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GEOGRAPHY

Location. -- The area under discussion is located in Bigz Horn County,
Wyoming, encompassing approximately 600 square miles of the north-
eastern Big Horn Basin. It is bounded on the south by U. S. Highway 1L,
on the west by U. S. Highway 310, on the north by Wyoming Highway 1l
and on the east by the west flank of the Big Horn Mountains. Fig. 1 is
a location map showing the exact location of the thesis area.

Culture. —— Except for minor unpaved roads built by oil and mining
companies the only major routes of communication are those mentioned
previously which circumscribe the ares, /fccessibility to outcrops
along the flanks of the Big Horn MYMountains 1is possible only in a
four-wheel drive vehicle, on horseback or on foot.

Three towns are situated within the area and are located along
the outer boundary. They are Lovell, Greybull and Shell. The lar:est
is Lovell with a population of apmroximately 2,504. The population of
the 2rea is centered primarily in towns although a portion resides on
nearby ranches.

The arid climate restricts the cultivation to strips along the
streams. The major agricultural products are sugar beets ani vegetables,
Both cattle and sheep ranches are common throughout the area. Sheep
herders graze their flocks on the upper slopes of the Big Horn Mountains
during the summer months and return each fall to valleys for the long
cold winters. The cattle herds remain in the lowland country all year
long. The cowboy represents an important phase of Wyoming life. 1In
fact, his silhouette adorns their automobile license plates as the
state symbol. The oil companies and the Magcobar Company provide a

source of employment in the Greybull area. The latter is one of the



remgofs

LOCATION MAP

MW YOMING -

MONT

1D

=z

COoL

GREYB uLL

R 95 W R 24w R 93 W R 22 W R 21w

FIG, 1



- pgtern Us &, to Ysllowstone Natlenal Pors and obher scenic areas in the

hwestern part of this country durine the summer monthe.




PHYSIOGRAPHY

Rezional Setting. -~ The Biz Horn Basin is situated in the northeastern

vortion of the Mildle Rocky Mountain Physiographic Province (Fenneman,
1931, p. 166). This basin is an elliptical shaped depression opén to
the north, but is bounded on the east by the Big Horn Mountains, on the
south by the Owl CUreek, Sridger, and Shoshone Mountains, and on the west
by the Absaroka Mountains. Structurally it is a northwest - southeast
trending syncline approximately 150 miles long and 100 miles wide.
Subordinate anticlinal and synclinal structures within the basin
parallel the major synclinal axis. The strata present range from
Cambrain to Tertiary in age.

The thesis area comprises the northeastern portion of the Big Horn
Basin. The oliest formation exposed within this area is the Madison
Limestone (Mississippian), while the youngest is the Cody Shale ('Inper
Cretaceous).

Tonogranhy and Drainage. -— The most prominent topographic feature of

the area is the Biz Horn Mountains, an outlying part of the Miidle Rocky
Yountains, which rise approximately 1500 feet above the basin to an
average elevation of 9,000 feet. The highest point is appropriately
called Cloud Peak, which has an elevation of 13,163 feet. The Big Horn
Mountains consist of Paleozoic and Mesozoic rocks lying on a granitic
core folded to form a monocline, the west limb of which is the Biz Horn
Basin. The Madison Limestone (Mississippian) forms the dip slope of the
west flank of the mountains. Steep sided "V" shaped valleys break this
linear structure with steeply dioping flatirons of Tensleep sandstone
(Fen.sylvanian) and Phosphoria formation (Permian) lining the basin wall.

Plate 1 shows the west flank of the Big Horn Mountains and the flatiron
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In the region north of [hell Creek Canyon, the west flank

- of the Dig Horn Mountains slopes steeply (60°) to the wect, while just =

‘to the south the average vlore is moderate (209). This re lects the
effect of underlying structure on the topograp hy as the slopes parallel “1
the dir of ths underlying bede, illustrating the more intenre folding h
which took place north of the canyon. Faults are prevalent throughout
the basin area.
The Big liorn Basin possesses the characters of a region in the
mature stage of erosional development. crosion has accented the
structure of the region by removing the softer material producing -
cuestas from the more resistant rock. ©Sheep and Little Sheep flountains
are the only major topecgraphical features within the basin. Botn are
asymmetrical, doubly plunging anticlines with a maximum relief of
approximately L0OO feet.
The primary drainage of the region is the Bic Horn River which
flows into the Yellowstone River in lMontanz and wltimately into the
iissouri River, The Rig lorn River enters the Big Hern Basin through
5 canyon 2,350 feet deep in the (Wl Creei Mountains and leaves via a
2,000 feet deer canyon in the northern tip of the Big Horn Hountaios
in Montana. As this river crosses both ranges, it caﬁ be inferred that
it is a superimposed stream developed on an erosion surface which was .
initially higher than the ranges now present. Two major tribufaries,

the Greybull and Chioshone iivers, drain the western half of Uhe basin

and joiﬁﬁthe'Big torn River at Oreybull and Lovell, respectivelys The

eastern part is drained by streams which originate on the flanks of the

Big Horn Mountains 2nd flow west to join the Bi lHorn, Shell Creel, | e
' Horse Creek and Crystal Creei are examples in the latter drainage area,

fﬂ;hq' of tﬁheﬁg small streamsz are intermittent due to the low rainfall. N |

A






HISTORY OF THE TERM "PHOSPHORIA"™

The Permlan strata of the Big Horn Basin area of Wyoming were
first described and napped as & separate unit by Darton (1906). He
recognized that the limestone, shsle, and phosphate rocks along the
northern flanks of the Owl Creek NMountains were distinct from the
overlying red Chugwater formation (Triassic) and the underlying Tensleep
sandstone (Pennsylvanian). To this interval he gave the name Embar
formation.

Slackwelder (1911) later subdivided the Embar formstion of Darton
into twe parts. For the upper portion which is composed of greenish
gray shales, thin bedded sandstones, and light gray dolomites, he
proposed the name Dinwoody formation. He considered the Dinwoody
formation to be lower Triassic in age and equivalent to the Woodside
shale of southeastern Idaho. He later (1%18) correlated the dolomites,
phosphate beds, and shale sequence which comprise the lower porticn of
the Embar with the Park City formation (Permain) of Utzh. Boutwell (1907)
named the latter formation for the Park City mining district in Utzh. He
considered it to be Pennsylvanian in age because of the presence of

Eel lerophon and Orbiculoidea.

Subsequently, in 1912, Richards and Wansfield suggestel the name
Phosphoria be applied to the upper phosphate beds of the Park City
formation in northeastern Utah. Since that time, the name Phosphoria
formation has been used by geologists for the Permain stratz of Wyoming
along with the term Embar.

Since the Dinwoody formation and the Phosphoria formation are
considered to belong to different systems, Thomas (193L) proposed that

these names should replace the term Embar. Thus, the term Embar was
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Th?—&aaﬂe of zeveral terss for the same stoats t3 ctipaiiee sl A agk

Vi

of conplete understanding of tie Permo-Tritssiec rela*ionshipe haz
reculted in a rather confusing nomunclature, The author 4is of ihe
opinion the strata under discussion should be named the lmbar Oroup,

The subsequent division, Frosproria, Park City, Fre:zeoul tonpae and

other loesl names would still be walid in their resvective areanc, The ,
emrloyment of ruch a nomenclature is very applicaible to the thesgis arsa
for seversl reasons. FPirst, the term Phosphoria imrlies a litholoric

type which is nob 'resent in the castern Bir llorn Basin. ©Likewise, the
name. Park City, carriecs the cornctation of a rarticular litholorsic
seqience which is not durlicated here. OSecomvily, the Fhosrhoria formas-

tion iz comprised. of carvonat: , evaporite;delrital, and cuert uniic sone

of widch are named; while otheps tre not. The basal lermian of fhis

aves: is the Opeche forration whicl: is a separate unit and net a tengue

n

of the Chimwater fiormation as apre the other red clastic units, Lastly,

S d

the reader muct be aware that if the Dinwoody fiormibica iy ta e incltbuded,

as =t has commonly been, then a systemic boundary will be crosgeds Tils
fornation is not sresent in the thesis nrea, unless bhe pyasun and eilt=
sbena beds which overlay the rvay tonmgue are considered to be equiva-
Metue f;‘ﬁ?ﬁ whs o Lhe opinion that =uch was the case in
.%ﬂ goutheactern part of the big Lorn Basin., Before any elnyle nume can
.

arplied o the Permo-Triassic interval of fle northeastren iy iforn

requirsments must be considered, [he Lerm then must
|




specivic lishology procent, a now formitional name.

well be arplied o the FermosTriassic unite of this nrea, however,

invelyes, this intorval will be referrad to us the Puoschoria “ormation
ir Lbds caper. Fig. 2 illustrates the evolution f the Phosphoris

formation nomencleture.




EVOLUTION COF PHOSPHORIA FORMATION NOMENCLATURE
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PARK CITY
PARK CITY

FIG. -




7'[ia,Farmetion, -~ The Phasvhorins formeticn in the Bis Horn Basin
4s 2 unit of considersbtle lithnolosic varistion. C:rrbonste members extend
as torgues from the wert to interfinser with shallow weater clastic
tonsues vrojecting from the esst. Thomas, in 1974, was the first to
differentiate the Upper Permian strats of the souuthern Big Horn Basin and
to visuslize this relationsnin. Fig. 6 1llustrates this intertonging
rTeletionshipy. The mge of the ec2rhonates has been established as Permian;
hovever, the clastic red bed members are considered tn be tongues of the
lower cortion of the Chuswater formation (Permo-Triassic). The evidence
for the =ges of theaze sirsta will be reviewed in a following section of
this napers

Tha following is o briefl discussion of the members com~risring the
straticsrephiec seauence of the Phoezhoria formetion in the sunthern Big
Eorrn Basin from oldest to youngest. A teble of the stratigre-hic
nomenelaturs of Wyocming and South Drkote showing the formationsl names
need in this discussion is #iven in.Fiﬂ. 3

he oldest and most recently recogmized member of the Chos horia
formation is the Mowood tonzue. MNeCue (1953) deseribed this tongue from
oubtero e in the southern pertion of the Blg Horn Basin, It ie & Iight
to erayish crenge limestone #nd dolomite which is locelly sondy #nd clayey
and also eontning 2 considersble smount ofi nodular chert. This member
1ies unconrormenly on the Tenslesr formation. The upper boundery has
poceived wet desnsitions] erosion whiich MeCue (1953) and Tourtelod (1952)
think ropresents 8 major unconformity between the Nowood tongue of the

g@ﬂagﬁﬁiih.fnfmggigﬁ and the overlying: Oneche Tormatior.
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In the Black Hills, the Permain is comparatively thin and is
represented by two lithologic units; a red bed sequence, the Opéche
formation (Darton, 1901) and the youngest carbonate member of the
Phosphoria formation, the NMinnekahta tongue. The Opeche formation
overlies the Minnelusa sandstone (Pennsylvanian) and is composed of red
to dark purplish shales and sandy shales. The averapge thickness is 90
to 100 feet. This formation may be an eastward extension of the lower
part of the Spearfish formation (Permo-Triassic) of South Dakota, but at
present it is considered to be a separate unit. If the former is true,
then the Opeche is, of course, a tongue of the Spearfish and should be
redesignsted as such. The Minnekahta tongue of the Fhosphoria formation
was also first described by Darton (1901) in the Black Hills. This unit
is a thin (50 feet), homogeneous, light purple limestone which forms an
escarpment over the less resistant Opeche formation in many localities.
Not recognizing this unit in central Wyoming, Thomas (193L) named it the
Sybille tongue of the Phosphoria formation. This latter name is not valid
and, although originally recognized by the U. S. Geological Survey, is no
longer in use.

While working in southern Wyoming, in 1908, Darton found the lower
FPhosphoria to be composed of 223 feet of red shales contsining interbeds
of gypsum. To this unit he grve the name Satanka Shale, at the szme time
suggesting that it might possibly be the basal portion of the Chupwater
formation. Later, Thomas in 193L, verified this and renamed it the
Satanka shale tongue of the Chugwater formation. If the Minnekahta tongue
is present in an area, the red bed interval between it and the overlying
carbonate members is ca’led the Glendo tongue of the Fhosphoria formation
as named by Condra, Reed and Scherer (15L0, p. LO).

The next youngest tongue of the Phosphoria formation is the Forelle

tongue. It was originally described and designated a formation by Darton



5

in 1908, and redesignated as a tongue of the Fhosphoria in 193L by
Thomas. Lithologically it is a gray, thick bedded limestone with e
thickness of L to 20 feet.

Overlying the Forelle limestone tongue in W.oming from the Laramie
#asin to the Freezeout Mountains is a 11C feet thick sequence of red shales
which contain lenticulrr beds of gypsum, limestone, and breccia. Thomas
(193L) called this unit the Freezeocut tongue of the Chugweter form:tion.

It occupies the interval betweecn the top of the Forelle toniue of the
Phosphori= formstion and the bottom of the Little Medicine tongue »f the

Dinwoody formation (Triassic): thus by definition the Freezeout tongue

is restricted to localities where the ° = can be positively
ident® ‘ed. -

f

\ e Wind

youngest tongue of the Phosphoria formation designated the Ervay tongue
by Thomas (193L). It is a thin unit (1£ feet thick) composed of sandy
limestone containing chert beds and calcite ceodes.

If the above nomemclature is used and both upper czrtonate members
of the FPhosphoria formation are present, the red shzle interval between
the Ervay and Forelle tongues is left without a name. n the eastern Big
Horn Basin, this situation does occur and is complicated by the presence
of well developed chert and carbonate tongues of the Phosphoria in the
center of the red beds.

In summary, the Phosphoria formstion thins eastward and consists of
three or four carbonste tongues which interfinger with the red clastic
tongues of the Chuswater formastion which thickens towar' tne east. The
basal Permain is represented by the Nowocd member of the Phosphoria

formation.
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Phosphoria Formation Exposures in the Thesis Area. -- The ten outcrops

studied in detail are located along the perimeter of the area under
discussion, as shown in the Outcrop location Mep, Fig. 4. The first
to be examined are located at the water gaps in Sheep and Little
Sheep Mountain cut by the Biz Horn River. Since the eastern flanks
of these exposures are more readily accessible, they were chosen for
study. Here the Phosphoria formation forms the dip slope on both
limbs of the anticlinal structures amd is well exposed, although the
upper boundary hess been eroded away. Plates 2 and 3 show the eastern
limb of the Little Sheep Mountain anticline.

Another section was measured three miles north of the Big Horn
River cut in Little Sheep Mountain, where the Permain is exposed in a
series of flatirons along the eastern flank. Erosion has produced a
linear breach in the anticline which exposes the Phosphoria and
Tensleen formations.

Situzted between the above siructures is another smaller doubly
plunging anticline named Spence Dome. The upper Phosphoria formation
and the Phosphoria -~ Chugwazter contact are well exposed at this locztion.
Flates l; and 5 show the uprer units of the Phosphoria form- tion, but
not the contact.

The last outcrop studied in the western part of the thesis are: 1is
a flatiron of Phosphoria located on the western tip of the southern nose
of Sheep Mountain. This excellent exposure illustrzted in Plate & will
be employed as a reference section in this paper.

T™wo sections were studied in detzil near Shell, Wyoming. bot! are
located west of Shell close to the flanks of the Big Horn Mountains.
One is one-half mile north of U. 5. Highway 1L near the mouth of Shell
Creek Canyon. The other is situzted approximately two miles south of

Shell, just south of what is locally called Blzck Mountain road. Here the
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flanks of the Big Horn Mountaine have a moderste slope and dip in

Eﬂhpﬂfiﬁbn to those north of Shell Creek Canyon. l}J
The remaining outcrovs are located along the western flanic of

the Big Horn Mountains between Shell and Lovell., The Phosrhoria occurs

here as steeply dipping fl:tirons and good exposures are difficult to

find, Sections were measured where liorse, Beaver, and Be:r Creeks

egress from the mountain flank, Additional ouctrops of tie “hosphoria

were studied at Cottonwood (arnyon, along Wyoming Highway 1l approxi-

mately 2L miles from Lovell, and the last outcror was located in a

canyon cut in the northern tip of the Big Horn FHountains. [Plate 8 shows

the Beaver Creek outcrop. An outercp locstion men is shown in Fig. b,

ieference Section., -- For the sake of convenience, the detailed outerop

sections will be discussed by lithologic units in 2 stratipgraphic
sequence from oldest to yoinyest in a geographical order beginning with
the soubthern Sheep Mountain exposure, This outcrop is located on the
western slore of the southern nose of Sheep Mountain anticline arproxi-
mately three miles north of Greybull., Along this slope are a series of
flatirons composed of the Fiaszhoria formation which have been left
standing while other adjacent parts o the slope were eroded away. The
The upper part is exposed further routh along the anticline where the
Phosphoria divs under the Churwater.

Although this section is not the thickest, it was choszen as a
standard with which to comp e other outcrops as it most ne rly exam-
plifies the typical litholory of the Phosphoria formation, Because of
the extreme variation it is impossible to select any single outerop
which possesses all the lithologic units, however, this section is a
median between tuo general iypes of litlioclogic secuences which exist in

the area.
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Unit No. 1, the oldest unit present overlies the Tensleep sand-
stone (Pennsylvanian). In the reference section, this unit consists of
55 feet of massive sandstone, red in color except the lower 10 feet which
are green in color. Quartz grains comprise 95 per cent of the rock. The
remainder is czlcium carbonzte cement. The size distribution of the
guartz particles is as follows: 15 per cent cosrse sand, 70 per cent very
fine sand, and 15 per cent corrse silt. The conrse sand size particles
possess high spnericity and moderate roundness, while tne smaller detritals
exhibit moderste sgrnericity and low roundness. The calciun carbonate
cemenits the grains which are covered with a ferruginous cozting thst
imparts a red color tc the entire rock.

This unit is differentiated from tne underlying Tensleep sand-
stone by its red color, smaller detrital size, and an unconformity
which separstes the two.

The only good exposure of the Phosphoria - Tensleep contact is
located at the north Shell outcrop. Directly overlying the Tensleep
formation are four thin beds. The lowest is a sandy, gray-green very
finely crvstalline dolomite six inches thick. Above this bec are two
and one half feet of massive gray siltstone. werlying this siltstone
is 2 six inch bed of sandstone identical with the Tensleer sandstoue.

The top bed is composed of gray massive siltstone.

Init No., 1 is fournd to occur along the southern and western margias
of the thesis area. It is present in the Sheep znd Little Gheep
Nountain and Shell outcrops except where concealed at the Sheep
Mountain Cut and at Spence Dome.

North of the refere..ce section at Little Sheep Mountain the
detrital size decreases to silt and clay, the former being dominant.

At the Bi. Horn River Cut where the rhosphoria is sharply folded, the
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red siltstones become nodular and grade laterally into mustard colored

nodular shales and siltstones. Severzl very finely crystalline lime-
stone interbeds are present near the top. At the outcrop north of
Shell, only nodular siltstones are present. OGypsum in the form of s-tin
spar fills the fractures in the unper twelve feet of this unit, south of
Shell, the unit is represented by sandstone as =zt the reference section.

Although primsrily a clastic unit, ''nit No. 1 has one important
carbonste subunit, which might be considered a separste unit. It occurs
only in the vicinity of Shell, Viyoming. South of Shell, it consists of
two feet of very light gzrsy, very finely crystslline dolomite 3C per cent
of which is made up of coarse silt size quirtz grazins overlain by three
feet of light purple, very finely crystalline dolomite. It is very thin
bedded, one half to one inch thick beds. In the section north of Shell,
this subunit is two feet &nd six inches thick and is composed of only
the silty dolomite.

The basal unit of the Permo-Triassic interval in the area under
discussion is an extension of the Glendo tongue of the Chugwater
formstion. This tongue is believed to be the Glendo equivalent as it
is composed of a lithology corresponding to that found in the soutn-
eastern part of the Big Horan 3asin as described by McCue (1953). It is
overlain by a carbonzte bed which resembles the Forelle tongue of the
Phosphoria formation. The subunit no. 1% is considered to be a2 northern
tip of the Ninnekahta tongue. Where this l-tter unit is present, the
detritz1 material underlying this bed would be the upper ﬁart of the
Opeche formetion.

The Glendo tongue of the Chugwater formation, the Minnekahta
tongue of the Phosphoriz formation, am the Opeche formetion are absent

in the wester: and northern parts of the thesis area due to off lap of
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the Permain seas.

Overlying the clastic unit no. 1 is a thin carbonate stratum which
grades laterally into an evaporite and will be referred to as unit no. 2.
It outcrops in the area near Shell am along Little Sheep Mountain in
addition to the reference section. The lower Phospnoria formation is not
sufficiently exposed on Sheep lountain aml Spence Dome to determine its
presence. Lithologically this unit is 2 light gray, very finely
.cr'ystalline, porous dolomite which is stained a light pink in the
reference outcrop. The bedding is massive, but it westhers into thin
beds. At the Little Sheep Mountain cut the .orosity has decrecsed
sreatly. The fresh color here is still a light zray, but changes to a
light brown northward along the anticline. It is =2lso gypsiferous with
gypsum £il ling the fractures.

It the section north of Shell, the unit has thinned to two feet of
srayish purrle, laminated dolomite saniwicned between two massive beds
of white, powdery gypsum. South of Shell this unit is represented by
approximately fourteen feet of gzypsur.

Unit No. 2 is believed to Le th: eastern and northern extension of
the Forelle tongue of the Phosphoriz formation. This unit is well
developed in the western part of the thesis area, but thins toward the
western flanks of the Bir Horn Mountains and where it changses lithologic
chiaracter.

The thick interval which overlies the Forelle torngue Easically
consists of three distinct parts, a carbonate and chert stratum
between sequences of gypsum and siltstone. Together these bLeds
comprise the unnamed interval between the Forelle and the rrvay tongues

of the Fhosphoria formation.




The lower portion of this interval, that below the carbonate and
chert beds is designated unit no. 3. At the reference section, it is
composed of 38 fecet of massive siltstone in which are present several
thin, light gray dolomite interveds. T e upper ten feet are green in
color while the remainder is dark red. East of the reference outcrop,
this unit consists of azpproximately LO to 53 feet of red siltstone with
veinlets of gypsum filling the fractures. In the Little Sheep iountain
cut this unit is represented by 27 feet of white, powdery, massive
gypsum. Along the flanks of the Eig Horn Mountains u:it no. 3 was found
only in the Lovell outcrop where it is 2 gypsum bed. Since this unit
is not very resistant, it is generally concealed by its own talus and debris
from younger vnits.

The overlying two units conld be considered zs onej however, the
lithologic differences sucgest a separztion. Unit no. L is a dolomite
and a persistent ridge former and can be traced from the southeastern
to the northeastern part of the Big Horn Basin, (NcCue, 193d, p. 19).

In the latter part of the basin, it occurs in all the sections in which
the central portion of the Fhosphoria is exposed except in the lLovell
section. Lithologically this unit is s light gray, finely crystalline,
clayey dolomite which is slightly porous in the reference section.
Throughout the region the thin bedding is characteristic as are the
other properties except for the fresh color which often varies to shades
of gray and brown. The thickness is also uniform, with an average of
ten feet.

Overlying this carbonate, but a part of the same ledge forﬁing
sequence is the bed of blue-black nodular chert. This chert forus =
separate distinct bed in the reference outcrop amd all other outcrops

except in the Shell area where it appears to be interbedded with the




upper part of unit no. L. The thickness decreases toward the north and
east from thriee feet at the southern tip of Sheep Mountszin to less than
three inches along the eastern edge of the basin.

Above this ledge former is unit no. 6 which is similar to unit .
no. 3. It consists of approximately fifteen to forty-five feet of red,
calcareous, massive to nodular shsle and white, powdery gypsun. Cypsum
veinlets are common in the shale. The only well developed gypsumn beds
occur along the southern border of the thesis area, Like the underlying
units, no. 6 has a generally uniform thickness. The averzze is 30 feet.

As previously mentioned, units 3, U, 5 and 6 comprise an unnamed
interval., The name Freezeout tongue of the Chmagwater formation has not
been employed for this interval because of the presence of the over-
lying Ervay tongue of the Phosphoria formation.

Tn the thesis area, the Ervay tongue is composed of three carbonate
units séparated by a chert bed and a shale sequence. HNot all of these
units are present throuzhout the area.

The oldest unit of this tonpue 1s a dense, light .,r&a dolomite.

This dolomite, unit no. 7, was found to occur in the Sheep lountain

and Shell outcrops. The thickness increases toward the east from three
to nine feet. The porosity of this ledge former varies from low to
hizh.

As unit no. 8 is the shale interval between unit no. 7 and the
usrer portion of the Ervay tongue, it can be distinguished as a
separate unit only where no. 7 is present. Uunit no. 8 consists of a
greenish gray, massive, calcareous siltstone in the reference section,
but is predominately red in all other outcrops. The thickness varies
from five to ten feet.

The upper and more massive portion of the Ervay tongue is comprised
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usually one amd cne-half times the short axis. Particles over one
millimeter are multi-nuclear. Plates 1C and 11 are microphotographs of
two oolitic samples. The oclites are cemented with dolomite, but the
interstitial pore space is filled with very finely crystalline calcite.
In many samples asphaltic msterial stains the dolomite otrown or black.
All samples of this unit were found to yield a positive reaction to the
phosphate test, although the intensity varied.

The thickness of this unit wvaries from an average of five fect
along the western margin of the thesis area an! near Shell to over /0
feet along the flanks of the Big Horn Mountains.

Overlying the carbonate portion of the Ervay tongue are two more
units which may be considered as a part of the Fhosphoria formation or as
a tongue of the Chugwater formstion. The first of these units, No. 12,
is a nodular gray-green siltstone with satin spar filling the fractures
to produce 2 network of white veinlets. The nodules range in size from
one to eight inches in diameter. The gypsum veinlets are from one half
to two inches thick and exhibit a well developed fibrous structure.
This unit is found only at Spence Dome and at the reference section.
Tﬁe thicknesses of these two outcrops are 25 and 27 feet respectively.
Plate No. L illustrates this and the overlying unit no. 13.

Unit no. 13 is the uppermost and youngest unit. It is z white,
finely granular, massive gypsum bed. The measured thickness is 20
feet; however, the total original thic«ness may have been greater but
. has been reduced by erosion. This gypsum bed occurs along the flanks of
Sheep and Little Sheep Mountains, at Spence Dome ard at the two local-
ities near Shell. The maximum thicknes: of 4O feet was recoried at
Shell,

The Chugwater formation lies comformably upon the urnermost gypsum
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North Iovell Section

Location: T57N, ROUW, Sec. 16, NE!, 6 miles
northeast of Lovell, Wyoming.
Phosnhoria formation forms dip
slove of west flank of Blg Horn
Mountains

Unper boundary eroded

Feet Inches
IR Dolomite, very light to light

gray, weathers seme with pot-
marked surfsce, steined tan in
places, finely crystelline,
brecciated, oolitic (1 m.),
medium bedded (6 inches to 5 feet)
vporosity veries, asphalt fills
pores, calcite geodes in upper

15 feet

55 6 Concealed, red siltstone flozt;
interbed of gynsum, white,
steined red, nowdery, 3 feet
thick, 38 feet from top

20 Gypsum, white, weathers white,
nowdery, massive

L 0 Iimestone, tan-gray, weethers
tan, finely crystelline, mascsive,
nerous

14 2 Siltstone, red, weathers red,

meseive, calcarecus, veortially
- concealed, gynsum, white, stained
: red, powdery, massive, 2 feet

A — 1 A thick bed at top




LY

Gypsum, white, steined red,
nowdery . massive

Conceslec, red in color, upner
Z feet, siltstone, green-grzy,
weathers B8ame, mascive, celesrecus

Tengleen formation




AGE AND PALEONTOLOGY

In Idaho and western Wyoming where the Phosphoriz formation
contains commercizlly important phosphate reserves, extensive research
has been done on the stratigraphy and paleontology. !nfortunately,
much of the early work was of a general nature with little or no
emphasis placed on the stratigraphic positions of the fossils within

the formation.

As early as 1910, Girty studied the paleontology of the lower
Phosphoria near the intersection of Idaho, Utah and Wyoming and
concluded that it was of Late Pennsylvanian age. Later in 1927,
he revised his work and chanzed his concept of the age to Lower
Permian. Y. B. Branson (1916) considered the lower Phosphoria
formation of the Wind River Mountains of Wyoming to be Penasylvanian
in age. His astute observation that the fauna from the lower ard
upper Phosphoria were different set the stage for later and more

detailed studies of the paleontology.

In 1930, C. C. Branson examined the Fhosphoria formation of
the «ind River and Owl Creek Mountains in Wyoming and subdivided
it into five members each of which contained a characteristic fauna.
These members were named; the Lower Chert, the lower Phosphate,
the Pustula, the Hustedia, end the Top Limestone member. He verified
the conclusions of E. B. Branson, and considered the Uprer Phosphoria

to be Lower Permain in age. He also stated that the lower part of the



formation graded into the upper part without a lithologic break of

any kind, thus it crossed the Penusylvanian-Permian systemic boundary.

Aluost simultaneously with Branson's investigation in 1930,
King sugzested that strata resembling the Phosprnoria formation
in litnology and fauna were underlain oy the K:civab formatiun in the
van Rafael Swell area of Utah. Tune Ksitab formation is of riudle fermian
age. Baker and Williesms (19uLC) confirmed this by correlatinz, at
least in part, the fauna of the lower limestone of the Park City
formation of Utah with that in the ¥aivab. They considered the basal

Park City formstion to be lower Niidle Permian (Leonardian) in age.

A study of the cephalopods found in the middle and upper Phosphoria
formation in Idaho and Wyoming by Miller and Cline (1934) indicated
the parts of the formation studied were Middle Permian in age and

probably correlative with the Word formation in Texas.

Later in 1942, Freuzel and Mwdorf examined the basal portion of
the Phosphoria near Three Forks, Montana and concluded it was of
Wol:campian age by the ideantification of fusulinids. The basal
Permian of this region directly overlies the Quadrant formation of the

Des Moines group or Middle Fennsylvanian age.

The carbonate members of the Phosphoriaz formation of the north-
eastern part of the Big Horn Basin are non-fossiliferous except for

the youngest tongne. At the Big Horn liver cuts in Sheep and Little



Sheen Nountains, poorly preserved foscils viere found in the upper
six feet of the Zrvay tongue of tle hospuoriaz. The foilowing
fossils were identified:

1. Feaestella sp.

2. Schizodus pnospioriensis .. Jraason
3. HNuculans sp.

L. Naticopsis tsyloriansz Cirty (7]

5. Plagioglypta sp.

€. ?Coelogasteroceras thomasi Viller and Cline

The most avundant genere are 3cnlzodus znd (?) Coelogssteroceras.

2ther outcrops were diligently searched, especizlly those along the
flanks of the big Horn Mountains, but no additicnal fossils were uis-
covered, Thin sections &nd hand samples were carefully scrutinized
for micro-fossils without success.

The faunel aséemLIEQ& cellected from the upper carvonale menver
of thne Phosphorie formztion in the thesis arez is present throughout
the Big Horn Basin at the same stratigrophic norizon. OSchizodus aid

Naticopsis were reported by C. Brzason (1932) as indicative of nis

NG

i |

Top Limestone mewber. il ler and Cline {(193L) described Coelogastero-

ceras from the same noriz.n in the Rattlesnzke Nounteins of ayoming.
While studying the Fhosphoria in the southeastern Big Horn ocasin,

YeCue (1¥53) found Schizodus, Natlcopsis, and Nuculana to ve present

in the Ervay tongue. By compering the fzuns of tne thesis area with
that foumdl by other workers, the upper carbonate member of the Phos-
phoria foraation is cousidered to be the eguivalent of and a unorthern
extension of the Ervay tongue. This is supporting evidence for the

conclusion resched employins only lithologic properties.
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' o COPZELATION

:Th&aia trea ——- Une of the more dirriculi problems encountered by the G

aunthor in this study was the co relation of the lithologic units
comprising the Phospnoria formation within the thesis area. /11
of the outcrop sections were studied in deta’l before any attempt
was mede, Similarities in color end crystzllinity tend to make the
carbonates anpesr identical in the field. The oolitic and brecciated
texture of unit no. 11 was not discovered until the samnles were cut
arnd examined unider the microscope. The cnert beds lik the paleon-
tological evidence were too restricted to be of zreat aid. The red
bed and gypsum tongues change lithologic character lateralily and ver-
tically and thus could not be used. Since the carbonate members are
rersistent ledze formers, they were found to ve the most useful. By
careful olservation of such properties ss crystzllinity, color, porosity,
r presence of asphalt, texture, etc. of each sample tzken from the
crrbonate units, it became possilile to trace certein units throughout
a the ares. The most essily recognized units were the oolitic znd
bLreccisted dolomite of unit no., 1L or the uw rer portion of the hrﬁay
tongue and the chert beas wnere present.
In the aree under uiscussion, 211 units of the Fermo-Trisssic
: p intervsl are present except the howood member. The Minnekaht: tongue
of the Phosphoriz formstion ani underlyiny JOpeche formstion occur only
&s verv thin strztz in the outcrops near She! |, Wyoming.
The Forelle tongue is present only alonz the southern and western
edpyes of the area. It has 5 relatively uniform thickuess of approxi-
motely eight feet., The very ligznt (rry and tsn dolomite grades into

a gypsum facies in tre southeastern corner.
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The unnamed chert-carbonzte like the Ervay tongue occurs in all
parts of the northeastern Big Horn Fasin; however, the chert beds
terd to be discontinuous along the northern flanks of the Bi: worun
Mountains. The clayey light gray dolomite is uniform in character
and thickness.

The most diagnostic unit of the sequence is the youngest
strztum of the Ervay tongue. In all outcrops, it is an oolitie,
brecciated, porous dolomite. The textural charzscteristics cannot be
deterwined in most hand specimens without the aid of 2 binoculsr
microscope and ofter only then if the samrle has been cut with a
diamond szaw. In thin sections, these features are quite obwvious.

In contrzst to other units, its thickness increases in the north-
e-stern part of the area.

The lower units of this meaber are 1i:ht gray to chocolate in
color, finely crystalline, and possess a high porosity. The preseice
of calcite geodes amd asphalt filled vurs »nd fractures is also helpful.
The chert bed so well develorned ~t the Spence Dome outcrop is =zbsent
to the east.

The tongues of the Chugwatef formation vary in thickness and
iithologic charecter from sardstones, siltstones, anl shmles to
massive gypsum beds. In the southern »-rt of the area, these tangues
are thicker, of coazrser detritsl size, and contain more evaporite beds
than in the northern part.

The differences in total thicknesses measured at the difterent
localities may be due to the amount ant character of the deposit
present in eszch section, but the topographic relief of the Tensleep
formation erosion surface upon whicn the :ospuorie formetion wrs

deposited must also be considered. A guantitative evaluation of this
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stter factor iz difficult to dotermine in thiv srer as the sub- )

i
surfacoe control iz no cloea encush.
A
. :‘_ Fig: 5 is a correletion disgrem showing the reletivnships of the

toneues of the Fhosrhorie ¢nd Chugweter formation in the theels 2ree,
L Tha Phosphoris formstion is 415 feet thick at the tyvpe section,
Phosrhoris Gulel, Idnhe. To the erst irn the Ble Horn Basin, It thins
to eprreximetely 270 feet. Tha formrtion continnes to thin in tctal
Mhickrecs in the Black Fills of Soug) Daketa, #1though the Minne-

< ht@ tenpus anc the Coeche formstion thiciren. The interfingering
e ter formatinp inerc2ees in thiekneess from western Wyoming to
Dakotas. The Tensleen formsti-n, on the otlier hand, 1ik- the
shioriz formetion thins frim west to emst 1n Wyoming.

MaCue (1953) after extensive Tisld work wes able to trece the
fnee of the Perme-Trisssic seguence dezmeribed by Darten #nd Thomas

Bm the Wind River Mountains fleong the 3 nthern ond esstern m reins

m

Bf bhe Big Horn Basin as far north as Pensleen, Wyoming, by the use

ﬁ?*ﬁ&lvontolsﬁicfi rnd Lithol ecicrl evidencs.

pu This asuthor has been rble to correlste the unit: deccribed by
-ﬁébuv it those in the northeactern psrt of the basin by Lithelo, ie

ohr racteristics. The neleontolosy of the Erv y toniue is also frund

to be similrr.
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ENVIRONMENT OF NEPOSTTION

The Permian history of the Big Horn Basin is exceedingly complex
and its reconstruction involves the consideration of many factors,
many of which have no quantitative measure. The avallable evidence
concerning this problem can be derived from three sources: the
carbonzte beds, the paleontology, and the clastic and evaporite beds.

The carbonate units, the first to Le considered, are composed of
verv fine to finely crystzlline dolomite with two major variations;
the oolitic and brecciated unit of the Ervay tongue and the sandy
dolomite which comprises the Minnekahta tongue. The presence of
anrsulsr silt size particles in t'e l=tter member would sugcest that
it wes deposited in an rgqueous environment in which the wster was so
shallow thzt the w:ve sction stirred un detritals from the basin floor.
Simultaneous deposition of debritals and carbonates is not considered
to be likely as the grains are not coated with the carb&nnte material.
The detritals from the .iunekahts tongue cannot be distinguished from
those of the underlying Opeche sandstone, although the average grain
size of the former is slichtly smsller. This would also be anticipated

a2 the wave nsction would move the sma! er particles first.

The brecciated nature of the upper unit of the Ervay tongue is
unusual in that the dolomite particles shos an extreme range in grain
size and possess high angularity and low spnericity indicating that
they have not been reworked or =braided. The lon- =xes of the particles
paraliel the bedding vlane for the most part. No sortinz or packing
i= ohserved, 1In some thin sections, the grsins resemble a jig—-saw
pnzzle. The evidence sugiests thet the dolomite was breccisted in
nlace =fter lithificetion, perhaps during the orogeny which produced

the present regional structures.
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Very little is known about the origin of oolites in naturej;
however, modern oolites apoear to form in & sh2llow waler marine
environment (Thorp, 1939). The nuclei of the spherules in this area
are camposed of small angular pieces of dolomite wnicn may ve particles
from an underlying brecciatea aolomite.

The carbonste tongues of the FPhosphoria formation exhibvit a
general decrease in thickness to the north and east witn the exception
of the upper unit of the Brvay tongue whnich increases in thickness.
The shore line of the basin of deposition woula ve thnen to the east
and north of the thesis area.

The limited fauna present further supports the hypotliesis orf a
shallow basin of deposition. It is composed of pelecypods, gastropods,
and scaphopods, all of which are or may be benthonic forms. nrodern
decendents of Nuculanz and Naticopsis are found in snnllow marine
seas. Scaphopods live at & variety ol deptns ranging from ¢ to 2L U
meters and thus are not diarnostic.

So far the evidence hss indicated a shallow marine environment;
however, the red beds may represent a terrestial phase of ueposition.
The red color of these detritals as shown previously is due to an iron
oxide coating on the grains, which is considered to ve the prouuct of
an oxidizing environment. The grains receivea their coating during or
after deposition. If coatea prior to deposition, avrasion woula heve
removed it during transportstion. Dehydration of an iron compoura in
the reduced state would change primary yellows and browas Lo red,
thus the color may have been altered after depcsition. Since an
oxidizing environment is also an acid one, plus the fact that marine

waters are generally basic, the presence of red beds is considered
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of & terrestrial type of deposit

this concept could slso te challerjed. B,
The associrtion of evaporite beds with the detrital msterial can
inply o besin so shalov that locsl dveas became isoloted inte )
irdividual bacins which deposited the gyvpsum as they aried up. The l ‘?h.
varisole and scatterer sccurence of gyrsum beds in the thesis area :
enuld bte also intervreted to mean deposition in an unstsble shelfl area.
in wepears1, all tirce modes of evidence consiaered above su-gest
that the ‘hosphoria formalion of the Big lorn sasin was deposited in
' 1low merpine =i iroamet, Tf the area in which tre sess ceposited
the carbtonste bede was 2 shelf aren; only winor cucilictions of the
see level without 2 change in the amonnt of detritesl material would
be sufficient to produze the interfingerines relationshivs existin: in
this recion. Sine the origin of rei Yeds has not been definitelw

proved to be the produet of terre-trial deposition, tinis objection

cannot Le considered velid, although it is not to be overloonked.




urenlunm, syosum »nd vanadium

ara uroducts of economic immortance which ¢rn be nroduced from the =

Phosrhoris formetion. : .

| -
:ihfidgﬁb|'ﬁﬁﬁﬁ?hhfé has been pnoducéd.cnmmercﬁally; althruagh the |F} R

present production is rather small comprred to the large reserves ‘j!I
Sy
available. The hosvhate occurs +ostly as collo hane =nd frencelite L‘L

in oolitic 2nd cisolitic forms. It is primarily concemtrrted in the
lower and upner shosphrte membera. Only the younger member is present
in the Blg Horn Basin; nowever, it is of no comrercisl wvrlue bacanse
ef the low concemtration of nhosphste.

One of the most imuortant commereial aroducts of this formation
is the netrcleum. The first producing well in the Biz Horn Basin
was situated on the Warm Springs enticline near Therueopolis, Wyoming.
Since that time, 1927, many more wells heve besn "brought in" from
the Phosphoriz formation. The Greybull dome when onersting produced
from the Phosnhoria.

The Vorlsnd field produces hydrogen sulnhide besrin, grs from the
Phos-horia., ¥lemecntal sulvhur is extrrcted from the gas which ds
further refined for donestic use. Plrte no 2 shows the sulvhur
storage ares 2t Worlesud, Wycming.

The his4 wansdium concentration known to be present in wastern
Wyoming, southesstern Idano, and northesstern Uteh hos not been tested
for in the thesis ares.

Ureanium prespectors heve st-ked extencive claims on the curfece

sections of the Phosvhorir formation, bhut nc commercisl nraduction has

- yet been sctablished.
| I :
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smount of this formetion

From an economic viewvoint, the Phosnhoria formetion hes only

" two products, nhsovhete and petroleunm, which hrve bern vroduced in

commercial cuantities.




COILSIONS i

The Phosproria formation of the northesstera Big Horn Basin
overlies the Tensleep formation unconformably and grzdes conformatly
upwzrd into the Chugwater formetion. It is composed of a series of
carvonste beds interfingeredi with red clastic and pypsum strata.
For tLhe purpose of tnis study, the FPhosphoris formation was subdivided
into units on tne basis of mzjor litholougic divisions. Minor sub-—
divisions were not considered sernrately as the lithslogy of the main
units often changes laters.!v. The units were mum.erea from 1 to 13,
with the latter tein.: the youngest. 'uit no. 1 is a red uved interval
composed of A messive sandstone which rancses from very {ine sand
size to medium silt. # thin sandy dolomite bed (1Y) outcrops ten feet
from the vase of the sandstone in the southeastern corner of the
thesis area. #hen unit 1A is present, the underlyins litholoxy is
imistinguishatle from the overlying unit. Init no, 1 is the tasal
Phosphoria throughoul this sres. Overlying this sandstone is a3 lipght
aray, clayev, finely crystzlline dolomite, crslled unit no. 2. It is
8¢ fect thick in the sonthwestern part of the srea and grades laterally
into an evaporite strata in the east. Units 3 and o are red siltstone
beds betw: en which ig samiwiched = chert an'! dnlomite strata, units
no. 'S and | respectively. Uit no. 3 veries from 25 te LU feet thick,
nhile no. & is sntroximately 2% feet t:ivk thioughout. The latter unit
is shele in some localities ana botn contaiu gypsun veds locally.
it no, L is 2 17 to 15 feet thic« ved of very light gray, finely
crystalline dolomite which like the overlyin: chert bed is a persistant
ledpe former. Mnit 5 is a blue-rroy nodulsar chert oed wiicl pinches

out to the north and east. Its meximum t lckuess is 2 [set. Overlying



) feet thick. Between unit no 7 #nd the younger carbonates is a 5
thin, 5 feet %h&cksirﬁﬁi celcareons shele bed celled unit no. 8. .
The wext three snids ecour together as a persiatent ledge former. '
No. 9 is 2 medium grey to chocolate., finel; crystalli-e. mazeive
dolomite a2pproximstely 8 feet thick. Overlying this unit iz = thin
blue-gray nodular, chert bed, unit no. 10, #nd a lisht to derk &ray,
oolitic, brecciated fincly crystalline dolomite. The l=tter dolomite
is referred to as unit no. 11 and is one of the most diesnostic units
of the formation. It varies in thickness from 5§ to 60 feet. Unit
no. 12 is a green-gray siltstone in which gypsum velnlets fi11 the
fracture forming a net-lilke pattern This unit is 25 feet thick and
like the overlyinzs unit it cutecrops only in the scuthern prrt of the
area where the Phosphoria formation has a shallow din. The youngest
unit is no. 13 which consists of 20 to 40 feet of massive gyneum.

When trecing units from onc section to ancther, the cirbonate and
chert beds were found to be most useful &s they ars persistrnt ledge
formers and thus alweys exnused even where tolus covered port of the
outerop. The most disgnostic unit was the oclitic =nd breccirted
dolemite of unit no. 11 which c2n be f und throughout the entire
area. The other csrbonates standout from the other dolomites and
limestones in the strati-rs#ninic section bechuse of their 1izht gray
color #nd fine crystallinity, btut often they resemble ezc’ other

meking identification difficult if only # sw#ll nortlon of the

mation is exnosed. )
The paleontologic evidence was very limited and ccasisted of only

e




scazhopods. Brenscn (1030), MeCue '(195.”-), and others rescrted a
simil=r assemblage from tie younsest c:rbonats unit in the southern
pArt of the Big Horn Basin, thus 2 direct correlation was estsblished.
By comprring the " ithologic charzcteristics of the units in the
thesis s#rea ond compsarin; these with those described in cther prris
of the region, susnlimented by »aleontolosic evidence, the following

correlstion wes develoned:

Unit no. 13 Unnamed interval, »ossidly Dinwiedy formation
12 ceanivalent

i
10
Ervey toneae of the Phnsshoris formetion

Unnamed tongue of the 1 Ler formetion

Tmnemed intervel of Phosohoris formetion
Unnamed ton-me of the Chugw-ter formation

Parelle tonmie of the Phasthoris formation
Glendo tonpur of the Chiagwrter formetion

Minnekahtn tongue of the Phas neris formation
ODpeche formation

;rArJuJ:Wm-ﬁ~3uP3

s iy

Pipg., 5 4s 8 corrvliation qisgram whileh L£1lun-trates &t above relsation-

ships.

The cerbonsite tonaes in the area under discussicn 2rve congidered

to be extensions of those described by Thomes (1934) end Dexrt n (1996b)
in the Owl Creek Moaunteins. The Onegche formati n, the Minnakahta

and Forelle tonimaes of the Pxros horla formatl o pincn out in this a@re&,
while the Nowoocd member 1ls 2bhsent. The tots1l thickness of this Torma-

=

tion decreases from & maximum of foproxime tely 259 feet in the southern
pert to A minimum of 160 fret #lcony; the northern flenks of the Eig
Hory Mountzins. £1]1 members aof the formetisn thin in this direction

excent the EBrvey toncue (enly unit no. 11) which thickens,




The environment of deposition is thourht to have been a shelf
covered by a shallow marine sez which oscillated across the area.
This conclusion was arrived at after considering the envircnment of
deposition of modern oolitic carbonates, the paleontologic evidence,
and possible origins of the red beds with their associated gypsum
beds.

In many parts of the Biz Horn Basin, petroleum has been produced frow
the Phosphoria form-tion; however, in the area under discussiosn no
commercial production hns been established although several holes have
been drilled on anticlinal structures. The phosphate concentration is
too low to enable profitable mining of the praduct.

The carbonate tongues of the FPhosphoria formation have been
described principally from field evidence supplemented with minor
amounts of information obtained from thin sections. A couplete
petrographic study of each unit of these carbonate members throughout

the Big Horn Basin would yield valuable informstion about the tyve,
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