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INTRODUCTION
General Statement

Since 1954 we have studied the Cenozoic
rocks exposed along the Snake River down-

coPALN

ncar Glenns Ferry (Hall, 1845). Actualg
studies date from the exploration of t
parallel begun by Clarence King in 1867
about 1920, through the work of Cope (182;{
Lindgren (1898), Russell (1902), Schrg

_cral relations
jdguntincmul arcas,
‘ i*:u{ntc as
Ay, a rock un
::,L’.r'cd SUAre miles,

hick wedges ar

as by lithology and fossils.
where the deposits ac-
1d change facies
jit may extend over several
yet disappear or change

In this, as in most stratigraphic classiﬁcali(ms,
the younger rocks are subdivided in much
greater detail than the older rocks, partly be-
cause they are more completely preserved and
better exposed, but partly because such sub-

i'lrc:llm frt)tm bvm Falls, Iciiz\ho,1 P:xym;; par-  (1912), Merriam (1918), and Buwalda Q”?
wcular attention to stratgraphic relau ; : sequence he en classi inak 3 Y ) 101
jieular auention o sura )‘53 -lp 'rgplluons }hc rock sequence hfxd been Lla_mﬁed,m aScer: | SERIES GROUPS AND FORMATIONS
petween T 1 an and ( (m(}s_ Crr){ (PL l)l ing order, into the intertonguing -Payette i, § )
aght W, Taylor participated ina s antis ation - (Miocene lake beds) 4
y tg, o fkrldpv kl nasubstantual  mation- (Miocene luke beds) and  Columb, Recent Recent lava flows
“rl of the field work and independently  River Lava (Miocene basalt); two 1
i(())i)gc@d 'numcr.ous fossils. z\ltogclhcr., ubot_lt rhyolite lava flows (Miocene and Pligeen: ol Melon Gravel*
square n.nlcs have bccx_}~ examined in  and the intertonguing Idaho Forlnation'z})g & . 3 *
modcrzuc. detail, and about 5500 additional  cene and younger lake beds) and Snake s 4 o Bancroft Springs Busalt
square miles have been mapped in reconnais-  Basalt (Pliocene and younger baqalt) e S - 1
sance. Traverses on roads outside the mapped  sequence made a section several thousand fe § . | Sand Springs Basalt
area include the region extending as far down-  thick. V ; > C t Gravel*
stream as Homedale. The geography of this o | Upper = rowsnes
. e et e e Y 37103, > Dyrr e i S . .
region is described by Freeman, Forrester, and Development of Present Classification ’ é ¢ | Thousand Springs Basalt**
Lupher (1945). In this paper the valley area The Cenozoic rocks of the western S | S E *
and marginal plateaus along the Snake River  River Plain, as the carlier work has shoy @ 7 Sugar Bowl Gravel
downstream f{om Fwin Falls are identified as  divisible into broad geologic units that differs § E d Basalt
th'c western Snake Rll;'er Plain. The moun- lithology, age, gcographic distribution, and;& ' - Madson Basa
tainous areas are usus ferre s high- . . . e
junous @ di'c Ubl:} g’ Klfc'n'(d to as high-  gree of dcf_orm(m(m'. Although these units sz Black Mesa Gravel”
: are designated by their proper names.  nowhere displayed in a continuous sequenee Viiddle
lsomc areas at 11}tcrmcd}1atcf ﬂlhllUdClS: chiefly  partly because of initial irregular distributi e Bruneau Formation®
between mountains south of the Snake River ; 5 ati eI0
petween mauntains sou L o en and partly because of deformation and eroske 5 T Gravel*
i referred to - F])) “as uplands. dle t)‘lpe during and after accumulation, . they can ke Lower e uana
ocalities of the geologic units named in this  wj copnized . i ible’ ion*
o ae shown £ ol S o N widely recognized and traced. Discernib 2 | Glenns Ferry Formation
paper ¢ in Plate ,nTey can be oca.tcd divisions of these broad units, although Upper © :
in greater detail on the U. S. Geological monly hundreds of feet thick, are AN 2 : i on*
Survey’s topographic maps. lenticular or intertongue complexly wi 3 Chalk Hills Formation
During this investigation other workers deposits of contrasting lithology; for exa o | Middle — Basal
halve‘mladc rg!ated geophysical and palcon-  the intertonguing of sedimentary and vo, g Banbury Basalt —
tological s g ¢ scausc of s i 8 1
toogiea hsrm \1\6756 :lﬂf f(iC})C{ld parfly on rocl\.s.. Because of such local stratigraphic . K] Poison Creek Formation :é
r‘s gt‘P )1. di lCYC{OYf bumizlﬂrllc our plexities afld the need for both regional aé 2. — =
present understanding ol the rock sequence, local terminology, the broader geolog A Lower ) C ok =
cven though our geologic comprehension of are ranked as groups and the smaller uni § Idavada Volcanics
the western Snake River Plain is still far from  formations. The Cenozoic rocks of the westers 7. Z
coglplft@i detailed o Snake River Plain are thercfore ) '
o lit { "ork o ivided | ; : . .
p t ¢ C;"“F f;CO ogic work has b.C“l div 1dc.d into four units: an unnamed se % | Upper and Undifferentiated rocks
one previously in the western Snake River of Miocene age, the Idavada Volcanic, Q BP! '
Plain l.hat most of the terminology used in this  Idaho Group, and the Snake River Group: a Middle
paper is new. Furthermore, it has been neces- These broad units correspond in larg = g '
sagy to 'reldcﬁne some old names and to.nb:mdon with the rock units of former usage. The. * New stratigraphic names
otlérs. These changes are briefly explained, but - cene rocks include sedimentary deposil ** Old stratigraphic names, redefined
most o£ the observations on which this classifi-  associated gold-bearing rhyolite and b . Snake River Plain
cation is-based will be given later in more the Owyhee Mountains and along the Pay Figure 1. . Scquence of Cenozoic rocks in western onase
£ > ot ey M * M N ’%
comprehensive reports. River. The Idavada Volcanics consist of B . important features in late
Previous Terminology mineralized silicic latite and rhyolit sharacter a short distance beyond. In, order to (hvllsxop lC}liICSfC(SF; }l)
- , : > . Idaho Group includes younger sedime emphasize the principal geologic events, only  geologic history {ing. 4)-
7 . 29 r . M 1 / i -
. ]‘wdm}r) "gco ogists ‘;{1d pglcon)tqlogmts who  deposits . and some interbedded basal those mappable rock units that have con.51d?r ACKNOWLEDGMENTS
studied the western Snake River Plain were not  Snake River Group corresponds with th able extent and structural or gcom()fphlc sig- . hic relations described here are
in the field concurrently, and exchange of «cipal part of the Snake River Basalt bu aficance have been classed as formations. Small- The stratigraphic reath " but sub-
, : lly have based mainly on geologic mapping,
he stratigraphy have

-2 units of local importance gencrally
en relegated to stratigraphic divisions of
Esser rank.

stantial contributions to t

cludes some subordinate sedimentary dep
been made by paleontologists,

The choice of formations in this regio
been governed as much by areal extent

knowledge of the stratigraphic relations conse-
quently suffered. John C. Frémont collected the
first fossils (mollusks) from fresh-water deposits

some of whom
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have seen the relations in the ficld. Those who
have studied the fossils include: D. W, Taylor
and H. B. Herrington (mollusks); C. W. Hib-
bard, G. E. Lewis, D. E. Savage, C. B. Schultz,
]. A. Shotwell, T. M. Stout, L. G. Tanner, and
F. C. Whitmore (mammals); Pierce Brodkorb
(birds); D. H. Dunkle, Carter Gilbert, and

Teruya Uyeno (fishes); 1. G. Sohn (ostracodes); -
R. A. Scott (wood); Estella B. Leopold (pol--

len, spores, and seeds); K. E. Lohman (dia-
toms); and the late R. W. Brown (other re-
mains of plants).

The manuscript has been reviewed by W. ],
Mapel, D. I. Axelrod, J. T. Hack, R. L. Nace,
and E. M. Baldwin, as well as by the con-
tributing paleontologists.

ROCKS OF MIOCENE AGE

The western Snake Plain is bordered by a
variety of clastic, basaltic, and rhyolitic rocks
that have yielded fossils of middle to late
Miocene age. These rocks are exposed in
mountainous areas such as parts of the Owyhee
Mountains, the Jarbidge Mountains, the high-
lands along Goose Creek, the Mount Bennett
Hills, and the highlands along the Payette
River,

The Miocene rocks consist of an assortment
of deposits that intertonguc in a complex poor-
ly understood manner. In the Owyhee Moun-
tains and along the Payette River upstrcam
from Emmett, the basal part consists of thick
lava flows of basalt that Lindgren (1900, p. 90,
100) correlated with the Columbia River
Basalt. In the Silver City district of the Owy-
hee Mountains the basalt rests unconformably
on granite of the Idaho batholith (Lindgren
and Drake, 1904) and is overlain by extrusive
rhyolitic rocks. Schrader (1912, p. 46) con-
sidered this rhyolite to be similar to his old
rhyolite in the Jarbidge Mountains, by reason
of comparable structural features and ore de-
posits’, The rhyolite at both places is miner-
lized with gold and silver and contains pheno-
crysts of quartz, sanidine, and oligoclase. Some
also has phenocrysts of hornblende and biotite.
In places these rhyolitic rocks intertongue with
basalt, In addition to the Owyhee and Jarbidge
areas, mincralized rhyolitic rocks have been
recognized along Goose Creek (Mapel and
Hail, 1959), the Bruneau River (Littleton and
Crosthwaite, 1957), and on the north side of

1 R. R. Coats, U.S. Geological Survey (written com-
munication, Feb. 3, 1960), rccognizes the rhyolite at
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the Mount Bennett Hills (Piper, 1926), ThC:g
rocks resemble some rhyolitic rocks ing
Challis Volcanics of south-central 1daho, &0

Several hundred feet of clastic beds thy
overlie the basal beds of basalt and mincraﬁzggi‘
rhyolite were named the Payette Formatie
by Lindgren (1898, p. 632-634; 1900, p
97-100, PL 8), based principally on exposury
along the Payette River near Horseshoe Bend
20 miles north of Boise. Outcrops along the
Payette River and along Sucker Creek nonk
west of the Owyhee Mountains show that the
beds consist largely of water-laid silicic pyre
clastic material, more or less altered to vage
gated yellow, gray, and brown clay, butthc;
also include sandstone, shale, and some cod
Along Crane Creek, 12 miles northeast o
Weiser, the clastic beds are reported as over
lain by at least 1000 feet of basalt correlative
with the Columbia River Basalt (Kirkham,
1931, p. 220-221).

The Miocene rocks are considerabl
formed by north-trending faults and fokd
and by younger faults of northwesterly trend

IDAVADA VOLCANICS

The name Idavada Volcanics is here applied
to various nonmineralized silicic voleanic rocks
chiefly welded ash flows but including
bedded vitric tuffs and lava flows, that uncos
formably overlie the Miocene rocks. The name
is taken from Idavada, a place on the railrosd
near U.S. Highway 93 at the Idaho-Nevads |
state line, but the typical exposures a
miles northwest of Idavada in an escarp
parallel to Salmon Falls Creek (PL 1, loc,
Farther cast, along Goose Creek, the Idavads
Volcanics are also well exposed in a sectios
more than 3000 feet thick (Salt Lake and |
Payette(?) formations of Mapel and Ha
1959), which overlies gold-bearing rhyolite
Reconnaissance indicates that the Idavada Yo
canics extend from Goose Creek wes
through the Jarbidge Mountains, where
Idavada lies on mineralized rhyolite. Fa
west, in the Owyhee Mountains, the Idav
overlies clastic beds of Miocene age. On the
north side of the Snake River a thick sect
of the Idavada Volcanics, unconformable
granite and older rhyolite, makes up most|

Mount Bennett Hills, ‘
The Idavada Volcanics have been disc
by other writers under a variety of nam

of which are herein abandoned, Durin
et s A0 e el aenlaoists

&

IDAVADA VOLCANICS

mons, 1877, p. 498, 502, 520). Russcll (1902,
_12-44) described silicic volcanic rocks north
“ihe Snake River as the Mount Bennett
ivolite and mentioned that this rhyolite is
~wosed 10 the Snake River canyon near Twi~n
iv*;lls, an outcrop that Steamns (1936, p. 435;
1955; Stearns, Crandall, and Steward, 1938,
. 17-42) discussed under the names Shoshone
53lls Andesite and Pillar Falls Mud{low. Kir};-
um (1931) combined the Idavada Voleanics
ath the older rhyolite under the name of
owvhee Rhyolite. These two rock units are
Ko combined on the geologic map of Idaho,
most of the outcrop mapped in the western
ke River Plain consists of the ldavada
Solcanics.

The Idavada Volcanics vary in chemical com-
-onition somewhat according to mode of occur-
ence. The dominant welded ash flows and the
g abundant lava flows are nearly all silicic
atite, as shown by several chemical analyses to
% published later, and contain phenocrysts
# andesine, clinopyroxene, hypersthene, and
mgnetite. Glass in the groundmass is rhyolitic
& chemical composition. The ash flows and
tva flows characteristically form layers of
sorphyritic, black, resinous obsidian and thinly
sanded, lavender and gray felsite. The vitric
wfls, like the glassy groundmass of the as.ll
dows and lava flows, are rhyolitic in compost-
ton, They are mixed locally with other clastic
anterial but consist dominantly of massive
beds of well-sorted, angular, transparent glass
surds having the texture of sand. Unlike the
dder, gold-bearing rocks, the Idavada Vol-
anics rarely contain phenocrysts of quartz or
anidine and have no hornbiende or biotite.

\lthough the Idavada Volcanics have a
broad regional continuity, they are broken by
sorthwest-trending faults, These faults trend
sbliquely across the northerly oriented geologic
gructures that disrupt the Miocene rocks, and
they partly account for the present restriction
o the Idavada Volcanics to the uplands and
mountains north and south of the Snake River.
Because the Idavada Volcanics nowhere appear
dong the Snake River within the topographic
basin downstream from Hagerman, the faults
e probably related to diastrophism that out-
&ned the present shape of the western Snake
River Plain, ,

Evidence from fossils suggests that the

vada Volcanics in the western Snake River
in are early Pliocene and that similar rocks

ot o G D e Dlain are narty of
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west of the Owyhee Mountains overlie clastic
beds of transitional middle to late Miocene
age (Scharf, 1935; Chaney and Axelrod, 1959,
p. 112-115) and are overlain by carly Pliocene
beds of the Poison Creek Formation. Plant
fossils coliccted by R. R. Coats from vitric
tuff (Jenny Creck Tuff) in the lowest part of
the Idavada Volcanics in the Jarbidge Moun-
tains include Quercus browni Brooks and are
dated late Miocene (R. W. Brown, written
communication, Feb. 15, 1956). However,
hornblende-biotite rhyolite tuff at Copper
Basin on the southern flank of the Jarbidge
Mountains, below an unconformity indicative
of prolonged diastrophism and erosion, has
yiclded plant fossils also regarded as late
Miocene (D. 1. Axelrod, oral communication
to R. R. Coats, U. S. Geological Survey, 1960).
Molluscan fossils collected by Coats somewhat
higher in the Idavada Volcanics (Couger Point
Tuff) in the Jarbidge Mountains include a
new species of the land snail Vallonta and are
dated middle Pliocene (D. W. Taylor, written
communication, May 27, 1959). Didtoms,
Jeaves, and seeds have been collected along
Goose Creck from the lower part of the Idavada
Volcanics (Payette(?) Formation of Mapel and
Hail, 1959, p. 224-229). R. W. Brown re-
garded the leaves and sceds as ““latest Miocene
in age,” but K. E. Lohman dated the diatoms
as early Pliocene. Tooth fragments from higher
beds in the Idavada Volcanics along Goose
Creck (lower part of the Salt Lake Formation
of Mapel and Hail, 1959, p. 229-237) were
identified by Jean Hough as Neohipparion,
probably N. occidentale (Leidy), of early or
middle Pliocene age? Pollen from this part of
the section, according to Estella B. Leopold,
contains an abundance of Zelkova which “‘sug-
gests a late Miocene rather than a Pliocene
age.” Mollusks from this part of the section,
according to D. W. Taylor, include Lymnaca
albiconica, Lymnaea cf. L. megasoma Say, a
species  of Valvata, and an indeterminate
planorbid, all of which occur in the middle
Pliocene Teewinot Formation of western
Wyoming.

IDAHO GROUP

Introduction

Cope (1884, p. 135) applied the name, Idaho
Formation, to sedimentary deposits at Castle
Creck (Pl 1, loc. 2) where J. L. Wortmann had
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collected fossil fish. Cope thought the fish indi-
cated a Pliocene age. Related deposits exposed
along the Snake River as far upstream as
Hagerman were described by Lindgren (1900,
p. 93-99), Russell (1902, p. 51-59), Merriam
(1918), Buwalda (1923, 1924), Kirkham (1931,
p. 235-239), Stearns (1936), and Stearns,
Crandall, and Steward, (1938, p. 52-56). The
descriptions indicated that the Idaho Forma-
tion of Cope also includes Pleistocene deposits
and unconformably overlies rhyolite rocks
(Idavada Volcanics). These deposits, com-
prising clastic beds and intercalated basalt
‘flows, are here divided into seven overlapping
formations and are named the Idaho Group.
The clastic beds are consolidated, although
usually not lithified. They generally range in
texture from sand to clay but include some
gravel, volcanic ash, and diatomite. The beds
form massive, light-colored sequences hundreds
of feet thick that commonly crode into bad-
lands,

The formations of the Idaho Group are no-
where exposed in a continuous sequence, and
no single locality displays all the lithologies
characteristic of the group, but typical ex-
posures occur almost continuously along the
Snake River from Homedale to Hagerman and
in the lower reaches of the southern tributaries,
Especially good outcrops are found along the
lower reach of Reynolds Creek 7 miles north-
west of Murphy, along lower Castle Creek,
along the lower Bruncau River, along the
Snake River near Glenns Ferry, and in the
canyon wall west of Hagerman. A composite
section assembled from these exposures would
aggregate nearly 5000 fect thick, but the pre-
served thickness at any particular locality,
because of erosion and local thinning, is neces-
sarily considerably less. However, drilling indi-
cates that the thickness midway between
Bruncau and Glenns Ferry cxceeds 3000 feet
(Littleton and Crosthwaite, 1957, p. 161-163).

The distribution of the Idaho Group sug-
gests that these deposits accumulated in a sub-
siding basin. In general, in platcaus north and
south of the Snake River, the Idaho Group
overlaps fault blocks of older rocks, chiefly the
Idavada Volcanics, and is represented by the
older part of the group; along the Snake River
it is represented dominantly by the younger
part. This distribution probably resulted from
subsidence on faults that bound the basin
(Fig. 2). The relations are especially clear be-
e I T o 1 1y 1

successively lower positions  topographically
usually” in troughs bounded in part by th
next older unit.
The seven formations recognized in
Idaho Group are, in ascending order:
Poison Creek Formation, the Banbury Bagaly
the Chalk Hills Formation, the Glenns Fery
* Formation, the Tuana Gravel, the Bruneg
Formation, and the Black Mesa Gravel. Fosgh
from these formations range in age from eatly
Pliocene to middle Pleistocene. '

Porson Creck Formation

The Poison Creek Formation was named by
Buwalda (1923, p. 3) for Poison Creek Grade
at the north end of the Owyhee Mountains
9 miles south of Homedale (PL. 1, loc. 3) and
1s herein adopted. The name was applied to
beds of volcanic ash, clay, and sand that le
unconformably on the Idavada Volcanics ang
that contain carly Pliocene fossil mammals,
The best preserved section of the formation is
not at Poison Creek Grade, however, where the
thickness is less than 100 feet, but in the foor
hills 7 miles northwest of Murphy along the
road that leads to upper Reynolds Creek; here
the exposed thickness is at least 400 feet. The
Poison Creck Formation also crops out i
Sinker Creck 8 miles south of Murphy and
along lower Squaw Creek 2 miles east of U. S,
Highway 95 ncar the northern end of the
Owyhee Mountains. At these places the Poison
Creck Formation lies on tilted and faulted
Idavada Volcanics. Near Murphy the forma-
tion is overlain by lava flows probably correla-
tive with the Banbury Basalt. Near Homedale
the Poison Creek is overlain' by the Glenns
Ferry Formation.

Most of the Poison Creek Formation con
sists of siliceous voleanic ash and fine-grained
tuffaccous detrital material in massive beds
arranged in monotonous scquences, but it in-
cludes some layers of locally derived granitic
sand and gravel as well as thin beds of basaltic
pyroclastic material. The beds are consolidated:
but usually arc not indurated. The formation
is somewhat disturbed along zones of faulting
within which the coarse-textured beds ar
opalized and the fine-textured beds are altered
to montmorillonitic clay and stained yelleW,
brown, and green, The massive monotong
beds of volcanic ash and tuffaceous detr

material probably represent lake depos

EXPLANATION

Basolt of Snake River Group

IDAHO GROUP
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the Poison Creek Formation. Mammalian
fossils collected by Buwalda (1924) at Sands,
an abandoned community at the mouth of
Jump Creek Canyon 9 miles south of ITome-
dale, include fragmentary Hipparion teeth and
rodent teeth that indicate carly Pliocene age,
A collection from the beds near Reynolds
Creck 7 miles northwest of Murphy was ex-
amined by J. A, Shotwell who identified teeth
of HMipparion and a mandible fragment of
Sthenictis (written communication, Aug. 20,
1959). These specimens resemble forms associ-
ated with a large fauna of carly Pliocence age

- studied by Shotwell at Juntura, Oregon, about
70 miles farther west, This relationship, along
with a lack of Pliohippus in the Idaho collec-
tions, suggests to Shotwell that the Poison
Creck Formation is carly Pliocene.

olivine basalt that usually occurs as amygdul;.
lava flows about 15 feet thick, zllthough o

makes columnar flows about 30 feet thick;'{}%
middle part, about 100 feet thick, consig,
mainly of brownish sund and pebble gravel i
lenticular stream deposits but includes somy
light-colored clay, silt, and diatomite in L
deposits, as well as beds of siliceous voléary
ash. The upper part, in places 500 feet thid
is"composed mainly of elivine basalt and W
porphyritic plagioclase-olivine basalt in colyg,
nar lava flows as much as 50 feet thick Te
lenticular beds of sand and silt locally sepa
the flows. The upper part, although consi
ably weathered, is less decomposed tha
lower part.

The base of the Banbury is not widely e
posed but probably represents an importage
unconformity. In the type area, the Banburs
lies on faulied Idavada Volcanics that wes

Banbury Basalt

Stearns (1936, p. 435) named the Banbury
Volcanics for exposures near Banbury Hot
Springs on the Snake River near the mouth of

croded prior to burial, although residual hilk
and valleys were preserved. This erosion
have been partly contemporaneous with depe

i

« oqual in age to what we call lmc‘AP]ioccnc in
\cbraska; that is, cqun‘alcng Lo .the Sidncy Mem-
wr of the Kimball Formation in the uppermost
ot of the Ogallala Group.”

The mollusks were studied by D. W. Taylor
Lritten communication, I)cc.‘ lQ, 1959) \\'h‘o
=ports nine species that are similar to speci-
ssens from the middle Pliocene of Jackson Hole.

Chalk H i1l Formuation

The Chalk T1ills Formation is here named for
ie Chalk Hills, an arca of badlands at the head
& Little Valley 14 miles southwest of Bruncau
. 1, loc. 3) where the formation is abo.ut 300
it thick. The Chalk Hills Formation is con-
sauously exposed as badlands {from Little
yullev eastward to the head of Bruncau Valley
& Hot Creek 10 miles south of Bruneau.
- Gmilar badlands are carved in the formmipn
fong the middle reach of Castle Creek and its
acstern tributaries known as Brown Creck and

Hart Creck.

The Chalk Hills Formation contains large

sition of the Poison Creek Formation

The Banbury Basalt is broken by 1
northwest-trending faults. Although displace
ments across some zones of faulting probably
exceed a thousand feet, the Banbury is muc
less deformed than the underlying Ida
Voleanics. The basalt near Murphy is'se
rated from the underlying Poison C
Formation by a low-angle unconformit
is comparatively less broken by faults;

Thus far, fossils from the Banbury have beea
identificd from a single locality, a bed af
diatomite in the middle part of the formatie
along Clover Creek 16 miles northwest o
Gooding. The fossils include two mammals
several fresh-water mollusks. One of the m
malian {ossils is a rodent jaw, which is ident
by C. W. Hibbard (written communicati
Dec. 5, 1959) as M icrotoscoptes disjuncius (\Vﬁ*
son), previously known only from middk
Pliocene rocks in Jackson Hole, western ¥
ming, and ncar Rome, southeastern O
The other mammal is represented by a ca
tooth which T. M. Stout {written commun
tion, June 28, 1960) has identified as fo

Salmon Falls Creek (PL 1, loc. 4) and applicd
the term to “‘massive, dark-brown weathered
basalt flows and coarse and fine tuff beds” that
extend 60 miles downstream along the Snake
River from a place near Twin Falls (Stearns,
Crandall, and Steward, 1938, p. 50-51, pl. 5).
The Banbury Basalt is now recognized also in
uplands north and south of the Snake River
as well as at some places farther downstream.
North of the Snake River, between Glenns
Ferry and Gooding, the Banbury emerges
from beneath a cover of younger rocks and
forms a dissected upland platcau that extends
to the castern summit ridge of the Mount
Bennett Hills. About 15 miles south of the
Snake River, between Bruneau and Hager-
man, the Banbury rises along a steep escarp-
ment to form a basalt plateau that extends
southward for about 40 miles to the foothills
of the Jarbidge Mountains. An area of Banbury
Basalt about 8 miles south of Bruncau was
mapped by Littleton and Crosthwaite (1957,
p. 161-162, PL 6) as “‘basalt of Pliocene(?)
age.”” West of Bruncau, exposures of basalt
beneath the younger beds of the Idaho Group
are intermittent and less well studied, but the
faulted and decomposed basalt that overlies

“The specimen is a loose right M! or M2 that

s

saounts of siliccous volcanic ash, but the ash
s subordinate to other fine-grained detrital
material, chiefly silt and sand. The ash 1s
comparatively fresh, although opal has been
fsrmed locally. The detrital material and vol-
anic ash are consolidated and make variegated
wquences of white, brown, pink, and gray
beds ranging in thickness from 5 to 10 feet.
Because the beds display considerable lateral
continuity; they may have accumulated in
1 shallow lake, but the abrupt vertical changes

to Dipoides stirtoni Wilson. 1t is nearly identical 12
the right MY in a skull of Dipoides fricks from
Cambridge, Nebraska. It also compares well
the specimens in the U.S.G.S. collection
Jackson Hole, Wyoming. The typical materia
Dipoides stirtoni is from Rome, Oregon. }

the Poison Creek Formation near Murphy is
probably stratigraphically equivalent to ‘the
Banbury.

The Banbury Basalt, in the type area, is

divisible into three parts. The lowest part con-
I A S T2 Y ¢ T A & E 1 I

i texture and color imply the action of
streams.

Structural relations indicate a moderate
Watus at the base of the Chalk Hills Formation.
Atthe type locality and at the head of Brunecau
Valley, the Chalk Hills Formation rests on
faulted Banbury Basalt, which is not croded
“soticeably. At Castle Creek, the Chalk Hills

overlies the Idavada Volcanics. Farther west,

between Sinker Creek and Murphy, as much
1100 feet of the Chalk Hills is preserved on
“troded basalt that is probably correlative with
the Banbury. Later deformation has tilted the
formation at low angles and has created some
zentle open folds, Ordinarily, the beds dip
torthward toward the Snake River, but some
ue inclined toward the south,

Mammalian and Molluscan fossils have been
wollected at several places in the Chalk Hills
ormation, A few fragments of camel and

mf’pnrion from exposures at the head of Little
LT | N I R ot
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age (J. A. Shorwell, written communication,
Nov. 17, 1938;. but larger collections of mam-
mals from 151 Creck are dated by Shotwell
(written coriunication, Aug. 20, 1959) as
middie (possibly late middle) Pliocene. In
addition to fragmentary specimens of camel,
rhinoceros, citellid rodent, and  IHipparion,
these collections include teeth of the beaver
Dipoides, one specimen being closely related
to D. stirtoni Wilson {rom muddle Pliocene
rocks at Rome, Oregon, and another being
similar to D. wilsoni Hibbard from late Pliocene
rocks at Saw Rock Canyon, southwestern Kan-
sas. The same specimens are identified by T. M.
Stout and G. E. Lewis (written communica-
tions, May 4 and June 28, 1960) as **Dipordes-
like castorids of middle to late Pliocene age.”
The fresh-water mollusks have been studied
by D. W. Taylor (written communication,
Dec. 10, 1939), who identified three species Qf
clams and six species of snails. None of these is
found in the collection from the underlying
Banbury Basalt or in the middle Pliocene rocks
of western Wyoming, The Chalk Hills mol-
lusks were collected in the Castle Creek area
by Taylor and N. R. Anderson, University of
Puget Sound, and at Chalk Hills by Taylor and
R. T. Littleton, U. S. Geological Survey.
Taylor reports that these collections contain
several distinct species; namely, a clam Ano-
donta decurtata Conrad and new species of the
snails Valvata, Vorticifex, and Carinifex. Taylor
reports that the remaining snails consist Qf two
species of Lithoglyphus and one species of
Gyraulus that are either closely related to, or
identical with, species from a locality in Sand
Hollow 16 miles southwest of Vale, Oregon
(Henderson and Rodeck, 1934), which are
dated as middle Pliocene from remains of the
beaver Dipoides (J. A. Shotwell, oral com-
munication, 1959). The clam Sphacriim 1n
these collections is represented by one or two
species that occur also in the overlying Glenns
Ferry Formation. Based on the mqllusks,
Taylor dates the Chalk Hills Formation as
late middle Pliocene,

Several other fossils have been reported from
the Chalk Hills Formation. At Little Valley,
Russell (1902, p. 56-57) found internal casts
of the snail Carinifex (his Cannifex), together
with abundant fossil wood, a few fish bones,
and fragmentary mammalian remains. The toe
bone of Morotherium reported by Russell has
been reidentified by F. C. Whitmore (written

communication, Mar. 31, 1960) as a small
e b bt N Ty Qe 111ctial
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basalt is thoroughly decomposed to basaltic

plant remai ; s Ohalle 1T . .
}}mf:,lctali;l)nl‘;g:lfé‘;;?ri‘ll)‘é(fkd}hnl,Ill}s]sllFlor]m:f!]x.on thlc'kncss. The varicties of deposits are g § posures in the west wall f’f the Snake Biver .
aboue 6 miles southwest Ome;{;,ml; q‘i Oc'(,l 1t); veniently dlSCU:S'SCd as facies, although not ¢ § -nvon it Hagerman, but it also crops «nt at s:l}}{oht;. . ’ o
with fossil wood of fir alder o ‘]’I;V‘.ﬁokcmtc((j 1Qutcmp:s’ are umqlic‘ly assignable to a particgl. “everal places as far downstream as IIom'cdu]c. Ihc; intertonguing of scd_lmcmary facies in
hickory, was dcscribc’d o ’Blm{iv;l , (])()14(,) an‘ xthologlc type. Ivhrcc principal facies 3 wme nmcworllly exposures arc found_ in the ll}e (;Icnn's Ferry F(.)rmanon, dcmopslratcd
Fomes idahoensis. Brown lgmunht []1{ ) : 1-) as rcc.ogn’l%cd: ](lCl'lSlflnC, fluviatile, and fgy § over reach (zf(,lovg‘r Creek about 10 miles cast  with the aid of volcanic marker bc.ds, 11))\'01\’@3
indicated a much monter Cli"]’[]'l[c L” nc\o]ry plain. These f;\gC.ﬁ are rarely continuously g A Glenns Ferry, in the upper part of the scquences several l}\‘mdrcd feet thick (Powers
present climate and o ‘agc N "Ol“ rmn ]l,lc posed, and t'hmr Intertonguing relations ha. sorthern canyon wall of the Sl)z.ll\'(: River from zm(% I\Ial(.k, 1961). The lower 400 feet of ﬂqod‘
carly Pliocenc, A numbes of fmZi] )?(gcr .t han been dcfcrmmcd only by detailed Stratigrab}}; Glenns Ferry to Hammett, and in the northern  plain fllC.lCS at Hagerman g{adcs \\'cst'ward nto
have been collected from i (‘flfl]]]i L]O]"]ﬁs study. Even so, many of the relations are s | <yon wall of the Snake River from the alacustrine facies at Deer Gulch 8 miles south-
Formation at Little Valley and ’1{0 a o .115 poofly undcrsgood. ' = ¢ mouth gf Brlu}guu Rl_\'cr to }hc mouth of  cast of Glclms Fcr{y and into zlr\kosm deposits
Creck (Russell, 1902 ) 57‘) ’”‘]C ng As{te 'Ih'c lacustrine facies is greatest in "Oinr Castle .(,rcck. The facies consists n}()sdy of [{C[\VCCI) Qlovcr (Treck and Qlcnns _Ferry.
seribed by Knowlton »(1901) q; e ;91{1{6 ‘( e an.d i area of outcrop, It is exposed intiy dne-grained graded beds 1.—3 fcct. thick com-  These nrk~051c dcposns are overlain by 650 feet Y
may- possibly have ,been dc“r‘ivcd f " g";”f‘ - mittently along the Snake River from Glet posed of calcarcous pulcﬂhvc silt in the I()chr of }acust.n@ facies at Glenns Ferry. A flood-
formation, although it has et been rom ‘[ 11; Ferry as far downstream  as Homedale ap § and dark clay in the upper part. Plant plain facies in the upper part of the northern
with specimens 0? Lo s ‘ compared  may be present in adjacent eastern Oregon fagments are commonly preserved in the dark  canyon \\'.all at Glcnps .Ferr)f grades south-
n source, The facies consists d()minam]y of mag"' day, The grad :d beds are repeated monot- westward into the fluviatile factes at IHammett, ‘
layers of tan silt, which form drab monotof?} onously and can be traced laterally several A flood-plain facies at Castle Creek merges d
MO E housand [eet. Intercalated among the beds of — northwestward with yellow silt of a lacustrine o
facies ncar the mouth of Sinker Creek, 8 miles i

; . outcrops having little [i . g
General feature I aving liede lithologic v
5. The G s Ferrv F B S MU 4 ariety by § U
Je ¢ Glenns Ferry Forma-  marked by faint, diffuse, gray bands arrz ML i and clay are a few layers of sand that rest
. on scourcd surfaces, which are apparently the  distant. Such stratigraphic relations demon- |
strate the order of beds in local areas, but .

tion is here n: .
clastic dCPOSitS],llIl];l:tdC]f;ZiaS(ljcr?;s[]Ij‘srfro);”:‘h'cre parallcl‘ to bedding and spaced several ficz .
are exposed both north and Soxith e s‘a[,l(]in i1}purt. Some outcrops contain alternating thip doors of channels. A few beds consist of paper ! e
River and for some mile Lpstrcam ani &nav e | eds of ripple-marked sand and silt. Along the shale that seems to be largely the decomposed  numerous minor angular unconformities have
stream (PL 1, loc. 6). The 1 )‘im[‘ i down-lower reach of Castle Creck, 13 miles north § fematns of plant fragments. At Hagerman this  hindered the establishment of a complete
begin 11 miles enst of Glcnflsl Ftcrrc;\p%%m west of Grand View, the area of a recent gy § cies is more than 550 feet thick. stratigraphic sequence. 'I;hese unconformities
junction of Hog Creek and Clover C)r ﬂli tl(; published study by N. R. Anderson, Univer Inaddition to the principal facies, the Glenns generally do not exceed 3°, bgé near the edges
extend westward along the canvon \C'C””‘an(f sity of Puget Sound, the lacustrine faces § Ferry Formation contains some minor sedi-  of the basin they are largC{fD -10 . The areal
the Snake River to Tncian Cov‘e e m“\:{ s of - consists of featureless. pale-yellow silt ovedfé mentary deposits that are important locally  extent of these unconformities is so broad, and
of Glenns Ferry, From the [y!)c es “?t ing a bfxsa'l odlite bed as much as 100 feet but of small arcal extent. The basal beds along the number of identified marker horizons so
Glenns Ferry is exposed cont)i}moy]c? the  thick. .Sllnllaf‘ odlite occurs at the base of the QlO\'er Creek from 8 to 11 miles east of Glenns | few, that the sequence of beds is still poorly
stream as far 15 the camvon swall s Ofslf‘{: oup- l\acuslrme f‘IlC.lCS south of Grand View and ness § Ferry consist of 150 feet og.mr_xssxvc arkosic sand | kno;vn. ‘
man where the formation incudee ‘flbclr- Murphy; thin beds of oélite also occurat § ¢ fine granitic gravel. Similar arkosic debris | Near Glenns Ferry and Hagerman the
Hagerman Lake Beds as used b SICI'I;‘IK; 0195%6 places south. of Glenns Ferry, Along Hot also occurs between Clover Crcck.and Glcnns | Glenns Ferry Formation 0\’6[:11(:8 leqbury
p. 435). Hagerman is a valid n}']une }ors'(l » Creek, 10 miles south of Bruncau, the ba Ferry ab(iut 600 feet higher stx'atlgrzl})Jlicall)r. | Basalt, but from the Bruneau River to Sinker
local vertebrate fauna collected ‘\vcst of III ﬂyrge the lacustrine fuCl‘;‘S is a bed of algal limestone §. About 15 miles south of Glenns Ferry 2 Creek the Glenns Ferry lies on the Chalk Hills
man, but the Hagerman Lake Bods *alécr— abgut 20_ feet thick (Littleton and Crosth- § tquence of sandstone, siltstone, and quartzite Formation. Fa)rt!)cr west the Glenns Ferry
abandoned as a fovma] s[raginm s are 1§rc waite, 1957, p. 163). Although the silt of the cobble conglomerate has been cemented with  overlies the Poison Creck Formation a\nd
cause abrupt lithologic chmbve‘slqnd unit, e Iacustx‘nx]q facies is nonindurated, the deposits opal. The conglomerate probably once ex-  basalt corrclative with the Banbury. In the
posures make thow Ted : g, a poor ex-  are sufﬁcncplly consolidated to stand in cliff tended westward to the arca south of Bruncau,  type area, the underlying B.anbury has be'en
eds unmappable beyond 100 feet high. At Glenns Ferry a section o because the younger deposits of that area con-  extensively beveled by erosion, alchough in-
f : tin lag concentrates of quartzite cobble gravel.  sufficiently to obliterate -relief amounting to

Hagerman, ;
german, although they are a recognizable  the lacustrine facies is 650 feet thick
The Glenns Ferry Formation contains very — at least several hundred feet, which was caused
by an earlier period of faulting. The underlying

Glenns Ferry Formation

sedimentary facies duplicated i
‘ ated in severs fati g .
parts of the Glenns Feprry, eral other . The ﬂu;‘mn{; facul:s is best exposed in_o bl o T hemenl] |
The Glenns Ferrv Fomen . Tfops north and south of the Snake River i ittle material precipitated chemically, other i . ‘ !
most COntinuouglcrr\r\)eglt:omzjd“Ofn crops out al-  Hammett, 9 miles downstream from Glenns than the minor amounts of oélite and algal Chalk Hills Formation, slightly tilted and :
and is CXtcnsivel)r o ociii as blr ]ﬁls 1 I(;)mcda]c Ferry, where the facies is 350 feet thick. It also llmestoxlc, but the lacustrine facics locally con-  folded, is beveled by algal limestone and oolite
of the Snabe R)ivc‘r p E\’idlcllce‘uf:(;lm s ?ou.tlh cropls ou[t at the head of Bruneau Valley 8 miles ;)L;ms some sccondaé}: gypsum. 'll"lhe n}ost nota- ':}tl thfi lf)ase oj tI})le~ Glencns Il:‘\erlgy Formangn.
ver. ossils  south of Brune d is ex the ¢ gypsiferous beds are in yellow lacustrine he deformed Poison Creek Formation be-
suggests that str: i T au and is exposed along the L BYP s beds y § s
poi,'gtg may be rr‘lctxg)r:pfhlca”é cquivalent df:— paved road 17 miles n()rlh\\'cst} of Grand %’ie@ silt above the odlite at Castle Creek where the  tween Murphy and Homedale is also beveled
pres rom Boise to Ontario  This facies is composed mostly of thick, evenly gypsum is associated with thin beds of siliccous by the basal beds of the Glenns Ferry. These
" relations indicate a moderate angular uncon- .

volcanic ash.

~ Volcanic materials occur in the Glenns Ferry  formity at the base of the Glenns Ferry Forma-

in minor amounts. The formation contains  tion, apparently less marked than the uncon-

several small Java flows of olivine basalt and  formities that separate the older units of the
some beds of basaltic pyroclastic debris. A little  Idaho Group. '

g siliceous volcanic ash is also present as beds a Fossils and age. Because the fossil assem-

1 fg‘\\’i_nclx('s thick. The siliceous ash is fresh, but  blages in tlhe Glcnn§ Ferry Formation are

and Wei V. T ri i
catiol\ c;glr) (14) 1\36.0'{(1217!105 W rlltt(?n communi-  layered beds of drab, very pale brownish-gray
o the,GlCn.m i:‘err : e.mb -1us, t 1e' area covered  sand and some silt., Some of the layers are cross
S(iume Jlenn, The) o )o{ases ig\;]c.ral thousand  bedded and ripple marked, but bédding pI
fare miles. The xposed thickness of the  between layers are parallel. Among the lay

a G]eiﬂ]; ;fer? ;’)ci?arca is about 2000 feet.  of gray and brown sand and silt ar“g7 some

ofnen jenns | y ]or';na.tlon s a collection  of olive silt, dark-olive clay, and paper sh:
ated, complexly intertonguing, lake  which are characteristic of the flood. mlain fal
plexly 1 ) c ¢ L a- nlain ract
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they occur, the facies assemblages are sum-
marized scparately.

The formation contains a great variety of
{reshwater mollusks. From studies ‘thus far,
D. W. Taylor recognizes 109 specics, distrib-
uted among 40 genera and 20 familics. Only
two species, representing two of the families,
are terrestrial. Of the 109 species, 87 are re-
stricted to or are characteristic of the lacustrine
facies. Concerning these mollusks, Taylor re-
ports as follows (written communication, Feb.
4, 1960):

““Most of the mollusks from the lacustrine facies
are prosobranch gastropods of the families Hydro-
biidae, Pleuroceridae, and Thiaridac, but Payetria,
Vorticifex, and the peculiar Orygoceras are common
(Dall, 1924). Nearly all of theselacustrine species are
extinct (94 per cent), and a large number of them
belong to extinct genera. Although practically all
mollusks of this lacustrine assemblage arc endemic,
the unusual diversity of genera and families sug-
gests that the Glenns Ferry mollusks may have
descended from a former diversified lacustrine
fauna. In degree of endemism, in the variety of
species and genera, and in the great variety of
individual forms, the mollusks of the lacustrine
facies of the Glenns Ferry Formation are similar to
those living in Lake Ohrid, Yugoslavia, and in
L.akes Tanganyika and Nyassa, Africa, as well as
being similar in these respects to the fossil mollusks
from the former Pontian, Dacian, and Levantine
basins of southeasterit Europe.

- “Mollusks of the lacustrine facics of the Glenns
Ferry Formation are most closely related to those
described by Yen (1947) from Cache Valley, Utah.
Closely related species of Payetria and Lithoglyphus,
and new hydrobiids occur in both areas, Other
molluscan affinities are less close. New species of
Vorticifex from the lacustrine facies show affinity
to those described by Yen from Utah, as well as
to new species of probable middle Pliocene age from
the Mitchell Butte quadrangle south of Vale,
Oregon, where the genera Onygoceras and Payettia
arc also found. The clams Sphaerium kettlemanense
Arnold and Gonidea coalingensis Arnold from the
lacustrine facies are otherwise known only from the
late Pliocene of the Kettleman Hills, California.

“The mollusks from the lacustrine facies of the
Glenns Ferry Formation are thought to indicate a
late Pliocene age, because of their relation to
mollusks in other areas, and because of the high
pereentage of extinet forms.”

Mammalian fossils are rare in the lacustrine
facies, but fossil fish are relatively common.
Teeth of a mole found in this facies in the
Bruneau River valley have been reported as
Desmana moschata, similar to species known
from the upper Pliocene to Pleistocene of
Fneland and Beloium (Littleton and Crosth-
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waite, 1957, p. 164). A skull and front limy
bones of a horse from this facics near Glenng
Ferry arc identified as Equus (l’/cszppm) d.
E. (P.) shoshonensts Gidley by G. E. Lcwis:
C. B. Schultz, and L. G. Tanner (writtey
communication, June 25, 1957), who belieye
this horse to be closcly comparable to othey
species of Aftonian age from Garden ‘ang
Morrill counties, Nebraska. This species. i
based on numerous skeletons collected at the
celebrated locality west of Hagerman, mep:
tioned below. Representatives of six familie
of fossil fish described by Leidy and Cope
(Cope, 1884, p. 153-165) from the lacustrine
facies along Castle Creck include a salmonkke
fish of the genus Rhabdofario and a mollusks’
cating cyprinid of the genus Mylocyprings,
Miller (1958, p. 194) mentions a catfish of the
genus Ietaluras not now native to this part'of
the Pacific slope and a sunfish of the genus
Lepomis now restricted to castern North
America. Cyprinid fishes also are found ne;
Glenns Ferry (Uyceno, 1961).

The fluviatile facics of the Glenns Ferry
Formation has yiclded a great many molluscan:
and a few mammalian fossils. This facies cons.
tains cight specics of mollusks that have not
been found elsewhere in the formation as well
as other species that occur also in the lacustrine
and flood-plain facies. Taylor reports (writt
communication, Feb. 4, 1960) that the che
‘acteristic forms include new species of Lith
glyphus and Pleurocera together with Li
glyphus weaverr (Yen). He regards the moll
can fauna of the fuviatile facies as “latest
Pliocene or carliest Pleistocene” (written cor
munication, Aug. 24, 1960). The Shell Moun
tain locality of Russell (1902, p. 54-56) an
the Hammett locality of Yen (1944) a
probably close to, or identical with, an outcro
of the fluviatile facies south of Hammett in
which Hibbard and Taylor report fossil mar
mals and mollusks (Hibbard, 1959, p. 19-2
locs. 19128 and 19129). The few mammal
include two species of voles: Pliophenacom
tdahoensis Hibbard, which is regarded as mol
advanced than P. primaceus Hibbard from th
late Pliocene Rexroad Formation of southwes
Kansas; and a species of Pliopotamys which
different from P. minor (Wilson) of the flood
plain facies of the Glenns Ferry Formation':

Hagerman. The first appearance of Pliopotamy
in the Great Plains is in the early Pleistocent
The horse Plesippus is also recorded at,
Hammett locality.

The food-plain facies of the Glenns Ferry:
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gormation locally contains numerous molluscan

ad vertebrate fossils. Altogether ll}c exposures

.t Hagerman have yielded 26 specics of fresh-

ater mollusks, most of them from the part

Jhich is laterally cquivalent to a lacustrine

L¢ies at Deer Guleh, Taylor reports (written

;unmmniculion, Feb. 4, 1960) lh.at 13 of these

ecies are extinct and that they include repre-

entatives of Lwo extinct gencra and one ex-

gnct family.

\m\c'ertcl)m)lc fossils have been col]cct(;d at

everal localities from the flood-plain facies. A

iow vertebrates have been found at Hagerman

« the lower exposures that are laterally equiv-

dent to the lacustrine facies at Deer Gulch

Hibbard, 1959, locs. 19217 and 20765), but
the principal collections are from t.hc “f I.agcr'
man horse quarry’ in bcds.struugrzlphxcally
figher. The vertebrate remains found at the
horse quarry include those of shrew, gopher,
vole, weasel, otter, rabbit, peccary, camel,
atelope, horse, and mastodon, fxs.\\'cll as those
of fish, reptiles, and birds. ']hxg vertebrate
ssemblage was considered by Gazin (1936) to
be late Pliocene and comparable to the Blanco
local fauna of Texas. Subsequently, some
awthoritics have correlated the Blanco with the
Villafranchian of Europe, which was defined as
lower Dleistocene at the 18th International
Geological Congress. C. B. Schultz, L. G
Tanner, and G. E. Lewis {written communt-
cations, May 6 and June 25, 1957) date the
Hagerman fauna carly Pleistocene, as does
Hibbard (1959). The flood-plain facies in the
lower reach of Clover Creek is stratigraphically
below the Hagerman horse quarry, as shown
by an intercalated lava flow, and grades south-
ward into the lacustrine facies at Deer Gulch.
Mammal remains found in the Clover Creck
txposures are identified by Scln}hz, Tanner,
and Lewis (written communications, May 6
and June 25, 1957) as the metapodial of a large
Pleistocene bear such as Arctotheriun sp. zu.uvl as
fragments of the upper and lower dcntmgn
of a horse that falls within the range of varia-
tion of specimens of Plestppus from the Hager-
man horse quarry. Rodent and other mam-
malian fossils from a flood-plain facies at Jackass
Butte, 13 miles downstream from Grand View,
were considered by Ilibbard (1959) to be
middle Pleistocene, but on the basis of analyses
of very large collections made in 1958 at Inc}mss
Butte, J. A. Shotwell (written communication,
May 1, 1959) believes that the Jackass Butte
ind  Hagerman  vertebrates  are probably
sleantalam callv cauvalent.

[

Diatoms approximately ~contemporancous
with the vertebrate remains at the Hagerman
horse quarry include 72 species and varieties,
of which about one-half occur in the Pliocene
and Pleistocene(?) Tulare Formation of Cali-
fornia, according to K. E. Lohman (written
communication, Sept. 19, 1957).

A beaver tooth found in a conglomeratic
sequence 15 miles south of Glenns Ferry is
identified by T. M. Stout (written communica-
tion, Oct. 30, 1959) as ?'‘Castor” cf. “C”
californicus Kellogg of carly Pleistocene age.

The various facies also contain ostracodes and
plant remains such as wood, pollen, spores, and
algac that are significant ccologically.

The age of the Glenns Ferry Formation is
uncertain, Its mollusks are interpreted as
largely late Pliocenc and its vertebrates as carly.
Pleistocene, despite the apparent intertonguing
of sedimentary facies containing both. Until
the conflicting ages are resolved and until the
stratigraphic relations within this formation
become better known, the Glenns Ferry 1is
assigned to the late Pliocene and early Pleisto-

cene,

Tuana Gravel

The Tuana Gravel is here named for Tuana
Gulch, a tributary valley that drains the up-
land plains west of Hagerman. The name is
applicd to a typical sequence of brown and
gray beds of pebble gravel, sand, silt, and clay
in Indian Butte, a prominence along Tuana
Gulch 10 miles southwest of Hagerman (PL 1,
loc. 7). Here the Tuana Gravel is 200 feet
thick.” Fastward and northward from Indian
Butte, the Tuana extends to the bluffs of the
Snake River, where the base of the gravel is
about 600 feet above river level. Southward the
Tuana extends to the upland plains drained by
the lower reach of Salmon Falls Creek. The
name is applied, also, to a patch of pediment
gravel in the upland drained by the Bruneau
River. This gravel extends north\\.'ard from the
upland plains to an eroded terminus 850 feet
above the Snake River 6 miles southeast of
Bruncau. o

Exposures of Tuana Gravel at Indian Butte
and along the upper canyon wall of the Snake
River west of Hagerman show that the forma-
tion is well bedded and that individual beds
are well sorted. At least five beds of gravel are
preserved, and these consist dominantly of
pieces of welded tufl from the Idavada V: ol-
canics. The brown sand, silt, and clay between
the gravel beds are apparently subaetially

T s T

e




1210 MALDE AND POWERS—STRATIGRAPIY, WESTERN SNAKJE RIVER PLAIN

weathered and commonly contain sccondary
carbonates. The pediment gravel southeast of
Bruncau consists of cobbles and boulders of
quartzite mixed with finer gravel from the
Idavada Volcanics.

In the area drained by Tuana Gulch the
Tuana Gravel overlies beds of the flood-plain
facies of the Glenns Ferry Formation, which
are truncated at the base of the Tuana by an
angular unconformity that dips gently north-
ward at an average gradient of 15-20 feet per
mile. The base of the pediment gravel south-
cast of Bruncau dips northward at a similar
gradient and also truncates the Glenns Ferry
Formation. The eroded upper surface of the
Tuana Gravel is marked by a cap of hard
caliche several feet thick.

The only fossils found thus far in the Tuana
Gravel were collected 314 miles north of
Indian Butte. R. A. Scott (written communi-
cation, Jan. 14, 1959) identified wood from this
locality as Quercus sp., belonging to the white
oak group, and G. B. Schultz, L. G. Tanner,
and G. E. Lewis (written communication,
June 1, 1959) identified fragments of leg and
foot bones from the same locality as a “*pro-
boscidean (probably mastodontoid)” of Pleis-
tocene age. Because of relations to other units
of the Idaho Group, the Tuana Gravel is
regarded as early Pletstocene,

Bruneau Formation

The Bruncau Formation is here named for
the town of Brunecau, near which the lake and
stream deposits and basaltic lava flows char-
acteristic of the formation are well exposed.
The typical exposures begin east of the mouth
of Bruneau River about 9 miles northwest of
Bruneau and extend southecastward to the
pediment gravel 6 miles southeast of Bruneau
(PL 1, loc. 8). The thickest sections of the
Bruneau Formation lie close to the present
course of the Snake River and outline an
ancient canyon fill about 800 feet thick.
Sedimentary deposits of the canyon fill are
exposed from the type area upstream to
Hagerman and downstream to the vicinity of
Murphy. The canyon filt farther downstream is
largely croded or concealed by younger de-
posits. Basaltic material of the Bruncau Forma-
tion forms a canyon fill more than 1000 feet
thick near the mouth of Sinker Creek cast of
Murphy and a fill 500 feet thick at Crane Falls
on the Snake River north of Bruneau. Basaltic
lava flows also mantle the platcau that extends

. A= e v

River. Other voleanic rocks of the an&u
occur on the dissceted plateaus north and east
of Glenns Ferry,

In the canyon wall west of Hagerman, fhc
Bruncau Formation lics against a steep forme
canyon wall croded in the Glenns Ferry Formg.
tion and in the overlying Tuana Grave],
Caliche fragments derived from a calcareoy
soil developed on the Tuana are preserved iy
colluvium at the base of the Bruneay, At
Bruneau, the formation similarly lies against 3
steepslope croded in the Glenns Ferry and in the -
overlying pediment gravel. Material from the
pediment gravel has been reworked into the
Bruneau. Although the Tuana Gravel and
Bruncau are not in actual contact, these rely
tions show that the Bruneau is stratigraphically
younger, . C

The sedimentary deposits and  volcanie
rocks that comprise the Bruneau are extremely
lenticular because of the damming of the former
canyon by lava flows and the impounding of
sediments at various. places. The formation
contains numerous unconformities which in-
dicate that the lava dams were periodically
breached, causing crosion upstrcam. Thes
unconformities cannot be traced far, and cor-
relation of the canyon-filling sequences is
poorly understood, even though the strati-’
graphic relations from Bruneau to Hagerman
have been worked out in some detail. ¢

Sedimentary deposits of the Bruncau For
tion consist mainly of lake beds but include
minor amounts of fine-grained stream deposits
and pebble gravel. The principal component
of the gravel is material from the Idavada
Volcanics. The lake beds between Bruneau and
Hagerman lic mainly south of the Snake River
where they rise to a uniform altitude of 3200
feet. The base is graded upstream from 2450
feet altitude at the mouth of the Brunea
River to 2700 fect at Hagerman. These beds
consist dominantly of laminated tan clay and
massive silt in layers 50 feet or more thick. Al
though some cxposures are nearly all clay,
most contain also thick beds of silt and diar
tomite and some layers of fine sand. Inter
calated among these beds are widespread layers
of iron-stained, well-sorted pebble gravel @
much as 25 feet thick. The lake beds and grav'd
erode into distinctive white badlands streaked
horizontally with thin rusty bands. From the
top of the lake beds, particularly at the bas
margin on plateaus north of Glenns Ferry,

) DOWDSU‘CIUH from

section of colluvium, fan eravel, and ot
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These marginal deposits are intercalated with
nva flows that, near the Snake River, rest on
qosion surfaces within the lake beds. The
gosion surfaces risc toward the north and
quncate older rocks, Similar colluvial and
aream deposits near Hagerman overlie a wide-
aread soil developed at the top of the lake
peds. An identical soil is preserved locally on
the lake beds 12 miles south of Glenns Ferry.

The volcanic materials in the Bruneau con-
ast ol lava flows and pyroclastic debris of
oivine basalt derived {from scveral volcanic
centers. One source of lava was a group of
wents ncar Mountain Flome  from  which
phgiocl;xsc—oli\'inc basalt poured west, south,
wd cast onto stream-cut terraces of Brunecau
ace where the basalt cooled as columnar flows.
This lava Olls a former canyon 500 fect deep
porth of Bruncau where part of the {ill has
sillow structure, A related lava fill 5 miles
southwest of Glenns Ferry is more than 200
feet thick. Another distinctive olivine basalt,
characterized by dense texture, inflated vesi-
ces, and abundant microphenocrysts of pla-
gioclase, spilled southward from the Mount
Bennett Hills onto fan gravel of Bruncau age
12 miles north-northwest of Glenns Ferry. A
smilar basalt from a source farther east in the
Mount Bennett Hills spilled southwestward
onto an upland erosion surface that terminates
4 miles north of Glenns Ferry. Basalt rich in
olivine and plagioclase also erupted at least
twice from vents in the foothills of the Mount
Bennett Hills 10 miles north of Glenns Ferry.
Bruncau the volcanic
materials of the formation were derived mainly
from a remarkable chain of volcanocs that ex-
tends northwestward along the Snake River
nearly as far as Homedale. Much of the vol-
canic material preserved in this downstream
area consists of water-laid and subaerial pyro-
clastic debris, but it includes some columnar
lava, These various lava flows are locally inter-
bedded with the sedimentary deposits. The
volcanic materials, are comparatively fresh
but are weathered locally, Yellowish-brown
hvdrated iron oxides stain some lava flows, and
clayey alteration products of similar color are
disseminated in some pyroclastic deposits.
Ina few places, the lava flows have decomposed
toa brown rubble.

The Bruneau Formation has yiclded a few
mammalian fossils and various mollusks and
diatoms that indicate middle Pleistocene age.
Bone (raoments from a oravel bed of the Bru-

identified by C. B. Schultz, L. G. Tanner, and
G. E. Lewis (written communication, June 25,
1957) as laminac from the cheek teeth of
Mammuthus sp. They identily another bone
from the same gravel bed three-fourths of a
mile farther south as a “distal fragment of
humerus of Gigantocamelus sp. of Aftonian to
late Kansan age.” Mammalian fossils collected
from Sailor Creck 11 miles southwest of Glenns
Ferry are identified by Schultz, Tanner, and
Lewis (written communication, March 31,
1958) as follows:

“Equus sp. indet.; distal end of tibia, 4 tarsalia,
2 phalanges (of ?pes), and many small fragments,
This is a very large Pleistocene horse whose
measurements fall within the range of those of E.
gigantens Gidley, hitherto reported only from
Yarmouth to mid-Wisconsin rocks.”

Other mammals from this locality are identified
by them (written communication, Oct. 30,
1959) as fragments of a calcancum and astraga-
lus of a large cervid, PSangamona sp., the lateral
phalanx of a small cervid, ?Odocoileus sp.,
and two f{ragments of equid cheek tecth, all
probably cquivalent in age to the Hagerman
local fauna. Various mammalian fossils col-
lected by N. R. Anderson, University of Puget
Sound, from the Bruncau Formation in the
Castle Creck area are identified by D. E.
Savage as Paramylodon sp. and as mastodon or
mammoth of late Plioceine or younger age.

D. W. Taylor (written communication, Feb.
11, 1960) rcports on the molluscan fossils as
{ollows:

“The -mollusks of the Bruncau Formation
represent 25 species, distributed among 19 genera
and 12 families. The assemblage is strikingly more
modern than that in the underlying Glenns Ferry
Formation, because only one of the species is ex-
tinct, and most of the others are living in south-
western Idaho. The abundant species of the Snake
River today, such as Gowidea angulata (Lea),
Valvata wahensis Call, Lithoglyphus fuscus (Halde-

man), and Vorticifex effusus (Lea), appear first in -

the Bruncau Formation.

“The almost completely modern character of the
molluscan fauna suggests middle or late Pleistocene
age. The only exunct species, Promenctus kan-
sasensis (Baker), is known from deposits as young as
Sangamon in the southern High Plains.

*“The molluscan contrast between the Glenns
Ferry and Bruncau formations indidates a major

stratigraphic gap.”

Diatoms from several beds of diatomite in
the Bruneau Formation near Glenns Ferry

1
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K. E. Lohman (written communication, July
2, 1958), of which 84 per cent are represented
in living assemblages elsewhere. Lohman re-
ports that several of the extinct species range
from early to late Pleistocene. One form,
Stephanodiscus carconensis var. pusilla Grunow,
has previously been found only in late Pliocene
to carly Pleistocene rocks. Another form,
probably reworked judging from its rarity and
battered condition, ranges from late middle
Miocene to middle Pliocene,

The Bruneau Formation has yiclded also a
quantity of pollen that contributes usecful
paleoecological information.

On the basis of ages assigned to the mam-
}ﬂali‘an and molluscan fossils, and because of
its relations to other units of the Idaho Group,
the Bruneau Formation is dated as middle
Pleistocene.

Black Mesa Gravel
The soft beds of the Bruneau and Glenns

Ferry Formations south of the Snake River .

near Glenns Ferry are extensively beveled by
an erosion surface that terminates 550 feet
above river level. This surface is veneered with
about 25 feet of sand and gravel, here named
the Black Mesa Gravel for Black Mesa, an
upland area 5 miles southeast of Glenns Ferry
where the gravel is typically exposed Pl 1,
loc. 9). Remnants of the Black Mesa Gravel,
formerly part ofa continuous pediment deposit,
extend from Black Mesa southward about 10
miles to a gentle erosional escarpment somewhat
above 3200 feet altitude. Remnants of gravel

- of the former pediment also extend ffom Black
Mesa 15 miles westward. Other upland de-
posits of sand and gravel, at a comparable
stratigraphic position at various places farther
west, physiographically resemble the Black
Mesa Gravel and are probably correlative, For
example, a deposit of gravel and sand as much
as 250 feet thick that overlies the Bruncau
Formation along Hart Creek, a tributary of
Castle Creek midway between Grand View
and Murphy, is probably equivalent to the
Black Mesa Gravel. Similar deposits also cap
the upland of the Shoofly Desert 15 miles south
of Grand View.

Most of the Black Mesa Gravel near Glenns
Ferry was derived locally from gravel beds in
the underlying Bruneau Formation. Some of
the gravel may be merely residual Bruneau that
has been only slightly reworked. Erosion of the
Tuana may have contributed gravel to the
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sures of the Black Mesa Gravel are poor, by
that which can be scen suggests uneven l’e b
cular bedding. Brown and gray colors prevm‘ljj
The Black Mesa deposits that extend smf{;
ward beyond the margins of the Bryp :
Formation contain very little gravel and c:ﬁ
sist mostly of sand reworked from the under-
Jdying Glenns Ferry Formation. Thus the
- Black Mesa has inherited its texture fro;n the
deposits on which it lies. On the other hand
the gravel and sand along Hart Creek reprcsem;
an alluvial fan derived from the Owyhe
Mountains to the south. Vy
A conspicuous feature of the Black Meg -

Gravel is a cap of hard culiche several feet

thick that forms a protective shield. From
Blacl{. Mesa the caliche extends also over older
deposits of the uplands, such as the Tuana
Gravel. Because the caliche cap is resistant to
crosion, dissection of the Black Mesa Gravel
progresses by encroachment of badlands. The
undissected caliche surface meanwhile remains
as tablelands. =
No fossils have been found in the type area
of the Black Mesa Gravel, but from the proba:’
bly equivalent gravel along Iart Creek N, R,
Anderson, University of Puget Sound, col-
lectefi a bone that D. E. Savage (\\'ritten’coxh-'
fnum.cation to Anderson, Jan. 11, 1957)
identified as the mandible of a new mylodont
ground sloth ““closest morphologically to a
form from the mid-Pliocene of Florida,
Thinobadistes.” A horse tooth from the samé '
locality is tentatively assigned by Savage:
(written communication to Anderson, Sept, 5,
1957) 10 “plesippine Eguus” of late Pliocene or .
szrly Pleistocene age, although he notes that
horses of the later Pleistocene in' Mexico and
South America sometimes have a tooth with
characters very much like this specimen.” The
Black Mesa Gravel is older than the inception
of the present Snake River canyon and is
thercfore  regarded as middle Pleistocene;
Caliche such as is developed on the gravel is not -
known on late Pleistocene deposits of this
region,

SNAKE RIVER GROUP

Introduction

Russell (1902, p. 59, 1. 1) applied the nam
Snake .Rwer Lava, to “‘the basaltic rocks th
underlie . . . the Snake River Plains, and to
great extent form their actual surfaces.”” His
reconnaissance  oeoloorie Qhqlee

mianrn chmvee

. i\.ii;l]tic laea £

SNAKE RIVE

Jost of the basalt farther west is related, as
recognized, to the sedimentary de-

sassell .
wits of the Idaho Group. Subsequent writers
llowed the broad classification adopted by

aussell, although various lava flows have b(.‘.Cll
“?;ﬂ'eremi(m-d locally. However, during studies
t i water in the great reservoir of
ows cast of Hagerman, the name,
ke River Basalt, has been used for the
‘ water-bearing basalts of the Snake
River Plain. This fresh basale was extruded at
wrious times during  entrenchment of the
nodern Snake River canyon and is, accord-
mgly, interbedded at some places wi!h river
deposits. The combined basalt and rl\'cr.de-
sosits make a distinctive assemblage of cight
overlapping formations here named the Snake
River Group.

Because the rocks of the Snake River Group

were deposited during a period of canyon cut-
dng, not all formations within the group are
displayed at a single locality, but typical ex-
posures that show the dominant lithologies and
most of the stratigraphic relations occurin the
east wall of the canyon scgment that extends
from Bliss, 9 miles north of Hagerman, to
Thousand Springs, 5 miles south of Flagerman
(PL 1, loc. 10). From the type area, lava flows
of the Snake River Group extend castward and
northeastward 250 miles along the Snake River
and into the bordering plains to the north and
south. Thus the group lies mainly in the castern
Snake River Plain. In the type arca, the maxi-
mum thickness of the Snake River Group is
about 550 feet, although a composite thickness
assembled from local outcrops of the individual
jormations would be much greater. Drilling
near Arco, about 100 miles northeast of Hager-
man, shows that the Snake River Group of that
area is at least 900 feet thick and is composed of
thick lava flows of basalt interbedded with
layers of clay, sand, and gravel (M. J. Mun-
dorff, U.S. Geological Survey, oral com-
munication, 1960).

A small pagt of the Snake River Group
occurs as lava flows of olivine basalt that
issued from vents west of Mountain Home and
that cascaded southward into the Snake River
canyon opposite the mouth of the Bruneau
River (P1. 1). This basalt lies on eroded ba%alt,
diatomite, and clay of the Bruncau Formation.

Because fossil mollusks and mammals in the
Snake River Group have affinities with modern
species and because of physiographic relations,
the oroun is assiened to the late Pleistocene and

ol groune

snaltered,
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Madson Basalt
The Madson Basalt was named by Stearns

(1936, p. 434-439: Stcarns, Crandall, and
Steward, 1938, p. 72-74) for Madson Spring on
the cast wall of the Snake River canyon 6 miles
downstream from Hagerman (PL 1, loc. 11).
The name was applied to fresh columnar lava
of olivine basalt that crops out beneath a cap-
ping lava flow above the spring and on the
opposite  (western) canyon wall where .the
basalt overlies the Glenns Ferry Formaton.
From Madson Spring, this basalt crops out
intermittently in the northern canyon wall of
the Snake River as far as 12 miles downstream
and for about 3 miles upstream to the lower
reach of the Big Wood River—a gorge known
as Malad Canyon. These exposures, as Stearis
recognized, show that the Madson Basalt ﬁllg a
former shallow canyon. The canyon floor lies
about 250 feet above the Snake River and is
well graded from an altitude of 3000 feet at
Malad Canyon to 2800 feet near Bliss Dam 10
miles downstream. The base of the Madson
basalt therefore lies about 300 feet topograph-
ically below the Black Mesa Gravel that is
prescrved south of the Snake River.
Exposures at windows in the former canyon
show that the Madson Basalt is composed of at
least four flows of columnar lava, cach about
50 feet thick. Pillow lava is scarce and gen-
erally occurs only at the base of the lower
flows, but an exposure at Malad Spring near
the mouth of Malad Canyon shows 40 feet of
pillow lava overlain by 30 feet of columnar
basalt. The maximum exposed thickness of the
Madson Basalt is 200 feet near Bliss Dam, but
topographic relations of other outcrops nearby
demonstrate that the Madson Basalt filled the
former. canyon to a depth of at least 300 feet.

Sugar Bowl Gravel

The Sugar Bowl Gravel is here named for
the Sugar Bowl, a hill 4 miles northeast of
Glenns Ferry where the gravel forms a 20-foot
thick cap 400 feet above the Snake River
(PL 1, loc. 12). The Sugar Bowl Gravel is
preserved also as gravel-capped- knobs and
benches clsewhere along this part of the Snake
River, particularly within wide scgments of the
canyon at tributary junctions. These gravel de-
posits are the remnants of a graded terrace
which is essentially parallel to the present
stream gradient (2 feet per mile) but 400 feet

higher. The principal upstream remnants lie
4 ~ .y Y ) T i et henct



1214

of the Snake River, where they form a dis-
sected terrace that covers several square miles of
area. At a place on the northern canyon wall 9
miles southeast of Glenns Ferry the Sl‘l var
Bowl Gravel lies on eroded Madson Basalt. 'I(ghc
most westerly remnants of Sugar Bowl Gravel
thus far recognized are in Indian Cove 15
miles downstream from Glenns Ferry.,

The lithology of the Sugar Bowl Gravel
shows that it was derived from distant sources
probnbl:\' from Paleozoic and granitic xzocks il;
mountains north of the Snake River Plain
Unlike the gravels in the Idaho Group \vh(icl;
were derived mostly from the Idavada Vol-
camics. the Sugar Bowl Gravel is dominated by
quartzite, porphvry, granite, and conglon{-
erate. A minor amount of the gravel consists
of rocks from the Idavada Volcanics and pi;:cee
0} baml.[. chert, and argillite. The Sugar Bowi
Gravel is well sorted, rangzing from lz;rgc peb-
bles and cobbles in the upstream outcrops to
medium-sized pebbles downstream. A thin
I[L}?:;rii»ecﬂlkhe. rather poorly indurated, caps
. The composition and texture of the Sugar
Bowl Gravel indicate that it was deposited
during an interval- of augmented runoff,
probably caused by seasonal melting of glacicr;
in mountains north of the Snake River Plain.
The freshness of the gravel suggests that the
inferred interval of claciation occurred duri
the late Pleistocenc. "

Thousind Springs Basalt

. The Thousand Springs Basalt was named by
btmrps (1936, p. 434, 437: Stearns, Crandall
;Endibte\\urd. 1938, p. 73764 for the Thousand
Springs which issue from the base of a c;m;on—
filling basalt 5 miles south of Hagerman (PL. 1

loc. 13). As used i this paperL the name is
applied not only to the Thousand Springs
B:xml( of Stearns but also 1o his Malad Basﬁt
(Stearns. Crandall. and Steward, 1938 .‘p

o= D.\\th;u forms the eastern rim of the Sl)mke‘
River Canvon from the vianity of Hagerman
northward 1o Malad Canvon. The Malad
Basalt is here redezined as the Malad A\Icmb‘er
of the Thousand Springs Basalt. These lava
Hows are combined 1nto a single formation be-
cause they cannot be separately distinguished
in the upland plains east of Hagerman—into
which they extend many milcs—-&lrhough the
are easilv differentiated in the good exposure};
near Hagerman. The Thouund‘Springs Basalt

.. e S A
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Feb. 18, 1960):

CS]};rmgs ljﬂsa]t‘ represent 12 species of freshwatt
clams anc snails. None is extinet, but 4 are nob
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Gooding) and  Sonnickson Butte (4 |
sm'll‘h«s()ulh\vcst of Jerome). oy
I'he Thousand Springs Basalt occu
(f)(;r:ll]cr\c;mlyon ;m'cd below the upper sll)llx?;
1e Madson Basalt and below the projg
grade of the Sugar Bowl Gtrl?\“dl h'IL‘hper(Pm
canyon 1s not a simple trough but was gm
progressive stages as successive lava gt
diverted the ancestral Snake River s;)uth\{m
{Ilulls, the carliest canyon-filling lavas Zi
Malad Member) are perched relatively b
in the area near Hagerman, and thg’]
canyon-filling lavas arc lower in the area o
c:f Hagerman, The base of the (Th Y
Springs Basalt is about 250 fect abogug‘n‘
Snake River I mile south of Malad Cae;‘tk
and " about 150 fect above the river- ?ﬁ
ZI?h_ouszmd Springs. The maximum thickne"s?t
25 feet near Malad Canyon and 75 feet i
Thousand Springs. ’ “¥
The various lava flows of the Thous
Springs Basalt are entirely fresh and range froe
olivine b:qsalt to porphyritic plagioclase%oli\i'
basalt. The Malad ‘Member overlies Madg
Bz'lsalt in Malad Canyon and there consistse
L\V?IHOWS )of porphyritic plagioclase-olivix
asalt capped with a flow rich in olivine, The
flows extend southward along the can f'on‘ ‘
of the Snake River to a place 5 miles‘ sgutheail
of Hagerman. The Thousand Springs Bash
at Thousand Springs lies in a canyon parth
blounded by the Malad Member and infludé
L)rc!c ﬁ(});\'s of porphyritic plggioclase—olivjbt
asait. From Thousand Springs the bask
extends castward and is continuously exposed
along the northern canyon rim of the gnakt
River nearly as far upstrecam as Twin Falk
Pillow lava is comparatively scarce in tht
Thousand Springs Basalt; the flows are mainly
columnar. The basalt is highly permeable.
judging from the large yield of ground wate
at springs along the present canyon. 4
The drainage that was diverted southward
across the canyon-filling flows of the Thousand
Springs Basalt deposited an alluvial veneer
much as 50 fect thick. From this alluvium o8
the Malad Member about 3 miles southeast 0
Hagerman, D. W. Taylor collected an a
semblage of molluscan” fossils on which be
reports as follows (written communicat

i M
The fossils from alluvium on the Thousan

R
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like that of the Sugar Bowl, suggests deposition
during an interval of augmented  runoff,
probubly coincident with mountain glaciation.
This inference is especially applicablc to the
area downstream from Hagerman, but even at
Hagerman the Crowsnest Gravel contains 2a
significant proportion of chert and quartzite
derived from the mountains, The steep gradient
of the gravel (8 feet per mile), when considered
with respect to the evident aggradation and
indicates that the river was
d this condition sug-

ence of Valrata sincera Say, 4 spccics of
Listribution in North America,
extinct species indicates sig-
ts than are now found locally

-ufr
skedly northers ¢
i of other loc
scantly cooler
4, hence, a glocs
soisnest Grave!
The Crowsnest Gravel is !
rgwsnest Road which leads from the highway
s miles south of Hagerman to the upland plains
st of the Snake River. The typical exposures
¢ in gravel pits near the lower end of the
Crowsnest Road where the gravel is 25-50 feet
Aick and where its base is about 200 fcet above
e Snake River (PL 1, loc. 14). The gravel

Jso crops out on the opposite (castern) canyon »
<l of the Snake River where it overlies the The Sand Springs Basalt was named by

Thousand  Springs Basalt and clay of the Stearns (1936, p. 434, 439-40; Stearns,
guneau  Formation.  Other  exposures of Crandall, and Steward, 1938, p. 80-83) for
crowsnest Gravel, as far as 10 miles upstream  Sand Springs 8 miles south-southeast of Hager-
om Hagerman, show that the Crowsnest de-  man where the basalt fills a former canyonof the
~sits arc remnants of a terrace that is more  Snake River (Pl 1, loc. 15). The basalt has been
aceply graded than the Snake River. Erosion identified from its terminus in the Snake River
it the Canyon walls marginal to this terrace  canyon 2 miles north of Hagerman to iis source
bas formed a minor pediment surface that is  in the eastern Snake River Plain 20 miles
aill widely preserved southwest of Hagerman  northwest of Burley. The Sand Springs Basalt
wnd at some places upstream. Some remnants  thus forms part of the upland plain north of the
of terrace gravel near Glenns Ferry, although Snake River. The former canyon occupied by
lithologically different from the exposurcs on  the Sand Springs Basalt coincides with the
Crowsnest Road, are also regarded as Crowsnest  present canyon downstream from Sand Springs,
Gravel because of similar stratigraphic relations and the basalt in this reach lies near river level
and topographic _position. The Crowsnest about 200 feet topographically below Crows-
Gravel at Glenns Ferry is also bordered by a  nest Gravel. Upstream from Sand Springs the
pediment surface marginal to the canyon walls. former canyon was croded in the Thousand
From Glenns Ferry westward the Crowsnest  Springs Basalt and in older basalt of the Idaho
Gravel crops out at progressively lower cleva-  Group. The filled canyon lies north of the
tions relative to the Snake River. At Grand  Snake River but is exposed ncar Twin Falls at
View the Crowsnest Gravel forms the canyon  Blue Lake alcove, which indents the north wall
floor. The remnants of Crowsnest Gravel from  of the Snake River canyon. At this alcove the
w to Grand View together represent thickness of the Sand Springs Basalt is about
£ 8 feet per mile. 300 feet. A small patch of Sand Springs Basalt
s in lithology is preserved on the southern canyon rim of the
agerman  Snake River 8 miles downstream from Twin
of  Falls, and another small remnant occurs on the
western canyon wall opposite the canyon fill

near Sand Springs.
The Sand Springs
flow of fresh gray pahochoe b
plagioclase phenocrysts but rich in o
from the base of the basalt at

dage”

here named for the

terrace cutting,
considerably loaded, an
gests glacial melung.

Sand Springs Basalt

Hagerma
a terrace with a gradient o

The Crowsnest Gravel varic
according to its outcrop area. Near H
the larger portion of the gravel consists
pebbles from the Idavada Volcanics; the re-
mainder is dominantly chert and quartzite.
From Glenns Ferry to Grand View the Crows-
nest Gravel closely resembles the Sugar Bowl
Gravel by reason of a large content of quartz-

Basalt consists of a single
asalt, poor in
livine.

ite, porphyry, and granite, but it is more Springs issue
coarse grained—mostly cobbles. This lithology  several places, the permeability being caused
by vesicularity and jointing rather than by

he Crowsnest G ravel

ely froma pi The surface of the

lain is
own
here

probably shows that t
near Glenns Ferry was derived larg
tributary valley, perhaps the ancestra

Wood River which today carries gravel con-
. = - IS TR, EOppve

ilow lava which is rare.
| Big Sand Springs Basalt on the upland p
mostly concealed by a mantle of windbl
lt. although broken ridges of lava appear
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Bancroft Springs Basalt

The Bancroft Springs Basalt is here named
for Bancroft Springs which issue from talus
near the base of this basalt in the northeastern
wall of the Snake River canyon 7 miles cast of
Glenns Ferry (PL 1, loc. 16). Ilere the Ban-
croft Springs Basalt consists of columnar lava,
at least 300 feet thick, that lies in a former
canyon about as deep as the present Snake
River canyon. The basalt extends eastward
from Bancroft Springs, forming an upland
plain and cropping out as rimrock of columnar
lava on the northern canyon rim as far up-
stream as Malad Canyon. Here the Bancroft
Springs overlies the Madson and Thousand
Springs basalts, A small patch of Bancroft
Springs Basalt is preserved on the south-
western rim of the Snake River canyon near
the terminus of the flow, The columnar lava of
the Bancroft Springs was considered by Stearns
(Stearns, Crandall, and Steward, 1938, p. 78)
as part of the recognizably younger McKinney
Basalt which is herein restricted to the Recent
* lava flow from McKinney Butte. From Malad
Canyon to a place 7 miles downstrcam the
columnar rimrock of the Bancroft Springs
Basalt lies on pillow lava that is included in
the Bancroft Springs, because the crystalline
parts of the pillows are petrographically
identical to the rimrock. The pillow lava of the
Bancroft Springs Basalt is as much as 500 feet
thick and lies in a canyon as deep as the present.
The base of the basalt is thercfore lower than
the grade of the Crowsnest Gravel. Some talus
buried by pillow lava ncar the floor of the
former canyon was derived {rom the Madson
Basalt. The pillow lava was termed the Bliss
Basalt by Stearns (Stearns, Crandall, and
Steward, 1938, p. 78-80), but this name is her
abandoned. :

The Bancroft Springs Basalt is a distinctive
olivine basalt crowded with large phenocrysts
of plagioclase arranged in roscttes and is en-
tirely fresh, even in the pillow facies. This
basalt probably erupted from a source about
8 miles northwest of Gooding that has been
concealed by Recent basalt. The Bancroft
Springs Basalt is somewhat manted with
windblown silt, but much of the surface is bare.

The stratigraphic relation of the Bancroft
Springs Basalt to the Sand Springs is indcfinite,
as they are nowhere in contact, The pillow lava
of the Bancroft Springs occupies a canyon as
deep as the canyon of the Sand Springs and

.sounded by a canyon constriction, inun-
dabout 80 square miles of arca and covered
- the local deposits of Melon Gravel.

‘[ntcrnzll features (_)f the Mclon‘Gra‘vcl also
ieate that the gravel was deposited in dgcp
.rer. The gravel varies in texture but consists
winly of boulders and sand, both derived

deeper than any carlier canyon formed dup,
accumulation of the Snake River Group! Ty
canyon occupied by the Bancroft SPﬁks
pillow facies probably is a downstream porty,
of the canyon occupied by the Sand Spr
Basalt but filled with lava from a differe
source. The equally deep canyon exposed; .
Bancroft Springs and filled with ci)lumnafﬁgyzmost entircly from the local ba.?nlt.. The
miy represent a canyon of the ancestra{"& lders in the gravel average 3 f,c?t in diame-
Wood River. The comparative bareness of g § =+, although some reach 10 feet. The boulders
surface of the Bancroft Springs Basalt sugge narily are distributed at random, but some
that it is younger than the rather completd §x in inclined layers, alternating with layers
mantled Sand Springs Basalt. 4, and. The inclined layers resemble deltaic

<eset beds arranged in courses as much as 50
Melon Gravel

: ,wz thick between horizontal crossbeds. Such

The Melon Gravel is here named for Meke §<ling indicates deposition in deep water.
Valley, a wide segment in the Snake Riw § i surfaces of the gm\jcl bars and terraces are
canyon 5 miles north of Buhl (PL 1, loc, Ij; §nspicuously strewn with lag boulders (mclon
On the canyon floor at Melon Valle §.ches!)  that indicate reworking during-
gravel forms a great bouldery bar more thany § =bidence of the water. )
mile long, half a mile wide, and 150 feet thid § The Mclon Gravel, in its internal and physi-
The Melon Gravel is typically exposed iny § zsaphic features, is similar to the gra\y’cl bars
borrow pit at the downstream end of th s the channcled scabland of castern Washing-
About 5 miles downstream {rom Melon snand, like the scabland bz}rs‘ can bC, E‘xplamed
the gravel overlies eroded Sand Springs B # passage of a catastrophic flood. Ilu§ flood
and farther downstream it lies against canyes aobably was causgd by o'utﬂow.from I l‘€1st0'
walls eroded in the Bancroft Springs B zae Lake Bonneville during rapid lowering of
The Melon Gravel has been identified #soutlet at Red Rock Pass. The outﬂ()\y from
mittently in the Snake River canyon f3ke Bonneville entered the Snake River at
downstrcam as the area between Murph;

% 2caicllo via Marsh Creek and the lower reach
Homedale—150 miles. Upstream from M £ the Portneuf River. (Trimble and Carr,
Valley the Melon Gravel forms bars withi

£ P
canyon nearly as far as Milner, 40 miles

According to D. W. Taylor (written com-
Remnants of the gravel also occur on theu sunication, Oct. 28, 1957), a small collection
plain north of the canyon along State Highw

£ # molluscan fossils from silt near Glenns Ferry

25 about 11 miles east-northeast of Twin Fali § 2t probably represents a backwater deposit
and along U.S. Highway 93 about 5 mi'es. 7#4ied to the Melon Gravel includqs Stagni-
of Twin Falls. #li cockerelli  (Pilsbry and Ferriss) . and

Within thie Snake River canyon downstress | Liisoma subcrenatum (Carpenter). Remains of
from Melon Valley the gravel displa %"‘1”‘ allen reported near Glenns Ferry (Lucas,
variety of physiographic features that indi .. 760) presumably came from the Melon
deposition in rapidly moving deep wate %ﬂ"d-
gravel occurs mainly in wide segments 0 -
canyon between canyon constrictions Ww.
forms huge bars and boulder terraces
partly fill the canyon to a depth as g
300 feet. The gravel bars block the mou
tributary valleys, and at most places they
separated from the canyon walls by mar
troughs as much as 150 feet deep. The tri
valleys locally contain fine-grained back
deposits, the highest of which are 300 feetab
the canyon floor, a height commensurat
the thickest sections of the gravel. Back
near Glenns Ferry, for instance, whic

ter

8¢i. Jour., v. 30, no. 10, p. 422-424

no. 1564, p. 572-573

tagton Pub. 617, Contr. Paleontology, 237 p.
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Recent Lava Flows

The Recent lava flows within the Snake
River Plain usually can be distinguished by
their comparatively unmodified surfaces and,
along the Snake River canyon, by their
stratigraphic relations, The Recent lavas are
covered only locally by surficial material,
whereas older lavas of the Snake River Group
are more or less concealed. Much of the outcrop
area of the Sand Springs Basalt and the
Thousand Springs Basalt, for example, is
cultivated, but the opposite is true for Recent
lavas. Individual lava flows of Recent age can
be distinguished from one another in some
places by lithologic and physiographic com-
parisons.

Two Recent lava flows near Hagerman and
Glenns Ferry are comparable in size to the
older flows of the Snake River Group. A lava
flow of olivine-rich basalt that cascades from
the upland plain onto talus younger than the
Melon - Gravel at Wendell Grade, a road 2 miles
cast of Hagerman, was named the Wendell
Grade Basalt by Stearns (1936, p. 434; Stearns,
Crandall and Steward, 1938, p. 84) (PL 1, loc.
18). It issued from Notch Butte, 4 miles south
of Shoshone. A lava flow of highly porphyritic
plagioclase-olivine basalt that issued at McKin-
ney Butte 8 miles northwest of Gooding was
named the McKinney Basalt by Stearns
(1936, p. 434, 439; Stearns, Crandall and
Steward, 1938, p. 76-78) (PL 1, loc. 19). The
McKinney extends 20 miles west of McKinney
Butte to the Snake River near Glenns Ferry
where it overlies eroded Melon Gravel.
Boulders of the Meclon Gravel frozen in the
base of the basalt are seen in a low clifl about
20 feet above the Snake River. At a place on
the Malad River (the lower Big Wood River)
8 miles southwest of Gooding the McKinney
Basalt overlies the Wendell Grade Basalt.

REFERENCES CITED

own, R, W., 1940, A bracket fungus from the late Tertiary of southwestern Idaho: Washington Acad.
| Balda, 7. P, 1923, A preliminary reconnaissance of the oil and gas possibilitics of southwestern and
~ south-central Idaho: Idaho Bur. Mines and Geology Pamph. 5, 10 p.
= 1924, The age of the Payette formation and the old erosion surface in Idaho: Science, new ser., v. 60,

i}‘“_‘t)', R. W., and Axelrod, D. L., 1959, Miocenc floras of the Columbia Plateau: Carnegie Inst. Wash-

,E. D, 1884, On the fishes of the Recent and Pliocene lakes of the western part of the Great Basin,
and of the Idaho Pliocene lake: Philadelphia Acad. Nat. Sci. Proc. 1883, v. 35, p. 134+-166




1218 MALDE AND POWERS—STRATIGRAPHY, WESTERN SNAKE RIVER PLAIN REFERENCES CITED 1219
Dall, W. H., 1924, Discovery of a Balkan fresh-water fauna in the Idaho formation of Snake River
Idaho: U.S. Geol. Survey Prof. Paper 132-G, p. 109-115 :
Freeman O. W., Forrester, J. D., and Lupher, R, L., 1945, Physiographic divisions of the Colups, §
intermontane province: Assoc. Am. Geographers Annals, v. 35, no. 2, p. 53-75 -
Gazin, C. L., 1936, A study of the fossil horse remains from the upper Pliocene of Idaho: US§ Ne i
Mus, Proc., v. 83, no. 2985, p. 281320
Hague, Arnold, and Emmons, S. F., 1877, Descriptive geology: U.S. Geol. Explor. 40th Paralle] (Kj{%
v. 2, 890 p. _ -
Hall, James, 1845, Descriptions of organic remains, p. 304-310 in Frémont, ], C., Report of the ex
expedition to the Rocky Mountains in the year 1842, and to Oregon and north California
years 1843-1844: Washington, D. C,, Senate and House Executive Docs. 174, 693 p.
Henderson, Junius, and Rodeck, H. G., 1934, New species of Pliocene Mollusca from eastern
Jour. Paleontology, v. 8, no. 3, p. 264-269
Hibbard, C. W., 1959, Late Cenozoic microtine rodents from Wyoming and Idaho: Michigan A
Papers 1958, v. 44, p. 3-40
Hintze, L. F., 1956, Geologic map of the State of Oregon: Provo, Utah, privately printed ,
Kirkham, V. R. D, 1931, Revision of the Payette and Idaho formations: Jour. Geology, v,
p. 193-239 »
Knowlton, F. H., 1901, A fossil nut pine from Idaho: Torreya, v. 1, p. 113-115
Lindgren, Waldemar, 1898, The mining districts of the Idaho Basin and the Boise Ridge, Ida
Geol. Survey 18th Ann. Rept., pt. 3, p. 617-719 ’ .
——1900, The gold and silver veins of Silver City, De Lamar, and other mining districts in Idal
Geol. Survey 20th Ann. Rept,, pt. 3, p. 65-256
Lindgren, Waldemar, and Drake, N. F., 1904, Description of the Silver City quadrangle
U.S. Geol. Survey Geol. Atlas, Folio 104, 6 p. _ ’ B
Littleton, R. T., and Crosthwaite, E. G., 1957, Ground-water geology of the Bruneau-Grand Vi
Owyhee County, Idaho: U.S. Geol. Survey Water-Supply Paper 1460-D, p. 147-198
Lucas, F. A., 1899, The fossil bison of North America: U.S. Natl. Mus, Proc., v. 21, no. 1172, p, 7535
Mapel, W. J., and Hail, W. J,, Jr,, 1959, Tertiary geology of the Goose Creck district, Cassi
1daho, Box Elder County, Utah, and Elko County, Nevada: U.S. Geol. Survey Bull
p. 217-254 :
Merriam, J. C., 1918, New mammalia from the Idaho formation: California Univ. Pubs. Geol. Sci
no, 26, p. 523-530 s
Miller, R. R., 1958, Origin and affinities of the freshwater fish fauna of western North America, p
in Hubbs, C. L., Editor, Zoogeography, a symposium: Am. Assoc. Adv. Sci. Pub. 51, 509
Piper, A. M., 1926, Ground water for irrigation on Camas Prairie, Camas and Elmore counti
Idaho Bur. Mines and Geology Pamph. 15, 46 p. ’ 2
Powers, H. A, and Malde, H. E., 1961, Volcanic ash beds as stratigraphic markers in basin deposi
Hagerman and Glenns Ferry, Idaho, p. 167-170 in Geological Survey Research 1961: U.S.
Survey Prof. Paper 424-B, 344 p.
Russell, I. C., 1902, Geology and water resources of the Snake River plains of Idaho: U.S. Gedl
Bull. 199, 192 p.
Scharf, D. W., 1935, A Miocenc mammalian fauna from Sucker Creck, southcastern Oregon;.
Inst. Washington Pub. 453, Contr. Palcontology, p. 97-118
Schrader, F. C., 1912, A reconnaissance of the Jarbidge, Contact, and Elk Mountain minin,
Elko County, Nevada: U. S. Geol. Survey Bull. 497, 162 p.
Stearns, H. T., 1936, Origin of the large springs and their alcoves along the Snake River
Idaho: Jour. Geology, v. 44, no. 4, p. 429-450
—— 1955, Pillar Falls mudflow and Shoshone andesite near Twin Falls, Idaho: Geol. Soc. America
v. 66, p. 163-464 :
Stearns, H. 'T., Crandall, Lynn, and Steward, W. G., 1938, Geology and ground-water resourc
Snake River plain in southeastern Idaho: U.S. Geol. Survey Water-Supply Paper 774, 268
Trimble, D. E., and Carr, W. J., 1961, Late Quaternary history of the Snake River in the Am
region, Idaho: Geol. Soc. America Bull., v, 72, p. 1739-1748 :

Uyeno, Teruya, 1961, Late Cenozoic cyprinid fishes from Idaho with notes on other fossi
LG A Y S Y 54 PR S B o B o YN I V. c T T e T e ] -

2y Teng-Chien, " :4. Notes on fresh-water mollusks of Tdaho formation at Hammett, Idaho; Jour.
: ¢l

Palcontology, v. :5 no. 1, p. 101-108 )
1947, Phocene fresh-water mollusks from northern Utah: Jour. Palcontology, v. 21, no. 3, p. 268-277

N - N e P 3 €
W USCRINT RECEIVED BY THE SECRETARY OF THE Socrery, Jury 18, 1961
SLICATION AUTHORIZED BY THE Dixecror, U.S. Grorocicar SURVEY




