation of Montana; and many reliable geologi
Dbelieve that it is the source-rock of the oil found in the Cat Cre
and Sweetgrass Arch fields of the same state. Geologists* fo!
some of the largest producing companies in the Sweetgras
Arch field consider that some of the production attribu
to the Ellis formation of Jurassic age, actually co
from the top of the Madison limestone which immediately under
lies the Ellis. A core-drill test in this field penetrated thi
Madison and found numerous horizons where the fissures an
cavities were filled with hydrocarbons. A similar occurrenc
is reported in Wyciming.1

Brazer Limestone (Upper Mississippian).

This formation is of the same age and has many of th
physical characteristies of the Amsden formation which occur
in many localities of Montana and Wyoming. The lower pa
of the Quadrant formation is also assigned to this and may b
correlated with the Brazer limestone. The Amsden produc
commercial oil in the Crow Indian Reservation* of Montana
and the Quadrant formation produces commercial oil in the Ca
Creck field? of the same state.

Wells Formation (Pennsylvaman)
This formation is correlated with the Tensleep formatlon 0
Wyoming and Montana, and is also correlated with a part of th
Quadrant formation of the latter state. The Quadrant produce
commercial oil in the Cat Creek field, and the Tensleep forma-;
tion produces small amounts of oil in the Crow Indian Reserva
tion of Montana and in central Wyoming® Part of th
Goodridge formation which produces oil at San Juan, Utah i
also correlated with the Wells.

Phosphoria Formation (Permian}.
- This formation, in both Idaho and Montana, contains large:
guantities of black carbonaceous shales from which oil has bee:

* Gerlough, Gene, and Stewart, Irvine; personal eommunication,
1. Washburne, Chester W., Gas fields of the Big Horn Basin U. 8. Geol. Survey Bull.
p. 361, 1908.
2.~ Freeman, 0. W., Oil Fields in Central Montana, Eng. and Min. Jour., Vol. 109, pp., 93
938, 1920. LU
‘39 Hares, C. .1 ‘Anticlines in Central Wyoming. U. $. Geol. Burvey Bull, 646, pp. "33-2
1917,
4. Thom, W T, Oil and gas prospecis in and near the Cro“ Indian Reservation, Montan
U, 8. Geol. Survey Bull, 736-b, pp. 35-563, 1922.
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distilled. These shales may be the source of some oil which
might be restricted from normal upward migration by the
capping the Rex chert which is often impervious. In such a case
the underlying sandy limestone might become a reservoir rock
for this oil. In speaking of this formation a federal geologist,
Dr. Schultz,?® says

Another source of ofil that promises to be of gome valve occurs at the same horizon as
the phosphate deposits in Montana, Idaho, 'md Wyoming, that is. the Phosphoria formation.,
" “The phosphate: o applying heal ‘to the rock is not driven off by distillation, but remains in
the ash. - Evidence of petrolcum or bituminous compounds in rocks of this age has been ob-
perved m'or wide areas by the writer, who has worked on phosphate deposite, but few if any
tests have heretofore Been made to ascertain the quantity of oil. .

In a further discussion he says,
1t may therefore be possible that commercial accumulations of oil have been formed in
these older Paleozoic rocks. Thus far the Lander cil field of Wyoming seems 10 be the only
place where oil has been obtained in commercial quantities from rocks of the same age, though
indications of oil at this horizon have been noted, at several other plxwes in Wyoming and
Utah.

Distillation of oil from these shales has also been reported
by the United States Geological Survey.?

The Phosphoria formation is correlated in age W1th the
Embar formation which-produces commercial oil in fields of .
northern and central Wyoming, as well as in the Shoshone
River and Lander® fields, of the same state. This formation is
correlated with the upper part of the Goodridge formation,
‘which produces oil in the San Juan field of Utah, and with the
formations of Permian age, that are oil-bearing in the Virgin and
San Rafael fields of that state.

Woodside Formation (Triassic).
Thaynes Group (Triassic). ,
These formations are correlated with the Chugwater of
Wyoming and Montana, and probably are equivalent to the
lower part of that formation in physical characteristics.  The
Chugwater produces commercial oil and gas in various fields of
riorthern and central® Wyoming, as well as commercial oil and
seeps in. the Lander~ and Shoshone Rlver flelds of the same
state.
The Vermilion Cllff formatlon which has a small produc-

Harel C .. Antic]ines in Central Wyoming, U. S. Geo] Survey Bull. 646, DD 233-279,

11. 462, 87 pp., 1911

1
191
21! Woodmﬂ B. The Landor Oil Field, Fremont County. W:oming U. 8. Gecl Survey
3. See Reference No 3 Bibliography. '
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tion of oil at Castle Valley, Utah, is thought to be partly equx‘
‘-lent to the Chugwater formation..

Nu.gget Sandstone (Jurassw)
Ywin Creek Limestone (Jurasszc)
Preuss Sandstone (Jurassiéy.

~ Stump Saendstone (Jurassic).

These Jurassic formations are of the same age as
Sundance formation of Wyoming and Montana, and of the
formation of the latter state. The Sundance formation produce
commercial oil.in central Wyoming; seeps, and small productio:
of oil and gas, are found therein in northern Wyoming; and ir
thie Poison Spider,! Salt Creek® and Powder River? fields of tha
state. The Ellis formation produces commercial oil and gas ir
the Sweetgrass Arch -of Montana. The Vermilion Cliff formatio
which has a small production at Castle Valley, Utah, is als
correlated with the Nugget and Sundance formations.

Ephraim Formation (Lower Cretaceous).
Peterson Limestone (Lower Cretaceous).
Bechler Formation (Lower Cretaceous).
Draney Limestone (Lower Cretaceous).
Tuygee Scmdstone (Lower Cretaceous).
These formations are equivalent to the Beckwith or Morri
son formation of Wyoming. Oil is produced in the Beckwith in-
southwestern Wyoming, natural gas in commercial quantities:
issues from the Morrison formation in the Shoshone Rivert.
- field of Wyommg, and seeps and small production of oil and.
gas are found in Morrison beds in the Salt Creek? and Powder
River? flelds of Wyommg, and in the Florence‘5 f1e1d of Colo-
rado. E

Wayan F’ormation (Lower Cretaceous) =
This formation is of the same age and has many of the

1. Heald, K. ©,, Pt 1 .communieat(,

2. Wegemann, €. H., The Salt Creek ofl ﬁeld Natrona County, Wyoming, U. s Geol Survey.
Bull. 452; pp. '37.83, 1911

36 ;Vegg:izzmn. C. H., The Powder River oil field, Wyoming, U. S. Geol. Survey Bull. 471, pp.
56.7

4. Hewitt, D, F., '.I.*he Sheshone mver section, Wyommr. U. 8. Geol. Survey Bull. 641, pp.
89-113, 1914

5. Washburne, C. W.. The Florence oil field, Colorado, U. 8. Geol. Survey' Bull. 381, pp.
517-544, 1910. )
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same physmal characteristics as the Kootenal, Fuson and Lakota
of Montana, and the Clove11y of Wyoming. Its thickness in
southeastern Idaho, however, far exceeds that attained by any

of the latter formations.
" The Cloverly produces commercial natural gas in the Sho-
shone River! field of Wyoming, and seeps or small production in

central Wyoming and in the Powder River, Salt Creek, and
" Teapot fields. The Kootenai in Montaha® produces commercial -
oil in the Cat Creek and Sweetgrass Arch fields, and commer-
c¢ial gas in Judith Basin, Crazy Mountain, and Sweetgrass Arch
fields, and commercial gas in Judith Basin, Crazy Mountain and
Sweetgrass Arch fields. A carbonaceous shale in the Wayan was
tested for oil, and distilled about 20 gallons to the ton. This may
e considered as a possible source for oil where it is folded and
under a sufficient cover.

~ CONCLUSION.

From the foregoing discussion it can be readily seen that
this area is underlain by numerous beds, accessible to the drill,
of the same age as, and otherwise similar to, many formations
which contain productive oil and gas-bearing horizons in areas.
_ comparatively near in adj acent Rocky Mountain states. ,

An important factor to be considered in determining *the ‘
proper rating of a new area thought to have petroleum possi-
bilities, is its distance from other producing fields. If other
conditions are equal, an area that is relatively close to, and
therefore geographically as well as geologically related to other
oil fields, would appear more promising than an area not so sit-
. uated. The oil fields of Wyoming, Montana, and Utah are scat-
tered promiscuously over their respective states and separated
in many instances by distances far greater than the distance
between this area and several oil fields of Wyoming. Many
producing beds in the various fields of Wyoming are of the same
~age as those in Montana fields and both are equivalent in age
to those in this area. It has been found that the beds which
carry oil in one field, are very likely to carry oil in a number of

1. Hewitt, D. F.. the Shoshone River section, Wyoming, U. S. Geol, Survey Bull. 541, pp.
89.113, 1914,

9. Baner, Max C., and Robinson, Ernest Guy, Comparative stratigraphy in Montana: Am,
Asgoc. of Petroleum Geologists Bull. Vol, 7, No, 2, March-April, 1923,
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other fieldsina 1eg10n where structure is fav orable, even thou
_separated by great distances.

Parts of the area when measured by the factors and con
tions considered essent1a1 to a commercial accumulation of oi,
and natural gas stand up fairly well. :

The area is undoubtedly in a “petroliferous province” ma
up chiefly of marine sediments, which are favorably folded,
and show in many places evidence of shallow water deposmon‘
as well as abundant organic life. The rocks themselves are
within two of the most productive “petr oleogemc epochs” that
are recognized.

The region is entirely undexlam by sedlments of marin
and brackish water origin, and by others which are interbedded:
or overlying in such a manner as to be capable of acting as res
ervoir or capping rocks for any oil that may be present.

The only metamorphism in the region is localized at thos
points where contact with igneous invasions has indurated smal
areas of sediments. No metamorphism has been produced b
severe folding or deformation. Although the folding is fairl
complex in places, several structures are only moderately in
clined, and relatively few have been fractur ed in the movement

Many of the limestones in the Carboniferous and Triassi
formations are highly fossiliferous, and appear to present a?
competent ‘source for petroleum. Carbonaceous shales in the:
‘Phosphoria, Woodside, Tygee, and Wayan formations afford a«-,.
source of petroleum if sufficient distillation has occurred at the..
proper places. :

Suitable reservoir or containing rocks are plentiful from-
the Madison limestone to the top of the column, and the large
number of interbedded shales gives assurance of an impervious;
capping rock overlying every concelvable reservoir rock in th
area.

Suitable structures for trappmg oil are falrly common 1n‘1
both the Wayan formation and in the older formations. The most
favorable structures are domes such as Bald Mountain doméf.,ﬂ
situated mainly in Tps. 3 and 4 S., R. 456 E, in McKoy Creek
quadrangle; Big Elk dome, located in T. 2S., Rs, 44 and 45 E,,.
in Fall Creek, Grays Lake, and McKoy Creek quadrangles Blackg
Mountain dome found in Tps. 2 and 3 S, R. 45 E,, in McKoy
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creek quadrangle and anticlines such as Fourth of July Ridge
anticline which extends from T. 1 N, R. 41 E,, in Hell Creek
quadrangle through T. 1 N,, R. 42 E,, T.1 S, Rs. 42 and 43 E,,
to T. 2 8.; Rs. 43 and 44 E,, in Fall Creek and Grays Lake quad-
rangles-and the Meadow Creek anticline located in T. 2 N., Rs.
41 and 42 E, and T. 1 N, R. 42 E,, in Hell Creek quadrangle.
The Wayan anticlines are looked upon as being less favorable
than those mentioned because of the improbability of their con-
taining a source of origin, and their apparent lack of congruency
with structures in the formations which eontain more likely
sources of petroleum. Should oil be produced from any of the
above mentioned structures some of the better Wayan structures
will undoubtedly be tested. Fault-type structures similar to
structures that have produced oil in many western states exist
along the Snake River fault which extends through Fall Creek,
Palisade Creek, and McKoy Creek quadrangles. In no event
should these fault-type structures be drilled unless the domeq
and anticlines have been proven productive.

~ The reservoir rocks of the various structures are not filled
with water to a very high degree of saturation, and for this
reason, should oil exist in any of these structures, it seems
- probable that it will be found on the upper flanks and ends of
the domes and antlchnes rather than in the hlgh points along
their crests.

Sufficient closure for trapping oil is thought to be present
in Meadow Creek and Fourth of July Ridge anticlines, and in
Big Elk, Bald Mountain, Little Elk and Black Mountain domes.
Little Elk dome is a part of Fourth of July Ridge anticline, and
presents only a small amount of closure to the north, but insures
closure for the entire anticline on its southern end.

All of the above mentioned structures have a sufficiently
large drainage area to insure ecommercial accumulation provided
oil exists in the underlying rocks in quantltles frequently found
in similar fields. :

- None of the surface indications listed in another part of
this bulletin were noted in this area with the exception of car-.
bonaceous shales which gave up relatively small amounts of
liquid hydrocarbons upon distillation. The absence of surface
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indications, however, does not appear to the writer to be neces-
sarily unfavorable to the area because many of the more recent
cil fields of the western states have shown few, if any, of them.
These surface indications, as has been said before, often show :
that oil has been escaping from such structures for a long enoug
time to dissipate much of the reserve. ‘

In writing of the oil possibilities of southeastern Idaho, Mr. ;
‘K. C. Heald,'® a petroleum geologist of the United States Geo-
logical Survey, says: '

Oil, if present in southeastern Idaho, will probably be in “Jurassic, Triassic or Carboni- .
ferous formations, although there is also a chance for oil in the Cretaceous. The southeastern |
part of Idaho is intensely folded ,and faulted and the fear that alteration:of the oil hag de-, E
stroyed chances of success probably has deterred some prospectors from seriously considering
operations in the State. However, such evidence as is available does not indicate that altera-
tion has progressed so far as to seriously injure the chances for the persistence of oil.” But
few analyses of coals from southeastern Idaho have been published and these analyses are
all of the Cretaceous coals. The average fixed carbon ratio appears to be, about 56, but 1
this may indicate little regarding the extent of alteration in the pre-Cretaceous formations,

In short, Idaho contains enormous areas where there is no proof that oil is absent. In !
parts of the state anticlinal structure is known 1o exist in beds equivalent in age to strata
that yield oil in the adjacent state of Wyoming. This folded region apparently has not been
too far altered to prohibit the existence of oil in paying quantities.

In conclusion, the writer wishes to state that it is his belief
that if oil is found in Idaho, it will be found in the southeastern
part of the state, in the area described in this report, or in simi-
lar areas, adjacent to these quadrangles, many of which have
been described in other publications. Most of the area described |
herein is underlain by formations at varying depths, accessible
to the drill, which are equivalent in age, and correlated with,
productive oil and gas horizons in areas throughout various
fields of the adjacent Rocky Mountain states. The region may
be rated as a prospective, or “wild cat” area, containing locali-
ties which justify testing but in which the business risk is rela-
tively high, compared with that involved in drilling within a
mile or two of producing wells on equally favorable structures.
Such tests as the latter are not typical “wild cat” tests, and
although presenting less risk may also return proportionately
smaller gains.

Areas below the crests and along the upper flanks of the
following structures are considered the most advisable for test-
ing: Bldck Mountain, Bald Mountain, Little Elk Mountain and
Big Elk Mountain domes and Fourth of J uly Ridge, and Meadow
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Creek antlclmes Unless oil is found in some of these localities,

drilling should not be prosecuted on other str uctures of the area. - o

. It should be emphaslzed that in no case can the writer state
*’w:th any degree of certainty that petroleum or natural gas will

- be found in any of the above mentioned structures. Observa--f 5

tion and experience make certain, however, that the chance of

~ failure, in an unproven area such as this, is greatly reduced by a -

- selection of localities for drlllmg, based on proper geologic in-
vestigation. With this latter in mind, this bulletin has been

prepared to point out to leaders of legitimate development, some '

of the areas in Idaho considered most likely, or certainly least .

. unlikely, for the production of commercial petroleum.



THE IDAHO FALLS-BLACKFOOT PEAK AREA

LOCATION,

Thls ares comprxses four townshlps lying adjacent to the
city of Idaho Falls and to Blackfoot Peak of the Blackfoot Moun-'
tains; namely T. 1 N, Rs. 38 and 39 E,, and T. 1 S., Rs. 38
and 39 E,, lying in Bonneville and Bmgham counties. The south-
ern two-thirds of the two latter townships lie in the northern
extremity of the Blackfoot Range and are consequently fairly
rough and mountainous: Several high points in these townships.
exceed 7,000 feet in altitude. The rest of the area represents:
" a slopmg lava plateau dissected by rapid erosion, exposing
lava covered mesas and table lands which tilt toward the great
Snake river valley under which the lava flows dip. The moun-.
‘tainous areas are sparsely timbered and much of the region is
2 lava desert except where alluvium filled stream valleys offer
an opportunity for small farms. All of the area lies within
20 miles of Idaho Falls, while some of it reaches within three:
miles of the city limits. Several well travelled roads make
the area easily accessible from that city. Wolverine and Sand:
creeks, with their tributaries, drain the area and flow south-
westerly to the valley of Snake River.

GEOLOGY.

Three reconnaissance surveys of this area have been made

by geologists of the United States Geological Survey 12 3. 22
 The field work in the present exammatlon covered the fir st,
week of May, 1924 *. : :

AREAL GEOLOGY.

The formations found at the surface in these four town-{;
ships are included in the group of formations described in th‘
six quadrangles discussed in other parts of this bulletin. :

- The formations exposed here are, in order of age, Madiso
hmestone, Brazer limestone and Wells formation of Carbonife

*The general observatlom hereln ‘set forth - have 'been submitted to, and accepted b :
G. R. Mansfield in a personal eommunication. -
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~ous age; Wayan formation of Cretaceous age; trachyte and
basalt flows of Tertiary age and hill wash and alluvium of
Quaternary age. Their lithologic and physical characteristics.
are as already described. : |

" DISTRIBUTIOX OF THE FORMATIONS.

Madison Limestone (Lower Mississippian).

Brazer Limestone (Upper Mississippian). =
- Wells Formation (Pennsylvanian). o /

Great thicknesses of Carboniferous strata lie in certain

parts of this area. No attempt was made to differentiate these
~ formations for mapping purposes and only the outlines of the

_group were delineated. The determination of the Madison was
not certain but the Brazer and Wells were definitely recognized.
Although the Phosphoria has been reported and mapped as
out-cropping in this area, it could not be recognized in the brief -
‘search for it made by the writer in " this- reconnaissatice. -
The Carboniferous strata above mentioned. lie to the west of
the plane of an overthrust fault of considerable magnitude which
is thought, by the writer, to represent the northernmost ex-
tremity of the Bannock overthrust fault, desc¢ribed in other
parts of this bulletin. The areas where the Carboniferous strata-
out-crop are in the southwestern third of T. 1 8., R.' 39 E., and
the south half of T. 1 S, R. 38 E. The northern edge of these
strata in the latter township is covered by overlapping trachyte
flows, the southeastern edge 1s concealed by an embayment of
basalt, and the slope of the country to the west takes the Car-
boniferous formations beneath the alluvium-covered basalt flows
that make up the valley of Snake River at this point. In the
former township the Carboniferous strata are masked by the
encroaching trachyte flows from the north, and are terminated
“oni the northeast and east by the fault plane which brings them
into contact with the highly colored Wayan sediments. At the
fault plane the Carboniferous strata dip to the southwest and
west at angles varying from 35° to 45° The Wayan sediments
dip in the opposite direction at approximately the same angle.
' ‘Wayan Formation (Cretaceous). ' '

This formation appears extensivély throughout the eastern



- along the southern edge of T. 1 N, R. 39 E,, where it joins t

~former township. It is bounded on the west by the fault plane
the Bannock overthrust and the overlying Carboniferous séd
ments, on the north by overlying trachyte flows, and to the es
outside of the area, it disappears beneath the basalt of the W E
low Creek lava field. The Wayan dips consistently in the sameé’
direction for a distance of approximately five miles. Near the
fault the inclination approaches 40° to 45°, but at the eastern
edge of the area the angle of dip averages about 30°. This va
monocline shows a thickness of this formation as great as that;
measured by Mansfield 39, in Caribou County, where he found.
a thickness of Wayan sediments, calculated to be 11,800 fee
Some of the higher ridges in this formation are capped by sma
patches of trachyte, which appears at one time to have covered:
the entire area. /

No fossils were found in any member of this formation, bu
its lithologie peculiarities and t\he sequence - of varicolored :
limestones, shales, and cross-bedded coarse sandstones is idens:
tical with the vast exposures of Wayan in the quadrangles lying:
adjacent to this area on the east. This area of Wayan is sepa :
ated from the Wayan of Hell Creek quadrangle by a basalt flo
of a few miles in width which appears to occupy a great syncline?
in these sediments. » , ’

Trachyte (Tertiary)—This lava shows the same rusty:
brown color and exhibits identical physical characteristics,
including the variously sized vesicles, as the trachyte of the-
areas in the quadrangles to the east. It is obviously part of
the same series of flows described there. It occupies all of
the foothill region not covered by sediments already de-.
scribed and presents a typical mesa and “bad-land” topography :
throughout the area. , a :

Basalt (Tertiary)—This lava occurs in the southwestern
part of T. 1 S, R. 38 E., where it appears as part of the flo
which occurs in the Blackfoot River valley outside the area
It was not studied in any detail. ‘

Hill Wash and Alluvium (Quatemar@j) —This material i
scattered along the bottoms of Sand, Henry, and Taylor creek
and covers the northwestern half of T. 1 N., R. 38 E., which
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 lies in the Snake River plains. The small part of T.1S., R. 38 E.,
" which is covered with this material, is included in these plains.:
 Faults—The Bannock overthrust fault is believed to extend

*through T. 1 §,, R. 89 E, of this area and has thrust Carbon-

iferous strata, on the west side, into a position overlying the
Cretaceous Wayan sediments.. The vertical displacement here
" is several thousand feet and the horizontal displacement may
be many miles.. '- St T

Folds—The obscure end of one small anticline in the Wayan
is covered with trachyte in its northern extremity and disappears
under Carboniferous strata about a mile to the south. The rest -
- of the structures in the area are monoclines. :

CONCLUSION.

The discussion of oil possibilities and conclusions reached.
‘ c0ncernin;g these beds and these types of structures found else-
where in this bulletin can be 'applied here without change.




SUMMARY

The area examlned comprises for y~s1x townshlps and
located in eastern Bonneville county, northwestern Bingham:
County, and northern Caribou County; it includes also-a narrow
strip in Wyommg The railway points best serving the are:
are Idaho Falls on the west and Soda Springs to the southwest

The topography is generally rough and mountainous wit
elevations ranging from 4300 to 9800 feet above sea level. Thi

studied. The area also includes parts of the Blackfoot, Snake
River and Bighole ranges. The country is fairly well drained
and forested and contams among its most notable water bodies®
Gray’s Lake, a part of -Snake River, and numerous large
streams and reservoirs. :
A large portion of the region lies w1thm the boundaries of
the Caribou National Forest and the remaining portion is open
land used for stock grazmg or dry-farm homesteads :

STRATIGR APHY.

The sedlmentary column of the area includes a large num-
ber of important and well-known formations, reaching the im-
mense thickness of over 27,000 feet in many places and includ-
ing an almost uninterrupted sequence of sedimentation from the
Carboniferous to the Cretaceous inclusive.

The formations are as follows: Madlson hmestone, Brazer
limestone, Wells formation, and Phosphoria formation of Car-
boniferous age; Woodside formation, dhd Thaynes group of
Triassic age; Nugget sandstone, Twin Creek limestone, Preuss
sandstone, and Stump sandstone of Jurassic age; Ephraim:
formation, Peterson limestone. Bechler formation, Draney lim
stone, Tygee sandstone, and Wayan formation of Cretaceous:
age; Salt Lake formation of Tertiary age; and hill wash and a
luvium of Quaternary age.

There is also evidence of considerable igneous act1V1t
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Dikes, sills and central vents are found occaswnally in the west-
ern part, and the northwestern portion of the area is over]aln
by rhyolite, trachyte, andesite, and basalt flows. ,

_Intrusions of andesite, trachyte, diorite, syenite, gabbro,
pegmatxtlc granite, and divers porphyritic types of the above
occur at Mount Caribou. These intrusions have affected only

smalﬂl areas of sediments and are of Tertiary age.

STRUCTURE.

The structure of the area presents the most interesting feat-
ures. A series of almost parallel anticlines and synclines extend
throughout the region from the southeastern boundary to the

, :northeastern limits and represent the dominant ridges and val-
leys of the Cambou Mountain system, thus making this group
a structural range.

Many of these long anticlines are broken up mto oval-shaped
domes by undulations along their axes, whereas other anticlines
and synclines are overturned, forming many fancifully shaped
structures such as fan folds, isoclines and “swallow-tail” folds.

Because of the unevenness of erosion in this mountainous
~country, different beds make up the crests of the various folds;-

" consequently each separate dome has an independent group of

" oil possibilities. Many of these folds are considered as having
favorable condltlons, but others are dlstmctly unfavorable in
character. .

. The most likely of the favorable structures occur in rocks
~ older than the Wayan formation. Some of these are Black Moun-
~ tain dome, Bald Mountain dome, Big Elk dome, Little Elk dome,
 Fourth of July Ridge anticline, and Meadow Creek anticline.

“Anticlines in the Wavan are considered less favorable since that

formation is of a thickness unlikely to be completely penetrat-

ed by a drill, has little chance of being a source for oil, and

lies uncomformably on the older formations in such a fashion

that structures in it are unhkely to coincide thh underlylngr
folds.

Four notable overthrust faults lie within the area, as well

" as a number of normal faults of great magnitude. Some of these
have affected the oil possibilities in the area in a few places but
are chiefly interesting from a scientific standpoint. :
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. The country liesr,w‘_‘i‘thin‘ a “petroliferous province” and tl
rocks were formed in “petroleogenic epochs”. Much of the are
conforms to the factors and conditions consxdered -essential to
commercial accumulatmn of oil and natural gas. However,
oil seeps or saturated sands were noted throughout the enti
examination. This may or may not be construed as an unfavo:
able mdxcatmn Most of the area is underlain by formations at*
" varying depths, accesmble to the drill, which are correlated w1th; ‘
productive oil and gas series in areas throughout the various’
fields of Wyommg, Montana, and other Rocky Mountain states.

The area may be rated as a prospective or “wildcat” area.
It includes structures which deserve testing, in which the busi-
. ness risk is relatively high but where there are good speculative
chances.. The chances for loss as well as the amount of gamj
would probably be much greater here than those mvolved in
dmllmg on gsimilar str uctures m a proven fleld ' ‘
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