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STRATIGRAPHY OF THE PHOSFHATIC SHALE MEMEER OF THE PHOSPHORIA FORMATION
- IN WESTERN “YOMING, SOUTHEASTERN IDAHO, AND NORTHERN UTAH

By Vincent Ellis McKelvey

ABSTRACT
Introduction.—~The marine Phosphoria formation of the Northwest has
long been noted for its large vhosphate reserves, but :ecent discoveries
show it to be noteworthy also for its content of vanadium and other minox .

tlemants.v The economic value of these materiala msy be enhanced by the -

grea. Iatera.l wntim:ity of the beda contaim.ng t.hen. ‘nn results ot
atratigraphic studies that domnstrate the cont:l.m:l.ty and; variation ot

ﬁn beds of the Dhosnha.tic shale in western Wyom:lng out.heastarn Idaho ~

lnd northern Utah are presented in the present paper :
'ms Phosphoria formation in this region ia ccupo t‘a ibiet-, phos-

Phltic: shala member, overlain by the Rex member (chcrw limestorxo). Ita
'&&regate thickness rangea rrom about 225 to 500 fcet.

a "qole, 50 to 70 percent is a0, P,0s, C0,, 380, and F, uoatly as ccllo-

Pra
@ and francolite and calcits or dolomite; 20 to 35 pcrcmt is 3102,




fo04, Al;05, and K;0, mostly as clay minerals, quartz, and mica; and 5 to
10 percent is organic matter. lost of the minor elements, including vana-
dinm, are in the very fine-grained, acid soluble portion of the rock, but
the minerals which contain them have not been seen or identified. The
vanadinm may be in a hydromica or clay mineral, for it varies roughly in
proportion to the amount of Bsoluble" silica present.

Str;tigaggx.-me vhosphatic shale. member in this region may be
d.iv:!.dcd into two part.s lower and upper, each of which consists of a-
VMnanﬂy phoaphatic and calcareous sequence overlain by less phosphatic,
;ﬁrgely;{chsﬁ.c or siliceous rocks.

The lc;wer part of the member increases in thickness mstwa.rd. from a
Iinim of 65 raet in the Salt River Range, wyo., w a mmmum'oz ahout
mskfu’& in the Peals lountains, Idaho, and southward f.o a m:d.nnm o.t 125
to 150 toet. in Dempsay Ridge and the Craxfcrd Emntains In tho Salt River
W the basal beds consist of calcareous sﬂtstona or dolomite s overlain

L& tic zone 3 to 5 feet thick. uternating beds of siltstone and

o the rem#inder cf the lower part The most vanadifercms part

“Uﬁaina‘wv' phoaphatic beds (especially near the base) not prese t, '
"““Ntem W‘ynmng ¥ost prominent among ‘these is the lnwer phesphate Bed
B 'hieh together with the overlying "cap lime," if found over much of south-
uat""“ Idaho. The vanadifercus zone in southeastern Iusho is thicker

-2l



(8 to m'rfeet) and zore chospnatic than in western Wyoming.

‘maupper nart of the member increases in thickneas southward from a
mintmum of about 30 feet in the Salt River Range to a maximum of about 100
feat in the Crawford Mountains. Its lower half consists of alternating -
beds af nhosshatic ocolite and calcareous or dolomitic siltstone. Several |
unit.s, ..ncluding the upper phosphate beds and a thin oolite bed and a

'hangng_-m]l" 1imestone bed at the top of the vanadiferous zone, extend

;the region. In the Salt River Hange the uppermst part of the

mcmblu thu Rax member of trn Phoaphoria, In sontheastcrn Idaho these

rockaym soft brown siltstones much like the rast ot t.he ptmsnha’d.c shale

;Iixxs,ept,that they are less phosphatic, although thaydo Qpntain several thin -

fear.
8%. The total flucrine content increases westward with incz-aase in the

~ .. unt of phosphatel but the fluorine~-hosphate ratio aprears to increase



eastward. Cherty rocis are found only in the eastern and sout;hern part of
the region.

The vanadium content of the vanaaiferocus zone, which ranges from 0.1
to more than 1.0 percent V205 over the region, decreases northward and south~
ward from a belt that trends sastward across the region. In general, the |
vanadium content of the entire phosphatic shale member parallels that of
the vanadiferous zone (a relation which is analagous to that of the-phosphate

and carbonate).
. Origin.—The occurrence of the phosphate, vanadium, and trace elements

clearl}shm that >they are syngenetic-——that is, they were dapo'aited at the
Same tim as the enclosing rocks.

‘!’hc source of most of the constituents was most ]iknly ths Phosphoria
3ea tor sea water is the only "source rock™ that cmtajm the diverse
ua-nhlaga of elements found in the rocks of the pb.oaphatic shale member.
The volnm of phosphate and vanadium in the nhosphatic ah.a.la is tremsndous

hﬂt mrisona suggest that the Phosphoria sea, givcn sufficient time,

, contrimtiom from chqmical d.snudation, and mrma.l occanic circula~ -

!isht well have been an adequate source of t.hcae Valemnts. T

nh'varims elements could not have been concentrated empt for the

y slow deposition of other sediments that 'ug;t hav diluted them.
: LOw thc%dopoaition of these other sediments may hava bcon is shown bty
fhs Tact that t.he mcsmat.ic shale, only 100 to 250 feet thick, may be the

4 ﬁ'”‘ ‘Qlivalent of the Word and Leonard formations, 3,000 to 5,000 f”t' ‘hi"k!
az r'x“ If those formations comtain as much phosphate and vanad!.um as
Y phosphatie shJo, their average conhant of vanadium and phosphate is

£
*Ut the same as the sverage found in all sedimentary rocks.

“ Slow dape3ziwldo:: »ns not the only facter that led to the concentration



of rhospnate and venaiium, Jcr .2 tctel amcounts of these elements vary later-

ally in individual layers o7 tie -ocspuztic shale, The factors that controlled
precizitaticn of ti2 zZros-iate and nincr =lerzents are nct @nown but they must

rave been such that the -rocesses of precicitation and depositicn couid be

reveated manr times, and could crerziz with varying efficiency.



ITRCUCTICN

"he marine Fhosphoria formation of the lorthwest nas long been noted for
its ]arge_p’rtosphate reserves, aut recent discoveries snow it to bte ncte-
worthy also for its content of vanadium and other minor elements. In sout'n;-
sastern Idaho, western “jcming, and northern Utah, where t..e phosphate and
vanradium deposits are ricnest, the “hospnoria consists of a lower, zroesziatic
snale member overlain by the Rex member (cherty limestone). Their corbined
thickness ranges fram about 225 to 500 feet. Despite their small thiclness
t.hey'apparently represent much of Permian time and are thus the time equi-
valent of thousands of feet of Permian sediments elsewnhere.

A significant corollary of the great disparity in thickness between the
Phiosphoria and most otier Percian formations that are its probable time ecuiv-
alent is the marked difference in their general composition. The cozron
reck-forming materials, which make up the bulk of the other formations, form
only a subordinate part of the phosphatic shale member of the Fhosphoria,
most of which is nonresistant, black, carbonaceous, phosphatic shale, silt-
Stone, ‘and oolite, Ti!is abnormally slow deposition of the common sediments

"‘3 one ot the most important factors in concentrating the phosphate and

'im" elements, wrich are present in many other sedimrxt.ary rocks but are
m"‘t"d by othefJ materials.

The commercial value of the phosphate and vanadium depends to a large
‘xﬁent upon the stratigraphic continuity of the beds containing them, and it
™3 to test the stratirraphic continuity of ' the vanadiferous beds that the
Present investigation wzs begun. . detailed description of the vanadium

“©%1ts will be presented in ancther report now in preparation. The prusent

‘)‘x’,“ e . . . * : -
<37 describes the lateral continuit: and varlation of individual layers of

‘}ﬂ‘n

6.

“3riat ic shale member in mirtt of Lincoln Sounty, "Mo., 7icr Jounty, Utni,



and 3ear Lake amd Jaribou Counties, Idaho.

digtcry of inve stirztion
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The proschate derosits of the Fhospnoria 7crmation have been invaesti-

(b
'1

rtv of the cresent century. ey

Jcnes 3/

sated in many areas since the early o2

sipst discoverad in 18:9 by “ichter 1/ and in 1897 by Pidcoci. 2/

U 2ichter, .lbert, Jestern chosohate discovery: *’ines and Y’strods,
V‘Ol. 2‘, Noe 9’ _D- 337, 19110
J/ Jones, C. C., Fhosphate tock in Utah, Idaho, and yoming:

and Ui er., VOLl. 83, o] e 953“;55’ 1907:

- Lo d
I ¢ -4

Yin. mne discovery and opening of a

new phosphate field in the United States: .m. Inst. ¥in. . 3uil. 82,

ope 2411-2435, 1913.
3/ 1Idem.

. later examined the deposits discovered by Pidcock and traced them over parts

", :et northern Utah, western ’.’.’yozning and southeastern Idaho.  Teeks and

' ?‘rrier began the U. 3. mlovzcal Survey land classification work on phcs-

: ‘;bate in 906 f/ and since that time the Jeological Survey has sampled the

’ﬁ%

74 eks’, F. B., and
‘-Qd St.ates:v U. S. Geol. Survey Zull. 315, pt. Lu9-162, 1907.
rn United States: U. S.

Ferrier, . F., Phosphate deposits in Testern

Weeks, F, B., Phosphate deposits in T/este

"ol. Survey Bull. U0, pp. bAL-LiZ, 1908.

" phes
= Phate and mapped the Phcsphcriz formation, on a scale of 1 to 2 miles to
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it a 3 ]
» Stanwg e UL 5. Tesl. Swever Twlle 923, 19LL.
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“ardner, L. 2., -clor- ind mineral resources of the Irwin ruadranzie,
daho and ""w.: . 3. Feol. Lurvz-, report in cre-aration.

2uber, . 7., T2c-racnry, -20lc77, znd mineral resources or the .fton
and parts of the Cckevillis, Labarge, and Jackson cuadrangles, o.: . 5.
Ye0l.. 3urvey, rencert in orecaration.

Teiss, lrarles

, Tr.csnhate denczits in the Deer Creek-/ells Canjon area,

Idsho: U, . “221. Jurvey, report in oremaration,

Small amounts ¢ vanacdium nsv2 been known to occur in the pnosphate
rock of southeastern Idaho since 1511, when chemists of the U. S. Geological

Survey faund it in a samsle {rom Origgs, Idaho. é/ Cther tests made in the

&/ Mansfield, 3. 2., op. cit., p. 212, 1927.

years Zfollowingz shcwed that the phosphate rock contained from C.02 to as
mich as 0.52 percent TxCs. Production of vanadium as a by-product in the
Bﬂm}-ﬂgcture of surerphosphate besan in 1941 when, after years of investiza-
:’-ion, ;ﬁhe Anaconda Zorter Vining To. perfected and placed in operation a

process to recmrer the vanacium froc phosphate rock mined at Conda, Idaho.

Vanaditm in cther beds of the phosphatic shale was first discovered in
’“9193 Gollected by Geolorical Survey field parties directed by 7.3 . Iubey
er 11 tr\.nchns .m the 32lt RUwver Ranpe and 1 treanch in the *Foming Ranre,

AL Saanles (lva) were analyzed for P205‘ Cf these, the &2 that coatained

18
. P""me“t or mcre P2C5 and 13 of the 120 containing less than 15 ;,ercent
e

re also t, tested for vanadium and several other constituents, 111 75
turrle - | ’

tles wers found to contain at least some vanadiuvn, 18 ccertainei ¢,25%

e ¥ : ..
TOTG T205, and & contzined 0,5 percent cr mere. “Tern trese

wovm, vonadiun determin.tiong were made on £
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western phosphate field, including nany Serercusly furnisned by the Zureau of
?lant Industry, the !', 3, Jational luseum, and the Tennessee Talley uthcrit
were tested spectrogravnicail:r oy tne Cepartment of !inaraloe- and Fetrorranny
of Yarvard University.

C? all the samples tested, those from southeastern Izaho and western
¥yoming contained the most vanadium and the most highly vanadifercus samcles
were of shale from the upcer cart of the phosphatic shale member. At tnat
tims, it was not known whether the vanadium was present as a syngenetic mineral;
Ihether or not the most vanadiferous samples, which were from secticns several
miles aparh, were from the same bed; or if they were, whether or not this bed
was continuous in grade and thickness. However, Rubey recognized the possi-
bility that the vanadium, like the phosphate, was localized in one or more
persistent §eds and, as a part of the .Survey's strategic minerals program,
he set out to test this hypothesis in western "yominz and southeastern Idaho
in'ay 1942, During this phase of the work, in which it was my privilase to

‘”3-3‘;12 fe]gtively complete sections of the phosphatic shale member were

, m’din detail. Al}l samples were tested for vanadium by means of a semi-

@uaatitative field test;)/ those found to be highly vamadiferous were then

&xelrod, J. ¥., A field test for vanadium, in Contributions to geo-

»ﬁ§3&2§asg U. S. Geol. Survey Bull. 950, pp. 19-23, 1946,

i’ zed 3P°ctrographically and later by standard chemical methods.
‘!he new da’ca demonstratad that the kughest concentrations of vanadium

: Tsist at one horizon over a laree recion, Y/ for beds hirh in vanadiun wers
\

/ h ot : : > s
7 Rwbey, W, 7., Vanadifer o3 s-ale in the Phcsphoria formation, ™=
&:‘*; -

¥ an , - n |
2 Tdaho (abstrach): “con. Tool.-y, vel. 28, 2. €7, 1943.
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iiscovered in relatlv ity onoe sane nart 57 the section in “relllied 0 jubpastie
idge, C okeville, lloniie ier tanyen, and Sloomington Canyon, a5 wzll 33 in

tn2 ¥ and ) trenches near thoss {1, 5, 2. and A) from wnich tne ~ieniy vanadi-
ferous "discovery! samples were sollected in tre 3alt diver .2n’e near .Iuen
(fiz. 1). lio criteria other tnan actual chemical analysis were found then
or later for distinguishing vanadiferous from non-vanadiferous beds tut we
soon learned to identify the vanadiferous oeds in the field oy their strati-
graphic position.

The program was expanded late in iugust 1942 and the Dartl was joined
by another geclogist, J. J. Love, and a chemist, Victor North. During this
phase of t'r;e crogram the beds of the phosphatic shale were sampled at LA
additional localities soaced 3 to 15 miles apart over the region snown in .
figure 1. The stratipraphic continuity of the vanadifercus zone was proved
wevond a doubt. Althouch the vanadium content was found to vary cver the
re-ion, several areas were found in waich the vanadiferous heds contain over
0.75 percent ‘1’265. In November 1542 the Bureau of lines and tr2 letals 3e-

msme vmﬁpany selec*ed three of these areas for detailed exploration. J. D

! J‘I.mre, later assisted by L. E. Srith, mapped and described the beds exposed

: bfthe Btlreau of Yines in the Afton area, W70.3 J. D. Strobell, Jr., and I

W’d‘_mcl'described those exposed by the Bureau of Baines and the letals

m"“ CO&PBH}' in the Sublette Ridse area, "iyO., and those expcsed ny the

H& s Eesem Company in the Paris-Bloomimton area, Idaho. During this

, ﬁa‘““ °f the work the vanadifercus zone was trenched and sarpled at intervals

ﬁiﬁ 100
to 2,000 feet and in addition was saroled underground at inter s of

L,
. * s T p
i 2ot Mre - . PR . .
~ . ®hereas much infcr-ztion was obtained on the cther beds of he
;RM bt R
TR nale . - .
nzle durin: %te Surver! . raccnnalssonce surveys, the detailed
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The investi~aticn centinusc until e cprinc of lwie ..en tlans for mining

rhe deposits were ahondoned ecause of tne alleviation of the vanadium shortc<e.

(4]
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ally hel‘;’f_ul were E, !'. Ncrris, Suneriatendent, and A, T. Peterscn,

: t . r =y H L 8 &9 ] -
3* of Anacondaj 4, ¥, Waliker, Vice President, J. D. Johnson, lanager,

3 ,
<TI0 £ h-d s . - . .
- ore, Mine Foraman, ”!. ©, Campbell, L. G. Warren, R. H. RUchards, and

englneers, ard A\, L. Slaughter and J. /.. Barder, eeclor.sts of

%x; ani @ )

Yalers, Project “ririneer, of the Turesu.

T vl dntors, Supapictondort of the antreier onos



Professor Lewis L. Cline of the University of Wisconsin, ﬁ;‘w. Rubey and
Herbert E. Hawkes of the Geological Survey read the manuscript and made
veluable sugrestions and criticiSms. James Steele Williams of the Geological
survey gave needed advice on the organization of the faungl l1ist,

| Sources of unmublished data

It is a pleasure to acknowledge the sources of many of the stratigraphic
sections and analyses included in this paper that have been collected by other
marbers of the Geological Survey and by representatives of other organizations
as well.

The measurements of the stratigraphic sections were made as follows:
South Cottomvood Creelz, by John Rodgers; 4, B, C, D, and F by Lawrence Gooldy;
I, J, and ¥ by Lawrence Gooldy and ~7. '/. Rubey; G, Z, and P by Lawrence
Gooldy and J. D. Love; ¥, 1L, !, I, 7, Uz, and Conda by "W. "\. Rubey; ?, S, V,
w, %X, ¥, 2, A&, BB, CC, DD, FF, II, °GL, JJ, K, and 47 by J. D. Love; and ID
by Chzrles Deiss,

l'ost of the venadium and ohosphate znalyses cuoted in tnis rerort were
~zde by Victor North, but mény cthers were made by R. C. “Jells, T. Z. Grimsldi,
J. G. Fairchild, F. L. Schmehl, J. l. Axelrod, largaret Fcster, Y. J. lurata,
and Y. Fleischer., The spectrographic analyses for vanadium were made by John
C. Rabbit of tihe Department of Y"ineralogr and Fetrography of Harvard Univer-
sity. ost of the vanadium anzlyses on the beds of the vanadiferous zone in
the Sublette Ridre area and Paris-Zloominsion arezs were made br ¥, L. Rvan
of the V*rodak Coal 2nd lManufacturing Jo. and some of those on the vanadiferous
beds in Sublette Ridre amd in the Swift Creek, Dry .Creek, and C ottcrwood
Creek areas in the Szlt River Ranre were rade by the Pureau of 'ines; zlthouch
comparatively few of ihe asnalyses rmzde by either 1rodal: or the JBureau are

included in this report, 211 have been studied in its rreparation. The analy-

ses of the roc.;s at Conda were generously furnished by the ~inaconda Comper

- 1% -



“~omine on samnles collected by H. J. Thomes, State Teoloeist of "voming,

-~ Yk

The inailrses of <ne sammles frem trencn 1D were nade by tne Chemi-

Lakeratory of the Teannessee 7Tzller .wutherity. The selenium znaly-

o

tanle L were rade 27 Trol. . ... Zeatn of tie University of
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RECITNAL =CLOGY ‘ N

The southeastern Idaho region was the site of deposition of marine
sediments during every veriod from Cambrian to Cretacecus. The Paleozoic
rocks consist dominantly of resistant gray limestone, dolomite, quartzite,
and sandstone. The Mesozoic rocks form a thick series of alternating lime-
stone, shale, and sandstone, Tertiary rocks, which are nommarine, are
largely clastics, but include subordinate amounts of calcareous marl and
volcanic ash. A list of formations exposed in the region, modified slightly

from that given by Mansﬁeld;glfollms:

YManstield, G..R., op. cit., p. 48, 1927.

Thickness
(feet)
Pliocene (2): Salt Lake formation (conglomerate,
sandstone, marl) ' 0 - 1,000
Bocene: Wasatch formation (conglomerate, sand-
. stone) 0 - 1,500t
Lower Cretaceous (?): Wayan formation (sandstone, shale, lime- .
stone) 12,000
Tygee sandstone 100+
Draney limestone 175
Bechler conglomerate 1,700
Peterson limestone 200
Ephraim conglomerate 1,000
Stump sandstone 200 - 600
Preuss sandstone 1,300
Twin Creek limestone 3,500z
Nugget sandstone 1,400%
Wood shale 15C:
Deadman limestone 200
v Higham grit ' 200%
_ Timothy sandatone 250
' Thaynes formation (silty limestone, cal-
careous siltstone, shals) 2,000 - 3,000

Woodside shale and Dinwoody formation
(silty limestone, siltstone, shale) 1,000 - 2,000
Phosphoria formation

Rex member (chert, cherty limestone) 80 - 300
Phosphatic shals member 85 - 250
Wells formation (sandstone, quartzite,
limestons) 1,000 - 2,400
Braz=r limestons 1,100*
Madisci limestcens 1,000
: Three Forks limastone AT
"y :”VGHL&?} Jeff :risn 1imestone RN
L . A AR IS L

/o



Thickness

(feet)
Upper Ordovician: Fish Haven dolomite 500
Lower Ordovician: Swan Psak juartzite 500
Jarden City limestone 1,200
“pper Cambrian: St. Charles limestone 900 - 1,200
¥iddle Cambrian: Nounan limestone 1,000
Bloomington formation (limestone and
shale 1,200
Blacksmith limestone 750
Ute limestone 750
Langston limestone 350 - 600
Lower and Middle
Cambrian: Brigham quartzite 1,000 - 1,600%
Total maximm thickness of all formations 46 ,000*

As a result of strong deformation which began near the close of the Cre-
taceous, the pre~Tertiary rocks form long, northward-trending folds, many of
which are overturned and broken by numercus transverse and bedding faults and
by a fw(gﬁat overthrusts of many miles displacement. The Tertiary sediments,
which were deposited after a long period of erosion and after the period of
®ost intense deformation are only moderately tilted, but they are broken by
noraal taults of several hundred feet displacement,

g The post-Cretacecus geological history affected the Phosohoria formation

\ :‘Ia "‘1“1 wayu. Because of the regional structure the Phosphoria is at the

ce <°n the limba of many folds and is characterized by long, northward-
(fig. 1). Because the phosphatic shale member is struc-
?lpetant in many places it has been thickened or thinned by
%‘1"8 bll;d part or all of it cut out or repeated by reverse faults which
‘ "‘?-4;"'} “’17‘ Parallel to bedding that even where exposed they ca.nnot be
M”m ‘x“l'-'t by cmission or repetition of beds. (xidation of the phosphatic
x ﬁ“g‘ i“ ‘rﬂa Where it was at or near the surface during the long period of
¥rerlon that Precedsd deposition of the Tertiary sediments, led to the removal
B3t ot its organic matter and soluble constituents so that in thosz areags

Y ts mey 4
c
Ch differant in aorearince arnd corocsition,
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DEFINITION OF THE PHOSPHATIC SHALE MEMECR OF PHOSPYCRIA FORMATION

The phosphatic beds were first mapped as a part of the Park City

formation, which had been described by Boutveli'in the Park City mining

& Boutwell, J. M., Stratigraphy and structure of the Park City mining

district, Utah; Jour. Geology, vol. 15, pp. 434~458, 1907,

district, Utah. Three members of the Park City formation wers different—
iated: cherty limestons, overlying the Weber quartzite, at the base:
mrld.nvby phosphatic shale; and capped by the "upper Productus limestone,'
The upper Productus limestone and the phosphatic shale member were
later included in the Phosphoria formation, which was described in 1912

by Richards and Hansfieldwfran Phosphoria Gulch, a small canyon in the

4/Richards, R, W., and Manafield, G. R., The Bannock overthrust:
Jour,?(}eolog, vol. 20, pp. 684~689, 1912,

Peale Mountains, Bear Lake County, Idaho. They designated the upper unit
4s the Rex chert member, from Rex Peak in th4 Crawford Mountains, Rich
County, Utah, and called the lowsr unit simply the phosphatic shale
Rember, They placed the lower cherty limestone member of the Park City
formation, together with beds thought to be equivalent to the underlying
Weber quartzite and Morgan formgtion, in the Wells formation, named from
Wells Canyon in the Peale Mountains, Caribou County, Idaho,

The Rex chert and phosphatic shale member lose their identity to the
north and east, but in the area studied they are fairly distinc.f;. Because
the ex chert member does not contain conspicuous amounts of chert in

3938 parts of this area, it will be referred to merely as the Rex member

4
i this paser,
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FAUNA

Nearly 300 species have been reported from the Phosphoria romatianw

wFosails collected during the present investigations are being studied
by James Steele Williams, but the results are not yet. available. Because
the fauna in the area studied has been incompletely described, it has
appeared advisable to 1ist also the fossils collected from other regions.
The faunas of the Park City formation, the Lower Embar formation, and the
so—called Sybille, Forelle, and irvay tongues of the Phosphoria formatiom,
and tho Sata.nka shale are included because they are either not; called i
*Phosphoria® or are believed to be continuations of it; the faunas are

separately listed in the table, except for that of the Park City formation.

in Mg, Idaho, M, and Montana (table 1)

3cne of the species which distinguish the fauna have a wide distribution
but mst of them are restricted in occurrence or at least are not equally
lbundant over the region as a whole. Thus of the speciea listed in table 1,

“‘JJ about 20 are common to the collections from Idaho and western Hymi.ng

l_{yand southeastern Wyoming. These include’ .
_._OdnCtus semireticulatus Ambocoelia gg_a_gg!t;mnsis _'

P, multistriatus Composita subtilita
P, (Waagenoconcha) montpelierensis Nucula montpelierensis
Eg Linoproductus; phosphaticus N, pulchella
i By (Avonia) subhorridus Leda obesa
& P, (Pus :t:ul::ba “nevadensis " L. bellistriata
: Aulosteges hispidus : Plagioglypta canna
Pugnoides osazensis Pleuretomaria phosphaticus
mcogra taylori . emites subpapillosus

Punctospirifer pulcher :
Such forms as Orbiculoidea utahensis, Derbya, Punctospirifer

Kentue
fentuckyensis, Hustedia, Schizodus (except S. ferrieri), Allorism.a,

Delt \
2=ltosecten, Myalina, Bellerophon, Pleurophorus, and fish teeth are listed

19



from most collections fram central Wyoming, but are absent on the lists

from Idaho and western Wyoming: on the other hand, Chonetes ostiolatus,

Crbiculoidea missouriensis, Linsula carbonaria (2), Aviculopecten?

nontpelierensis, Pleurotomaria idahoensis, Omphalotrochus conoideus, and

ostracods are reported from Idaho but not fram central Yyoming. This
local distribution may be more apparent than real, for the faunas have
been incompletely studied; but such differences in reported occurrence,
if not a reliable index of presence or absence, must at least reflect
local abundance of fossils., Of interest is the fact that of the species
vhich ars widespread, most are brachiopods, including many which have
also been reported by Kingérrcm the Permian of Texas,

"’Jung, R, E., The gedog of the Glass Mountains, Tex., Part II,
Famnal summary and correlation of the Permian formations, with descrip-
tion of brachiopods; Texas Univ, Bull. 3042, p. 32, 1930.

‘ Kany of the beds contain characteristic faurmles over small arsas,
Examples are the "cap lime" above the lower phosphate bed and the

= otroc}ms sone at the 'cop of. the phoephatic shale member in the
P‘ﬂ; Kmmtain.s the "goniatite" limestone and the Ch g bu.ring
lihsteno (t!n "hanging-wall limestone" above the unadiferoua zone)

in Suh.ette Ridge, the Orpiculoidea zor. in one of the upper phosphatc

bdds 1n tho Salt River Range; the "Productus limestone" of tbemﬁex
Bember in Idaho and Utah; and the lower chert, lower phosphate, Pustnla,
-HL""—'E.?Q&, and top limestons members described by Bransocn in the Wind
Blver-0v1 Creek mountains of Wyoming. In general, beds which are

r°33111ferous in one locality seom to be fozsilifercus wherever they cean



be identified: and beds unfossiliferous in one locality are unfossiliferous
alsewhere,

Most of the fossils occur in limestone, but some are found in shale
and phosphate rock. Regardless of strgtigaphic position, the phosghat.e

rock has a more or less typical fauna~—Orbiculoidea, Lingula, gastropods

such as Qmphalotrochus and Belleroohon, and fish remains. In central
'iyoming/%nd in the Uinta Hmmtains%he phosphate rock carries a

’ﬂanscn, C. C. Paleontology and stratigraphy of the Phosphoria
formation: Missouri Univ. Studies, wol. 5, p. 18, 1930,

"Yt111ams, J. Stewart, "Park City" beds on southwest flank of
Uinta Mountains, Utah: Am. Assoc. Petroleum Geologists Bull. vol. 23,
p. 88, 1939,

dap;uperate fauna,
A few of the species thus far reported seem to be restricted to one

part or tbe formation over the region. Thus far Waagenoconcha montpelierensis,

M osagensis, Composita subtilita, Rhyncovora taylori, and Nucula
nmtglierensis have been reported only from the lower part of the formation,
‘.uxi bl‘:mzo&ns Productus semireticulatus, P. multistriatus; P. (Avaxia!

m’ and Euphamites subpapillosus have been reported ouly from the

Upper part of the formation. Widespread faunal zones may be established
. faunal atudies are continued (and especially when more cephalopods are

d""’cribed) but such zones are not now evident,

I d



AGE
Most Permiam specialists now agree that the phosphatic shale member
of the Phosphoria is equivalent %o part of the Cuadalupe series and

’

rossibly part of the Leonard series as well (table 2{6.' The age limits of

/QReferences referred to in the table are as follows: Girty, G. H.,
Fauna of the phosphate beds of the Park City formation in Idaho, Wyoming,
and Utah: U. S. Geol. Survey Zull. 436, p. 10, 1910; in Richards, R. W.,
and Mansfield, G. R., The Bannock overthrust: a major fault in scutheastern
Idaho and northeastern Utah: Jour. Geology, wol. 20, pp. 683, 687, 1912;
in Blackwelder, =., New or littls known Paleozoic faunas from Wyoming and
Idaho: Am. Jour. Sei., vol. 36, p. 179, 1913; in Mansfield, G. R., Geology,
geography, and mineral resources of southeastern Idaho: U. S. Geol. Survey
Prof. Paper 152, p. 80, 1927. 3ranson, S. B., The lowsr Bmbar of Wyoming
and its fauna: Jour. Geology, vol. 24, pp. 660-661, 1916. Branson, C. C.,
Paleontology and stratigravhy of the Phosphoria .tomaticn: Missouri Univ,
Stndiea, val. 5, oo. 20-21, 1930; Fish fauna of the middle Phosphoria
tomuon. Jour. Geology, vol. 41, pe. 174, 1933, Permian sharks of Wycming
‘tnd 3&8t Graenland' Science, n. s., vol. 79, p. 431, 1934; Pennsylvanian
rmtims of central chming Geol. Soc. America Bull., vol. 50, p. 1200,
1939. Branson, E. B., and Branson, C. C., Geology of Wind River Mountains,
ﬂ”?': Am. Assoc. Petroleum Geologists Bull., vol. 25, p. 133, 1941. King,
R, E., The geology of the Glass Mountains, Tex., Part II, Faunal summary
ad °°1’£‘alation of the Permian formations, with description of Brachionods;
Texas Univ, Bull. 3042, pp. 30-33, 1930. Williams; James Steele, Sixteenth
Internat, Geol. Congress, Guidsbook 29, pl. 5, 1933. Miller, A. K., and

c‘imr L. E., The cephalopods of the Phosphoria formation of northwestern



ynited States: Jour, Paleontolozy, vol. 3, pp. 281-285, 1934, Mille‘r,

i. X., and Furnish, v. 4., fermian \mmonoids of the Guadalupe Mountain
region and adjacent areas: Jeol. Soc. America Jpec. Paper 26, pp. 9, 23,
28; 1940. B. X. Licharew, in Williams, James Steele, Pre~-Congress Permiam
:onfergnge in the U. S. S. R.: Am. Assoc., Petroleum “eologists Bull,

vel 22, p. 772, 1938, Baker, A. A., and #4illiams, Jame; Steele, Permiam

in parts of Rocky Mountain and Colorado Plateau regions: Am. Assoc.

Petroleum Geologlsts Bull., vol. 24, pp. 624-625, 1940. Franzel, H., and Mundorff,!
M., Fusulinidae from the Phosohoria formation of Montana: Jour. Paleontology,

vol. 16, ppe 675-68L, 1942. ‘hcmpson, M. L., Wheeler, H. E., and Hazzard,
J. Coy Permian fusulinids of California: Geol. Soc.. America Memoir 17,
p' 8’ 19“6.

the Phosphoria have not been established, but 3aker and Williams class
the underlying beds in the Park City Utah area as Kaibab (Leonard);
?anel and Mundorff define beds at the base of the Phoasphoria or top of
mderlxing Quadrant in the Three Forks,Montana area as Wolfcamp; and
'munandkmm{amve shown that the overlying Dinwoody formation in

"A. D. and Kummel, Bernhard, Lower uo—Triassic stratigraphy,

westemwyc A i;md southeast Idaho: Geol. Soc. America, e
p' 939’ 19“. | :ZE «.Lﬁ

P —

Sutheastern Idaho is lowermost Trisssic (Otoceratan), Baker and Williams
and later Frenzel and Mund rff recognized the possibility that the beds at
the base of rocks of Phoschorla lithology may not be the same age every-

w! .
®Te; the Present studies, which show tha*t the lower part of the phosphatic

T



TABLE 2.

PUBLISHED CPINIONS AS TO THE AGE mmm rzemm 1/

System Carboniferous : c"bg"m“;:"“n 8 or """1‘”
| Sarisa bl raniag

Fusyll d—ﬁ—- LAt il f;,—---xt -

Ammmonoid mon e l'dymnn__

airty, i910 ;| -—'Geacheliln"——-—

Qirtx,(;? 4 1912 3 = )

PArtinekian®

"Late Permeylvanian~iLowermost I-‘qm:l,ln'-“ﬁ : 7

. H
USRI ST S S —-——

Je Stecl o R — 3 |
‘Williema, 1332 ‘;‘ — 2
Miller apd Clinm, "iord"; "may be as old as Leciard™ - i
1934
o “Lower Permian"

E="l.ower tut not——i .

Flowermost Permian®—

snd Hazzard,

Thoqwo:;, Fhoeler

-y

- "Upper Wolfcamnian®™ but "yower than thq
F type section of the Wolfcesp fnmu.on"

yw,

-

ruse tne ~lasslxxcattou ot tne Permiesn has changea from time to time, the various sge atomnuou. espesici-

ly tuose mxpressed in terms of "Lower, Middle, or Upper Permiin, sre difficuit to compare witlh one unother. AB ‘sffort pas

been mude 1t
time, but,

1-,ical Survey has not made any official correlation of tne
tnlt given NHere is iaken from Csfe Mnhir,
Goolozicts 1. vole 24, pe 266, 1Y40. -

?gz,a_‘

shon tne ege 1imits us the wutnor inivoded tnem in terms of tne Permien classifiestion ia ui.:tgm 2% the

0 nvuid misrepreseatation of the suthor's opinion, his own dongnsuon 18 quoted wherever posalole, “Thu wwo—
provincial Peraian saries of siest Texws with tUiose ef &ush, o

Tne type Permians its olusinuuon uxl mrdaﬂma Ay ¢ M mlm )



3hale *o -hse south becomes more calcarecus and ocre like tne upper part cf
tne ‘2115, indicate thatv tnis Doswuibiiicy sheould te considered in further

wNC I‘:‘: -



LITHCLOGY

Comnosition

1ime, phosphzte, silica, carbon dioxide, orranic matter, magnesia,

glumina, iron oxide, and fluorine, listed in approximate order of abundance,

- (2%
1+

3

.icpn more than 20 other elements neve been rencrted,

Lvzizable to deternine the averzree com—osition cf the

.

. peurk idee of the rzie
s
e o~ - -~ Fad
. -w na had from the averare of &

sk -rincipel constituents of the vhosphutic sheale

tive pronorticns of some of the princir

- z+in shale rember et trench ID in the P
s:ict of eiements rencrtied from the phosph
czucz the inerel varticles of ine rocis

~ c¢bhscured oy orranic matter, trheir identi

LA 70
Vi~

cat t2 listed inscfer as

|5

Tr oy~ ~
Tilanr

T Te

-

~ember, hut in addi-

Znouth dota asre not

phosphxtic shal

Foy
-

bu

[

b4

rzl constituents

127.8 feot of the

U

hos-

ns, presented in tuble 2.

zlic shule 1s shown in tzble i.

¢ te

£
3

ad

to determine,

Tenmesition of 57 cmiyles ronrezentins 10708 fecer of Lre rhosphictic
e ™ < e S T emrt gmis B 1 /
oL € romDer O Tie SrOSrnOrle iornatlion Guoirencn .o /
.verage Laximmm linimum
(pzrcent)  (oercent) (percent)
L1 3.5 0.3
21,0 53 eC 3.9
3.0 5-0 OoL
3.2 6.6 C.k
1.7 “e Bl T.OL
K 3.8 TLTL
g Tt T2 -~ ~ e -
.. U GUPURR IR AR i e e/
~mniticen less 1% .€ 9.7 —.6
|/ samplze cclleciod & Cherles Deiss of ihe G=cloricel Jurveyy snulrses
— * - .
rvue by the Chemical Feszarch Loworatory of the Tennessee Valler uthcerity.
Too o tetel inicunes: of Lie vhoschitic shale mezber st this locelity is about
2T feet,  avoroerfmatolr Relf of tlhe pedc nct sanpled are described as slale
1 siltetcne ind e ciner helf s colcercous siltsione or limestone: @11



ire probably low in chosprate. Tlarzl.rz the avera~s r 2nd Cece comsaent of
tne member is lower tnan snown D>y the anzlvsa2s [the averare S-(z content is
sTobably abous 12 rerzent) and the ccontent of cotrer

LT .enrts 13 gomewnran

hicher.

Lime, pnospnate, carbon dioxide, maz~nesia and {luorine, mostly as
phosphate and carvonate minerals, mawe ud 5 to 77 nercert of tie prosthatic
shale memt:r. Two mineral forms of ohosphate are cifferentiable. The mest
avundant is an isotropic-aprearins mineral (Mnown from {-ray studies to nave

¢

the crys£a1 structure of apatiteﬁf?) des~ribed as collophane-ﬁy the otker,

/§] Herndricks, S. 3., ¥ill, 7. L., .Jacob, 7. D., and Jefferson, X. I.,
Structural characteristics of acatite-like substances and composition of
phosphate rock and bone as determined from microscopical and X-ray diffrac-
tion examinations: Indus. and Snrin. Chen. vol. 23, pp. 1413-1413, 1931.

[ﬂ l{amfield, {;c Ro, O o ‘:itc, ?o 567, 1927-

a birefringent mineral wnose optical crocerties, accordinz to V7. "i, Aubzy and

) e T:hScﬁaller, are those of francolite {10 CaC.3F,(5.CaF3.0C2),;% forms

20/ Sandell, Z. B., Hey, M. H., and ¥cConnell, Duncan, The composition
°#'f?QQCOIitef7Einéralogical Lar. pn. 395-L01, 193G.

————.

°9¥i%f5mall part of most of the phosphate rccic and is apparently secondary.
fnalyses show that the bulk of tie nhosphate rock has a cherical composition
sirflar, at least sualitativelr, tc fruncclite. W, W. Rubey found by netrc—
"ragkic examination that mest of tc carbcnzte rocks in the 3alt 3iver Zznge

it dolomite,

L7
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Table 4

Elgments reported from the phosphatic shale®
(listed in order of maximum amount reported)

Maximum Rock type or bed
(percent) from which reported
. 95 Chert (estimated)
522 Phosphete rock
38,6 Upper phosphate bed
38.6 Dolomite
25.8 Shale
170 7 DOlomite
12,6 Veanadiferous zone
7.0 Phosphate rock
5.0 Phosphatic shale
Lel Vanadiierous zone
3.5 Vanadiferous zone
3.2 Vanadiferous zone
2¢5 Vanadiferous zone
2.1 Phosphate rock
le4 Phosphatic oolite
1.3 Vanadiferous zone
1.0 Vanadiferous zone
0.6 Vanesdiferous zone
0.3 Clay; vanadiferous zone
0.1 Vanadiferous gone
0.07 Phosphate rock
0.068 Vanadiferous zone
0.05 Venadiferous zone
0.03 Vanadiferous zone
0.03 Phosphate rock
0,03t Cley
0,025t Vanadiferous gzone
0.006 Vanaditerous zone
0.003t  Vanadiferous zone
0.001#%  Phosphate rock
0.00026 Phosphate rock
0.26 (ox) Vanadiferous zone
tracex® Vanadiferous zone
trace Phosphatic oolite

Minimum Rock type or bed
(percent) from which reported
none Upper phosphste bed
1.4 Venaditerous zone

0.1 DOlmnitg
0.04 Vanadiferous zone
0.6 Phosphate rock
0.03 Cherty phosphate rock
Oely Limestone or dolomite
0.04 Limestone or dolomite
0.3 Phosphate rock
none Dolomite
0.3 Phosphate rock
0.06 Phosphatic oolite
none Calcareous siltstone
0.1 Dolomite ’
0.6 Phosphate rock
none Vanadifercus zone
none Phosphate rock
none kudstone

< 0,001 Vanadiferous zone
none Vanadiferous zone
none Phosphate rock
none Vanadiferous gone
0.C19 Ludstone

<0.001#% Phosphate rock
0.002 Phosphate rock
0.01 Phosphate rock

< 0,001 Shele

<0,001%% Shale, phosphate
0.001 Phosphete rock

< 0,001#%% Phosphate rock

< 0.001%% Vanadiferous =zone
0.00008 Phosphate rock
none Vanadiferous zone
none Cherty phosphate

WO, not found in spectographic tests made on about 75 samples from various
beas of the rhosphatic shale member in southeastern Idaho and western Wyoming;
Bi,0,,0d0, and HgO were not found in spectrographic tests on twe samples
from“the venadiferous beds.,

* The maxdmum and minimum values are probably of correct order of masgnitude
for the first 12 or 15 compounds listed, although additional anelyses will

probably extend them slightly.

The maxinmum and minimum values listed for the

other substances are based on too few ceierminaztions to be considered reliable,
** Spectrogrzphic anzlysis; all other determinations by chemicel aralysis,
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Fluorine in excess of that reguired in the phosphate minerals
(0.0892 P205) is generally found in western phosphatas 24/ and in many
places at lsast part of this fluorine is present as purple fluorite in
grains of both megasccric and microscopie size. The megascopic crystals of
fluorite, which are found almost exclusively in coarse-grained oolite or
pisolits, or in thin veinlets along joint planes, are saecondarye

Silicas, iron, alumina, and potash probably make up 20 to 35 percent of
the phosphatic shale as a whole. Silica is present as quartz, chert, and
in silicates, in combination with alumina and possibly iron. Detrital clay, »
quartz, feldspar, and mica have been identified microscopically by W. Y.
Bubey, but the quarts, feldspar, and mica make up a relatively minor part of
the phosphatic shale as a wholes An iron sulphide, pyrite, or marcasite,
is found in nodules underground in the @taed part of the phosphatic shale
in the Paris-2loomington area, but it has not been found at the surface thers,
nor in any other ‘per'b of the regicn. Brown, red, yellow, and green iron
stains a.nd coctings are abundant on the beds at the surface, however, and

m Wcially characteristic of the beds of the vanadifercus zone.

e matter makes up 5 to 10 percent of the entire ph°‘,§h‘tic"’hm~

"”b“r } 4 thc Pﬂosphoria but little is known as to its caqposiiion Somc
‘beds of the phcsphatic shale in Montana contain 25 to 30 gallons of distille .
“iqf'b;l' hydrocarbons to the ton 22/ but the only rocks in the southeastermn

—

2__!/ ' Mensfield, G. R., The role of fluorine in phosphate deposition:
. Jour, Sci., vol, 238, p. 865, 1940, Jacob, K. D., Hill, W. L.,
K;"hm» H. L., and Reynolds, D. 3., The composition and distribution of
g“"’P"fﬂte rock with special reference to the United 3teates: U.S. Dept. AgT.
fech, Eull, %‘6; P 866, 19‘&00 .
Beayes Bewsn, Co Fo, Phosphatic oil shales near Dell and Dillon,
m.’:‘“’“ County, Mont.: U.S. Ceol. Survey Bull. 461, pp. 315=320, 1918.
u{f““’ D. ., Q11 srnla in westarn Monlana, acutha_sta-n Icano end
; . 7Ll, op. 15=
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Idaho-western Wyoming-northern Utan area found to contain them were the rocks
of the vanadiferous zone in the Paris-2lcomingtcn area, which contain 6 to
10 gallons & ton and which contein enough total organic matter to ignite
spontanecusly under optimum conditionse

Efforts to identify the minerals containing the minor elements, includ=
ing vanadium, have not been successful, principally because these minerals
are so exceedingly fine~grained and so obscured by organic matter that they

carmot be studied microscopically. Positive identirication probably will

not come until special methads are devised for removing the organic mstter and
even then probably electron-microscope study w:i_ll be required.

Chemical analyses, interpreted by W . W. Rubey,indicate that the venad-
1@ is most probably in a clay mineral (hydromica), though it may also be in
2 ccnphx organic compound., Practically all of the vanadium 1s in the acide
Nlublc tra.ction of the rock; its amount increases roughly with the amount

3 °f ﬂ.lic& aaInbls in alkali after acid treatment, suggesting that it is associ-
dccmpcaablc silicate; and with increase in potash and H O+ ,

' ‘Mh uuzﬂ:m cmstituenta of hydromicss. On the other hand, it alsc

h h‘m roughlr vd.th 1ncraa.ae in amount of organic matter, though notabla

b 4 1003 lmgg!st that if it is an organic campound it is one of variab].c
wﬁiﬁiw. 'rhat the vanadium is not in the phosphate mineral is cort.ain,
riﬁ' ia mvj.mltric separation of the rock it is found with the lightest
it‘?ﬁnta (organic matter and clay) rather than with the heavi-est. part-
kh; (“UOPhane and francolite): and in a slze separation it 1s found with
‘“ fimat constituents (clay and organic matter) rather than with the
; orraest, (collophane and francolite),

Little 14 knowni about the chruma minerzl, btut the fact thet most of it
T
L2 13 ’::.
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and suggests that chrome ana vanacium might be in the same mineral. Some of
the other trace elements—arsenic, manganese, ginc, ana copper—asrs also in

the acid-soluble portion or the rock.23/

Secondary vanadium minerals, including hewettite(CaO. 3V2 5.9}{ 0),

pascoite (2Ca0. 3v205.1m 0) and sincosite (cao.vzo -P,0 e 5H,) 0) are found

in the sone of enrichment in the Paris-Rloomington area.
Rock tm;s

The phoaphatic shale member of the Phosphoria formation conslsts largely
of nonrcaiatant, dark=colored, carbonaceous phosphatic rocks that ars difficult
to nm. Tho principal rock=forming constituents may be considered as organic
uttcr, ﬁ.no-grained clastics, and chamical precipitates—dolomite or calcite,
°h‘1"5, tnd phosphate, Although some of the rocks are predominantly one or
another of these materials, most of them are mixturew. As shown in the classi=
ﬁcation used in the explanation to plates 1=7, four basic rock types are

P"!ﬁt: giltstone or mudstone, oolite, limestone or dolomite, and chert,

acme of the siltstones develop fissllity on weathering, shale 1s a

M f-!pck in surface exposures. The common mixturss are calcareous siltstone,
t mcmoua.ahale, aolitic siltstons, eolitic shale, golitic chert, eolitic
atic)‘_nnestone, cherty limestone, and siliceous siltstane. The relative
“'Ov_ft?»thc various rocks at several localities 1s shown in table 5 and
‘7" Gn alao by a study of the stratigraphic sections on plates 1-7, Sand=
ston 4005 not occur in the phosphatic shale in the area studied, and sand as

. u“"l‘ mstituent of other rocks is very rare.
Nearly all of the aolitic rocks are phonphatic, but not all of them are
Sodnant1y phosphatic, nor are all phosphatic rocks golitic.24/ The aolite

23/ Yensfield, G. Re, op. cit. Prof. Paper 152, p. 299, 1927.
ang 2%/ Gardner, L. S., Phosphate deposits of the Tetor Rasin area, Idaho
Wo.t U, s, Geol. murvey ull. 9iLa, pe 15, 194L.
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Table 5, Part I

Total thickness of various rock types of the phosphatic shale member
of the Phosphcria at several localities in
westarn Wyoming, socutheastern Idaho and northern Utah

South

Cotton- Dt Ua K Coal Coke~
Wood C. Canyon ville#
Pte ¥ Fte % Fte & Ft. % Fte % Fte F4

Non=calcareous, non-
phosphatic and non-
cherty rocks

Sllt.stonu

Pbo:pmtic, oolitic,
and pisolitic rocks
Solite and phos~

shate rock

Siltstone
Shale

Lirestone or dolomite
Celcareous recks
Lirastons or dolomitc

Golite and phoaphato

P siltstone

ua.atma"i" i
Calearsous and phoa-
mﬁimme e

Shale

376 3109 22,7 2.0 2846 2342 3643 35.8 19.4 13.7 30.8 21.0
2065 2245 22.7 2440 15.9 12,9 28.5 2842 9¢5 6.7 7ol L.8

11.1 91‘5 — — 1207 10.3 16.8 1606 909 7.0 23.7 1-6.2
1.0 1.0

43.6 37.0 31.7 33.6 19.2 15.4 17.2 17.0 65.6 Ab.é 41.6 28.5

175 14e8 23.6 250 13e3 1047 1hel 13.9 29¢3 20.8 20.3 13.9
el 12.3 667 7¢1 3.0 2.4 1.7 1le6 12,6 8.9 3.1 2.1
1147 9.9 le& 1le5 249 243 leb 1e3 20.5 14.6 13.7 9.4

32 2.3 4e5 361
19.0 16.1 35.7 378 7045 57.0 2.4 42,0 38,2 27.0 68.6 46,8
1009 502 9’0 7‘3 3369 2‘4-00 w-3 27.5

amentuey  Swem—"

18,0 15.3 30.8 3296 59.0 477 4Oeb 40e2 . eO 2,8 7.6 5.2
140 0.8 o= —=— 2,5 2,0 1.8 1.8 0.3 0.2 20.7 L4e2
25 1707 a9 2.3 2eh 2.6 1.7
e — 2.3 2.4 0.5 0.3

305 209 —

1he2 12,0 - ’ 2.1 1.k

2.1 5o Lol 503 5.2 17.8 12.7 2.9 2.0
2.1 wunam — 503 5.2 1)‘-6 1001} —— S
5.[& ‘Qolf S ma—— 3&2 2.3 2.9 2.0




Table 5, Part II

Total thickness of various rock types of the pnosphatic shales member
of the Phosphoria at savaral localiti=s 1n
wastern ¥yoming, southeastern Idahe and northern Utah

; Brazer Cald- Mont-

c.* Conda* well C.* es] pelier C.

t. % Te. % 7t. » . % 7t. %

t 7ia-calcarecus, DoR-

smosppatic and mon-

 :zerty rocks 18.0 8.7 19.9 13.4 46.1 32.4 29.9 18.7 22.2 1l3.8°
jilsstone o 6.0 2.9 1.0 10.0 37.3 =26.2 16.5 9.2 13.5 8.4
Shale Cop R 12.0 5.8 0.2 0.1 8.8 6.3 13.4 7.3 8.7 5.4
Qay o - em 3.7 23 e= == e e =T --
?ho:phatia,, oolltic. _ )
g1 giaoutfc ‘rocks %x2.7 25.7 140.7 87.6 69.6 48.9 107.4 60.0 47.2 29.3

{ lite and phos-

.aaze roek . , 14.8 7.2 15.8 9.7 14.9 10.3 43.3 24.2 21.3 13.3
sl.tstone 5.2 1.5 106.6 66.4 3.2 2.2 16.4 9.2 17.3 10.8
zale s1.9 10.7 1l.z2 7.0 37.8 26.6 39.5 22.0 5.7 3.6
“" : — | — . 703 4.5 - - — - - -
{ ..muoum-mmtg 12.8 6.2 -— — 13.7 9.6 8. 4.6 2,9 L8
| lalcarscus rocks: 110.0. 53.7 -— — 21.6 15.2 30.3 16.3 62.6 3.1
-,rnonau-aoxmta . 88.4 43.2 - — 6.4 4.5 16.6 9.2 29.8 18.6
$Uitstons = 19.9 9.7 — - 11.2 7.9 8.3 4.8 13.9 8.7

M. N o 1.7 008 - - 4.0 2. 50‘ 5.0 1809 11.8
Darty rocks 12.9 8.3 — e ow ww w= w= w= ==
 laspt o 10.0 4.9 -— P -— -- B
2.9 1.4 - S

11.6 5.7 — -- 5,0 3.6 12.0 6,7 28.0 17.8

7.9 3.9 —_ - 3 8.5 4.8 8.6 5.4

3.7 1.8 -— - S 3.5 1.9 19.412.1

* jﬁ‘)lphatl&’syﬁ;le nabar not mplatéi; exﬁ?med. |
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or pisolite grains renge in size from 2 fraction cf a millimeter to more than
2 centimeters in diameter, zlthough those about 4 to 1 millimeter in size are
nost abundant., They are generally mocerataly spherical, althougzh in places,
such as at Laketown Canyon, Utah, they are conspicucusly flattened or irregu-
lar in shape, Indiviaual oolite grains are generally cemented by other rock
particles (as in shale and siltstons) or by phosphate (as is generally the case
in phosphate rock), but in some places they are loose and uncemented. Where
well cemented the phosphate rock is hard and breaks across the oolite graina..
Jolites m d:ifricult to identify where the rocis are unweathered. Thus, only
1, feet of t.he section measured in the 509 crosscut in the mine at Conda (pl.
5) -as_&éqcribcd as aolitic, compzered to about 67 feet in the ID trench, although

tre t.hickmes cf phosphatic beds and the total pheosphate content is about the

sams at the two localities,
The phosphat.c rccic develops a characteristic white or bluish-white bloom
on 'eathtring W. W. Rubey 23'/ has devised 2 method for estinating the grade
of thc,rock by dovnloping the bloom artificially. A drop of concentrated HC.
is plech on t.l;c rock and allowed to dry; if a white coating forms, the rock con=

: b].a mn'nts of phosphate and the more dense the coating the

phoaphatn eontsn'b. Bnbey first found that the coating developed
o3 ch! emtdning more thnn about 25 percent B.P.L. (rcughly 11,4 percent

iy
FPs) b’lt Glrdnor ,g_/ later found that although the white ccating forms on

v
. Tacks mumg more than 4O percent B.P.L. (18.3 percent P05}, it may or

2ay not tom on rocks containing 4 to 4O percent B.P.L. (1.8 to 13,3 percent
S}* dﬁpﬂnding partly upon ‘their porosity and carbonate content. During the

Freses '
5t investigation a faint ccating was considered to represent a PO, content

25
\

28/
\ ,;@f( Qubsy, We Wo, (Abstract of an informal communicaticn): Washingon
Tt bC‘J., \rC&. 23, CO L&' 2 19?3‘

o d
;\r_i

i

-y . f
L
b LT, T sy T

#



petween 5 and 13.8 percent; e distinctly white coating to represent 13.8 to
23 percent P2053 and a dense white coating to indiceste more than 23 percent
p205.

The fine-greined non—phosphatic, non-calcareous, and non-cherty rocks,
termed siltstone cr mudstone, cre generally very carbonaceous, soft to medium
nard, and modsrately thin-bedded, However, some of them, especially the cal-
careous ones, are ha:d and thick-bedded. Most of the mineral perticles are so
fine_grained that they cannot be distinguished with the naked eye, but ¥. %,
rubey, who has studied many of the rocks microscopically, says that the grains
are dominantly silt—sized and finer.

Soft, blzck, fissile shale is a common rock type in surfzce exposures,
put it probably is not present in the phosphatic shale membsr where the rocks
are totally unweathereds A good illustration of the development of fissility
or very thin bedding, 27/ which defines a shale, was found at Sublette Ridge
&nd in the Salt River Range. There the vanadiferous zone at the surface cone
sists of soft shale or very thin-bedded siltstone, but bsyond a distance of
ed>out 30 feet below the surface it i1s & very hard, massive siltstone contain-
ing only five to eight btedding planes in a thickness of 3,4 feet, The transi-
tion between the shale ana siltstone, which is abrupt, tekes place along a
plane parallel to the surface, The rocks at Conde show a similar effect. In
the section measursd in the 509.crosscut only 11 feet were described as shale
but in the ID trench over 50 feet of the section was found to pe shale, Fur-
tnermore, a crosscut recently completed on the 300~foot level at Conda exposes
no shale at 211, In fact, all of the rocks are much harder and more massive

than those on the higher levels, Lliost of the siltstone beds do not develop

29/ 1In this report (see explanations to pls, 1-7) thick or massive bed-
ding is defined as more than 0.2 foot thick; thin bedding as 0,05 to 0.2 foot;
&1z figsile a2s less than 0,05 foot thick; so far as known to me these limiting
““aensions have not been previously defined, That seiected for fissile may
® much higher than implied in ordinary uszge of the term.
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*issility on weathering. As suggestsa >y ~ubey 2§/ in stuaies of other rocks,
sne development cf fissility is probaply dependent on the presence of tlat
carticles, oriented 3o that their long axes parallel beddinge.

Most of the carvbonate rocks are dense, thicke-oedded, hard, and relatively
~esistant to weathering. In the Salt River Range, V. W. Rubey found, on
aicroscopic study, that most of the carbonate rocks are aclomite. However,
secause they are so fine-yrainea that they afiervesce with acid just as dc
limsf.qn:, they have not been differentiated in the risld. Rocks aescribed
as calcg.rcous are those that effervesce slightly or moderately on application

of concentrated HCl; they thus include manr rocks composed dominently of other -

ccnstituéﬁts, espacially silt and clay,

Chert and cherty rocks are not abundant in the phosphatic shale, although
they dq fon large portions of the Rex member in some places, Most of the -
chert and cherty beds are dense, thin-bedded, hard, and resistant to westhering,

Although moderate weathering moaifies the hardness and structure of the
rocks, it does not appreciably alter their color and chemicel camposition.

They becoms softer, more clayey, some develop fissility, and the iron sulphidn
"1110!’&1& are oxidized so that red, brom, yellow, and grcen stains are abundant.

but the rocka retain their dark-brown or black color. Continuod mathcring,

m“ver, Sﬁéf‘l}as is found in the rocks beneath the Terbiu'y eroa:lon aﬁrface,

has Prﬂnonnced eftfects on the appearance and camposition of th: rocks. The
®Tganic matter is completely oxidized and removed so that the rocka are white,

nﬁht'my, tan, or pink in color. The less soluble constituevzts, such as

F h°°phat°: are enriched as the more scluble ones, such as the carbonates, are

"oved; some of the more solubls ocnes, like vanadium, are carried down the

dip
® Of the beds and redercsited, Such a zone enriched in vanadium is present
\‘M

o :iéf-'/ Rubey, W, ., Litholo,fc stuiies of rine-grained Upper Crataceous
?“::‘ the Blsck tille re-ion: U, 5. Meol. Survey Prof. Paper 1654,
”.-*-0
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sbout 150 to 175 feet below the old erosion surface in the Paris~Bloomington
area. The depth of weathering varies with the dip of the beds (greater where
the beds are steeply inclined or vertical than where they are gently dippins)
and with the texture of the rocks (greater in the colitic rocks than in the
siltstone or shale beds).

Topographic expression

Compared to the underlying and overlying rocks, the phosphatic shale
menber is extremely nonresistant to weathering. Generally.it.a position is marked
by a uoil;covercd valley between ledges of the more resistant Wells formation
and Rex member of the Phosphoria. In the few places where it is exposed, f.l';e
phosphatic shale member is readily recognized by its black or dark-brown color,
but in most areas the unit must be identified by its stratigraphic position
and topographic expression and by the presence of chips of darike=brown or black

oolite and shzale in the scile
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STRATIGRAPHY

The phoschatic chele memrer contains no major, well-defined units composed
wholly of one rock trpe ana co:tinuous over the region without change in
lithology, but for purposes of discussion it may be divided into & lower and
upper part, each ‘of which consists of a dominantly phosphatiec and calcareous
sequence overlain by less phosphatic, largely clastic or siliceous rocks. The
lower part includes the vanadiferous zone and all beds below it; the upper
part includes all the beds above the vanadirerous zone. The character and con-
tinuity of individuel layers at 64 localities are shown by columnar sections
on plata 1-7; in addition, the rocks at 13 of these localities are described
in the‘ appendix. Some of the areal differences in thickness and camposition
of the phosphatic shzle and various portions of it are shown in figures 2-5.29/

Tht correlations shcwn on plates 1-7 are based mainly on physical proper—
ties (thickness of beds, hardness, or resistance to weathering), camposition
(miphatc, carbonate, and vanadium content), and especizlly lithologic succes—
'ion. locally a few of the beds that are very fossiliferous (such as the
'“? 11159" in the Peale Mountains, the hanging-wall limestone in Sublette

*mdxu' md' one of the phosphate beds in the upper part of the phosphatic shale

7 t R:;ver Range) can be recognized on sight even though other beds

“‘Wupoaed, but most of the beds cannot be identified or correlated from

plgc to place unless several adjacent beds are exposed too.
m of the correlations shown on plates 1-7 are believed to be exact, for
: _>¢an be recognized from section to section over long distances,

'p“’im-! in a north-eouth diraction and in the upper part of the phosphatic

e ——.

‘l'aanY/ The {scpach lines on these mars are generalized to best show regioral
nct, reldan ¢y dlsregard local fluctuations and values which are ccnsidered

&% e ? le. As drawn the iwpacha e-~ necmassarily interprotative, but all
Yiora > "‘t‘a have besn shcwn %o 3llow “ne reader to mck= Jther {nterpreta-

LA S S i»—(,,.
b

A



ghale member. However, other correlations (shown by dzshed lines) are approxi-
mate only and cannot be made more definite until more closely spaced sections

are available or untiid detailed faunal studies are made.

Lower part of the phosphatic shale member of Phosphoria formation

The lower part, (that is, the part from the base of the member to the top
of the vanadiferous zone) of the rhosphatic shale member varies in thickness
fror & minimum of 65.feet in the Salt River Range, Wyo., to a maxirum of about
155 feet in the Peale Mountains and Bear River Range in Idaho (fig. 2B).
1t consists of shale, siltestone, oolite, oolitic shele, oolitic siltstone,
calcareous siltstone, silty limestone, and cherty limestone. The relative
smounts of these rocks vary widely. In Idaho, nearly all of the rocks are
rhosphatic, and mediume-and high-grade beds of phosphate are found throughout
wne secticn, although the thickest and best are restricfed to the lowermost 50
et of the section. Limestone and calcareous siltstone beds are subordinate,
althouch they are conspicuous in excosures because of their hardness, In the
cplt River Range cherty limestone or dolomite, siltstone, and shale predomi-
nrie; phosphate in amounis greater than 10 percent is found only at three or
four horizons and only one bed, about 25 fest above the base of the phoe—
phatic shale, contains more than 25 percent P205. South of the Salt River
range, in Sublette Ridge, Tump henge, Dempsey Fidge and the Crawford Xoun-
teins, calcareous siltstone and cherty siltstone or limestone predarinate and
phoephatic rocks, non—calcareous siltsicne and shale are subordinztes.

Szlt river Range

The lower part is 60 to 8C feet thick in the Selt River Range. A bluck
shzle merks the base of the phosphatic shale in some areas, but elsewhere the
lowermost part of the phosphatic shale member, which coneists ot 25 to 35 feet
©f darkegray-calcareous or dolomitic siltstone &nd & minor amount of cherty

li-estone and oolitic shale, is fraquently mistaken for the Wells formatien, the

vipermost beds of which are also calcareous in this area.
C3e-
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A phosphate zone, about 3 feet thick, overlies the siltstane. Typically
this unit is finely colitic, but north of Afton, at the P and i trenches, it is
nor~colitic and in parts of the Swift Creek, Dry Crsek, and latarge Creek areas
jt is coarssly colitic or pisolitic and contains crystals of oparple fluorite,
Alternating teds of siltstone and shaleowerlie the phosphate, Two or theee of
the beds are generally phosphatice.

The vanadiferous zone, at the top of the lower part, is 3 to 5 feet thick;
it is composed of s=ix units which are Q.1 to 0.8 foot thick and contain 0.1
to 1.7 percent: V205. These units are remarkably persistent‘in vanadium content
in the Swift Creek, Dry Craek, and Cottonwood Creek areas, where the beds were '
sampled at intervals of 500 to 2,00C feet. They are differentiable :Ln the field
on the basis of physical properties but the distinctions between them are
slight and were not recognized during the sarly work in other parts of the
Salt River Range. Hence, although the vanadiferous zone as a whole has been
identified at many localities over the entire Salt River Range, the individuel
mits composing it have note

Sublette Ridge, Tump Range, Dempsey Ridge and Crawford Mountains

The Innr part of the phosphatic shale member is 30 to 150 feet thick
ia mutcm Utah and adjacent parts ot ﬂymtng. Many of the units found

1 the lmm- part‘ of the phosphatic shale in the 3Salt River Range are recog-

""ubll in the area to the south of the Salt River Range, in Sublette Ridgse,
"“%’ Bmso, Dempsey Ridge and the Crawford Mountains, but most of the units
ﬁ““' in f-hielcneas and genersl appeirances

The bas&'!. calcarsous siltstone of the Salt River Range has its counterpart

in

“eds which increase in thickness southward from ahout. 30 feet in Sublette

"s® 10 85 to 10C fa-t in the Crawfori Mountains and Dempsey Ridge (fig. 3a).

A .
“OU.h these bads are predcninantly calcareous they also contain several
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phosphatic beds, so that the sequence does not stand apart from the beds above
as it does in the Salt River Range, a3 in the Salt River Range the contact
petwaen the Wells formation is not easily uafined in many places, for the gray
salcareous siltstone beds at the base are not really typical of either the
¥ells or the Phosphoria.

The phosphate bea found at the top or the siltstone in the Salt River
%ange is also found to the south, but it ts not a conspicuous unit because
other phosphate beds occur above and below ite The portion above the phosphate
bed &= cquivaleut. to that of the Salt River Range decreases in thickmess southward

; from nearly &0 fest in Sublette Ridge to about 4O feet in the Crawford Moun= ~
tains (fig. ). The layers of hard, massive siltstone are more calcerecus
and more coud'gcucu than in the Salt River Range.

The vanadiferous zone is lithologically almoat identical with that in the
Salt Piver Rmpe. Seven individual beds are recognizable in the Sublette
md&‘ area and the amount and distribution of the vanadium is nearly the same

as it h 1n the Salt River Range.

Southeastern Idaho

mhﬁasttrn Idaho the lower part of the phosphatic shale member of
the ?hoaphoria is different froo that in Wyoming and northern Utah. It is

| t t° 165 foet thick (fig. 3a) and nearly all of the beds 3re phosphatic.

a“ h"‘l lilt-st.cnc is not recognizable at all=—in fact its correlatives can

ot b‘ m‘ntiﬁcd with certainty—-end there are soc many phosphatic beds that

i
t 1‘ difficult to tell which are correlative with thoss in Wyoming. As in

o ,MS» however, many of the indiviaual beds composing the lowsr part of the
Posphatic shale are recognizable over areas of several hundred square miles.

The boundary tetween the phosphatic shale and the aracerlying Wells foruma-

A PRI

tis
3 n -
i3 gener.lly ~lear cut in scuthe .starn Id-ho.  The top of the Wells

3



rormation is either massive, pale-rellcw quartzite or white or light-gray
limestone 2na the base of the phosrhatic shale memper is either dark—gray,
fossiliferous limestone or phosphate rocks

The lower phosphate bed, which lies at or near the base of the phosphatic
shals, is 4 to 8 feet thick and contains about 32 percent PZOS over the whole
of the scutheastern Idaho region; it i.; not found at all in the Salt River 3ange,
the Tump Hange, Den:pacy Ridge, or the Crawford Mountains but it may correlate
with a 2\-inch higb-grade phosphate bed at the base of the phosphatic shale in
Snbi'tto Ridga and, intcreating/‘nough, with a phosphate bed at the base of
the ncticn in the Wyoming Range, east of the Salt River Ranges The fossil- '
iferous "cup lime® overlying the lower phoschate bed extends over much of the

Peale l(mmta.ina, although Deiss 30/ recently found that it was lenticuler in

the D!ar Grock-lolla Canyon area sast of Georgetown. Other beds above the
‘eap lins“’f ha.ve a similar distribution and continuity.
\ The mndifcrous zone, which is prasent in southeastern Idsho, typifies

‘b'_‘mtmncas between the lower part of the phosphatic shale in southeastern

Idr.ho and 'nstern Y!yoming, for it is much thicker (8 to 12 fest) and mach

e 'l'he vanadiferous beds in the ‘Paris-Bloomington area comsist
ghologic units, each with a distinctive’ vanadium content:
koélite in the middle, and siltstone at the tope Possibly the

-Nlitc oy the
/mdzautaton bed.s correspond to/beds Just above those included in

?mdiforcus sonc 1n western Wyoming but because ths bads in the two areas
e
, 20 difrerent 1n physical character there is little basis other than vanadium
“tant,

ett on which to establish an exact correlation. Farther north in the Peale

Yo,
tains, the zone consists wholly of phosphatic shale which, excert for its

\

d
-9/ Delss, Charlas, Phosnrate denosits cf the Deer Cree'~/ells Canyon

!’-a
“, f!"“ T e v " ~ ; - 4
Su Couree, Idarc: e De Geolooasol onred, ronort ir prezaratlione
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higher vanadium content, much resemoles adjacent beds and besrs little re-
semblance tc the vanadiferous zone in other parts of the region.

Uprer part of the phospnatic shale member of the Phosphoria formatione.

The upper part (that is, the part abcve the vanadiferous zone) of the
phosphatic shale member increases in thickness southward from a minimum of
about 30 feet in the Salt River Rangs to a maximm of about 100 feet in thse
Crawford Mountians. It is camposed of two contrasting units, although they
are not everywhere sharply defineds the lower half is dominantly rhosphatic,
but also contains beds of limestone and siltstone, some of which are cherty
in Dempsey Ridge and the Crawford Mountains; the upper half contains a few. -
phosphatic beds in a few areas but for the most part it consists of non=-
phosphatic siltstone, which, in the Salt River Range, is cherty or siliceous.
Compared to the lower part, the beds of the upper part are very persistent
over the region studieds

E b , Salt River Range

In ﬁhe Salt River Range, the lower; phosphatic portion of the upper part
1 10 't.,‘ 15 feet thick (fig. 3). It consists of interbedded colits, siltstome,
and cllcareoua eiltstone., Most of the colite beds are phosphatic and dthough

jh" tha top contain about 30 percent P20 they are too thin to be nim.blo

’"Mcr prcscnt conditiona. Most of the beds are remarkably portiatent. _

l bhck, soft, poorly consolidatad oolits, 1 to 3 inches thick, overliea

" the 'amdiftroua zone throughcut the Salt Eiver Rangs and serves as a good

Rarker 1n 1o}ating the vanadiferous zone, The two phosphate beds and the
talcarsous mudstons bed that seperate them are also found throughout the region=
in fact, they, like the vanadiferous zone, extend over the entire area studied.

-

Te lower of the two phosphate beds corteins abundent specimens of Orbiculoidaa

o]

‘L7 averywhere in the Swift Crmek, Ury “rea%, and Cottonwood Creek arsas,

¥5.



The uppermost part of the phosphatic shale member of the Phosphoria is
maqe up of hard, grey, thin-bedded, cherty or silicmous siltstons, or hard,
gray, silty or cherty limestone that resarbles rocks cof the dex member.
2accuse the cherty siltstone is in places hard to distinguish from the Rex
its thickness is nct well imcwn, In the Swift Creek, Dry Creek, and Cottonwood
Creek areas, where the base of the Rex is marked by a conspicuous ledge of
aray, hard, fossilfierous limestone, J. D. Love and L. E. Smith found the
cherty siltstone to vary widely in thicimess—cbsent altogether in places in
the Swift Creei area and as much as 30 feet thick elsewhers (fige 3d). No
distinctive beds have been found in it in the Szlt River Range, but a phosphatic
oalite is found at the top of the division in the Wyoming Range and in parts
of the Peale Mountains.

Although the cherty siltstone beds are lithologically more akin to the
dex than to the phosphatic shale in the Salt River Hange, they are included in
the shale member, rartly because the seem correlative with soft carbonaceous
siltstone in the Peale Uountains, but also because their contact with the
Phosphatic beds below is poorly exrosea and therefore not mappables

Subletts Ridge, Tump Range, Dempsey Ridge, and Crawford Mourtains

| The phosphatic portion of the upper part increases in thiclcnesa south-
aru from a minimm of about 25 feet in Sublette Ridge to more than 4O feet
in the Crawford Mountains (fige 3c.) Most of the units are cont.inuoua with
those in the Salt River Range but inasmuch &s the units are all thicker ;nd
*be calcareous siltstons partings are more calcarsous and harder, the units

a
Te better defined and easiet to identify from place to placc t.han they are
in the salt River Range.

The oolits at the topr of the vanadiferous gzene in tha Salt River Range
i" r‘

gau-.

1170 at Cewkewille but iy ia sbgent in the othar arsas. However,

s -
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better one—a hard, mascive, fossiliferous (Chonetes especially sbundesnt)
gray limestone, 1 to 3 feet thick, that is present in Sublette Ridpe, Tump

Range, Dempsey Ridge, ana the Crawford Mountains, as well as at Chkeville,

where it overlies the oolite. The upper phosphate heds end the calcareous

sil?stone parting are thicker thar in the Salt River Range, The upper bed
has been mined at Sublette nidge, Cokeville, and in the Crewford Mountains.

The beds overlying the upper phosphate bed are generally concealed,
despite the fect that they 2re hard and calcareous, even cherty in some
placese Where they do crop out they do not form a wall or high ledge as aoes
the cherty limestone of the overlying Rex. They increas; in thickness from
e minimum of about 25 feet in Sublette Ridge to about 60 feet in the Crawford
Vountains (fige 3d). A few thin phosphatic beds are present in Sublette
Ridge, Cokeville, and Tump Range, but these ao not continue southward. No
other alistinctive beds have been found, but as this part ol the section has
been incompletely studies, other marker beds may be tound on further atudy,

| Southeastern Idaho

The phosphatic portion of the upper part is 5 to 20 feet thick in south-
eastern Idaho (fige 3c). In contrast with the lower part of the phosphatic
snale, many of the beds of the upper part can be traced irom western Wyoming
into southeastern Idaho, although they differ somewhat in thickness ana com~
position, However, the units are less well defined than in Wyoming because
211 zre thinner, znd the siltstone beds are softer, less calcareous, and more
phoavhctic than in Wyoming.

The oolite bed at the top of the vanadiferous zone extenas over much
of the area; the hanging-wall limestone bed can pe traced into Idzho, but it
{2 lenticular or concretionary there. The upper phosphste oed, the siltstone,
a3 phosphate bed bLeneath are found in southeastern Idaho, but because the

#iltstone pirting is thinner znd more phosphatic, the indiviaual phosphate

el
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beds are less pronounced than in Wyaming. +he upper phosphate "bed” as it
is mined at Conda includes not only the upper phosphate bed of the Salt River
Range and Sublette Ridge but several lower beds as well and it is thereiore
best thought o1 as the upper phosphate zoneld

The beds above the upper phosphate in scutheastern Idaho are 12 to 35
fest thick (fig. 3d). They consist mostly of dariebrown, soit, non-calcareous,
non~phosphatic siltstones which resemble the rest of the phosphatic shale
member, Several thin, phosphatic zones persist over muchk of the Peale Moun-

tains area, and one at the top, containing Omphalotrochus, is found throughout

the region.
Because of their soft, cerbonaceous nature the rocks of the upper pert
of the phosphatic shale are in most places clearly distinguishable from those

of the Rex msmber.

¥s




AREAL VARIATIONS IN THE PHCSPHATIC SHALE MEMPER

Although many or the individual layers of the phosphatic shale member
are continuous over areas of a rew square miles, over larger areas discon-
tinuities in certain layers and difrerences in others cause significant varia-
tions in the thickness and general composition of the phosphatic snale. Some
o1 these areal variations in the phosphatic shale have already besn mentioned
but because they oear on its origin they aeserve separate discussion and
SUMMATY e

nfortunately field observations on the composition of the rocks must be
substituted ft?r analytical data in comparing areal variations ot most of the
constituents. Comparisons made on the basis of such data are helptul in
recogniging the general order of magnitude of the variations, but because of
individual differences in the description of mixed rock types great confidence
cannct be placed in the results, especially as to local details. 34/

Thickness

The thickness of the phosphatic shale member as & whole increases west-
ward and southward from a minimum of about 100 feet in the Salt River Range
to a maximm of about 200 reet in southezstern Idaho and 225 to 250.feet in
Jeapsey nidge and the Crawford Mountains (fige 2b). Although nearl& mry
unit of the phosphatic shale is thinner, or at least no thicker in thc Sllt. E
River Bange than elsewhere in the region, a camparison of the thickness of

various parts of the phosphatic member shows that the westward and southward
Jh‘ .

N/ A study of the data leads to the feeling that the rocks of the phos~
Phatic shale member, probably like those of other formations, vary much less
than the deacription ot them. Personal differences in dessription can bd
Einimized in future work i meazurements are substituted for adjectives where
Possible and if various characteristics are systematically checked in aescribe
L€ sack rocks The observations thast appear most useful at this stage are
“nose as to phosphate and vanacium content” (which can be made by fiald tests),
Teaction of the rocks to concentrated 4C}, abunacance and size o1 oolites and
f°aails, thickness of bedding, and hardress or reaistance of the rocks to weath—
®rinv. Other details worthy of system:tic coservation in the tiela will
d7.5% 1225 he found on further work,

~1/7.
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increase in thickness is not proportionately the same throughout the member.
Thus a comparison or the thickness of the beds equivalent to the basal siltstone
and phosphats and overlying phosphate bed of the Salt River Rangs, 32f shomn

in rigure 3a, shows that these beds are thickest in the Crawford Mountains and

Dempsey Ridge ana are not greetly different in thickness in some places in
southeastern idaho than they are in the Salt River Pange. The peds squivalent
to those between the phosphate of the Salt River Hange and the top o1 the vana-
diferous sone in the Salt River Range, shown in tigure 3b, are thickest in
Idaho and actﬁall;' decrease in thickness southward from Sublette Ridge. The
thickness of beds between the top of the vanadiferous zone ana the top of the
upper phosphate bed (fig. 3¢) is about the same in southeastern Idahc as in
the Salt River Range, but increases regularly southward fram the Salt River
Range to the Crawford lountaina, This is true also of the thickness of beds
above the upper phosphate bed (fig. 3d).

Composition -

The major constituents of the phosphatic shale may be classed genetically
as dct;f%tna, organic matter and chemical precipitates. Moat of the differ-
ence inthicknoss in the phosphatic shale are cuased by difrerences in :ha
nlatiiu“{;;in‘:ounta of thess major corstituents and particularly in the relative
wount of the chemical precipitataes, | |

S “ Phospheate
Th‘f:otal amount of phosphate in the phosphatic shale increases westwarde

o |
Ugh beds have been chemically analyzed for phosphate at several localities

e, »

wcﬂré%/in gzcause !tha correlations of these beds in southeastern Idaho are
trey are be]:_ thicinesses shown in figures 3a ana 3b are approximste only:
sved to indicate general orner cf megnitude, howsver,

S
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in the Salt River Rangs ana the ncrtnern part oi the Peale Mountains so that,
by estimating the phosphate cortent of a rew beds at each section, the average
Pgos content or part or all or the member can te estimated (tabie 6). These
estimates show that the phosphate content in the northern part o1 the Peals
Mountains is about double that in the Salt River Range.

The westward increase in total pnosphate is brought about by an increase
in the number ana thickness of high~g¢rade beds (table 6) and by a general
increase in phosphate content of the other beds as well. (fig. 4a). Thus in
the 3&1’: “Rivar Range a total thicimess of 5 to 13 feet contains more than 23

| ptrcent ons compared to about 35 feet of more than 23 percent PZOS in the '
northern part of the Peale Wountainss Similarly the thickness of beds contain-
ingmrc .t’ha.n 5 percent PZO 5 (which has been taken as approximately the minimum
Inountthat can be detected with the spot tield test for phosphate) increases
'!at'qrd from about 7 to 38 feet in parts of the Salt River Range to about 140
feet at Conda (fig. La). 33/

| A incnasa in phosphate content in the Peale Mountainsover that found

SO
e

" in thtSaltBinr Range accounts for nearly half of the westward increase

in thiciness of the phosphatic shals member, Calculated as lOCaO.3P205.ClXF20021
i: believed to be the approximate camposition of the phosphate minerals,
and” anowing for a difference in density o:r the phosphate kpi.naral (uaum&d to

be 2,¢) from that of the other rocks (estimated at 2.4) the section at the A

Outaina the equivalent of 12,2 feet of phosphate compared to 46 feet

g

l\! ID,

Calculated as phozphate rock, containing 35 percent P2d5, and meking

—

are bw On figure La the values shown at Conda, ID, A, C, D, Fy I, H, and SCA

o asad largely on chemical analyses, supplemented by estimates, based on the

. Cription of the rock, on these szmples not chemicelly analyzed. The tigures

p‘;o'im &t other localities represent the total thickness of rocks showing a
9itive reaction to “he HGI spot test alreaqy described.

.52
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tne same allowances for difference in density, the section at A contains the
aquivalent or 14 feet oI phosrhate rock compared to 2hout 52 reet at IDe There-
fore, oI the aifference in thickness between the two secticns (about 80 feet)
tne phosprcte alone acccunts for 42 to 48 percent, depenaing upon which method
of calculation seums most ressonasble. 7The comparison may oe strengthened by
using the average of several sections, such as can be aone ir the beds above
the upper phosphate bed are exclideds The Salt River Range sections (table é)
contdin the squivalent of an average or about 13 feet of phosphate, calculated
i as 10030.9205;63?2.002, or about 14 feet of 35 percent phosphate rock, compared
to about 42 fest, calculated s 10Ca0.T,04.0aF +C0,, OF about L8 feet caleu=
iated as phosphate rock at Conda and ID. The phosphate thus accounts for 37
to 4i percant of the difterences in average thiciness between the two areas.
, Areal variations in rhosphate content similarly account for eome of the .
¥ Aaresal variatione in thickness cf the vanadiferous zones. As shown in figure 5a
the thicimess of the vanadiferous zone increases westwerd from 3 to 5 feet in
Toaing to 6 to 12 feet in Idaho. The P,0; content similarly increases from
1to 2,5 percent in the Salt River Range to 10 to 23 percent in southeast.cm ,
ldaho, Ah trenchea H, I, M, and A in the Salt River Range the vanadiferoua |

R A

sona anrugaa 3.4 teet in thickness and 1.3 percent Pz 5 Calmlatod as bafore,

i

b, ﬂlo'ing for a lighter density of the vanadiferous rock (2.2) the phosphate

3

anstituent is equivalent to 0,09 to 0,1 foot, At Conda, where the vanadiferous
¢ is 12.1 t‘ect thick and conteins 17.7 percent P205, thc phoaphate is equive

ang
to ‘“2 to 4.6 fent. Therefore, the phosphate alone accounts for A7 to

l!

-2 FeTcent of the increase {n thickness »f the vanadifercus zone at Conda over

t,
2t in the sa1e River Range.
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Calcarecus sediments
The total thickneas of calcareocus sediments increases southward,

as shown in table 5 and figure 4b.3% 1loreover, the tiickness of lime-

Ed
34/ Calcareous rocks which are also cherty are not included in the

values shown on figure UYb but are inciudea with other cherty rocks shown

in figure ic.

stone or dolomite also increases southward: 0-5 feet in the northern
part of the Salt River Range, 34 feet at Coal Canyon in Sublette idge,
40 feet at Cokeville, and 85 feet at Brazer Canyon. A ntud} of plates
3 and 7 shows that the southward increase in thickness of wvarious parts
of the p;osphutic shale, particula:rly the part above the wvanaaiferous
zone, is caused in part by an increase in thicsness of units which are
dominantly carbonates and by the addition of others, such as the hanging-
wall limestons, which are not present to the morth. This is well shown
on plate 7, where such beds as the hanging-wall limestone are seen to
decreaae in thickness westward, become lenticular, and nmlly pinech
out.. ; ; § i
ﬂle thic!mess of calcareous rocks found in the Ua section and in
tha trench at Montpelier Canyon may not be strictly comparable to that
tound ‘at the other l:icalities. The Ua section was measured at a natural
313031111 nnderneath a waterfall and the rocks there might contain secondary ;
mbom“ or, on the other hand, the rocks might be less weathered and
thus contain more of the 1ime originally present in the rocks than do
those at other localities. ?Another waterfall exposure, at A {not shown
1o table 5 or f£1g. 4b but shown on pl. 1) also contains more calcareous
deds (42 feot out of 93 fest exposed) than are found in adjacent areas,

[ mn Tyre Ui s tunwa . ompg ~a-a weathersel anl coatair zelsnasry
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1ime (caliche} in the form of thin veinlets and coatings.

Chert

Chert and cherty beds are found only in the eastern and southern part
of the region and are absent in the rfeale Mountains (table 5, fig. 4c).
Chert is a major rock-forming constituent of the Phosphoria formation, but
it is of relatively minor importance in the phosphatic shale member. In
most places 1t 1s restrictea to the uppermost and lowermost parts of the
pnosphatic shale, but in the rsris-Bloomington area mhérd, brittle, thin-
bedded chert, 15 feet thick, wnich resembles chert of the Rex member of the
Phosphoria in the same area, is found a few feet below the vanadiferocus _
Zoue. A camparison of the sections in the Salt River Renge shows that the

thickness of cherty beds varies considerably over short distances.

ovetritus and orgenic matter
Percentage-wise, the relative amounts of the non-phosphatic, non-
&alcareous and non-cherty rocks decrease westward and southward (table
5, fig. 4d). However, a camparison of the actual thickness of theae sed-
tments from place to placa’ suggests that their thickness varies less than

that of some of the otaner rocks and that the percentage variations result

‘mytmm increases in other constituents, notably lime and phosphate.

It ‘h; thickness of the mon-calcarecus, non-phosphatic, non-cherty sediments
is o I'Ongh measure of the detritus and organic matter, it may de eoncluded
t2at the amounts of these materials are more constant than those of the

themical precipitates.

Fluorine
The total amwunt of fluorine increases westward with increasing

7 i0ipLate optent but tho fiusrine~rnozpnate ratis 3deems to oe nipgher in

&7



Wyoming than in Ideho. Insufficient data are at nand to prove this con-
clusively but the evidence for it is twofold. Megascopic crystals of purple
fluorite, whict mey be 2an index of a high fluorine-phospoate ratioc, have
peen found at numerous locelities in the Salt River Range, Sublette Ridgs,
and at Cokeville, doth during the present investigation ana aQuring earlier

work 35/ but none have ever been reported from the phospnetic sbaie in Idaho.

45/ Gale, H. S., and aichards, R. W., op. cit., Bull. 430, p. 464, 1910.

In addition geveral analyses of phosphate rock show the fluorine-phosphate
ratio to be higher at Cokeville {average 0.117) than at any of four Idaho -
 localities (average 0.110 at Montpelier Canyon; 0.108 at Paris Canyon; 0.108

at Conda; and 0.108 at Georgetawn):?_‘/ These analyses are not strictly com=

J_y Jacob, K. Do, Hill, We L.. mﬂhau' H. L-, &pﬂ ReynOIds, De So,

op. cit., p.36.

n&rahic beeanae the Idaho samples are probably from the lower phosphate bed

. Cokeville samples are probably from the upper phosphete ped. However,
th wnelusion 1s further supworted by 21 apalyses of samples from beds of
' nt phosphate content in the Salt River Range which show an average
lmﬂne-pﬁosphate ratio of 0.¥113, and by 57 analyses representing about

.urf tho phospbatic sbale at the ID trench in the Peale nountains,

,‘hieh show an averags of 0,104, Whether or not there is any rol,atlon between
_“0 lower average phosphate content in Wyoming and the excess fluorine is not
h‘"‘m, but 1t is interes$ing to note that fluorite has also bsen found in the °

Montana phosohate rock 37/ whers the total 9205 content of the section is also

————

37/ ZIacob, Hill, Marshall, and Reypolds, idem. uanstield, G. &., op- cit.,
b, 366; 1:,190

[ Pe———



Vanadium
The vanadium content of the vanadiferous zone ovsr the region as a
wiole ranges fram less than O.1 to more than 1.0 percent v205 (rig. 5b).
Samples taken at intervals of 5 to 2,000 feet in the Paris-Bloomington,
Sublette Ridge, and Swift Creek-Ory Creek-Cottonwood Creek arsas show that
variations of nearly this same magnitude are found locally as well as
regionally (table 7). Plainly tbe nature of these local variations in

vanadium content must be understood before the regional variations can be

understood.

¢

Local variations.—Only a small part of the variation in vanadium

content can be ciaarged to errors of analysis and sampling. Analytical errors

were guarded against by making duplicate analyses, by the same method, of

all samples collected during the intensive phase of the sampling program

and by making repeat analyses when the results did not check within 0.05

percent Vz°5? as a check‘on sampling, the ¥yodak Coal and Manufacturing

Co. collected 55 samples during the work at Sublette Ridge and the results

showsd that 30 percent of the samplas contained idemntical amounts of vanadium;

80 percent differed by less than 0.10 percent VoOs; and none differed more

than 0.30 pareent V.05 '
4Loc;£:{f;i'1fﬁr;rences in vanadium content are caused by weathering or deforma-

tion in same places, :but variations attributable to these factors are not

included;j.“n the va:;latidna described. Leaching and enrichment cause same

of the dirro"z.'{encesiin ‘the vanadium content of the vanadiferous zone near the

surface in the ‘Pﬁris-aloomington area, where tne phosphatic shale lies beneath

the Tertiary erosion surface. However, such effects have not been found in

_the other areas and not all of the differences in vanadium content of the beds

12 the Paris-Bloomington area are secondary. Omission or repetition of beds

“iTougn fanltin - ¢:ut s variatisng in veas 1 ontant of thw zZonr w9 1 snolo

sy
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