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Geology of the Sage Valley 7%’ Quadrangle,
Caribou County, Idaho, and Lincoln County, Wyoming*

JouN L. CONNER
Texaco, Inc.
P.0. Box 2420
Tulsa, Oklahoma 74102

ABSTRACT.—The Sage Valley Quadrangle straddles the Idaho-Wyoming border
in the central parr of the Overthrust Belt. Approximately 5,400 m of primarily
sedimentary strata are exposed, including from the Pennsylvanian Wells Forma-
tion through the Tertiary Salt Lake Formation. Rocks within the Cretaceous
Gannett Group previously mapped as Ephraim Conglomerate are now known
to include Ephraim Conglomerate, Peterson Limestone, Bechler Conglomerate,
Draney Limestone, and Smoot Formation. Rocks previously mapped as the Cre-
taceous Wayan Formation in the quadrangle are now mapped as Smoot Forma-
tion and Tygee Member of the Bear River Formation.

Two major thrust sheets, the Absaroka and Meade Plates, are recognized in
the quadrangle. Six major imbricate thrust faults, including the West Sage Val-
ley Branch, the East Sage Valley Branch, the West Tygee Branch, the East
Tygee Branch, the West Hardman Branch, and the East Hardman Branch, were
mapped as well as two minor unnamed thrust faults. Several minor east-west
trending tear faults and normal faults offset the thrust faults, the fold axes, and
individual rock units. The Boulder Creek Ancicline, the Afton Anticline, the
Spring Creek Syncline, an unnamed anticline, and an unnamed syncline are ma-
jor north-south trending folds mappable across the quadrangle and were prob-
ably formed contemporaneously with thrusting.

Only a single deep well has tested the hydrocarbon potential of the quad-
rangle; additional tests seem warranted. Phosphate rock from the Phosphoria
Formation and other occurrences of materials for construction were evaluared
for exploirability.

INTRODUCTION

The Sage Valley 7%-minute quadrangle is included in the
region mapped by Mansfield and others (Mansfield 1927) dur-
ing early investigations of the western phosphate field. The
Sage Valley Quadrangle straddles the Idaho-Wyoming border
in the central part of the Overthrust Belt and is approximately
35 km northeast of Montpelier, Idaho, and 7 km west of Af-
ton, Wyoming (fig. 1). A .8-km-wide strip along the western
border of the quadrangle is in the Caribou Narional Forest, and
2 15.5-km? area in the southeast corner of the mapped area is in
the Bridger National Forest. The remainder of the quadrangle
is privately owned, and permission to cross private lands must
be obtained from local owners. Numerous ranch and U.S. For-
est Service dirt roads branch from gravel roads along Crow
Creek and along the eastern border of the map area and provide
ready access to most of the area. Primitive roads lead into all
but the most rugged areas.

Previous Work

Geologic studies done in the region prior to 1927 were
summarized and updated by Mansfield (1927). He mapped the
Crow Creck 15-minute quadrangle on a scale of 1:62,500 as part
of his study of the geology of southeastern Idaho. Stratigraphic
nomenclature used by him is applicable to most units in the
quadrangle. Kummel (1954) more recently described the re-
gional Triassic stratigraphy of southeastern Idaho and adjacent
areas. Eyer (1964) also made a significant contribution in his
study of the Cretaceous rocks of western Wyoming and south-
castern Idaho. Petroleum and phosphate mining companies

continue to study this region, but no well dara or geophysical
information has thus far been published on the Sage Valley
Quadrangle.

Mansfield (1927, p. 131-72) summarized the structural his-
tory of southeastern Idaho and western Wyoming. Armstrong
and Cressman (1963) described the prominent folded Bannock
Overthrust, which was later named the Meade Overthrust by
Cressman (1964, p. 62).

Several quadrangles near and adjacent to the Sage Valley
Quadrangle have been mapped recently, mostly by the U.S.
Geological Survey, to define and evaluate deposits of phosphate
rock. Montgomery and Cheney (1967) mapped the geology of
the Stewart Flat 7%-minute quadrangle, adjacent to the west,
and Cressman (1964) mapped the geology of the Georgetown
Canyon-Snowdrift Mountain area, which is adjacent to the
southwest (fig. 1). In addition, Gulbrandsen, McLaughlin,
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FIGURE 1.—Index map of the Sage Valley Quadrangle in southeastern Idaho and
western Wyoming,

*A thesis presented co the Department of Geology, Brigham Young University, in partial fulfillment of the requirements for the degree Master of Science, April 1980. Thesis chairman: James L. Baer.

11



12 J L CONNER

Honkala, and Clabaugh (1956) mapped the Johnson Creek 7%4-
minute quadrangle, Cressman and Gulbrandsen (1955) mapped
the Dry Valley 7%-minute quadrangle; and Rioux, Hite, Dynu,
and Gere (1975) mapped the Upper Valley 7%-minute quad-
rangle, all nearby. Other U.S. Geological Survey and private
sector studies have been published that deal mainly with the
phosphate deposits.

Field Methods

Fieldwork was done between June and October 1979. Struc-
tural features and contacts were plotted on colored aerial pho-
tographs (scale 1:15,000) and subsequently transferred to the
1:24,000 scale topographic base map of the Sage Valley 7%-
minute quadrangle (fig. 1). Straugraphic sections were mea-
sured using a 15-m tape, a Brunton compass, and an Abney lev-
el. Samples of rocks were taken for later detailed description
and fossil analysis.

ACKNOWLEDGMENTS

The writer wishes to express appreciation to Drs. James L
Baer and J Keith Rigby for their time and numerous helpful
suggestions pertaining to the geology and the preparation of
the thesis Marlon Nance, Gary Oberhansley, and Floyd Hatch
helped with the fieldwork. Special thanks to Dr. Morris Peter-
sen for helping on identifications of the Thaynes fossils. Steve
Sperry helped with the laboratory work Doug Taylor, Dave
Jenkins, Dick Hill, and Lynn Meibos assisted with the prepara-
tion of the structural contour map. Some drafring was done by
personnel of the Gulf Oil Company of Casper, Wyoming. The
thesis was partially funded by grants from Conoco, Inc, Mara-
thon Oil Co., and Brigham Young University Department of
Geology

Gratitude 1s expressed to Kent Nield and his family of Af-
ton, Wyoming, and Ray “Pete” Peterson of Cokeville, Wyom-
ing, for their support during the fieldwork. I especially wish to
thank my parents, Jack and Wilma Conner, for their support
during the thesis work.

STRATIGRAPHY

General Statement

The Sage Valley Quadrangle contains an exposed strati-
graphic sequence of sedimentary rocks about 5,400 m thick
(fig. 2). Formations of this sequence involved in Upper Cre-
taceous to Paleocene thrust faulting and folding range from the
Middle Pennsylvanian Wells Formation to the Lower Cre-
taceous Tygee Member of the Bear River Formation The Ter-
tiary Salt Lake Formation, a freshwater lacustrine deposit that
covers a major portion of the low-lying areas of the quadrangle,
was deposited after the thrust faulung and folding. Younger
alluvium, colluvium, salt, and travertine deposits are considered
to be of Quaternary age Igneous rocks have been mapped 1n
nearby areas but are absent in the quadrangle.

Pennsylvanian and Permian Systems

Wells Formation

Richards and Mansfield (1912, p. 689-93) proposed the
name Wells Formation for an 800-m-thick sequence of sandstone
and limestone that is exposed on the north side of Wells Can-
yon in the Snowdnft Mountain Quadrangle, Idaho. At the
type locality, the Wells Formation was divided by Richards and
Mansfield (1912, p. 691) into an upper calcareous sandstone or
stliceous limestone unit, a middle sandy unit, and a lower sandy
and cherty limestone unit. McKelvey and others (1956, p.

2842) later restricted the Wells Formation to the lower two of
these units The Wells Formation 1s used in this report in this
modified sense, and the two units are referred to as the upper
and lower members. Cheney and others (1in McKelvey and
others 1959, p. 12-15) defined the upper unit as the Grandeur
Tongue of the Park City Formation, to be discussed later

The Wells Formation crops out in the core of the Boulder
Creck Anticline west of Sage Valley (plate 1). Only the upper
member of the Wells Formation crops out within the quad-
rangle, and it forms a low, tree-covered ridge It 1s overlain ap-
patently conformably by the Grandeur Tongue of the Park
City Formation A partial measured section, 238 m thick, con-
taining only the upper units, was measured on the east flank of
the anachine The measured section consists of light colored,
fine-grained sandstone that forms alternating ledges and slopes
The sandstone 1s composed mainly of quartz grans, usually
well cemented by silica, though porosities, probably secondary
in origin, of up to 15 percent were observed in some units The
matrix of some of the sandstone units is calcareous. Much of
the sandstone 1s brecciated and rehealed. It is apparent thac the
breccia 1s not sedimentary in origin, but resulted from fractur-
ing of the rock, slight rotation of the fragments, and recemen-
taton. A light gray sandy limestone unit was observed near the
top of the formation. No fossils were observed 1n exposures of
the formation in the quadrangle

The lower one-third of the upper member of the Wells
Formation 1s Middle Pennsylvanian (Desmoinesian), and the
upper two-thirds are of Permian age. Whether all the Wells
Formation of Permian age 1s Wolfcampian or whether Leon-
ardian rocks are present at the top is unknown These age de-
terminanons, reported by Cressman (1964, p 24-29), are based
upon fossil collections from the Snowdrift Mountain Quad-
rangle and surrounding areas

Subsidence in this part of the Cordilleran geosyncline in
the Early Permian resulted in the shallow-water marine deposi-
tion of the sandstone and carbonate rocks of the upper member
of the Wells Formation. Most of the sand grains were derived
from the craton to the east (Cressman 1964, p. 85-87).

Grandeur Tongue of the Park City Formation

The Grandeur Tongue is a northward extension of the
Grandeur Member of the Park City Formation, named by
Cheney and others (in McKelvey and others 1959, p. 12) for
Grandeur Peak, Sale Lake County, Utah The rocks assigned to
the Grandeur Tongue in the Sage Valley Quadrangle (fig. 2)
were previously included in the Wells Formation, as the cherty
limestone member, by Richards and Mansfield (1912, p.
689-93). Because of the thinness of the unit and the absence of
good exposures within the quadrangle, the Grandeur Tongue
was not mapped separately but was grouped as a map unit with
the upper member of the Wells Formation.

The Grandeur Tongue 15 exposed on the cast flank of the
Boulder Creek Anticline 1n sections 19, 20, 29, and 30, T. 8 §,
R. 46 E, in the quadrangle but is faulted out at the surface
south of section 29 At the type locality, the Grandeur Member
is approximately 80 m thick and consists of limestone and dolo-
mite, some of which contain chert nodules and minor cal-
careous sandstone A partial section was measured 1 km west of
Sage Valley on the north side of Pole Creek (see appendix).
The tongue is estimated to be approximately 25 m thick, al-
though only the lower 7 m are exposed. The exposed beds are
composed of very finely crystalline, medium gray dolomite that
weathers to a light gray. Numerous small fractures contain sec-
ondary sparry calcite. The unit is most often seen as a float-
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covered slope with rare ledges. The Grandeur Tongue 1s under-
lain apparently conformably by the upper member of the Wells
Formation, the lower boundary of the Grandeur Tongue drawn
at the base of the dolomite unit. The upper hmit of the Gran-
deur Tongue is at the shoulder at the bottom of the swale
formed 1n the conformably overlying Meade Peak Member of
the Phosphona Formation. No fossils were observed in expo-
sures in this quadrangle.

The Grandeur Tongue in southeastern Idaho 1s dated as
Early Permian (Leonardian) by Williams (in McKelvey and
others 1959, p. 36-37) on the basis of brachiopod collections.

Origin of the Grandeur Tongue is generally discussed in
McKelvey and others (1959). These rocks, as exposed in the
Sage Valley Quadrangle, probably omginated as a bioclastic
limestone or calcareous sandstone deposited under fairly shal-
low-marine conditions. Subsequently, they were subjected to a
secondary dolomitization.

Phosphoria Formation

The Phosphoria Formation was named from Phosphoria
Gulch, which is about 4 km north of Meade Peak, in south-
eastern Idaho (Richards and Mansfield 1912, p 684). At the
type locality in Phosphoria Gulch four members are recog-
nized: the basal Meade Peak Phosphatic Shale Member, the
overlying Rex Chert Member, the unnamed cherty shale mem-
ber, and the uppermost Retort Phosphatic Shale Member. Two
other members—the lower chert member, laterally continuous
with the lower beds of the Meade Peak Member, and the Tosi
Chert Member, laterally continuous with the upper part of the
Retort Member and the cherty shale member—are not present
at the type locality but are present in the broader area of char-
acteristic development of the Phosphoria Formation (McKelvey
and others 1959, p. 20-21.)

Members mapped in the Sage Valley Quadrangle have a to-
tal combined thickness of approximately 120 m and include,
from the bottom up, the Meade Peak Phosphatic Shale Mem-
ber, the Rex Chert Member, and the unnamed cherty shale
member The Rex Chert and cherty shale member are com-
bined as a single map unut (plate 1). Montgomery and Cheney
(1967, p. 25-26) noted, near the top of the cherty shale mem-
ber 1n the Stewart Flat Quadrangle, adjacent to the present
map area on the west (fig. 1), mudstone and phosphortite beds
that represent tongues of the Retort Phosphatic Shale Member.
They were not seen 1n the Sage Valley Quadrangle either be-
cause of burial by weathered debris or because of thin devel-
opment No fossils were seen in exposures of this formation 1n
this quadrangle.

The Phosphona Formation 1s probably Leonardian or Gua-
dalupran in age, as suggested by work on fossil collections from
the Phosphoria Formation by Williams (1n McKelvey and
others 1959, p. 38-41).

Meade Peak Phosphatic Shale Member. The Meade Peak Phos-
phatic Shale Member of the Phosphoria Formation was named
by McKelvey and others (1956, p. 2845) for Meade Peak,
Idaho At its type locality in Phosphoria Gulch in Idaho, the
Meade Peak Member consists of approximately 60 m of datk,
carbonaceous, phosphatic, and argillaceous rocks.

The Meade Peak beds are in fault contact with the Wells
Formation and the Grandeur Tongue of the Park City Forma-
von within the present quadrangle The member may be muss-
ing or covered by Salt Lake Formation mn places on the ecast
limb of the Boulder Creek Anticline south of section 29, T 8
S, R. 46 E, in the Sage Valley Quadrangle. In sections 18, 19,
20, and 29, T. 8 §, R. 46 E, the Meade Peak Member is appar-

ently 1n normal contact with the conformably underlying
Grandeur Tongue of the Park City Formation and with the
conformably overlying Rex Chert Member of the Phosphoria
Formation.

The shaly Meade Peak Member 1s not naturally exposed in
the quadrangle but is represented as a covered swale between
the more resistant Grandeur Tongue and Rex Cherr beds. It is
esumated to be approximately 45 m thick Five bulldozer
trenches in sections 29 and 32, T 8 §, R. 46 E, offered the only
exposures seen during the mapping in 1979. The Meade Peak
beds are entirely faulted out 1n two of the trenches Where ex-
posed in the other trenches, the member consists of inter-
bedded black, oolite-pelletoid phosphate and dark brown to
black phosphatic mudstone These lithologies suggest that
these beds are near the top of the member (McKelvey and
others 1959, p 21; Montgomery and Cheney 1967, p 22).

McKelvey (in McKelvey and others, 1959, p. 23-25) sum-
marized evidence bearing on the depositional environment of
the Meade Peak phosphatic beds. He indicated that the sedi-
ments accumulated under a variety of conditions on the gently
shoaling bottom of a large embayment that probably was
flooded by cold, phosphate-rich water from the open ocean

Rex Chert and Cherty Shale Members. The Rex Chert Member
of the Phosphoria Formation was named by Gale (Richards and
Mansfield 1912, p. 684) for Rex Peak in the Crawford Moun-
tains, Rich County, Utah. The Rex Chert was first described by
Richards and Mansfield (1912) in Phosphoria Gulch, 1ts type
locality, as consisting of approximately 45 m of massively bed-
ded chert that contains some interbedded limestone near the
base and some cherty mudstone near the muddle and chat is
overlain by approximately 30 m of cherty mudstone in the up-
per part of the member. McKelvey (1n McKelvey and others
1956, p 2847-48) restricted the Rex Chert to the lower 45 m
of massively bedded chert and basal limestone and proposed the
upper 30 m of cherty mudstone as a separate member of the
Phosphoria Formarion

The Rex Chert in the Sage Valley Quadrangle 1s 1n fault
contact with the Wells Formation and the Grandeur Tongue
of the Park City Formation 1n secuon 32, T 8 S, R. 46 E, and
section 19, T. 9 §, R. 46 E. Elsewhere, within the quadrangle,
in the Boulder Creeck Anticline, the Rex Chert is in apparent
normal contact with the Meade Peak Member of the Phos
phoria Formation. The contacts between the Meade Peak, the
Rex Chert, the cherty shale member of the Phosphona Forma-
uon, and the lower member of the Dinwoody Formation are all
apparently conformable.

The combined thickness of the Rex Chert and cherty shale
members, as suggested by map pattern, 1s approximately 80 m
although the thicknesses obtained from the map are not every-
where reliable because the upper contact was located in the
field by float or by topography

The Rex Chert forms a resistant ledge or cliff and consists
mainly of light gray to black chert. The bedding of the chert
ranges from even to wavy or lenticular with units from 3 to
550 cm thick. Stylolites are present 1n many beds The lime-
stone and cherty mudstone reported in other areas (McKelvey
and others 1959, p 21; Montgomery and Cheney 1967, p 22)
were not observed in this quadrangle, probably because of
weathering and bumnal by erosional debris. The cherty shale
member does not crop out 1n the quadrangle but 1s marked by
slopes of medium brown soil and an occasional fragment of
cherty mudstone

McKelvey (1n McKelvey and others 1959, p 26-28) sum-
marized various argumencs and evidences for the ongin of the
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bounded by the limestone of the Thaynes Formation, below,
and the limestone and shale of the Twin Creek Limestone,
above The formation was named for Nugget Seation on the
Oregon Short Line Railway in southwestern Wyoming. Gale
and Richards (1910, p. 480) scparated the Nugget Sandstone
from the underlying Ankareh Formation and were first to ap-
ply the name 1n southeastern Idaho. Mansfield (1920, p 61-62)
restricted the Nugget Sandstone to beds between underlying
rocks now known as the Wood Shale Tongue of the Ankarech
Formation and the overlying Twin Creek Limestone, but appar-
ently included in the top of the formation the red-bed unit
that was subsequently placed in the Twin Creck Limestone by
Imlay (1950, p. 37) The Nugget Sandstone is used in this re-
port as restricted by Imlay.

The Nugget Sandstone crops out between the East Tygee
and the West Tygee branches of the Meade Overthrust, in a
north-south belt from sections 27 and 28, T. 8 S, R 46 E, to
secttons 20 and 21, T. 9 S, R. 46 E, and 1n a thrust slice on the
west imb of the Spring Creek Syncline from section 10 south-
ward to section 34, T. 8 §, R. 46 E (plate 1). The Buck Moun
tain exposures of the Nugget Sandstone rest in fault contact
above the stratigraphically younger Twin Creek Limestone
and, in turn, are overlain structurally on the west by faulted
lower Portneuf Limestone Member of the Thaynes Formation
(fig. 6)

Near Buck Mountain, the Nugget Sandstone consists
mainly of dark to light red, yellow, and white, fine-grained, cal-
careous sandstone. It appears fairly homogeneous throughout
the section. Clay and silt-size particles vary in amount through-
out the section, but porosity seems minimal Cross-bed sets up
to 15 c¢m high are weathered into relief on the summut of Buck
Mountain, but planar laminations are the predominant sedi-
mentary structure in other ateas of the quadrangle The Buck
Mountain sectton of Nugget Sandstone is esumated to be ap-
proximately 350 m thick, on the basis of map pattern.

On the west limb of the Spring Creek Syncline, upper beds
of the Nugget Sandstone are overturned on the Gypsum
Spring Member of the Twin Creck Limestone but with a nor-
mal depositional contact. Lower Nugget beds are covered by
Salt Lake Formation. Along the Spring Creck Synchne, the
Nugget Formation is a red to reddish brown, blocky, thick-bed-
ded, fine-grained sandstone The top of the formation here was
mapped at the contact of the more resistant Nugget Sandstone
with the less resistant red shale and siltstone of the Gypsum
Spring Member of the Twin Creek Limestone. Nugget Sand-
stone exposed 1n this section is estimated to be approximately
230 m thick, on the basis of map pattern. No marker beds were
seen in erther the Buck Mountain section or the Spring Creek
Syncline section to allow correlation of the two outcrop belts.

No fossils have been found 1n the Nugget Sandstone, so its
exact age is stull debated. High ahd Picard (1965, p. 56) found a
thin conglomerate at the base of the Nugget Sandstone and an
angular disconformity between the Nugget and the underlying
Popo Agie Formation and suggested that this represents the
Triassic-Jurassic boundary and the base of the Nugget Sand-
stone The upper boundary of Nugget beds 1s a disconformity
of regional extent (Love 1957, p. 43). Imlay (1967, p 19) con-
sidered the overlying Gypsum Spring Member of the Twin
Creck Limestone to be a middle Bajoctan (Middle Jurassic), so
the Nugget Sandstone is probably Early Jurassic in south-
eastern Idaho

Pacht (1977), Kamus (1977a), and Picard (1977) present
the most recent discussions of the ongin and diagenesis of the

Nugget Sandstone in Utah and Wyoming In the Sage Valley
Quadrangle, the Nugget was probably deposited in close prox-
mmtey to a dune-covered, sandy shoreline. Differentiation of
subaqueous deposits from subaerial deposits 15 difficult in the
mapped area.

Twin Creek Limestone

The Twin Creck Limestone was defined for exposures of
manne limestone, shale, and sandstone along and near Twin
Creek between Sage and Nugget in western Wyoming by
Veatch (1907, p. 56). The name was subsequently used in the
Sage Creek area by Mansfield (1927, p. 97). Imlay (1950) di-
vided the formation into seven members that, from bottom to
top, were called members A-G. Member A was tenamed the
Gypsum Spring Member by Oriel (1963). Members B-G were
renamed, in ascending order, the Sliderock Member, the Rich
Member, the Boundary Ridge Member, the Watton Canyon
Member, the Leeds Creek Member, and the Giraffe Creek Mem-
ber by Imlay (1967). The modified nomenclature of Oriel and
Imlay is used in this report (fig. 2)

The enure Watton Canyon Member, the upper part of the
Boundary Ridge Member, and the lower part of the Leeds
Creek Member are not exposed in the Sage Valley Quadrangle.
Undifferentiated, but probably middle, Twin Creek Limestone
crops out along the Hardman Branch of the Meade Overthrust
in sections 2, 3, and 11, T. 9 S, R. 46 E, and section 34, T. 8 §,
R. 46 E (plate 1).

The Twin Creek Limestone 1s overlain apparently con-
formably by the Preuss Sandstone and 1s disconformably under-
lain by the Nugget Sandstone. Hintze (1973, p 62) indicated
an unconformity between the Rich and Boundary Ridge Mem-
bers in northern Utah, but none was indicated by Imlay (1967,
p. 31, 37), nor was an unconformity 1n evidence in the Sage
Valley Quadrangle The Twin Creek Limestone 1s apparently
conformable throughout.

Gypsum Spring Member. The Gypsum Spring Member of the
Twin Creek Limestone crops out along the Hardman Branch
of the Meade Overthrust in sections 10, 15, 22, and 27, T. 8 S,
R 46 E, and along the East Tygee Branch of the Meade Over-
thrust in sections 9 and 10, T. 9 S, R 46 E, in the studied
quadrangle (plate 1).

The Gypsum Spring Member 15 approximately 70 m thuck,
on the basis of map pattern, and consists mainly of soft, red
siltstone and shale with rare interbeds of yellowish gray lime-
stone. In a roadcut in secion 9, T. 9 S, R. 46 E, a few green
and gray mudstone beds are seen within the red units. The
member generally weathers to a swale between the more resist-
ant Nugget Sandstone and Sliderock Member of the Twin
Creek Limestone

Imlay (1967, p 52) reported crinoid columnals in what he
interpreted as a thrust-faulted section of the Giraffe Creek
Member of the Twin Creek Limestone in the SW %4, section
15T 88, R. 46 E, within the Sage Creek Quadrangle. Absence
of definitive fossil data, plus the lithologic charactenistics of the
unit and structural style of the area, leads me to reassign these
beds to the Gypsum Spring Member (plate 1).

Imlay (1967, p 19) assigned a middle Bajoctan (Middle Ju-
rassic) age to the Gypsum Spring Member

The Gypsum Spring Member was probably deposited under
shallow-marine to lagoonal conditions. The bedded gypsum,
deposited in other areas (Imlay 1967, p. 17-18) bur not ob-
served 1n the present quadrangle, indicates 2 warm and and cli-
mate, and the limestone indicates a more nearly normal marine
environment.
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Quadrangle, is probably associated with the Preuss at depth.
Salt water may be percolating upward along the East Tygee
Branch of the Meade Overthrust. Data from these several areas
suggest that the salt is localized as a primary sediment within
the Preuss Formation or that the salt is migraung from Preuss
beds of upper fault slices with groundwater percolating along
the planes of thrust faults, having originated at depch. The lat-
ter is probably the more likely in the Sage Valley Quadrangle
because all the sale occurrences are coincident with traces of
various thrust faults.

The Preuss Sandstone is not fossiliferous in the Sage Valley
Quadrangle. Imlay (1952, p. 1747) assigned 2 middle to upper
Callovian (lower Upper Jurassic) age to the Preuss beds on the
basis of ammonite collections elsewhere.

The Preuss Sandstone in the Sage Valley Quadrangle prob-
ably represents a udal-flat to lagoonal environment The bidi-
rectional ripple marks indicate an oscillatory direction of water
movement and suggest that the sandstones may be fillings of
tidal channels. The salt hopper crystal casts indicate a hot, and
climate, as does the gypsum The green mudstone beds indicate
a return to more normal salinities for short periods. Imlay
(1952) and Hileman (1973, p. 80-89) discussed the matine or1-
gin and the palecenvironments of the Preuss Sandstone on a
regional scale.

Stump Sandstone

The Stump Sandstone was named by Mansfield and
Roundy (1916, p. 81) for Stump Peak, a short distarice to the
north of Sage Flat, in southeastern Idaho. Pipiringos and Imlay
(1979, p. C1) use the name Stump Formation, but the rocks are
termed the Stump Sandstore in this report.

The Stump Sandstone crops out on the east and west
flanks of the Spring Creck Syncline and on the nose of the Af-
ton Anticline (fig. 10) in the Sage Valley Quadrangle (plate 1).
The formation generally crops out as a ridge above slopes on
the conformably underlying Preuss Sandstone. Their contact
was mapped at the top of the red Preuss float. A swale is usual-
ly developed between Stump Sandstone and the unconformably
overlying Ephraim Conglomerate. That contact was mapped at
the top of the green, glauconitic sandstone float of the Stump
Sandstone. Upper Stump beds are generally less competent than
the ridge-forming lower beds (fig. 10) and form float-covered
slopes.

A 129-m-thick section of the Stump Sandstone was mea-
sured on the north side of Spring Creek in section 17, T. 31 N,
R. 119 W, in the Sage Valley Quadrangle (see appendix). The
formation there consists mostly of grayish green, very fine- to
fine-grained, glauconitic, silty, calcareous, quartz sandstone,
with some interbedded grayish green, calcareous, sandy silt-
stone. Most of the units are cross-bedded, with some of the
cross-bed sets weathering into relief. Some of the units are
ripple marked. No fossils were found in the Stump Sandstone
in the Sage Valley Quadrangle

Only the Curtis Member of the Stump Sandstone, as used
by Pipiringos and Imlay (1979, p. C3-C9), is present within the
Sage Valley Quadrangle, and it is assigned a middle Callovian
(lower Upper Jurassic) age by Pipiringos and Imlay (1979, p.
C6). The Redwater Member of the Stump Formation 1s present
to the north and east of the Sage Valley Quadrangle, and 1t 1s
assigned an early to early middle Oxfordian (Upper Jurassic)
age by Pipinngos and Imlay (1979, p. C13, C15) on the basis of
ammonoud collections.

The fossils seen in other areas (Pipiringos and Imlay 1979)
suggest a shallow-marine ongin for the Stump Sandstone. A

marine origin is also suggested by the glauconite present in
most of the units. A fairly high-energy environment, probably
above wave base, is suggested by the common cross-bedding
and the ripple marks

Cretaceous System

Gannett Group

The Gannett Group was named by Mansfield and Roundy
(1916, p 82) for the Gannett Hills, which lie immediately to
the south of the quadrangle, in southeastern Idaho and western
Wyoming. They divided the group into five distinct forma-
tions that include, from the bottom up, the Ephraim Con-
glomerate, Peterson Limestone, Bechler Conglomerate, Draney
Limestone, and Tygee Sandstone. Cobban and Reeside (1952, p
1030) removed the Tygee Sandstone from the Gannett Group
and included it as the lowermost member of the Bear River
Formation. Randall (1960, p. 175) called the black shale beds
below the sandstone of the Tygee the basal unit of the Tygee
Member. Eyer (1964, p. 6) named the red shale unit below the
black shale of the Tygee Member and above the gray limestone
beds of the Draney Limestone the Smoot Formation The no-
menclature used in this study for units below the Smoot For-
mation 1s that of Mansfield and Roundy (1916, p 82) and that
for the Smoot Formation and the Tygee Member of the Bear
River Formation'is that of Randall (1960) and Eyer (1964)
(fig. 2)

The contact of the Gannett Group with the uncon-
formably underlying Stump beds was mapped at the top of the
uppermost green, glauconitic sandstone float of the Stump
Sandstone. The contact of the Gannett Group with the over-
lying Tygee Member of the Bear River Formation 1s apparently
conformable, on the basis of field evidence, but Eyer (1967, p.
1387) noted a discontinuity in sedimentation between the two
on the basis of his petrographic studies. The contact was
mapped at the bottom of the lower black shale of the Tygee
Member. The Gannett Group is apparently conformable
throughout.

Eyer (1964, p. 33-34) summarized previous literature con-
cerning the age of the Gannert Group. He stated that presently
known fossil evidence indicated that the lower part of the Eph-
raim Conglomerate is Upper Jurassic and that the upper part is
lowermost Cretaceous (Aptian). Eyer (1964, p. 33-34) also as-
signed an Aptian age to the Peterson Limestone, Bechler Con-
glomerate, and Draney Limestone. The Smoot Formation
straddles the Aptian-Albian boundary.

Five sections of the Gannett Group were measured along
the Spring Creek Syncline in the Sage Valley (see appendix)
and Elk Valley Quadrangles for this report, and two were taken
from Eyer (1964, p. 112-16) so that thickness, lithologies, and
other trends within the Gannett Group could be documented
in the Sage Valley and Elk Valley Quadrangles (fig. 11).

Ephraim Conglomerate. The Ephraim Conglomerate crops
out on the east and west limbs of the Spring Creck Syncline
(plate 1). In the Sage Valley Quadrangle, the Ephraim Forma-
tion generally forms low hills covered with reddish soil, but
with occasional outcrops of ledge-forming sandstone and con-
glomerate that become thicker and more prominent to the
south and west. The contact with the underlying Stump Sand
stone has already been discussed.

Conglomeratic units of the Ephraim conglomerate have a
fine- to coarse-grained sandstone matnx, are commonly cross-
bedded, and appear to be lenticular channel fillings that pinch
out laterally (fig 12), particularly in the northern part of the
quadrangle. Conglomerate beds become more laterally contin-
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served in the Sage Valley Quadrangle, was probably initiated by
an orogenic pulse to the west (Eyer 1969, p. 1387). This deposi-
tion took place 1n a shallow foredeep in front of the area being
uplifted on the west (Blackstone 1977, p. 369). Deposttion of
the conglomerates of the Gannett Group and later Cretaceous
and Tertiary formations seems to coincide with movement of
thrust plates that began to develop and slide from an uplift to
the west (Blackstone 1977, p. 381). Thrust faulung continued
into the Tertiary, but apparently ended prior to deposition of
the Pliocene (?) Salt Lake Formation.

The present ranges and basins of the mapped area were de-
fined by warping or normal faulting in middle Tertiary time
(Cressman 1964, p. 89). Lakes were formed in the basins, and
the Salt Lake Formation was subsequently deposited. Deposi-
tion of the Salt Lake Formation may have continued 1nto the
Pleistocene. Some volcanic material 1s present in the tuffaceous
member of the Salt Lake Formation of Cressman (1964, p. 57),
but none was recognized in the Sage Valley Quadrangle. Nor-
mal faulting continued after deposition of the Salt Lake Forma-
tion, and the area is still seismically active (Smith and Sbar
1974).

Mansfield (1927, p 11-20) discussed the physiographic de-
velopment of southeastern Idaho and western Wyoming and
distinguished a number of erosional surfaces that are Tertary
and Quaternary in age. Little can be added to Mansfield’s dis-
cussion by this study of the Sage Valley Quadrangle.

ECONOMIC GEOLOGY

Phosphate

As mentioned in the section on the Phosphoria Formation,
a series of five test trenches have been dug on the west side of
Sage Valley. Three of these contain exposures of phosphate
rock characteristic of the Meade Peak Phosphatic Shale Member
of the Phosphoria Formation whereas the other two do not.
South of section 29, T. 8 §, R. 46 E, in the Sage Valley Quad
rangle, phosphate occurrences are probably not economic be-
cause of their limited size and the amount of overburden to be
removed. North of section 29, however, a complete section of
the Meade Peak Phosphatic Shale Member is present and will
be economic if a method of transport were brought mnto the
area or the mill proposed by the J. R. Simplot Company is con-
structed. No muning of phosphate has taken place to date with-
in the Sage Valley Quadrangle.

Petroleum

Several hydrocarbon test wells have been drilled around the
Sage Valley Quadrangle (Hodgen and McDonald 1977, p.
50-51), but none have produced hydrocarbons in economic
quantity In 1979, Mobil Oil Company drilled the Max Smith
#1 well in the SE % of the SW 4, section 5, T. 31 N, R. 119
W, in the Sage Valley Quadrangle. This well was plugged and
abandoned after reaching a depth of 4,136 m, bottoming in the
Wells Formation.

Source beds, such as the Thaynes Formation and the Phos-
phoria Formation, and reservoir beds, such as the Nugget Sand-
stone and the Twin Creek Limestone, are 1n close proximity to
each other within the Sage Valley Quadrangle Two antichnal
structures, the Boulder Creek Anticline and the unnamed anti-
cline shown 1n cross sections A-A” and B-B of plate 1 and fig-
ure 19, should be tested for hydrocarbon accumulation. The
amount of closure on the structures could be determined from
seismic data. The requirements of structure, source beds, and
reservolr beds necessary for the accumulation of hydrocarbons

have all been met 1n the Sage Valley Quadrangle Other struc-
tural and stratigraphic traps may also be present within the
quadrangle

Warter

The major perennial streams within the Sage Valley Quad-
rangle are Crow Creek, Sage Creek, South Sage Creek, Draney
Creek, and Pole Creek. Several other small unnamed streams
flow erther all year or parts of the year, depending upon the
precipitation of the previous winter. Numerous springs exist
throughout the quadrangle and are used primarily for watering
livestock and some irngation. Pole Creek and Sage Creek are
used for the irrigation of Sage Valley, and water 1s diverted
from Crow Creek for some irrigation Considerable groundwa-
ter potential 1s present within the quadrangle, but abundant
surface water has limited its development.

Salt

Salt from the saline spring in Alkali Flat (fig. 17) was for-
metly produced for local use by boiling off the water in large
pans (Mansfield 1927, p. 339). No salt 1s produced in the quad-
rangle at the present, and the saline spring has been partally
developed 1nto a sale lick for livestock.

Other Mineral Deposits

A gravel pit is currently in production in section 28, T. 32,
N, R 119 W, in the Sage Valley Quadrangle. The material is
unconsolidated sand and gravel from a Quaternary colluvial de-
posit and is used primarily for fill material. Two road metal pits
are found along Spring Creek and another along the Crow
Creek road between Hardman Hollow and Poison Creek. All
three produce fractured rock from the pencilly limestone of the
Twin Creck Limestone which was apparently used for the surf-
acing of the unpaved roads 1n the area. The road material pro-
duced from these pits, while suitable for gravel on the unpaved
roads, 1s too soft for use as road metal on heavily traveled,
paved roads Higher quality road meral could be produced by
crushing the conglomerate-sandstone rocks in the Cretaceous
units or some of the dense limestone and sandstone present 1n
some of the Paleozoic, Triassic, and Jurassic units.

Some of the Twin Creek Limestone units, some of the Cre-
taceous limestone units, and possibly the Portneuf Limestone
Member of the Thaynes Formation, though 1t may be too si-
liceous, could be used to manufacture Portland cement if the
population and industry develop in southeastern Idaho and
western Wyoming to make it economically feasible (Mansfield
1927, p. 331-332) The travertine deposits could be a source of
high-grade lime (Mansfield 1927, p. 332) though the deposits
in the Sage Valley Quadrangle are probably too small to be
economic

SUMMARY

As a result of this study, the structure and straugraphy of
the Sage Valley Quadrangle are delineated 1n much greater de-
tail than before. A revised stratugraphic nomenclature for
southeastern Idaho and western Wyoming was successfully ap-
plied in the mapped area, clarifying some inconsistencies pres-
ent 1n previously published works. Six major imbricate thrust
faults related to the Meade Overthrust fault zone were recog-
nized 1n the Sage Valley Quadrangle, including the previously
undetected East Sage Valley Branch of the Meade Overthrust



GEOLOGY OF THE SAGE VALLEY QUADRANGLE, IDAHO AND WYOMING 33

A number of minor thrust faults, previously undetected, were
also identified.

At least two folding events are evident: the first is related
to compression at the ume of movement of the Meade Over-
thrust Fault, and the second is associated with movement of
the Absaroka Overthrust Fault or younger overthrust faults
which deformed the Absaroka Plate as well as the Meade Plate
The antichinal structures were grossly evaluated for hydro-
catbon potential. Occurrences of potentially economic phos-
phate were noted in the quadrangle, as well as occurrences of
several other materials for construction.

Several subjects could be pursued to improve the under-
standing of rocks in the Sage Valley Quadrangle: (1) detailed
paleontological studies of the Meekoceras-bearing limestone of
the Thaynes Formation in the mapped area would be useful in
establishing a correlation between this and other units 1n the
western United States, (2) detailed petrographic and environ-
mental studies of the Paleozoic and Mesozoic formations in the
mapped area to better define hydrocarbon occurrences and drill-
able prospects, and (3) a detailed seismic program to further
delineate deeper structures with hydrocarbon reservoir potential
in the Sage Valley Quadrangle.

APPENDIX
Measured Sectuons
Section 1

Partial section of Grandeur Tongue of the Park City Formauon and Wells
Formation, measured on the north side of Pole Creek, 1 0 km west of Sage Val-
ley, SW %, section 31, T 8 S, R 46 E, Canbou County, Idaho

Thickness (meters)

Cumulative
Unit No. Unit Section
Bottom of the Meade Peak Member of the
Phosphonia Formation, an unexposed incer-
val-top of Grandeur Tongue of the Park Gity
Formauon
13 Covered unknown
12 Dolomite medium gray, weathers light 67 2450
gray, very fine crystalline, blocky, ledge
Partial thickness of the Grandeur 67
Tongue of the Park City Formation
Wells Formation, upper member
11 Sandstone light tanmish gray, weathers 359 2383
tan, calcareous, fine graned, porous,
friable, blocky, massive bedded, partally
covered, slope
10 Limestone () light to medium gray, 130 2024
weathers light gray, massive bedded,
sandy, vugs up to 13 cm across com-
pose up to 5% of the volume, ledge
9 Covered brown soil 421 189 4
8 Sandstone yellowish white, weathers 316 147 3
light yellowish gray, fine grained, well
sorted, shghtly frable, calcareous,
porous, massive bedded, slope
7 Sandstone lhight gray, weathers tannish 198 1157
brown, very fine grained, hard, cal-
careous, massive bedded, shoulder,
6 Sandstone light gray, weathers brown- 276 959
ish red, very fine graned, well ce-
mented, calcareous, massive bedded,
ledge-former grading to cliff-former the
last 58 m
5 Sandstone medium gray, weathers light 205 683

gray, very fine grained, very well ce-
mented, vugs up to 25 cm across con-
taning calate, fractured with no onen-

rauon, massive bedded, chert quannty
increases to massive bedded at the top
of the unie, ledge
4 Sandstone light gray, weathers reddish 38 478
brown to gray, fine grained, calcareous,
slightly friable, up to 15% porosity 1n
cross-bedded portions, flecks of mafic
materials, massive bedded, ledge
3 Sandstone medium gray, weathers light 79 440
gray, very fine gramned, very well ce-
mented by silica, slighely calcareous,
massive bedded, shoulder
2 Sandstone: white to light gray, weathers 137 361
brownish gray, slightly calcareous, very
fine grained, well cemented, well sorted,
massive bedded, shoulder
1 Covered brown sotl Sections end at an 224 224
unknown location n the upper mem-
ber, Wells Formauon

Parual chickness of the upper member, 2383
Wells Formation
Total section thickness 2450

Section 2
Paruial section of Twin Creek Limestone, measured on the north side of
Spring Creek, SE Y%, section 17, and SW ', section 16, T 31 N, R 119 W,
Lincoln County, Wyoming

Thickness (meters)
Cumulatrve
Unit No Unut Section
Giraffe Creck Member
11 Sandstone alternating bands of light 207
brown, thinly laminated sandstone and
grayish green thickly bedded sandstone,
cross-laminated, calcareous, glauconiuc,
npple marked, flaggy, fissile, some bur-
rowing traces, chff Contact with over-
lying Preuss Sandstone located at dis-
appearance of red soil
10 Sandstone hght green, weathers light 11
brownish green, fine grained, massive,
calcareous, glaucomiuc, blocky, frable,
climbing npples showing current direc-
uon from south to north, 1 ¢cm thick
interbeds of siltstone, cliff
9 Limestone medium gray, weachers tan, 71
very fine crystalline, thinly laminated
with cross laminations, very sandy, thin
to thick bedded, flaggy to blocky, inter-
beds of light gray, calcareous, poorly
consolidated claystone, cliff
8 Sandstone lhight brown, very fine 25
grained, thin bedded with poorly ex-
posed cross-beds, calcareous, blocky to
flaggy, chiff
Total thickness of Giraffe Creek Member 31 4
Leeds Creek Member
7 Limestone medium to light gray, 87
weathers light brown, very fine crystal-
line, very finely laminated to thinly
bedded, shaly in thin laminauons, very
silty, some very fine sand grans, rip-
pled, chiff
6 Limestone partially covered, hght to 68
medium gray, weathers to light gray,
very silty to very shaly, very thinly lami-
nated, nippled, flaggy, rare S-cm-thick
beds of light brown, calcareous silt-
stone, shoulder
5 Limestone partially covered, lighe gray, 369
weathers light brownish gray, shaly,
finely laminated, shoulder
4 Limestone partially covered medium to 20.2 972
dark gray, weathers medium gray, shaly,
lithographic, needlelike when broken,
shoulder

1810

1603

159 2

1521

1496

1409

1341
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3 Limestone stmilar to unit 5 98 770
2 Limestone similar to unit 4 580 672
1 Covered float stmilar to umts 4 and 5 92 92

Base of member not exposed Thickness
of Leeds Creeck Member estimated to be
488 m (Cressman 1964)

Total thickness of exposed Leeds Creek Member 1496
Total section thickness 1810

Sectron 3

Section of Preuss Sandstone measured on the west side of Spring Creck, SE
Y4, section 17, T 31 N, R 119 W, Lincoln County, Wyoming

Thickness (meters)
Cumulative
Unit No Unit Section

7 Covered red soil, sandstone float, gray- 918 3720
ish red, weathers pinkish gray, fine to
medium grained, medium grained sand
decreasing, moderately sorced, in-
distnctly laminated, calcareous Contact
with overlying Stump Sandstone lo-
cated at disappearance of red soil

6 Covered red soil, sandstone float sim- 400 2802
tlar to unit 7, medium-grained sand tn-
creasing

5 Covered red soil, sandstone float, gray- 568 240 2
ish red, weathers light brownish red,
very fine to fine gramned, silty, well sort-
ed, thinly laminated, calcareous

4 Sandstone grayish red, weathers light 125 183 4
reddish brown, very fine to fine
gramed, silty, well sorted, thinly lams-
nated, calcareous, shoulder

3 Covered red soil, sandstone float, gray- 261 1709
1sh red, weachers brownish red, fine
graned, silty, well sorted, calcareous,
thinly laminated

2 Sandstone reddish brown, weathers 166 144 8
light brownish red, very fine grained,
calcareous, well sorted, blocky, shoul-

der

1 Covered red soil, sandstone floar, gray- 1282 1282

1sh brown, weathers brown to brown
red, very fine to fine grained, cross
laminated with some laminations
weathering 1nto relief in the fine
grained units, moderately sorted, silty 1n
parc. Contact wich underlying Twin
Creck Limestone located at dis-
appearance of white soil

Total thickness of Preuss Sandstone 3720

Sectron 4

Partial secuion of Preuss Sandstone measured along Mobil well road 8 km
west of Fairview, Wyoming, NW Y, section 9, and SW Y, section 4, T 31 N,
R 119 W, Lincoln County, Wyoming

Thickness (meters)
Cumulative
Unit No Unit Section

49 Covered red soil Contact with over 577 137 2
lying Stump Sandstone located at base
of green, glauconiuc sandstone of
Stump

48 Sandstone (40%) and mudstone (60%) 16 795
sandstone mottled moderate brown to
pale red, fine grained, calcareous, very
argillaceous, silty, medium bedded,
mudstone, moderate brown, calcareous,
sphintery, very thinly bedded, nppled,
some medium-grained sand

47 Sandstone pale red, very fine graned, 14 779
very thick bedded, cross-bedded, npple

46

45

44

42

41
40

39

38

37

36

35

34

33

32

31

30

29

28

27
26

marks, rare thin interbeds of brown, sil-
ty, calcareous mudstone, sandstone
feathers out laterally

Sandstone (40%) and mudstone (60%)
stmilar to unit 48

Sandstone pale red, very fine grained.
very thick bedded, cross-bedded, ripple
marks, some thick interbeds of brown,
very thinly bedded mudstone simular to
unit 48, quartz-filled vugs t0 5 cm 1n
diameter 1n top sandstone

Sandstone (80%) and mudstone (20%)
stmilar to unit 48, sandstone thick bed-
ded

Sandstone (50%) and mudstone (50%)
similar to unit 48, three 3-cm-thick 1n-
terbeds of grayish yellowssh green, mu-
caceous mudstone

Sandstone (90%) and mudstone (10%)
similar to unie 48

Sandstone simular to unit 47

Sandstone (70%) and mudstone (30%)
stmular to umt 48

Sandstone pale red, very fine gramned,
very thick bedded, cross-bedded, some
thin 1interbeds of brown, silty, cal-
careous mudstone, sandstone feathers
out laterally

Sandstone (70%) and mudstone (30%)
stmilar to unic 48

Sandstone (80%) and mudstone (20%)
stmilar to unit 48, some rare, green
mudstone blebs n che brown mud-
stone, 15 cm thick grayish yellowish
green mudstone at top of unit

Sandstone (80%) and mudstone (20%)
similar to umit 37, 25 ¢m thick pale
greenish yellow mudstone at top of
unit

Sandstone pale yellowish brown, verv
fine grained, calcareous, silty, thick bed-
ded, cross-bedded

Sandstone (60%) and mudstone (40%)
similar to unie 48, some rare grayish
yellowish green mudstone blebs 1n the
brown mudstone

Sandstone pale yellowish brown, very
fine grained, calcareous, silty, thick bed-
ded, cross-bedded

Sandstone (50%) and mudstone (50%)
stmilar to unit 48

Sandstone (60%) and mudstone (40%)
stmilar to unit 37, 20-cm-thick moder-
ate greenish yellow, weathers grayish
yellow, mudstone at top of untt

Sandstone light brownish gray, very
fine grained, some cross-bedding, thin
interbeds of brown, silty, calcareous
mudstone

Sandstone (60%) and mudstone (40%)
similar to unit 48, 50-cm-thick sand-
stone at base of unit of composition
stmuar to unie 30

Mudstone moderate brown, splinterv,
calcareous, nppled in upper and lower
parts, massive and sty i1 muddle pare,
secondary  gypsum  stnngers.  dis-
continuous S-cm-thick green mudstone
at top of unit

Sandstone stmular to unie 30
Sandstone (40%) and mudstone (60%)

similar to unit 37, 31-cm-thick green
mudstone on top of unit

22

25

34

6

50

20

28

17

19

743

718

706

662
65.8

652

591

557

502

485

437
428
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Sandstone (40%) and mudstone (60%)
simular to unit 37, 8-cm-thick green
mudstone on top of umt

Sandstone light brownish gray, very
fine grained, some cross-bedding, thin
interbeds of brown, silty, calcareous
mudstone, some green mudstone 1nter-
beds, S-cm-thick green mudstone on
top of unit

Sandstone (70%) and mudstone (30%)
light brownish gray sandstone, simular
to unit 37 except thicker bedding

Sandstone (70%) and mudstone (30%)
stmilar to unit 37, salt hopper crystal
casts, mud chips, 8-cm-thick green
mudstone at top of unit

Mudstone similar to unit 28

Sandstone (90%) and mudstone (10%)
stmular to unit 48

Sandstone (50%) and mudstone (50%)
similar to unit 37 except 1n 50-cm-thick
units, 15-cm-thick green mudstone at
top of unit

Sandstone (50%) and mudstone (50%)
simtlar to unie 19, 10-cm-thick grayish
yellowish green mudstone ac top of
unit,

Sandstone (40%) and mudstone (G0%)
simular to unit 48, rare, secondary, vert-
cal gypsum stringers

Sandstone mottled moderate brown to
pale red, fine grained, calcareous, very
argillaceous, silty, medium bedded,
some thin interbeds of moderate brown
mudstone, sandstone feathers out later-
ally

Sandstone (50) and mudstone (50)
stmular to umt 37, cross-bedded sand-
stone, 23-cm-thick grayish yellowish
green mudstone at top of unit

Sandstone similar to unit 16, friable

Sandstone (40%) and mudstone (60%)*
similar to umit 37, S-cm-thick grayish
yellowish green mudstone on top of
unit

Sandstone mottled moderate brown to
pale red, very fine to fine grained, cal-
careous, very argillaceous, massive

Mudstone lower % grayish yellowish
green, upper % moderate brown, splin-
tery, calcareous

Sandstone (60%) and mudstone (40%)
stmilar to unit 48

Sandstone similar to unit 16
Sandstone (85%) and mudstone (15%)

simular to unit 48, orangish pink sand-
stone

Sandstone (95%) and mudstone (5%)
stmilar to unit 48, very fine-grained
sandstone

Mudstone moderate brown, sphintery,
very thinly laminated, silty, calcareous,
some fine-grained sand, bimodal npples
indicaung E-W current direction with
water motion toward east the pre-
dominant direction, 3-cm-thick grayish
yellowish green mudstone at top of
unit

Sandstone pale red, very fine gramned,
very argillaceous, ripple marks, np-up
clasts, calcareous, massive at base be-
coming faminated toward top of unit
Sandstone (60%) and mudstone (40%)
stmilar to unit 48

23

38

12

22

22

34

10
25

34

oo

43

12

407

384

325
318

294

28 2

260

223

189
179

15 4

136

132

98
90

87

83

74

31

3

Sectuon of Stump Sandstone measured on the west side of Spring Creek,

Sandstone mottled grayish red to pale
red, very fine grained, very argillaceous,
calcareous, massive

Sandstone (70%) and mudstone (30%)
stmiular to unit 48

Sandstone grayish orangish pink, very
fine grained, calcareous, massive argil-
laceous Base of unit not exposed

Total thickness of exposed Preuss Sand-
stone section Base of formation not ex-

posed

Section 5

1372

NW Y%, section 17, T 31 N, R 119 W, Lincoln County, Wyoming

Unit No
14

13

12

11

10

Sandstone and siltstone  alternating
slopes and ledges up to 15 m in thick-
ness, sandstone—gray to greenish gray,
weathers light browmsh gray, fine
grained, shightly calcareous, cross lami-
nated, blocky, ledge, siltstone—medium
gray, friable, very calcareous, thinly
laminated, flaggy, slope Contact with
overlying Ephraim Conglomerate lo-
cated at disappearance of green soil

Sandstone medium gray, weathers light
grayish green, very fine grained, cal-
careous, sity, glaucomiuce, sity, finely
laminated with cross-laminations,
poorly preserved npple marks, flaggy,
ledge

Sandstone light grayish brown, weath-
ers light brown, very fine grained, thin
laminated, with cross-laminacions, cal-
careous, fissile, silty, slope

Sandstone light grayish green, weathers
light browmish gray, thinly lamnaced
with cross-laminations, calcareous, very
fine grained, beds of blocky matenal to
60 cm thick, slope

Sandstone alternating massive and
thinly laminated units up to 30 cm
thick, massive unies stmilar to unie 5,
thinly laminated units similar to unit 9,
form alternating ledges and slopes

Sandstone grayish green, weathers light
green, very fine to fine gramned, lami-
nated with cross-lamination sets to 5
cm 1n height, calcareous, glauconitc,
silty, poorly preserved npple marks,
flaggy, alternaung slopes and ledges

Sandstone medium gray, weathers gray-
1sh brown, thinly lamunated, with cross-
lamination sets to 8 cm in heighe, very
fine to fine gramned, calcareous, glauco-
nug, silry, flaggy, ledge

Sandstone medium gray, weathers gray-
1sh brown, thinly laminated wich cross-
laminations to 30 c¢m in heighe, cal-
careous, trough cross-laminations, cur-

rent directions N-S, flaggy, ledge

Sandstone light green, weathers grayish
green, thinly laminated with cross-lami-
nations to 5 ¢m n height, sandy, cal-
careous, flaggy, glauconiuc, ledge

Sandstone medium gray, weathers gray-
1sh brown, thinly laminated with cross-
lamnations to 30 cm in heighe, trough
cross-laminations, calcareous, very fine

to fine grained, flaggy, ledge

Unut
168

17 4

115

148

112

183

92

49

34

65

Thuckness (meters)
Cumulative
Sectzon

1289

1121

947

572

297

248

214

35



36

Sandstone: light grayish green, weathers 3.7
grayish green, very fine grained, cal-

careous, glauconitic, chinly laminated

with cross-laminations to 5 c¢m in

height, flaggy, ledge.

Sandstone: medium gray, weathers light 1.4
grayish brown, fine grained, very cal-

careous, thinly laminated with poorly

preserved cross-laminations, flaggy,
ledge.
Sandstone: dark gray, weathers to gray- 49

ish olive, medium grained, cross-bedded
in sets up to 8 cm in height with some
weathering into relief, very calcareous,
poorly sorted, ripple marks, tight, ledge.

Covered: olive brown soil. Contact 49
with the underlying Preuss Sandstone
located at appearance of red soil.

Total thickness of Stump Sandstone 1289

Section 6

14.9

11.2

9.8

49

J. L. CONNER

23

22

21

Sandscone: light gray, weathers light 29.7
gray brown, medium to coarse grained,

poorly sorted, massive, blocky, very cal-

careous, porous, less than 1% pebbles,
interbedded with light to medium gray,
medium-sized sandstone in units up to

50 cm thick, shoulder.

Covered: alternating bands of red and 28.8
gray soil.

Sandstone: light gray, weathers light 21.4
grayish brown, salt and pepper, medium

to coarse grained, massive, blocky, very
calcareous, porous, less than 1% pebbles,

ledge. Contact with underlying Peter-

son Limestone located at disappearance

of white limestone float.

Tortal thickness of Bechler Conglomerate 5239

Peterson Limestone

Partia} section of Gannett Group (Ephraim Conglomerate, Peterson Lime-

stone, Bechler Conglomerate) measured .8 km east of the Draney Ranch, NE
Y4, section 10, and W 14, section 11, R. 46 E, T. 8 S, Caribou County, Idaho
(section 2 of fig. 11).

Unit No. Unit

Bechler Conglomerate

35

34

33

32
31

30
29

28

27
26

25
24

Covered: red soil. Contact with over- 89.1
lying Draney Limestone located at dis-
appearance of red soil and appearance of

gray soil and limestone float.

Limestone: medium gray to medium 11.8
purple, weathers to light gray, nodular,
massive, slope. Probably interbedded

with red mudstones and siltstones.

Sandstone: light gray, weathers light 39.6
gnay, fine to coarse grained, angular to
subangular, poorly sorted, less than 1%
pebbles, calcareous, forms lenticular
bodies interbedded with red soil, ledge.

Covered: red soil. 46.1

Sandstone: medium gray with purple 10.6
tint, weathers light to medium gray,
fine grained, calcarcous, ledge.

Covered: reddish gray soil. 333

Conglomerate: light to medium gray, 205
weathers medium gray, up to 50% peb-

bles that are up to 5 cm in diameter,
coarse-grained sand matrix, subangular

to angular, poorly sorted, calcareous,
very porous, friable, forms lenticular

bodies _some lenticular interbeds of
fine-grained sand, ledge.

Sandstone: interbedded red and me- 65.8
dium gray, medium to coarse grained,
calcareous, cross-bedded, ledge, gray
sandstone decreases upward.

Covered: red soil. 46.7

Sandstone: grayish red, weathers grayish 38.7
reddish brown, medium grained, cal-

careous, rare interbeds of medium gray
sandstone, weathers light brown, occa-

sional purple tint, medium grained, cal-

careous, up to 60 cm thick, ledge.

Covered: red soil. 133

Sandstone: light to medium red, weath- 28.5
ers reddish grayish brown, medium

gnained, poorly sorted, calcareous, inter-

beds of medium gray, medium-grained
sandstone up to 30 cm thick, ledge.

Covered: brown soil, limestone float. 34

Limestone: medium gray, weathers 20.2
light gray, massive, blocky, micro-
crystalline, abundant fossil debris but

few whole shells, ledge.

Limestone: similar to unit 19, weathers 35
light brown.

Limestone: medium gray, weathers 27.8
light gray, massive, microcrystalline,

blocky, abundant fossil debris but few

whole shells, ledge. Contact with un-
derlying Ephraim Conglomerate located

at top of purplish gray sandstone unit.

Total thickness of Peterson Limestone 54.9

Ephraim Conglomerate

20
19
18
Thickness (meters) 17
Cumulative
Section
991.4
9023 16
890.5 15
14
850.9
804.8
13
794.2 12
760.9
740.4 11
10
674.6
627.9
9
589.2
5759
8
7

Sandstone: light to medium purplish 7.8
gray, weathers light purplish gray, very

fine grained, slightly calcareous, mas-

sive, blocky, shoulder.

Covered: red soil. 16.5

Sandstone: light gray, weathers medium 7.0
gray, salt and pepper, medium to coarse

grained, calcareous, poorly sorted, cross-

bedded, blocky, porous, 10% pebbles to

14 cm in diameter, lenticular shape—

possibly a channel, cliff.

Covered: red soil, red and gray sand- 19.5
stone float.
Sandstone: light gray, weathers medium 28.3

purplish gray, salt and pepper, fine to
medium grained, calcareous, poorly
sorted, blocky, ledge, fines upward, in-
terbedded with dark red sandstone,
weathers medium grayish red, fine
grained, massive, some conglomerate
lenses with pebble to 1.4 ¢cm in diame-
ter, red sandstone drops out in lower
6 m.

Covered: red soil, reddish gray, fine- 50.4
grained sandstone float.

Sandstone: dark gray, weathers light 34.8
brownish gray with red tint, fine
grained, calcareous, shoulder, inter-

bedded with dark red sandstone, weath-

ers medium grayish red, fine grained,
massive, some conglomerate lenses with

pebbles to 1.4 cm in diameter.

Sandstone: medium purplish gray, 36.5
weathers medium purplish gray, fine
grained, massive, cross-bedded, blocky,

cliff.

Covered: limestone and conglomerate float. 29.6

Limestone: medium gray, weathers 25.9
light to medium gray, purple tint, mas-
sive, nodular, shoulder.

547.4

517.7

488.9

467.5
464.1

443.9

4404

412.6

404.8
388.3

381.3

361.8

3335

283.1

2483

211.8

1822
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Covered red soil, gray limestone, red 475
sandstone, and conglomerate float.

Sandstone dark red, weathers medium 225
grayish red, fine grained, massive, some
conglomerate lenses with pebbles to 1 4

cm 1n diameter, ledge

Covered red soil with red sandstone floac 249

Sandstone dark red, weathers medium 182
grayish red, fine grained, massive, some
conglomerate lenses with pebbles to 14

cm 1n diameter, ledge

Conglomerate medium gray, 20% peb- 210
bles t0 2 ¢m 1n diameter, medium-

gramned sandstone matnx, salt and pep-

per, hard, ledge

Covered, red soil, red conglomerate and 222
gray sandstone float Contact with un-
derlying Stump Sandstone located at
appearance of green, glauconiuc sand-

stone float and olive so1l o
Total thickness of Ephraim Con- 4126
glomerate—about 90 m too thick be-

cause of repetition of units by faulung

Total section thickness 991 4

Section 7

ing (section 3 of fig 11)

Unit No. Unat
Bechler Conglomerate

34

33
32

31
30

29

28

27
26

25

24

23

Sandstone light grayish brown, weath- 25
ers light brownmish gray, fine grained,

friable, cross-bedded, massive, 1solated

pebbles to 14 ¢m n diameter, ledge

Contact with overlying Draney Lime-

stone located at base of gray, fossihi-

ferous limestone

Covered red soil 188

Sandstone light grayish brown, weath- 36
ers light brownish gray, fine grained,

fnable, cross-bedded, massive, 1solated

pebbles to 14 ¢m 1n diameter, ledge

Covered red so1l 148
Sandstone hght grayish brown, weath- 67
ers light brownish gray, fine grained,

fnable, cross-bedded, massive, 1solated
pebbles to 14 ¢m 1in diameter, ledge

Covered red soil, limestone float sim- 169
tlar to unit 16
Sandstone reddish gray, weathers red- 83

dish gray, very fine to medium grained,

poorly sorted, some conglomerate lenses

with chert pebbles to 14 cm 1n diame-

ter, conglomerate decreases upward,

ledge

Covered, reddish brown so1l 820

Covered red soil, red sandstone float 86
stmular to unit 10

Conglomerate hight pink, massive, 125
quartzite, chert, and hmestone cobbles

to 20 cm 1n diameter, interbeds of red-

dish gray, very fine- to medium-grained
sandstone beds to 1 m thick, cliff

Covered red soil, limestone float near 824
base of unit
Sandstone reddish gray, weathers red- 94

dish gray, very fine to medium grained,
poorly sorted, graded bedding at base,
ledge

1563

1088

863
614

43 2

222

Partial section of Gannett Group (Ephraim Conglomerate, Peterson Lime-
stone, Bechler Conglomerate) measured 2 6 km west of Fairview, Wyoming, W
V2 section 8 and E Y, section 7, T 31 N, R 119 W, Lincoln County, Wyom-

Thickness (meters)

Cumulative
Sectron

8367

8342
815

8118
7970

7903

773 4

7851
6831

6745

6620

5796

22 Sandstone reddish gray, weathers red-
dish gray, very fine to medium grained,
poorly sorted, graded bedding in part,
some conglomerate lenses with chert
pebbles to 14 ¢m 1in diameter, con-
glomerate fines upward, ledge

21 Covered red soil, limestone float sim-
tlar 1n descnption to that of unit 14

20 Sandstone similar to unic 22

19 Sandstone simular to unit 21

18 Covered red soil

17 Limestone medium purplish gray,

weathers light gray, nodular, inter-
bedded red shales may form over 50%
of the unit, partially covered, limestones
form shoulders, shales form slopes

16 Covered: red soil, limestone float sim-
tlar descnption to that of unie 14

15 Sandstone reddish gray, weathers red-
dish gray, very fine to medium grained,
pootly sorted, graded bedding at base,
ledge Contact with underlying Peter-
son Limestone located at top of nodular
Iimestone unit

Total thickness of Bechler Conglomerate
Peterson Limestone

14 Limestone., medium purplish gray,
weathers light purplish gray, nodular,
interbedded red shales may form up to
90% of the unit, partally covered,
slope. Contact with underlying Eph-
raim Conglomerate located at base of
nodular limestone unit

Total thickness of Peterson Limestone
Ephraim Conglomerate
13 Covered red soil

12 Sandstone reddish gray, weathers red-
dish gray, very fine to medium grained,
poorly sorted, graded bedding at base,
some conglomerate lenses with cherc
pebbles to 1.4 cm in diameter fiming
upward, ledge

11 Covered red sou, nodular limestone
float near middle of unie

10 Sandstone reddish gray, weathers red-
dish gray, very fine to medium grained,
poorly sorted, graded bedding at base,
ledge

9 Sandstone reddish gray, weathers red-
dish gray, very fine to medium grained,
poorly sorted, graded bedding at base
some conglomerate lenses with chert
pebbles to 14 ¢m in diameter fining
upward, ledge

8 Covered red soul, limestone float sim-
iar to unit 6 but 1s purple on a fresh
surface

7 Sandstone light gray, weathers medium

reddish gray, very fine grained, tight,
massive, cross-bedded, chiff

6 Limestone. medium gray, weathers
Light gray, some purple tine, micro-
crystalline, nodular, shoulder.

5 Covered red soil

4 Sandstone  medium reddish  gray,
weathers medium grayish red, medium
grained, 5% chert pebbles to 5 ¢m 1n
diameter, chiff

3 Covered red sol

2 Sandstone light gray, weathers medium
gray, salt and pepper, 25% chert pebbles
to 2 cm 1in diameter, chiff

62

696

94
39
50 8
194

388

73

4719

312

312

582
95

59

154

92
80

121 4
42

92
70

5702

564 0

494 4
485 0
481 1
4303

4109

3721

364 8

3336
2754

2659

223.1

217 2

2018

1823

1731

1651
437

395
303

37
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1 Covered red soil Contact with under- 232 233
lying Stump Sandstone located at ap-
pearance of olive brown sandstone float

and soil
Total thickness of Ephraim Conglomerate 333 6
Total section thickness 8367

Section 8

Partial secuon of Gannett Group (Ephraim Conglomerate, Peterson Lime-
stone, Bechler Conglomerate) measured 08 km north of First Creek, a west
flowing wbutary of Spang Creck, NW %, section 5, T 30 N, R 119 W, Lin-
coln County, Wyoming (section 4 of fig 11)

Thickness (meters)
Cumulative
Section

Unit No. Unut

Section ends ac an unknown location (n the up-

per part of the Bechler Formation on the Spring

Creek Synchine axis

Bechler Conglomerate

27 Conglomerate reddish brown, weathers 128 690 9
brownush red, chert cobbles to 203 ¢cm

across and limestone boulders to 356

cm across, massive bedded, chiff

26 Covered red sonl 871

25 Conglomerate reddish brown, weathers 61
brownish red, chert and limestone peb-
bles to 76 cm across, massive bedded,
chff

24 Covered reddish brown soil with sand-
stone, conglomerate, and [imestone
float 1n the upper 302 m Sprng Creek
was crossed 1n the interval and beds
may be covered by the valley shoulders
and floor

23 Sandstone brownish red, very fine 96
grained, calcareous, silty, medium bed-
ded, some limestone float 1s found in
thts unte, shoulder

22 Sandstone similar to unic 23 without 324
the limestone float

21 Sandstone light reddish brown, weath- 81
ers grayish brown, calcareous (?), cross-
bedded, contains conglomerate lenses
with chert fragments to 1 3 cm across at
the base, massive bedded, ledge

20 Shale- dark brown, weathers reddish 200
brown, silty, thin bedded, umit contains
limestone float, slope

19 Shale similar to unit 20 with no lime- 85
stone float

6781
5910

1323 584 9

4526

443 0

4106

4025

3825
18 Sandstone smular to unit 21, sandstone 151 3740
with conglomerate lenses near the base

and a 15-cm sandstone ledge between

137and 152 m

17 Sandstone stmilar to unit 21 145 3589

16 Sandstone light grayish white, weathers 52 344 4
grayish red, fine grained, shightly cal-
careous umt contans limestone float,
slope

15 Sandstone simuar to unit 16 without 195
the limestone float

14 Sandstone similar to unit 16 with 51
limestone float

13 Sandstone grayish red, weathers brown 241
red, fine grained, calcareous, medium,
hard, cross-bedded, thick bedded, shoul-
der

12 Conglomerate reddish gray, weathers 126
teddish brown, chert fragments to 25
cm across, calcite cement, (?) cross-bed-
ded, massive bedded, ledge
Partial thickness of Bechler Conglomerate 413 0
229

339.2

319.7

3146

2905

Peterson Limestone

11 Limestone  medium to dark gray, 150 2779
weathers light gray, microcrystalline,
nodular, partially covered by a reddish
brown sotl—possibly the nodular lime-
stones are interbedded with red sile-
stones, shales and mudstones, slope
Contact with underlying Ephraim Con-
glomerate located at base of nodular
limestone unit .
Toral thickness of Peterson Limestone 150
250
Ephraim Conglomerate
10 Sandstone simular to unit 13 232 2629
9 Covered 72 2397
8 Sandstone light reddish gray, fine to 245 2325
medium gramned, partly calcareous,
cross-bedded, a few conglomerate lenses,
thick bedded, ledge
7 Sandstone similar to unit 13 318 2080
6 Covered 14 4 1762
5 Limestone medium brownish gray, 118 1618
weathers light bluish gray, very fine
crystalline, calaite stangers, siliceous,
massive  bedded, parually covered,
shoulder
4 Sandstone  hight gray, weathers light 235 150 0
reddish gray, calcareous, fine to me-
dium grained with 5% chert pebbles
which may be up to .6 ¢cm across, cross-
bedded, ledge
3 Sandstone simular to unit 4 with ime- 176 1265
stone float
2 Covered some limestone floac 763 1089
1 Sandstone light grayish white, weathers 326 326

light gray, hard, fine grained, sihiceous
cement, nonporous, massive bedded,
ledge Contact with underlying Stump
Sandstone located at change 1n sand-
stone float color from light grayish
white to light olive brown

2629
6909

Total thickness of Ephraim Conglomerate
Total section thickness
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