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STHATIGHAFHI OF THE PHOSPHATIC SHALS Mff.TRER OF THE PHDSPHDKEA FORMATION 
IN WSSTSLN DOMING, SOUTHEASTERN IDAHO, AND NOiOSESK DTAH

87 Vincent Bllis McKelvey

ABSTRACT

Introduction. The marine Phosphoria formation of the Northwest has 

long been noted for its large phosphate reserves, but recent discoveries 

show it to be noteworthy also for its content of vanadium and other mince 

dements. The economic value of these materials may be enhanced by the 

great lateral continuity of the beds containing them* The results of 

stratigraphic studies that demonstrate the continuity and variation of
' '..' .  Vvr  . ' , .;  ' . . -'.' '° -£"'. ; 'v''-.; :*... ' '  .- ,  ''.''.*'"' -'.

the beds of the phosphatic shale in western l^ming^sotttheastern lEdaho 

and northern Utah are presented in the present wpfae^^^t^^ffl^^^.. v ^., 

The Phosphoria formation in this region la composed of" a lower, phoa- 

shale member, overlain by the Rex member (cnerty limestone)- Its

thickness ranges from about 225 to 500 fe^» Bespit* its small
  -*:*   ' -. &  -'* '' , ^ " " ^-.f :)S^fe^^i>^%':-^^: ^-.. 

4it apparently .represents much o£'?*m3^,.t:£jfc'*&':^^
*-v- -,..  .. . ..-fr* .. /r . !v .,. , j -., .V. - . ;-.  * .,;-_  .^-- :. .; ,... '. _*  ^ >-,. ^,-.^,,-^, . <  '.'--'"' : '.j.v- -^^U ' "" ' " ,.'.V--"- '' ;. fy' VV-" l   ' "

Si;-'f---^fe^.2 ; .^. ,,. ^H- ^o^^^f^S^I^^^^S-^^^' . ! ? 
ogy and compositl6n»-»-The pJioshati:''shal<:;jwie^

vt:i^fe?i^||^W^^
, Q£,., soft, blaclc, csrbonftcecy^^* fllP^^ffTAf ̂ **H^« '.'  '"> '';> . "?*' *

V - SSI^^Sl?
,,,T_-.,,       .   ,    ..,     Jed wltt& li^irerai.''^ harder,   dark-gray, **' ;*i
^Vi^^^
Ltic oolite, limestone or dolomite,*chertjy ~*

* *«<?" . .'- ^'- ' Lsff\---^K'  '  - --i  i'tt&vf^K- ? > 'A,-.3-^ *?«.' -  , ' -ffr ". ff\f.-V.f< -?'-f*     - .i *.. /-.  ^?T ~ " ,i-f>».= * "., -ff^m!»m^&^^^,,^^i&^^M'^^ ̂^  /"^ .
, "%l'' ; ^\|l?*p: ;t^;4iig;|f?t;3f^^^^ If :#r .'.-,1 ^"..

30 elements have been reported from these rocks, among which
' - '  = - "' -  '   -"  "-             

loji^^e^aehts like^V, P, F, Cr, Mn, Hi* lfos Ba^ Ser Pb^ Ot, Sb*
. . . ,

Be, I, Ag, Sr, and rare earths. Of thenospha'tic 'shale' 

** * whole, 50 to 70 percent i3 GaO, P20c, C00 , IU), slid F, mostly la coUo-
* o i : -;^.- ^'' !..-..::vT

francolite and calcita or dolondte; 20 to 35 percent is Si02 ,



A1203* and ^y5 ' ffl°ati3r ** ciar minerals, quartz, and mica; and 5 to 

10 percent is organic matter. Most of the minor elements, including vana­ 

dium, 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 ", 

vanadium may be in a hydromica or clay mineral, for it varies roughly in 

proportion to the amount of Ssoluble" silica present.

Stratigraphy* The phosphatic shale, member in this region may be 

divided into two parts, lower and upper, each of which consists of a 

cteinantly phosphatic and calcareous sequence overlain by less phosphatic,
" *-$& £&/&* '','-!^*:: '",' .'" .'" A. "'"'   - ',. 

\.-:-,&<iii$(f^^!'&*s>S!f : *--   '-/ _ :'  - .-,    -

largely elastic or siliceous rocks.

The. lower part of the member increases in thickness westward from a 

of 65 feet in the Salt River Range, TCyo., to a majdmuw of about
' :^.^:'-'^;S;;*?;;:' ;? " '  '   -  .? .;;! ;-:-;>:" ".'I -^--'y- :,    

165 feet in the Peale Mountains, Idaho, and southward to a maximum of 125 

t^ 150 feet in Deaipsey Sidge and the Crawford Mountains. In the Salt River 

the basal beds consist of calcareous silt stone or dolomite, overlain 

zone 3 to 5 feet thick* Alternating beds of siltstone and 

remainder of the lower part. The most vanadiferous part
fSSf^^i^m^/Si^A^a-  ;, :   '.;'::' '  ''  .-.'.   ..    ''- ' ' '"'. ' .. * '*  ' '  . ''.':V.S«?': 'V^'.':  ' :* >-:/-'

|^^vi|til3fferous '""zone), which is at the top ot the'

six units, each with a
KgfSf^fiizS-yi^f'-K: 'Jo..'-..- ..:_ . ;.-.,    ..  ..  *''' '*-"  "."ji^ ,. ,- ""/ ''.i ." ' ''  '- *&'   '* .*-- :-. -   >'",, v/::-t*?J*i vf ̂ -^'  - '*" -.'' "'

|^j|K,,tinits 'of the lower .part ̂ in the" Salt ̂ iy^T3itfo^aif'are

I^ldge, Tump Range, Deapsey Bid^ge/ and the
-  "'"' :, .-i-f-   . ..'; :v''''-;5:r"flV>r "'..' -^ -iTV*-i-"^^^^^'^fef?.-- '  .:i-*.-~i"' - j   '

beds can be correlated <llfiniteiy with those in
- "' .-. ,.>-.   . V*--^---"''^'--^^-' : '-'^-  ;' > ' -, ;i - "

lower part i«'much different^ maijily because 

beds (especially near the base) not present
m :̂-'   ,. ' ' .. ^^f;S.-%'^^-- v;: ";-

Wyoming. Most prominent among these is the lower phosphate bed 

together with the overlying *cip lime,* is* found over much of south- 

Idaho. The vanadiferoua zone in southeastern I-iaho is thicker



(8 to 12 feet) and nor* ?hospnatic than in western Wyoming.

The? upper part of the member increases in thickness southward from a 

adniiaam of about 30 feet in the Salt Hiver Bangs to a maximum of about 100 

feet itt the Crawford Mountains. Its lower half consists of alternating 

beds of phosphatic oolite and calcareous or dolomitic, siltstone. Several 

yardts, including the upper phosphate beds and a thin oolite bed and a

limestone bed at the top of the vanadiferoua zone, extend
 . -' t&t'&S^&rl-'f-'

  "  ':> . '^*S**"S<?-." ..,.;"-'" >over ffloch of the region. In the Salt Hiver Hange the uppermost part of the 

phosphatic shale member is hard, gray, thin-bedded cherty alltstone that
 v;'^:f^|^|f "%.... - - .. , , , >:'  -.
resembles the Hex member of the Phoaphoria. In southeastern Idaho these 

rocks are soft brown siltstones much like the rest of the phosDhatic shale
..  . : »-.. -<£'i: : \i_: :sw,:v .-; "

 xcept that they are less phosphatic, although they do contain several thin
 ' '' '. ^"i?v¥^^^i: .^-\vj- "'.....  , "-£"'£ / ::: ,

layers. ,1 '.    :  ;>;-..3, V
 a:;,'; *V--' . ' , " :  '  :-.r''"''-  - -; ..'.. ' : :" ''.' '

yarJationa» 4£oat of the area! variations in thickness of the

member of the Phoaphoria are caused by variations in thick* 

>, carbonate,

>hate content of the L ~ *--*<- -»»«*K»'«iBmfe«n* inereaaes west- 

carbonate content
-i  ^.:. --:r^r'^; R ;-"'f^^>^;^3|^;j|2?^^^

i increase in "the"'iiiaBib^.l^^w|^^^ of high-
T'-*!. .. .  "' ^r; .' >- ;:  ?; ' :  ^;'j^^^:<^^;«;x|r^^^f^i;:;''.:i; .« :-i"'- :- 
   .>K : Tv.; "      : , ", ' -xi- 1 .,   ;"-  i*';-,if ̂ UF-.,; "  ;'. .r%*j*-'- ::.i^>iEv-.:'*..;,- ,'"* ''
increase in the phosphate ai^^arbbnate content

!f'*:'-^^'.f~\ A~"~"J.;:*-~' " '&''*'f    - :*' -'?;-* '  '^r^*£J£$f?^^'i"^" -'"' '*-'.''"" ,

increase in average phosphate content (from
-.   ' -.. "  - -:.:"* r 1i-:-^^  -"  .  .,,-. ...

  " " " '  ''      'r --.~- "' -  --'  ." - ',* ;:^ T-T-^ '"i":^"   '-  '

River Hange to about 12 percent in the Peale 

accounts for nearly half of the increase in thickness of the 

s^PHatlc shale menber in the Peale fountains over that in the Salt River 

The total fluorine content increases westward with increase in the 

of phosphate'^ but the fluorine*-pho5phate ratio appears to increase



eastward. Cherty rocks are found only in the eastern and southern part of 

the region*

The vanadium content of the vanaoiferous zone, which ranges from 0.1 

to more than 1*0 percent ^0^ over the region, decreases northward and south­ 

ward from a belt that trends eastward 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 thft r phosphate 

and carbonate)*

Origin. The occurrence of the phosphate, vanadium, and trace elements
  '.? ?!&>    ;"     

clearly shows that they are syngenetic that is, they were deposited at the

same time as the enclosing rocks.

The source of most of the constituents was most likely the Phoaphoria 

sea for sea water is the only "source rock1* that contains the diverse 

assemblage of elements found in the rocks of the phoaphatlc shale member, 

the roluae of phosphate and vanadium in the phosphatic shale is tremendous 

but comparisons suggest that the Phosphoria sea, given sufficient time,
v;i,y|v'y; .-.:>.- . . v ;: " ..,.; ! 
contributions from chemical denudation, and normal oceanic circula-

..    .  .,..-.
" >'*' . ' .   . :" :. .-- ,  ' ..: .-':ke . i^r » - j  - ".-

adght well have been an adequate source of these elements.
*. ^ - .:-> ' . i  , - ' «;.  .:--.  ..'..   ,,r  ; .   ,)-.vi..;. ... '" ':-'^&-^i- *'% '^ :̂ l -; ; .':f;

*various elements could not have been concentrated except for the %
., ;'  ' ^^''^'^^''--^f^^^'i--," " '" :^:: -

slow deposition of other sediments that otgfct have minted them*
^'; -  . »-v';-''. . -: -'-v - .v; i  -'   "; |^Hf--" ^ " .'^."    '

 -  "*"'-''-'"   - ' " * '"''" ' " -'^?- ' '''

the deposition of these other sediments may have been is shown by
-.   v  '.. . ^.^   - ;

he phosphatic shale, only 100 to 250 feet thick, may be the
'^J^": .,V,  :' "'' " '

^laivalent of the Word and Leonard formations, 3*000 to 5>000 feet thick,
&f % '   ' - ' ' ir ' ' '' "   " 

*»acaa» if these forrmtions contain as aaxch phosphate and vanadium as

* Phosphatic shale, their average content of vanadium and phosphate is 

3aa« as the average found in all sedimentary rocks. 

dgpc3itiQ;i yr\9 not the only factor that led to the concentration



of phosphate and vcr.adia~, :"cr -.,.e ~.ctal ar.cunts of these elements vary later­ 

ally in individual layers of :,:;e yMcspri^tic shale. The factors tihat controlled 

precipitation of ~,l e pr.os-.iyce arid .r.ir.cr  eier.ent.s are net kner.Ti but they nnist 

ha^e been such t,hat the -^recesses of precipitation and deposition cculd be 

repeated many tines, and could c-erats .7ith var^rinc efficiency.



narine Phosphoria fori^ation of the Northwest has long been noted for 

its lar^e phosphate reserves, but recent discoveries show it to be ncte- 

'Korthy also for its content of vanadium and other minor elements. In south­ 

eastern Idaho, western "Tycniing, and northern Utah, Tiiere tr.e phosphate and 

vanadium deposits are richest, the Phosphoria consists of a lo?rer, pnospr.atic 

ahale umber overlain by the Rex member Ccherty limestone). Their combined 

thickness ranges from about 225 to 500 feet. Despite their small thickness 

they apparently represent much of Permian time and are thus the time equi­ 

valent of thousands of feet of Permian sediments elsewhere.

A significant corollary of the great disparity in thickness between the 

Poosphoria and most other Perrr.ian formations that are its probable time equiv­ 

alent is the marked difference in their general composition. The coccion

-forming materials, which make up the bulk of the other formations, form 

a subordinate part of the phosphatic shale member of the Phosphoria, 

of which is nonresistant, blacK, carbonaceous, phosphatic shale, silt- 

and oolite. This abnormally slow deposition of the common sediments 

one of the most important factors in concentrating the .phosphate and 

elements, which are present in many other sedimentary-rocks but are 

by otheflnaterials. . S

coismercial value of the phosphate and vanadium depends to a large 

upon the stratigraphic continuity of the beds containing them, and it 

to test the atratipraphic continuity of ' the vanadiferous beds that the 

nt investigation wss begun. A detailed description of the vanadium

**-?«its vjili be presented in another report now in preparation. The present 

~"*i-*? describes the lateral continuity and variation of individual layers of
*

*"* ?"03cr.atic shale n*er.ber in onrt't of Lincoln County, v>/c., "li^r "ounty, r ;t*s'fi,



and 3ear Lake and Caribou Counties, Idaho,

a istcry of investigation

The ornate deposits of the Fhospnoria faction have been invest!- 

 ««> in W areas since the early p.« of the present centum **T  « 

/ . . ", ^O>T KTT PI drcck.   *Li uones ^ 4« -ICK-Q hv *»*chter // and in Io97 &y riacou^. -o/ first discovered in icf-V oy ^cru,~.i jy

-ohter, .Mbert, Testern ohosnhate discovery: "ine^ and "etr.ods,

vol. 2, no. 9, ?. 207, 1911.

4/ Jones, C. a., Phosphate roc. in Utah, Idaho, =nd '.-yondn,: 3nE . 

,in. Jour., vol. 83, pp. 953-955, 19O7: Th, discovery and openin* of a 

phosphate field in the United States: .to. In.t. 2in. -- 3«il. 82,

pp. 2411-2435, 1913. 

Idem.

Uter examined th. deposits discovered by Pidcocfc and traced them over parts 

of northern Utah, western T^min*, and southeastern Idaho, .^eeks and

began the U. 3. Geological Survey land classification  rk on phos- 

1906, tl and since that tita the Geological Survey has sailed the

F. B., and Ferrier, 'T. F., Phosphate deposits in TTostern 

Stites: U. S. Geol. Survey Bull. 315, pp. W)-^>2, 1907.

*feeks, F. B., Phosphate deposita in Western United States: 0. 3. 

amrey Bull. 3W>, P?. WJL-W^, W08.

and mapped the Fhcsphcria foliation, on a scale of 1 to 2 miles to 

ir-ch, over much of the Reeky Vovintain region. £]
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v/i a'J 'acent oartn of -x-ndr- ri.'.t ^-
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Siaall amounts of vanaciiim havu been known to occur in the phosphate 

rock of southeastern Idaho since 1911, v.tien chemists of the U. 3» Geological 

Survey found it in a sample from Driggs, Idaho. £/ Other tests made in the

4[/ k'ansfield, 1. ?.., op. cit., p. 212, 1927.

years following shewed that the phosphate rock contained froia 0.02 to as 

such as 0.52 percent ^2^^* Production of vanadium as a by-product in the 

sanufacture of superphosphate be^an in 1941 when, after years of investiga­ 

tion, the Anaconda Soccer v ining Co. perfected and placed in ©Deration a

recwer the vanacium from phosphate rock mined at Conda, Idaho.

in other beds of the nhosphatic shale was first discovered in'--' :'': .'
<»liected by Geological Survey field parties directed byT.TJ. Rubey 

11 trenches in the Salt ^liver Hanpe and 1 trench in the joining Han^e. 

SaSlple3 ^"2 ^ were analyzed for P^. Of these, the 62 that contained

percent or mere P2C5 and 13 of the 120 containing less than 15 percent 
_ 

also tested for vanadium and several other constituents, .'Jj 75
r*> *'*" " Wc

to contain at least non^ vanadiun, 18 contained 0.25 

* " ^r -ore- 7^0^, and 6 contained 0.5 perc'^.t cr nxr^. "her. tneso 

3 - i'.ie k.-^vm, vonadlun determin.-Mons vrore raade on t';-* ! ',? 3.:^- ".



western phosphate field, including .-nany --sr.erously furnisned by the Bureau of 

Plant Industry, the IT. 3. national Liuseum, and the Tennessee '/alley \uthorit y, 

wer-3 tested spectregrapnicall;" by t,ne Department of I'in^ralo?:" and r-stro^rapny 

of Harvard University.

Cf all the samples tested, those from southeastern laaho and western 

looming contained the most vanadium and the most highly vanadifercus samcles 

were of shale from the upper part of the'phosphatic shale menber. .It tnat 

time, it was not known whether the vanadium, was present as a syngenetic mineral; 

whether or not the most vanadiferous samples, which were from sections several 

odles apart, 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 beds and, as a part of the Survey's strategic minerals program, 

h* set out to test this hypothesis in western T^oming and southeastern Idaho 

in -ay 1%2. During this phase of the worky in -s&ich it Tras my privilege to 

12 relatively complete sections of the phosphatic shale menber were 

in detail. All samples were tested for vanadium by aieans of a semi- 

field test $?/ those found to be highly vanadiferous were then
 "      - -. i ;  L,_,  _._._... ...__.._     "n-a: -|_.u-_.__i _ - ''^L T-~ --m  - -ir r "- - "' "~  - -           -    - - ^m, in n n in. HIM  . . . . ^ ..i m,*m . ,m,mm»~*,u*

Aacelrod, J. M., A field test for vanadium, in Contributions to geo- 

2-45? U. 3. Cteol. Survey Bull. 950, pp. 19-23, 1946.

dPctrographically and later by standard chemical methods.
|*1. " *"£  '- '1 ' :'~^::'~

  ;^|- The new data demonstrated that the highest concentrations of vanadium 

*«t at one horizon over 3 lar^e region.fX for beds high in vanadium were

& Subey, 7. **'., Vana-iifor us srale in the Phosphoria forr-ation, *"**o- 

* I'iaho (abstract): "con. C-.-olc.-y, vcl. 3?, ?  87, 1943.



discovered in reia-lv ily -..-.o jo.r.e -.art, 01 the section in tre:.cr.e.5 In :ub-.eti 

rlidge, C okevills, l^or.Lpelier Canyon, and Bloomington Canyon, as wail as in

tne K and V. trenches r* 3r those (I, H, ;, and A) from *hich the r.i-r.l;- var-aoi- 

ferous "discovery" samples ««re collected in tr.e Salt .tiver P-an.:* .-.ear ..'tcn_ 

( -i- H 'to criteria other than actual chemical analysis Trere found then
y ,i._L .*, * -i» y   *

or later for distinguishing vanadiferous from non-vanadiferoas beds but ,e 

,oon learned to identify the vanadiferous oed3 in the field by their rtrati-

graphic position.

The program -as expanded late in .Xugust 1942 and the party «as joined 

by another geologist, J. D. Love, and a chendst, Victor North. *ri»z this 

phase of the program the beds of the phosphatic shale were sampled at W* 

additional localitiee spaced 3 to 15 miles apart over the region shorn In - 

figure 1. The strati^raphic continuity of the vanadiferous zone was proved 

beyond a doubt. Although the vanadium content *as found to vary over the 

re.-ion, several areas were found in waich the vanadiferous beds contain over 

0.75 percent TjPv In Kovanber 1942 the Bureau of Vines and ttvs Petals Re­ 

serve Company selected three of these areas for detailed exploration. J. D. 

assisted by L. 5. Smith, mapped and described the beds exposed
* ' . '  "'

of lanes in the Aft on area, ^70.? J. D. Strobell, Jr., and I 

I described those exposed by the Bureau of Mines and the iitala 

Co^)any in the Svdblette Rid^e area, T7yo., and those exr)caed by the 

^Selelve Company in the Paris-Bloomington area, Idaho. Durin- this
 >  : . . ;,, *  *    

of the work the vanadifercus zone was trenched and sacplod at intervals 

^ to 2,000 feet and in addition was sampled underground at inter/als of 

"-c - ftJQt- whereas mich infcrrstlon was obtained on the other beds of the 

'^ Mlc anale durln ; ^c- Surv-v' . reconnaissance surveys, the detailed

eco^arli;' -ic:->l llt^lo inf ornation on any bat trc v-.-^'i70r ; :





Tie investigation, continued until tr.e cprinr of i-<U* ..ion plans for fliininp 

the deposits -.vere abandoned because of trie alleviation of the vanadium shortage.

Ac knowle d re:re nt s

!'any individuals have made significant contributions to this rercrt. 

Principal among these is ".?. ".'. P.ubey, v*io first recognized tr.e possible 

existence of the vanadiferous zone and who guided the field work through its 

acst critical stages. His sound -advice, stimulating suggestions, and encour­ 

agement, given through all phases of the worse, are reflected in nany sections 

of this report and are gratefully acknowledged.

J. 0. Strobell, Jr., provided able assistance in the detailed mapping 

of the Sublette Ridge and Pari3-31oonujicrton areas. J. 0. Love and L. E. Smith 

described and measured nany sections in the Swift Creek, Dry Creek, and Cctton- 

wood Creek areas near Aft on, and crerared correlation charts showing the con­ 

tinuity of the beds; most of these sections are not included in tr is report, 

they as well as the correlation charts have been drawn on in describing 

rocks in these areas.

. Officials of the TZyodak Coal and I'anufacturing Co. (agents for the Hetals 

f the Bureau of lrin<?s, and the Anaconda Copper I'ining Co.,

and extended many courtesies during the field -work of 1943- 

helpful were E. F. Kcrris, Superintendent, and A. T. Peterson, 

gp| v- of Anaconda; H* ^. VJalker, Vice President, J. D. Johnson, llanager,

Mine Foreman, *7. C. Campbell, L. G. 7/arren, E. H. Richards, and

 > engineers, ard A. L. Slaughter and J. A. Harder, ffeolo^lsts of 

5 and ?crr^st Vajcr^, Project "/-.rineer, of the 3ureeu.

he loc^i <*»*** *.  *--^.^ents wro extr ^rvily cooperative and fri'-n jl; r thrcuc-hcut

rx * "r. ;.. j. - i-,_t ?rs ^ ^ -.-.»«- -t --,-;.»*  *  *  - -. r^ t- -M *.    » 

"" i'' r *' - ; - ' *"' "  :: -'.: > .r. k.r c " C'-,t   i   r ' '  



Professor Lewis II. dine of the University of Wisconsin, 17. W. Rubey and 

Herbert E. Hawkes of the Geological Survey read the manuscript and made 

valuable suggestions and criticisms. James Steele Williams of the Geological 

Survey gave needed advice on the organization of the faunal list.

Sources of unpublished 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 

jasnbers of the Geological Survey and by representatives of other organizations 

as well.

The measurements of the strati crap hie sections were made as folloY/s: 

South Cottonwood Creel:, by John Hodpers; A, 3, C, D, and F by Lawrence Gooldy; 

1, J, and H by Lawrence Gooldy and "7. T7. Rubey; G, E, and P by Lawrence 

Gooldy and J. D. Love; K, L, 1', II, :,, Ua, and Conda by '". *.V. Hubey; R, S, V, 

?;, X, Y, Z, AA, B3, CC, DD, FF, II, C-GL, JJ, K:i, and ^7 by J. D. Love; and ID 

by Charles Deiss.

I!ost of the vanadium and phosphate analyses ouoted in this report were 

nade by Victor North, but many others were made by H. C. ".'ells, F. S. 3ri^ldi, 

J. G. Fairchild, F.'L. Schmehl, J. II. Axelrod, llargaret Fester, h. J. llurata, 

and lr.. Fleischer. The spectrographic analyses for vanadium were made by John 

C. Habbit of the Department of Vineralogy and Petrography of Harvard Univer­ 

sity. Most of the vanadium analyses on the beds of the vanadiferous zone in 

the Sublette Hidre area and Paris-Bloor.in~ton areas were nade by TV. L. Ryan 

of the VVodak Coal and Manufacturing Co. and some of those on the vanadiferous 

beds in Sublette Ridge and in the Swift Creek, Dry Creek, and C ottcnwood 

Creek areas in the Salt River Range were nade by the Bureau of rines; although 

comparatively few of the analyses made by either V'yodal: or the Bureau are 

included in this report, all have been studied in its preparation. The analy­ 

ses of the roc.:s at Conda were renerously furnished by the Anaconda Copper



Co. 71 ".e analyses of *r. e sanrles from trencn 13 vrere rrade by tne Chemi- 

 *sl ^ <ssoa r*cr' Liberator*" of *^'a "n '"*nrs8S3':5e 'J^il^"^" iU.t taici*'*t7 "">e ssisniuiii -2nal"y*-~ 

5'3S ^iveri in table 1, ?r«re race or 7ro:, C. .'.. reath of the University* of 

on samples collected by H. 3. Thomas, State ~reolofist of T.'N



12CLCCI

The southeastern Idaho region was the site of deposition of marine 

sediments daring erery period from Cambrian to Cretaceous. The Paleozoic 

rocks consist dominantly of resistant gray limestone, dolomite, quartzite, 

md sandstone. The Mesozoic rocks form a thick series of alternating lime­ 

stone, shale, and sandstone* Tertiary rocks, which are nonmarine, are 

largely elastics, but include subordinate amounts of calcareous marl and

volcanic ash* A list of formations exposed in the region, modified slightly
0

from that giten by Mansfield, follows:

'Hansfleld, G. .R., op. cit., p. 48, 1927*

Pliocene (?):

locene:

Salt Lake formation (conglomerate,
sandstone, marl) 

Wasatch formation (conglomerate, sand-
* stone) T4«-_ 

Low Cretaceous (?): Wayan fonnation (sandstone, shale, UM-
atone)

" Tygee sandstone 
; 4 Draney limestone 

Sat e ''   J ;yS';' '"r'' Bechler conglomerate 
-' ~" ; Peterson limestone

Ephraim conglomerate 
Stump sandstone 
Preuss sandstone 
Tifin Creek limestone 
Hugget sandstone 
Wood shale 
Deadman limestone 
Higjiam grit 
Timothy sandstone
Thaynes formation (silty limestone, cal­ 

careous siltstone, shale) 
Woodaide shale and Dinwoody formation 

(silty limestone, siltstone, shale ) 
Phosphoria formation . 
Rex member (chert, cherty limestone; 
Pho^phatic shale member 

Wells formation (sandstone, quartzire,

Thickness 
(feet)

0 - l,000t 

0 -1,500±

12,000t 
100*-
175 

1,700
200 

1,000
200 - 600 

1,300 
3,500*

150±

Braz^r liiaeston* 
Madisoa limestcna 
7hr«*» Forks 
J«f f »rrjoa lirv?
T i   - *'- ̂

200± 
250±

2,000 - 3,000 

1,000 - 2,000

80 - 300 
85 - 250

1,000 - 2,1*00 
1,100+ 
l,000t



Thickness
(feet)

Upper Qrdovician: Fish Haven dolomite 500 
Lower Ordovician: Swan Peak quartzite 500

 Garden City limestone 1,200
Upper Cambrian: St. Charles limestone 900 - 1,200 
Middle Cambrian r Nounan limestone 1,000

Bloominffton formation (limestone and
shale) 1,200 

Blacksmith limestone 750 
Ute limestone 750 
Langston limestone 350 - 600 

Lower and Middle 
Cambrian: Brigham quartzite 1,000   1,60Q±

Total «*THtmim thickness of all formations 46,COO* 

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 numerous transverse and bedding faults and 

by a few great overthrusts of many miles displacement* The Tertiary sediments, 

which were deposited after a long period of erosion and after the period of 

 oat intense deformation are only moderately tilted, but they are broken by 

faults of several hundred feet displacement.

post-Cretaceous geological history affected the Phosphoria formation 

ways. Because of the regional structure the Phosphoria is at the 

limbs or many folds and is characterized by long, northward-

(fig. 1). Because the phosphatic shale member is struc- 

iacofflpetent, in many places it has been thickened or thinned by

part or all of it cut out or repeated by reverse faults which 

parallel to bedding that even where exposed they cannot be 

 accept by omission or repetition of beds. Oxidation of the phosphatic 

k ~* «i areas where it was at or near the surface during the long period of
i|:j»«-*

wiat preceded deposition of the Tertiary sediments, led to the

organic matter and soluble constituents so that in those areas 

differant in a?pe*rv\c* nr.d cor.no -jit ion.

n



DEFINITION OF THE PHCBPHATIC SHALE M2XB2R OF PHCSPHCRIA FCKMATICN

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

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

iff/
-* Boutwell, J. M., Stratigraphy and structure of the Park City mining

district, Utah; Jour. Geology, vol. 15, pp. 43V-453, 1907.

district, Utah* Three members of the Park City formation were different­ 

iated: cherty limestone, overlying the Weber quartzite, at the base: 

overlain by phosphatic shale; and capped by the "upper Produetua limestone* 1

The upper Productus limestone and the phosphatic shale member were 

later included in the Phosphoria formation, which waa described in 1912 

by Richards and Mansfield^rom Phosphoria Gulch, a mall canyon in the

^Richards, H. W., and Mansfield, G. R., The Bannock overthrusts 

Jour. Geology, vol. 20, pp. 68V-689, 1912.

Peale Mountains, Bear Lake County, Idaho. They designated the upper unit

*a the Bex chert member, from Rex Peak in th& Crawford Mountains, Rich 

County, Utah, and called the lower unit simply the phosphatic shale

*«aber. 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 formation, in the Wells formation, named from 

W«Ua Canyon in the Peale Mountains, Caribou County, Idaho.

Tba Rex chert and phoaphatic shale member lose their identity to the 

north and east, but in the area studied they are fairly distinct. Because 

e Rex chert member does not contain conspicuous amounts of chert in 

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

p\p*>r.

 It



FAUNA 

Nearly 300 species have been reported from the Phosphoria formation

Fossils 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 list also the fossils collected from other regions* 

The fauna, of the Park City formation, the Lower Stabar formation, and the 

so-called Sybille, Forelle, and Srvay tongues of the Phosphoria formation, 

and the Satanka shale are included because they are either now called 

"Phosphoria" or are believed to be continuations of it; the faunas are 

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

in Wyxadng, Idaho, Utah, and Montana (table 1).

Some of the species which distinguish the fauna have a wide distribution 

bat most of them are restricted in occurrence or at least are not equally

over the region as a whole. Thus of the species listed in table 1,
k

about 20 are common to the collections from Idaho and western Wyoming 

and southeastern Wyoming. These include: 

sendreticulatus
*f & multistriatus 

y P>J t¥aagenoconcha) montpelierensis 
7 P»J Mnoproductus) phosphaticus 

P» i .Avonia) subhorridus

AmbocoeHa guadalutxnsia 
Ccciposita subtilita 
Nucula montpelierensia 
M T pulchella 
Leda obesa 
L. bellistriata 
Plagioglypta canna 
Pleuretomaria phoaphaticua

Ihyncopora taylori . jEtuphemites subpapil^sns.
gtaictoapirifer pulcher

Such foram as Orbiculoidea utahensis^ Derbya. Punctospirifer

L> Hustedia, Schizodus (except S. ferrieri). Anoriama, 

53» Myalina, Bellerophon, Pleuroohorus. and fish teeth are listed

*
  (Pustula) nevadensis

Aulos te g»s his pidus 
osagensis



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

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

Orbiculoidea missouriensis* Llngula carbonaria (?). Aviculopecten? 

aontpelierensis . Pleurotcmaria idahoensis, Qnphalotrochus conoideus. and 

ostracods are reported from Idaho but not from central Wyoming. 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 

which are widespread, most are brachiopods, including many which have 

also been reported by King^rom the Permian of Texas*

, R. S., The geology of the Glass Mountains, Tex. , Part II, 

Faunal summary and correlation of the Permian formations, with descrip­ 

tion of brachiopods; Texas Univ. Bull. 3042, p. 32, 1930.

Many of the beds contain characteristic faunules over small, areas* 

Examples are the "cap lime" above the lower phosphate bed and the 

J^phalotrochus zone at the top of the phosphatic shale member in the 

Mountains; the "goniatite" limestone and the Chonetes-bearing 

tbs "hanging-wall limestone" above the vanadiferous zone) 

Sublette Ridge; the Or&lculoidea zon* in one of the tipper phosphate 

in £he Salt River Range; the "Productus limestone11 of the Bex 

in Idaho and Utah; and the lower chert, lower phosphate, Pus tula , 

and top limestone members described by Branaon in the Wind 

Creek mountains of Wyoming. In general, b«d3 which are 

*°3siliferau3 in on» locality seotn to be fo^siliferoua wh«r«Tar they c&n



be identified; and beds unfossiliferous in one locality are unfossiliferoua 

alsewhere.

Moat of the fossils occur in limestone, but some are found in shale 

and phosphate rock. Regardless of stratigraphic position, the phosphate 

rock: has a more or less typical f auna-  Orbiculoidea » Lingula* gastropods 

such as Qaphalotrochus and Bellerophon, and fish remains. In central 

Wyoming^nd in the Uinta Mountains-the phosphate rock carries a

'^Branson, C. C. Paleontology and stratigraphy of the Phoaphoria 

formation: Missouri Univ. Studies, vol. 5, p. IB, 1930*

s, J. Stewart, "Park City" beds on southwest flank of

Uinta Mountains, Utah: Am. Assoc. Petroleum Geologists Bull* vol. 23, 

P. «B, 1939.

depauperate fauna.

A few of the species thus far reported seem to be restricted to one 

Part of the formation over the region. Thus far Waagenoconcha montpelierensis . 

osagensis , Compos it a aubtilita, Rhyncooora taylori, and Nucula

have been reported only from the lower part of the formation, 

bryozoans, Productus aemireticulatus « P. multis triatus « P. (Avonia) 

J9bhorrlrftm j gjjjjj Suphaiaites subpapillosus have been reported only from the 

^PP«r part of the formation. Widespread faunal zones may be established 

** fatmal studies are continued (and especially when more cephalopoda are 

scribed) but such zones are not now evident.



ACS 

Moat Permiam specialists now agree that the phosphatic shale member

of the Phoanhoria is equivalent to part of the Guadalupe aeries and

& possibly part of the Leonard series as well (table 2). The age limits of

References 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 3ull. 436,*p. 10, 1910; in Richards, R. W., 

and Mansfield, G. R., The Bannock overthruat: a major fault in southeastern 

Idaho and northeastern Utah: Jour. Geology, vol. 20, pp. 683, 687, 1912; 

in HLackwelder, 3., New or little known Paleozoic faunas from Wyoming and 

Idaho: Am. Jour. Sci., 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. Branson, 3. B., The lower aabar of Wyoming 

«nd its fauna: Jour. Geology, vol. 24, pp. 660-661, 1916. Branson, C. C., 

Paleontology and stratigraphy of the Phosphoria formation: Missouri Univ, 

Studies, vol. 5, pp. 20-21, 1930; Fish fauna of the middle Phosphoria 

foraaticn: Jour* Geology, vol. 41, p. 174, 1933; Permian sharks of Wyoming

Bast Greenland: Science, n. s., vol. 79, p. 431, 1934; Pennsylvanian

of central Wyoming: Geol. Soc. America Bull., vol. 50, p* 1200, 

1939. Branson, S. B., and Branson, C. C., Geology of Wind River Mountains,

*yo.: Am. Assoc. Petroleum Geologists Bull., vol. 25, p. 133, 1941. King,

It V** 5., The geology of the Glass Mountains, Tex., Part II, Faunal summary

**** correlation of the Permian formations, with description of Brachiopods; 

w &£i f 3042, pp. 30-33, 1930. Williams, James Steele, Sixteenth

Geol. Congress, Guidebook 29, pi. 5, 1933. Miller, A. K., and
1-

» L. 2., 7^9 cephalopoda of the Phosphoria formation of northwestern



United States: Jour, Paleontology, vol. 3, pp. 281-285, 1934. Miller, .1

A. X., and Furnish, *. H., Permian .iosmonoids of the Guadalupe Mountain

region and adjacent areas: 3eol. 3oc. America Jpec. Paper 26, pp. 9, 23>

28, 1940. 3. K. Licharew, in Williams, James Steele, Pre-Congress Permiam j

conference in the U. S. S. H.: Am. Assoc. Petroleum "-eologists Bull.

vol,22, p. 772, 1938. Baker, A. A., and Williams, James Steele, Permiam ;i
3

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

Petroleum Geologists Bull., vol. 24,'pp. 624-625, 1940. Franzel, H., and Mundorff,;'
' " \

H., Fuaulinidae from the Phosphoria formation of Montana: Jour. Paleontology, j 

vol. 16, pp. 675-684, 1942. ihompson, M. L., Wheeler, H. S., and Hazzard,

«J. C., Permian fusulinids of California: Geol. 3oc. America Memoir 17 >
f \

p. 8, 1946.

the Phosphoria have not been established, but Baker and Williams class 

the underlying beds in the Park City Utah area as Kaibab (Leonard);

and Mundorff define beds at the base of the Phoophoria or top of

Quadrant in the Three Forks, Mont ana area as Wolf camp; and 

and Kummel have shown that the overlying Dinwoody formation in

<$
,; K* 0. and Kummel, Bernhard, Lower So-Triassic stratigraphy, 

Wyoming and southeast Idaho: Geol, 5oc. America, BUH. voX 53, 

P- 939^ 1942. ^

southeastern Idaho is lowermost Triassic (Otoceratan). Baker and Williams 

««<i later Prenzel and Mund: rf f recognized the possibility that the. beds at 

»« base of rocks of Phosphoria lithology maj not be the same age every- 

re ; the present 3tudi«s, which show that the lower part of the phosphatic
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Etype section of the Wolfca**r format ion"

I/ Pejcfu^p tn- 5l*3SiliC8tioji 01 toe Permlen nea changed from time to Use, the Tbrious age datamioatiooa, eapesici- 
ly tuo3e ffxbreaaed in tenas oi "Lower, Widdie, or Upper Pemitn," oit. difficult to compare «itn one «notfter. An effort &aa 
been rnudf* to ahon tne ege liicita as the ttutcor *nt*socl«d tnem in terms of tne Pezmien olaeslficatlon in e^isteuue *t tee 
tlae, but, to Nvuid miarepreaentbtion of tne eutnor'e opinion, hia own deaignation ia Quoted viierever poaai^ie. 
lr,ic«l SurVey l*s not wade any official correlation of toe provincial Permian ewiea ef i^est Tewm with t^oae of 
that tjiven here is ialcew fron C.O* ->mh«ir, t«e type Pemiam ita olasaiiicaUon ajki correlation* ** *>« AMO«*^4ite«i«ttBi 
Geologiata I^ull. vol. 24, p. 266, 1940. I e



3:iaie -o :ha south becones more cal2areous and acre like the upper part cf 

tr.e *2lls, indicate thai- this possibility should be considered in further 

work.



LITHCLOGY 

Composition

Lime, phosphate, silica, carbon dioxide, organic matter, magnesia, 

-ina, iron oxide, and fluorine, listed in approximate order of abundance,

_,_e the -rincipal constituents of the ohosphatic shale r^nber, but in addi-

-^cn r.ore than 20 ether elements have been reported. Enough dcta are not 

^v' "iBble to determine the average coni-osition of the phosohatic shale, but

  rrurh idea of the relative proportions of some of the principal constituents 

, V r ,,Q had from the average of ancl^-ses repr jsentinr. 137.8 feet of the phos-

-  ^tic shale jremoer at trench ID in the Peale I. ounti-ins, presented in table 3. 

lir.t of elenents reported froir; the phosphatic shale is shewn in table L. 

  c?uci the :.;ineral Darticles of the roci:r, are ver?- i'ine-rrained and tend to 

e cbscured bv or^aidc matter, their identities c.re difficult to determine,

 -.it  .'ill -2 listed insofar as kr.r.-,.-n.

Table 3

rr.v.^cri-ion of 3? CEi:.rles r --present in-- 1/-7.F feet of Ue phospiictic 

r'-.-.le r y:.ber of tlie rr.oshoria formation at trench I- ^/

. '.verape l-a^rrur. ..nmurr. 
pt r c en t ) ( r. e r c e n t ) (percent)

CaC" A.I
l!i t L

2.0
3.2
1.L7
: .1C

or r
-' S   s

^J . c
5.0
6.6
3.B/,
i.le

0.3
3.9
OJ,
C./f
r.ot
r ,ci

I-nit i or. less 15  £ 39.3

_£/ 3amr>les collected by Chrrles Leiss of >the Geclorical Purvey; analyse; 

rv ee by the Chemical Research Laboratory of the Tennessee Valley Authority. 

T..C- tct&l thicl'L'iess of ^:.e phosphrtic shale member at this locality is about

-"V feet. ....pprc:-J-nately hc.lf of tlie beds net sampled are described as si.ale

----- si.:tstcne :.nc tie ether hc-lf es cc'lctruous s5JLtstone or limestone: all



are probably low in phosphate. r:.^r3i\-r-1 tho average ? and -'~«-5 content of 

the rsenber is lower tnan snown oy the an::lys<33 (the avori -^ ?«>=: content is 

probably about; 12 percent) ind the ccnt-;nt of ctr.er :crLSt,_" - ..er.t j is 3o.ie7.'r''.at 

higher.

Line, pr.ospnate, cnrbon dioxide, .riaTiesia and fluorine, .nostiy 33 

phosphate and carbonate minerals, rsa.Ke u^ % to 7^ ^ercer.t of t^e phosr^hatic 

shale rnedb^r. Two mineral forms of phosphate are oifferentiabie. The meat 

abundant is an isotropic-appearinr mineral (knovm from -C-ray 3^udies to have
i-

the crystal structure of apatite//7) described as collophaci 3 -$ the other,

ifj Hendricks, S. B., Hill, ':. L., Jacob, '{.. 0., and Jeffersoa, It. 2., 

Structural characteristics of apatite-like substances and composition of 

Phosphate rock and bone as determined fron microscopical and X-ray diffrac­ 

tion examinations: Indus, and "5npin. :he:.:. vol. 23, pp. lUlj^lklS , 1931.

/f/ Hansfield, G. 3., on. cit., p. ;67, 1927.

a birefringent mineral irrhose optical properties, according to *,7. *T. Rub3y and 

k ^T. T. Schaller, are those of francolite (10 GaC.3P2c 5* Ca?r2- cc2)^ forms

* 3* 3., Hey, if. H., and l!cConnell, Duncan, The composition 

ffimcolit«rl Kineralogical :^p. pp. 395-UM, 1939.

a sniall part of most of the phosphate rock and is apparently secondary. 

Analy3es show that the bulk of the phosphate rock has a cherrlcal composition 

similar, at least rualitatively, tt fruncclite. W. 7T. Hubey found by petrc- 

phic examination that most of f-,c carbcriate rocks in the Salt ?,iv?r ?an



Table 4

ElementB reported from the phosphatic shale* 
(listed in order of imnriTmmi amount reported)

Maximum 
(percent)

Rock type or bed 
from which reported

Minimum Rock type or bed 
(percent) from which reported

Si00
CaO
P20
co«
Organic
matter
MgO
A120«
F
Fe20
S
H90~
K20
»l°3

H Oi
zSo
Ti02
Cr203
Ur,
1^±0
MoOo
BaO
Se
PbO
CuO
Cl
SnO
Cc20
As2°q
Sb^O
BeO ^
I
Ag
Sr
r-are

earths

- 95
52.2
38.6
38.6

25.8
17.7
12.6
7.0
5.0
4.1
3.5
3.2
2.5
2.1
1.4
1.3
1.0
0.8
0.6
0.3
0.1
0.07
0.068
0.05
0.03
0.03
0.03**
0*02**
0.006
0.003**
0.001**
0.00026
0.26 (ox)
trace**

trace

Chert (estimated) none
Phosphate rock 1.4 
Upper phosphate bed 0.1
Dolomite 0.04

Shale 0.6
Dolomite 0.03
Vanadiferous zone 0.4
Phosphate rock 0.04
Phosphatic shale 0.3
Vanadiferous zone none
Vanadiferous zone 0.3
Vanadiferous zone 0.06
Vanadiferous zone none
Phosphate rock 0.1
Phosphatic oolite 0.6
Vanadiferous zone none
Vanadiferous zone none
Clay none
Vanadiferous zone < 0.001 
Clay; Vanadiferous zone none
Vanadiferous zone none
Phosphate rock none
Vanadiferous zone O.C19
Vanadiferous zone <0.001**
Vanadiferous zone 0.002
Phosphate rock 0.01
Clay < 0.001**
Vanadiferous zone <0.001**
Van&dii'erous zone 0.001
Vanadiferous zone < 0.001**
Phosphate rock <0.001**
Phosphate rock 0.00008 
Vanadiferous zone
Vanadiferous zone none

Phosphatic oolite   none

Upper phosphate bed 
Vanadil'erous zone 
Dolomite 
Vanadiferous zone

Phosphate rock 
Cherty phosphate rock 
Limestone or dolomite 
Limestone or dolomite 
Phosphate rock 
Dolomite 
Phosphate rock 
Phosphatic oolite 
Calcareous eiltstone 
Dolomite 
Phosphate rock 
Vanadiferous zone 
Phosphate rock 
fcudstone
Vanadiferous zone 
Vanadiferous zone 
Phosphate rock 
Vanadiferous sone 
kudstone 
Phosphate rock 
Phosphate rock 
Phosphate rock 
Shale 
Shale, phosphate
Phosphate rock 
Phosphate rock 
Vanadiferous sone 
Phosphate rock

Vanadiferous zone 

Cherty phosphate

H)Q not found in spect©graphic tests made on about 75 samples from various 
beas of the phosphatic shale member in southeastern Idaho and western "Wyoming; 
Bi20~,OdO, and KgO were not found in spectrographic tests on two samples 
from the v&nadiferous beds.

* The maximum and minimum values are probably of correct order of magnitude 
for the first 12 or 15 compounds listed, although additional analyses will 
probably extend them slightly. The maximum and minimum values listed for the 
other substances are based on too few aeterminations to be considered reliable. 

** Spectrographic analysis; «11 other determinations by chemical analysis.



Fluorine in excess of that required in the phosphate mineral- 

(0,0892 P205) is generally found in western phosphates 2l/ and in many 

place, at least part of this fluorine is prea.nt as purple fluorite in 

grains of both megaacopic and aicroacopio ai»e. The megascopic crystals of 

fluorite, which are found al»st exclusively in coarse-grained oolite or 

pisolite, or in thin reinlets along .joint planes, are secondary.

Silica, iron, alumina, and potaah probably make up 20 to 35 Percent of 

the plurcphatic shale as a whole. Silica ia present a. quartz, chert, and 

in silicate., in combination with alumina and poasibly iron. Detrital clay, 

quart*, feldapar, and mica have been identified microscopically by W. W. 

Kub^, but the quart,, feldspar, and mica make up a relatively minor part of 

the phoaphatic shale aa a whole. An iron sulphide, pyriV, or marcaait., 

i, found in nodules underground in the unaltered part of the phosphatic shal. 

in the Pari^ooair.gton are,, but it ha, not been found at the surface there, 

nor in .ny other part of the region. Brown, red, yellow, and green iron

 Ulna and coatings are abundant on the b.da at the aurface, how^r, and 

| T. enpally characteristic of the beda of the Tanadiferous .one.

-tt« »^" up 5 to ID percent of the «bir. phosp||U|

Phoaphoria but little is known as to it. <K-porfttfS.' 

beds of the phcsphatic shale in Uontana contain 25 to 30 gallons of

*U hydrocarbon, to the ton & but the only rock, in the .outh«*.t.m '

Vf Mansfield, O. R., The role of fluorine in phosphate deposition,

: 4-

t. D. D., Mi .»-»l- l« "'rt.ni tfonan-i, »ou ..- _- ' -
''" r ~  "" . i* - * « * »-.



I<iaho-*« stern incoming-northern Utah area found, to contain them were the rocks 

of the vanadiferoua zone in the Paris ^loomington area, which contain 6 to 

10 gallons a ton and which contain enough total organic matter to ignite 

spontaneously under optimum conditions.

Efforts to identify the minerals containing the minor elements, includ­ 

ing vanadium, hare not been successful, principally because these minerals 

are so exceedingly fine-grained and so obscured by organic matter that they 

cannot b* studied microscopically. Positive identification probably will
'  :Vjffi': '-'< " '

not come until special methods are devised for removing the organic matter and 

even then probably electron-cdcroscope study will be required.

Chemical analyses, interpreted by W. W. Rubey,indicate that the vanad- 

Itm is nost probably in a clay mineral (hydromica), though it may also be in 

* complex organic compound* Practically fill of the vanadium is in the acid- 

»oliibi» fraction of the rock; its amount increases rou^ily with the amount
,, 1  :-- - :'Y£ >'" y. y.;T '. .V;T; $&«;'?.. "

of tilica soluble in t'Eky'Tf after acid treatment, suggesting that it is associ-
^lf^g',

with acnsB decomposable silicate; and with increase in potash and H-CH- ,
SWgAs^f^f-if ,. 

«^|^s^Ki^,> ..,,
, 8««ntiai constituents of hydromicas* On the other hand, it also

: - -; .. . ': " v5  ' "" ' 

roii^^lr with Increase in amount of organic matter, though notabl«- : '.-.IT ,..,; ,,...... .;-,.:
.;i.y . '  '^ " ": -f. "V'-'  ""

suggest that if it is an organic compound it is one of variable
v -' : , ''.v ' ,

That the vanadium is not in the phosphate mineral is certain,
, ~  

separation of the rock it i» found with the litfitest
'-. "   -

(organic matter and clay) rather than with the heaviest part- 

* (^llophane and francoHt«): and in a size separation it is found with 

fit»8t constituents (clay and organic siattur) rather than with the 

(cellophane and francolite),

j_ 8 JQJO,^ about th« chrcae minersJl, but the fact th«r. -noat of it 

" . >ft--.^v,l* portion of » r ;  *  o*-« that. It -    : - ; '-> c. .r.,;;;!*-s

Jo



and suggests that chronic and vanadium might bo In the same mineral* Some of 

the other trace elements  arsenic, manganese, zinc, ana copper-   ar« also in 

the acid-soluble portion of the rock.23/

Secondary vanadium minerals, including hewettite(Ca0.3V00 .9H o)
^5 2

pascal te (2CaO*3?20 *11H o) and sincosite (CaO.V^O .p r> .5H 0) are found
j *  *. l± 2 5 2

in the sone of enrichment in the Paris-Bloomington area*
*

Rock types 

the phosphatic shale member of the Phosphoria formation consists largely

of nonresistant, dark-colored, carbonaceous phosphatic rocks that are difficult    »    ' &' - -   , ..

to name* The principal rock-forming constituents may be considered as organic 

 atter, fine-grained elastics, and chemical precipitates  dolomite or calcite, 

chert, and phosphate* Although some of the rocks are predominantly one or 

another of these materials, most of them are mixture** As shown in the classi­ 

fication used in the explanation to plates 1 7, four basic rock types are 

presents ailtstone or mudstone, oolite, limestone or dolomite, and chert*
^^Iji-yS-'-

Btcause some of the siltstones dsYelop fissility on weathering, shale is a
' " .; ,i:Vf ;' -%* '- ^J -

Co**ion type in surface exposures* The common mixtures are calcareous silt 3 tone,
'- ";:" ^^ ^ : ._;,

calcareous ̂ shale^ oolitic siltstone, oolitio shale, oolitic chert, oolitic

limestone, cherty limestone, and siliceous siltstone. The relative

of the various rocks at several localities is shonn in table 5 and
"'  - ; .; -  '

»«en also by a study of the stratigraphic sections on plates l-7» SanoV
 -«" ' ? '  '   -

^:.^^

to«« not occur in the phosphatic shale in the area studied, and sand as 

* *inor constituent of other rocks is very rare*

Hearly all of the aolitie rocks are phosphatic, but not all of them are 

^^«phatie, nor are all phosphatic rocks oolitic. 2»/ The oolite

Mansfield, G. R*, op. cit. Prof. Paper 152, p. 2^9, 1Q27. 
Gardner, L. S., Phosphate deposits of the Teton Pasin area^ Idaho

31



Table 5, Part I

Total thickness of various rock types of the phoaphatic shale member
of the Phosphoria at several localities in 

western joining, southeastern Idaho and northern Utah

South
Cotton-
Wood c.
Ft. %

D*

Ft. %

Ua

Ft. %

K

Ft.

Goal
Canyon

i Sf- <i/b r u. /o

Coke-
ville*
Ft. i

Non-calcareous, non-
phosphatic and non-
eherty rocka ____ 37.6 31.9 22.7 24.0 28.6 23.2 36.3 35.8 19.4 13.7 30.8 21.0

Siltstone 26.5 22.5 22.7 24»0 15.9 12.9 28.5 28.2 9.5 6.7 7.1 4.8
 Shale ^ " 11.1 9.4       12*7 10.3 16.8 16.6 9.9 7.0 23.7 16.2
Clay > u_ -i, - - ... _, t .L L _   »  10 10 -IT   j - .. .r-
Photphatic^ oolitic,
_md pjaolitic rocka 43.6 37.0 31.7 33.6 19.2 15.4 17.2 17.0 65.6 46.6 41.6 28.5 
Golite and phos­

phate rock 17.5 14.8 23.6 25.0 13.3 10.7 14.1 13.9 29.3 20.8 20.3 13*9 
Siltstone UU4 12.3 6.7 7.1 3.0 2.4 1.7 1.6 12.6 8.9 3*1 2.1 
Sfc«l« 11.7 9.9 U4 1.5 2.9 2.3 1.4 1.3 20.5 14.6 13.7 9.4

Ussstone or dolomite      >    -      -         3.2 2.3 4.5 3.1
Ctlcareoua re*** 19.0 16.1 35.7 37.8 70.5 57.0 42.4 42.0 38.2 27.0 68.6 46.8
Uiastone or dolomite       4.9 5»2 9.0 7.3 33.9 24.0 40.3 27.5
3ilt«ton« - ; 18*0 15.3 30.8 32t6 59.0 47.7 40.6 40.2 . 4.0 2.8 7.6 5.2

1.0 0.8       2.5 2.0 1.8 1.8 0.3 0.220.714.2 
- 17*7 14.9 2.3 2.4                  2.6 1.7

 j nosphate        2.3 2.4                   0.5 0.3
m Silt stone, ^ «c o o   « ^ , -  _,   m^ _ ___ -,,-.-   -,. . _ _ _**"* f ,. ' J* J <C*7 ^^ ^-^    ._. ... ^   -      - ^»HK m. «^n^

i 14.2 12.0                         2.1 1.4
and phoa-

rocka       2.2 2.1 5.4 4.4 5.3 5.2 17.8 12.7 2.9 2.0
2.2 2.1       5.3 5.214.610.4      

5.4 4.4       3.2 2.3 2.9 2.0



liable 5, Part II

Total thickness of various rock typ»a of tne paospixatic aiial->
of the Fnoaphoria at apteral localities in. 

western. Wyoming, southeastern Idaho and northern Utah

-cialcareous, noa 
jaoaonatie and aon- 
fc»rty rocks____ 

Hit stone

t oolit Ic

ia.o
6.0 

12,0

Slay

8.7 19.9
2.9 16.0
5.8 0*2

3.7

12.4
10.0
0.1
2.3

46.1
37.3
8.8

32.4
26.2
6*2

29.9
16.5
13.4

16.7 
9.2 
7.5

22.2
13.5 

3.7

12.8 
3.4 
5.4

52.7 25.7 140.7 87.6 69.6 48.9 107.4 6O.O 47.2 29.5

3oitt«* and phos- 
 j&.»# rock .;   ,
ill tat on* r
?j». A \ ^ > . ' r '.j&AAe ' -  . ,
*t *«  .... -   * .. ,' ,.?:'.
** *! . -"-   ,?,',,/ : - ; V;,. '' -.- :-

-La»»tone or dolomite 
Sal eareow rocks
^ian stone or dolomite
5 li tat one ..*.
2oals " " '- v
^^**fc* ̂  ..;. . . - ,  /

: ^*?^r rocks '; /
; 2e«rt .;|',. ̂ 2%^. ,. . t.  
: ^lltt* «n^ Tihnfinlii^fc* '

14.8 
3.2

21.9

12. 
110. 

88. 
19. 
1.

12.
10.

 

8
0
4 
9 
7
9
0

MM»

7.2 15.6 9.7 14.9 
1.6 106.6 66.4 3.2 

10.7 11.2 7.0 37.8

6.2 
53.7 
43.2 
9.7
0.8
6.3
4.9
 

7.3 4.5
"   .   13 
    21
^^ m^m, £

      11
    4
   
m m *""
 *    

M«»

.7 

.6 

.4

.2 

.0
 »

10.5 
2.2 

26.6

9.6
15.2 
4.5 
7.9 
2.8

H

43.3 
16.4 
39.5

8.2 
30*3 
16.6 

3.3 
5.4

24.2 
9.2 

22.0

4*6
16.3 
9.2 
4.6
3.0

aa

 -

21.3
17.3 

5.7

2* 
62. 
29.
13. 
18.

« 

« 

< 

 41

9 
6 
3 
9 
9

>**

  « 

B   

13.3 
10.8 
3.6

1.8 
39.1 
13.6 

8.7 
11.8

 
»« 

28.0 17.5
8.6 5.4

19.4 12.1



or pisolite grains range in size from a fraction of a milliineter to more than 

2 centimeters in diameter, although those about ^ to 1 millimeter in size are 

aost abundant. They are generally moaeratflly spherical, although in places, 

such as at Laketown Canyon, Utah, they are conspicuously flattened or irregu­ 

lar in shape. Individual oolite grains are generally cemented by other rock 

particles (as in shale and siltstone) or by phosphate (as is generally the case 

In phosphate rock), but in soae places they are loose and uncemented. Where 

well cemented the phosphate rock is hard and breaks across the oolite grains*

Oolites are difficult to identify where the rocks are unweathered* Thus, only
'-. * 

14 feet of the section measured in the 509 crosscut in the mine at Conda (pi. 

5} was described as oolitic, compered to about 67 feet in the ID trench, although 

tfte thickness of phoaphatic beds and the total phosphate content is about the 

 aae at this two localities*

The phosphate rcc*c develops a characteristic white or bluish-white bloom 

on weathering* W* W. Eubey 25/ has devised a method for estimating the grade 

°* th« rojsfc Iqr developing the bloom artificially* A drop of concentrated HC1
  ".'V^1 '^" 1 '1-'^'*'" 1 ^-'^' '

1* placed on th« rock and allowed to dry; if a white coating forms, the rock con-
^V:.  ;;..  3t*:l5 ...;    -     -~'i'' 

* ;'i>.~f-.~'>': >??:'?J>'--

appreciable amounts of phosphate and the more dense the coating the

^paphatev content. Eubey first found that the coating developed 
 -^^^^r^l £?' > 
rocka containing nor* than about 25 percent 3.P.I., (roughly 11.4 percent

5> b*it Gardner ^g/ later found that although the white coating forms on 

containing more than /»0 percent B.P.L. (18*3 percent P^), it may or

not form on rocks containing 4 to I»D percent B.P.L. (1.8 to 18*3 percent
P 0 \ " 

2 5^> depanding partly upon their porosity and carbonate content* During the

t inv««tigation a faint coating was considered to represent a PJ). content
  * 5

, W. W., (Abstract of an infor-nal cofrrountcation): Washington
-  *rour., vol. 23, p. ^-2, 1933.



5 and 13.8 percent; a distinctly white coating to represent 13.8 to 

23 percent P^- and a dense white coating to indicate more than 23 percent

P2°'-
The fine-grained non-phosphatic, non-calcareous, and non-cherty rocks, 

tem«d siltBtone or mudstone, are generally very carbonaceous, soft to medium 

h&rd, and moderately thin-bedded. However, some of them, especially the cal­ 

careous ones, are hard and thick-bedded. Most of the nineral particles are so 

fine-grained that they cannot be distinguished with the naked eye, but If. W. 

Rubey, wh° nas studied many of the rocks microscopically, says that the grains 

a^e doniinantly silt-sized and finer 

Soft, black, fissile shale is a conmon rock type in surface exposures, 

but it probably is not present in the phosphatic shale member where the rocks 

^re totally unweathered. A good illustration of the development of fissility 

or very thin bedding, 27/ which defines a shale t was found at Sublette Ridge 

and in the Salt River Range. There the vanadiferous zone at the surface coi>- 

sists of soft shale or very thin bedded siltstone, but beyond a distance of 

about 30 feet below the surface it is a very hard, massive siltstone contain­ 

ing only five to eight bedding planes in a thickness of 3»4 feet. The transi­ 

tion between the shale ana siltstone, which is abrupt, takes place along a 

plane parallel to the surface. The rocks at Conda show a similar effect. In 

the section measured 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 oe shale* Fur  

trier-more, a crosscut recently completed on the 300 foot level at Conda exposes 

no shale at all. In fact, gll of the rocks are much harder and more massive 

than those on the higher levels* Most of the siltstone beds do not develop

In this report (see explanations to pis. 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; 
*n- fissile as less, than 0.05 foot thick^ so far as known to me these limiting

Cs^eri3ions have not been previously defined. That selected for fissile may 
~* such higher than implied in ordinary usa&-e of the term.

'



on weathering. As suggeatad :>y nubey 2Xf in studies of other rocks, 

:,n« development cf fissility is probaoly dependent on the presence of flat 

^articles, oriented 30 that their long axes parallel bedding*

Most of the carbonate rocxs are dense, thick-bedded, hard, and relatively 

resistant to weathering. In the Salt River Range, Vt. W. Rubey found, on 

aicroscopic study, that most of the carbonate rocks are dolomite. However, 

because they are so fine-grained that they effervesce with acid just as dc 

lias stone, they have not been differentiated in the field* Rocks described 

as calcareous are those that effervesce slightly or moderately on application 

of concentrated HC1; they thus include many rocks composed dominantly of other 

constituents, especially silt and clay*

Chert and cherty rocks are not abundant in the phosphatie shale, although 

they do form large portions of the Rex member in some places* Host of the 

chert and cherty beds are dense, thin-bedded, hard, and resistant to weathering*

Although moderate weathering modifies the hardness and structure of the 

rocks, it does not appreciably alter their color and chemical composition* 

they become softer, more clayey, some develop fissility, and the iron sulphide

are oxidized so that red, brown, yellow, and green stains are abundant, 

the rocks retain their dark-brown or black color* Continued weathering, 

such as is found in the rocks beneath the Tertiary erosion surface.
, . .;.     _; .'.,   a,   ,* ?  < ,'. ji   

Pronounced effects on the appearance and composition of the rocka* The 

matter is completely oxidized and removed so that the rocks are white,

tan, or pink in color. The less soluble constituents, such as 

sphate, are enriched &s the more soluble ones, such as the carjsonates, are 

ved; some of the acre soluble ones, like vanadium, are carried down the 

^ °f the beds and redeposited. Such a zone enriched in vanadium is present

«" ir-fr; "ube7* W. ',*f», Lithclof;lc studies of fine-grained Upper Cretaceous 
r ., ^ r̂ ' 1 c * th», Hack Hill i r^.-dont U. 3. <>ol. Survey Prof. Paper 165A,

'"» -9;;»



about 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 dipping) 

and with the texture of the rocks (greater in the oolitic rocks than in the 

si It stone or shale beds).

Topographic expression

Compared to the underlying and overlying rocks, the phosphatic shale 

 amber is extremely nonresistant to weathering* Generally its position is marked 

by a soil-covered valley between ledges of the more resistant Wells formation 

tad Hex member of the Phoaphoria. In the few places where it is exposed, the 

phosphatic shale member is readily recognized by its black or dark-brown color, 

but in aost areas the unit must be identified by its stratigraphic position 

»nd topographic expression and by the presence of chips of dark-brown or black 

oolite and shale in the soil.



STRATIGRAPHT

The phosphatic shale niember contains no major, well-defined units composed

of one roc*: type and co: tinuous over the region without change in 

lithology, but for purposes of discussion it nay be divided into a lower and 

«pp«r part, each 'of nhich consists of a dominantly phosphatic ani calcareous 

tequence overlain by leas phosphatic, largely clastic or siliceous rocks . The 

lower part includes the vana.diferous zone and all beds below it; the upper 

part includes all the beds above the vanadiierous zone* The character and con­ 

tinuity ot individual layers at 64 localities are shown by columnar sections 

on plate 1-*?; in addition, the rocks at 13 of these localities are described 

In the appendix* Some of the areal differences in thickness and composition 

of the phosphatic shale and various portions of it are shown in figures ^-5»££/

The correlations shewn on plates 1-7 are based mainly on physical proper­ 

ties (thickness of beds, hardness, or resistance to weathering), composition

carbonate, and vanadium content), and especially lithologic succes­

sion* Locally a few of the beds that are very fossiliferous (such as the 

liae* in the Peale Mountains, the hanging*-wall limestone in Sublette

one of the phosphate beds in the upper part of the phosphatic shale

Salt River Range) can be recognized on tight even though other beds

.. moat of the beds cannot be identified or correlated from 

to place unless several adjacent beds are exposed too. 

§ 5 ^®* <>^ the correlations shown on plates 1-7 are believed to be exact, for 

 ' ; :;FS^ Can *** recognized from section to section over long distances,

in 4 north  nouth direction and in the upper part of the phosphatic

ia°pach lines on th«se maps are generalized to best show regional 
r M y <iisrtr£arti local fluctuations and values which ar« considered 

^4*4 » ?^V As draw^ the isopachs e.c~- nflc-ssarily interpretative, but all 
t«.1 ava-i^ 1'ibl'3 have b^en shewn to^llo* tne reader to :-u-.k<=i other interpret&-
** wf 3 , «  ,. j * - '.. *'



shale member. However, other correlations (shown by dashed lines) are approxi- 

p^te only and cannot be made more definite until more closely spaced sections 

ere available or untii detailed fauna! studies are made.

Lower part of the pho5Dhatic shale member of Phogphoria formation

The lower part, (that is, the part from the base of the member to the top 

of the vanadiferous zone) of the phosphatic shale member varies in thickness 

froTL a minimum of 65 feet in the Salt River Range, Wyo., to a maxinum of about 

1&5 feet in the Peale Mountains and Bear River Range in Idaho (fig. 2B). 

jt consists of shale, siltstone, oolite, oolitic shale, oolitic siltstone, 

calcareous siltstone, silty limestone, and cherty limestone. The relative 

amounts of these rocks vary widely. In Idaho, nearly all of the rocks are 

rhosphatic, and medium and high-grade beds of phosphate are found throughout 

tne section, although the thickest and best ojre restricted to the lowermost 50 

feet of the section. Limestone and calcareous siltstone beds are subordinate, 

although they are conspicuous in exposures because of their hardness. In the 

Salt River Range cherty limestone or dolomite, siltstone, and shale predomi­ 

nate; phosphate in amounts greater than 10 percent is found only at three or 

four horizons and only one bed, about 25 feet above the base of the phos  

phatic shale, contains more than 25 percent PJ^r* South of the Salt River 

i.&nge, in Sublette Ridge, Tunp Range, Deapsey Ridge and the Crawford Moun­ 

tains, calcareous siltstone and cherty siltstone or limestone predominate and 

p^DEphatic rocks, non-calcareous siltstone and shale are subordinate.

Salt River Range

The lower part is 60 to SO feet thick in the Salt River Range. A bltck 

shale marks the base of the phosphatic shale in some areas, but elsewhere the 

low*raost part of the phosphatic shale member, which consists oi 25 to 35 feet 

of dark-gray-calcareous or dolomitic siltstone and a minor amount of cherty 

--i-*:9stone and oolitic shale, is fraquently mistaken for the 7,'ells formation, the 

beds of which are also calcareous in this area.
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A phosphate zone, about 3 feet thick, overlies the silt stone. Typically 

this unit is finely colitic, but north of Afton, at the p and 1 trenches, it is 

non-colitic and in parts of the Swift Creek, Dry Creek, and Labarge Creek areas 

it is coarsely colitic or pisolitic and contains crystals of porple i'luorite. 

Alternating beds of silt stone and shale overlie the phosphate. Two or three of 

the beds are generally phosphatic.

The vanadiferous zone, at the top of the lower part, is 3 to 5 feet thick; 

it is composed of «rf» units which are 0.1 to 0.8 foot thick and contain 0*1 

to 1.? percent V^Oc. These units are remarkably persistent in vanadium content 

in the Swift Creek, Dry Crfcvk, and Cottonwood Creek areas, where the beds were 

sampled at intervals of 500 to 2,000 feet. They are differentiable in the field 

on the basis of physical properties but the distinctions between them are

*light and were not recognized during the early work in other parts of the 

Salt River Range. Hence, although the vanadiferous zone as a vhole has been 

identified at many localities over the entire Salt River Range, the individual

composing it have not.

Sublette Ridge, Tump Range, Derapsey Ridge and Crawford Mountains 

The lower part of the phosphatic shale meober is 90 to 150 feet thick 

northeastern Utah and adjacent parts of Wyoming, Many of the units found 

the lower part of the phosphatic shale in the Salt River Range ar* recog- 

in the area to the south of the Salt River Range, in Sublettn Ridge,

*3 Bang*, Deiapoey Ridge and the Crawford Mountains, but most of the units

*A*r in thickness and general appearance *

The basal calcareous siltstone of the Salt River Rang* has it? counterpart

**- «da *hich increase in thickness southward from about 30 feet in Sublette
* 4

*" -%* to 85 to 100 f« t in the Crawfori Mountains and Oenpsey I-Ud^e (fig. 3a).

*-olvrh these bids are pre<ieninantly calcareous th»sy also contain several
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phoaphatic beds, so that the sequence ices not stand apart from the beds above 

M it does in the Salt River Range. As In the Salt River Range the contact 

between the Sell* formation ia not easily aafined in many places, lor the gray 

calcareous siltstone beda at the base ans not really typical of either the 

Wells or the Phosphoria.

The phoephate bea found at the top of the siltstone in the Salt River 

Range is also found to the south, but it is not a conapicuoua unit because 

other phosphate beds occur above and below it. The portion above the phosphate 

bed ** equivalent to that of the Salt River Range decreases in thickness southward 

from nearly 60 feet in Sublette Ridge to about AO feet in the Crawford Moun­ 

tain* (fig. 3b). The layers of hard, massive siltstone are more calcareous

 nd nore cortslbcucua than in the Salt River Range.

The vanadiferous zone is Ideologically aljnost identical with that in the 

Salt Elver Range. Seven individual beds are recognizable in the Sublette 

BL<*«* area and the aaount and distribution of the vanadium is nearly the same

*» it is in the Salt River Range.
"-' ' ^'-^' :'" -' 

v- ; * '': ';^:'tv?&I. ..   Southeastern Idaho

I J 1^ sorfiheastern Idaho the lower part of the phosphatic shale member of 

is different free that in Throning and northern Utah. It is 

'£b''ll65 feet thick (fig. 3a) and nearly all of the beds are phosphatic.

one is not recognizable at all in fact its correlatives can 

V i^Kttified with certainty and there are so many phosphatic beds that 

ia difficult to tell «hich are correlative with those in laming. As in

however, sany of the indivictual beds composing the lower part of the 

e ar<! recognizable ov*r areas of several hundred square alias, 

boundary b«twen the phosphatic shal* and the uraerlying Wells fonna- 

i« gsneruliy clear cut in sout.he .otarn Icbho. The top of the Wells



fetation i. eith.r -assiv., Pal.-7eUcw *»rt,it. or white or light-eray 

U^et^e .na the base of th. phosphatic shale member I. either dark-gray, 

fo«silif«rous limestone or phosphate rock.

Th. low-r phosphate bed, which lie, at or near the baa. of th. phosphatic 

,>*!., i. *. to 8 feet thick and contains about 32 percent P20 ? over the whol. 

of the southeastern Idaho resion; it i. not found at all in th. Salt River Hang,, 

th. Tu-p Hang., D«rps.y Rid*, or th, Crawford fountains tat it m* correlate 

with a 2-inch high-grad. phosphate bed at th. b.s. of th, phosphatic ,hal. in 

Subirtt. Hidg. and, int.r.»ting%iough, with a phosphat. b.d at th. ba»e of 

th. Mctlon in th. Wy^i^ Hang., ea5t of th. Salt Hi«r Rang.. Th. fo.sil- 

iferqus -cap U»- overlying th. lower phosphate bed extends ovr mch of th. 

IU1*' touBtains, although D.i»» &/ "c.ntlj- found that it wa« lenticular in 

th. Deer te^fc-HeUa Canyon ar.a .art of G.orgetown. Other b.d» abov. th. 

 tap li»»*h»Te a similar distribution and continuity.

Th^T.nadif.rous «>n., which i» pr.sent in southeastern Idaho, typifies 

W» ^renc.s b.tw.en the lower part of th. phosphatic shal. in south.ast.rn 

Sil.st.rn Wyoming, for it is much thicker (8 to 12 f«t) and much

The Tanadif.rous b«ds in th. Paris-Bloondngton ar«a consist 

units, each with a distinctive' vanadium content: 

in the middle, and siltstone at the top. Possibly the
. .. ; ...,  --.^^.. e
and siltston«|b d8 correspond to/bed* just above tho«e included in

'. *     ?=>'' ;i ;,' . -,--'$Vti .     '*'::.. ~ 

^^^ ̂3M±n western Wyoming but because the beds in the two areas 

»o different in physical character there ic little basis other than vanadium 

on which to establish an exact correlation. Farther north in the P«ale 

s, the zone consists wholly of phosphatic ehale which, except for its

/ D«is 3 , Charles. Phosphate deoosits of the Deer Cwfc-'/ella Canyon 
-cu-cu:*- ^c: " U. Z. 'iol-.-i-L '>nrv,y, r,-p-rt Ir pr,:;nratlon.



higher vanadiun content, much resembles adjacent beds and bears little re  

semblance to the ranadiferous zone in other parts of the region* 

Upiier part of the phosphatic shale menber of the Phosphoria formation*

The upper part (that is, the part above the vanadiferous zone) of the 

phosphatic shale member increases in thickness southward from a minimum of 

about 30 feet in the Salt River Range to a maximum of about 100 feet in the 

Crawford Mountians. It is composed of two contrasting units, although they 

are not everywhere sharply defined; the lower h*if is dominant ly phosphatic,
*«..=

but also contains beds of limestone and silt stone, some of which are cherty 

in Denpsey 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 studied*

I Salt River Range

In the Salt River Range, the lower, phosphatic portion of the upper part 

U 10 to 15 feet thick (fig. 3c). It consists of interbedded colite, siltstone,

*nd calcareous siltstone, Most of the colite beds are phosphatic and although
' -* ( VC   " *--?" '". " : .   ' '' -'  '   '--":  ' " ' '."

^« top contain about 30 percent P^fi* they are too thin to be ndnable 

present conditions* Most of the beds are remarkably persistent* 

A black, soft, poorly consolidated oolite, 1 to 3 inches thick, overlies

-f* vanadiferous aone throughout the Salt River Range and serves as a good

 arker ^ locating the vanadiferous zone. The two phosphate beds and the 

c*lcareous audstone bed that separate th«r?^ are also found throughout the region- 

11 fact they, like the vsaa^iferous zone, extend over the entire area studied, 

lower of the two phosphate beds cor.tains abundant specimens of Orbiculoidea." 

aver/where in the Swift Creek, Dry r,r*-»k, and Cottonwood Creek areas.



The upper?«J3t part of the phosphatic shale member of the Phosphoria is 

up of hard, gray, thin-bedded, cherty or siliceous siltstone, or hard, 

gray, silty or cherty limestone that resecbles recks of the rtex member. 

Because the cherty siltstone is in places hard to distinguish from the Rex 

its thickness is set well kncwn. In the Swift Creek, Dry Creek, and Cottonwood 

Creek areas, where the base of the Rex is marked by a conspicuous ledg« of 

*ray, hard, fossilfieroua linestone, J. D. Love and L. S. Smith found the 

cherty siltstone to vary widely in thickness absent altogether in places* in 

the Swift Creek area and as much as 30 feet thick elsewhere (fig* 3d). No 

distinctive beds have been found in it in the Salt River Range, but a pnoaphatic 

oolite 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 acre akin to the 

Hex than to the phosphatic shale in the Salt River Hange, they are included in 

the shale member, partly because the7 seem correlative with soft carbonaceous 

tiltstone in the Peale Mountains, but also because their contact with the 

phosphatic beds below in poorly expose a and therefore not mappable«

Sublette Ridge j Tump Range , Dempsey Ridge t and Crawford Mountains 

The phosphatlc portion of the upper part increases in thickness south  

from a minimum of about 25 feet in Sublette Hidge to more than 40 feet 

the Crawford Mountains (fig. 3c.) Most of the units are continuous with 

n the Salt River Range but inasmuch as the units are all thicker and 

* calcareous slltetone partings are more calcareous and harder, the units 

ter defined and easier to identify from place to place than they axe 

the Salt River Range.

Th« oolita at the top of the vanadif«rous scne in the Salt River Ra

i- r-
!-.*«--.*. a^-70 at Cck*?vill«s but it, it absent in the oth**r ar«aa* However,



better one a hard, massive, fossiliferoua (Chonetes especially abundant) 

gray limestone, 1 to 3 feet thick, that is present in Sublette Ridpe, Tump 

Ranee, Dempsey Ridge, ana the Crawford Mountains, as well as at CikkeYille, 

where it overlies the oolite. The upper phosphate beds and the calcareous 

siltstone parting are thicker than in the Salt River Range. The upper bed 

has been mined at Suhlette Kidge, Cokevilie, and in the Crawford fountains.

The beds overlying the upper phosphate bed are generally concealed, 

despite the fact that they are hard and calcareous, even cherty in some 

places. Where they do crop out they do not form a wall or high ledge as does 

the cherty limestone oi' the overlying Rex. They increase in thickness from 

a minimum of about 25 i'eet in Sublette Ridge to about 60 feet in the Crawford 

yountains (fig* 3d). A few tBiin phosnhatic beds are present in Sublette 

Kidge, Cokevilie, and Tump Range, but these QO not continue southward. No 

other distinctive beds have been found, but as this part ol the section has 

been incompletely studies, other marker beds may be found on further fftudy*

Southeastern Idaho

The phosphatic portion of the upper part is 5 to 20 feet thick in south­ 

eastern Idaho (fig. 3c). In contrast with the lower part of the phosphatic 

snale, many of the beds of the upper p§rt can be traced from western T?yoming 

into southeastern Idaho, although they differ somewhat in thickness ana com­ 

position. However, the units are less well defined than in Wyoming because 

all are thinner, and the siltstone beds are softer, less calcareous, and more 

phoaphatic than in YSyoming.

The oolite bed at the top of the vanadiferous zone extends over much 

of the area; the hanging^all limestone bed can oe traced into Idaho, but it

-s lenticular or concretionary there. The upper phosphate oed, the siltstone, 

ar.ti phosphate bed beneath are found in southeastern Idaho, but because the

**Itstone parting is thinner and irore phosphatic, the individual phosphate



beds are less pronounced than in Wyoming. ±he upper phosphate "bed* as it 

is ained at Gonda includes not only the upper phosphate bed of the Salt River 

Range and Sublette Ridge but several lower beds as well and it is there lore 

best thought 01 as the upper phosphate zonel

The beds above the upper phosphate in southeastern Idaho are 12 to 35 

feet thick (fig* 3d). They consist mostly or dark-brown, soi't, non-calcareous, 

oora-phoaphatic siltstones which resemble the rest of the phosphatic shale 

member. Several thin, phosphatic zones persist over oucfc of the Peale Uoun~ 

tain* area, and one at the top, containing Onphalotrochua, ia found throughout 

the region*

Because of their soft, carbonaceous nature the rocks of the upper part
»

of the phosphatic shale are in nost places clearly distinguishable from those 

of the Rex member.



AREAL VARIATIONS IN THE PHOSPHATIC SHALE MEMBER

Although many 02" the individual layers of the phosphatic shale member 

are continuous over areas of a few square mllea, over larger areas discon­ 

tinuities in certain layers and differences in others cause significant varia­ 

tions in the thickness and general composition of the phosphatic snale* Some 

of these areal variations in the phosphatic shale have already been mentioned 

but because they oear on its origin they deserve separate discussion and 

summary*

Unfortunately field observations on the composition of the rocks must be 

substituted for analytical data in comparing areal variations of most of the 

constituents. Comparisons made on the basis of such data are helpful in 

recognising' the general order of magnitude of the variations, but because of 

individual differences in the description of mixed rock types great confidence
*

cannot be placed in the results, especially as to local details* ffl/

Thickness

The thickness of the phosphatic shale member as a whole increases west­ 

ward and southward from a minimum of about 100 feet in the Salt River Range 

to a maximum of about 200 feet in southeastern Idaho and 225 to 250.feet in 

rtidge and the Grawford Mountains (fig* 2b)» Although nearly every 

of the phosphatic shale is thinner, or at least no thicker in the Salt 

Range than elsewhere in the region, a comparison of the thickness of 

*4rious parts of the phosphatic member shows that the westward and southward

A atudy of the data leads to the feeling that the rocks of the phos- 
shale member, probably like those of other formations, vary nuch leas 

the description of them* Personal differences "in description can be1
in future work if measurements are substituted for adjectives where 
and if various characteristics are systematically checked in aescrib- 

«ach rock. The observations that appear «>at useful at this stage are 
noa« as to phosphate and vanadium content' (which can be nade by field teats),

of the rocks to concentrated HCl, abundance and sise of oolites and 
, thickness of bedding, and hardness or resistance of the rocks to weath« 
Other details worthy of systematic coserv-ition in the tiela will 
^ ̂  found on further work.



increase in thickness is not, proportionately tne same throughout the member. 

Thus a comparison of the thickness of the beds equivalent to the basal siltstone 

and phosphate and overlying phosphate bed of the Salt River Range, J3^ shown

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

Dempsey Ridge and are not greatly different in thickness in some places in

southeastern idaho than they are in the Salt River Range, The oeds equivalent 

to those oetween the phosphate of the Salt River Hange and the top 01 the van*- 

diferoua mone in the Salt River Range, shown in figure 3b, are thickest in 

Idaho and actually 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* 3c) is about the same in southeastern Idaho as in 

the Salt River Range, but increases regularly southward from the Salt River 

Range to the Crawford Mountains. 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 

&s detriltus, organic matter and chemical precipitates* Most of the differ­ 

ence in thickness in the phosphatic shale are cuased by differences in the 

**lativ* amounts of these major constituents and particularly in the relative 

of the chemical precipitates* 

-A-  - ;'''X< : ~. Phosphate

total amount of phosphate in the phosphatic shale increases westward* 

°^i beda have been chemically analyzed for phosphate at several localities

B*caua6 tha correlations of these beds in southeastern Idaho are 
x]»h* tllic:Kn 3**8 shown in figures 3a ana 3b are approximate only* 
b«li«v«d to indicate general orier cf magnitude, howtsv«r«
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in the Salt River Range ana the ncrtnern part- oi the peale Mountains so that, 

by eatimating the phosphate content or a few beds at each section, the average 

?2^- content of part or »n of the member can be estimated (tabjle 6). These 

estimate* show that the phosphate content in the northern part 01 the peala 

Mountains ia about double that in the Salt River Range.

The westward increase in total phosphate is brought about by an increase 

in tha number ana thickness of high-grade oeda (table 6) and by a general 

Increase in phosphate content of the other beds aa wall, (fig* 4a)« Thus in 

tha Salt River Range a total thickness of 5 to 13 feet contains more than 23 

percent PjO. compared to about 35 feet of acre than 23 percent PJ3- ^ tha 

northern part of tha Paale Mountains. Similarly tha thickness of bads contain 

 aount that can be detected with the spot field test for phoaphata) increases 

westward from about 7 to 38 feet in parts of the Salt River Ifenge to about 140 

faat at Conda (fig. 4a).

The increase in phosphate content in the Paala Mountains over that found
' -:  ; SSaki ,       !'.'  -  r r- \$i$$f$3$'a " 
in the Salt River Range accotmta for nearly half of the westward increase
^^'  - '  

in thickness of tha phoaphatic shale member. Calculated aa
-H.TV ..-,   .;.. ,y|%«: . .
-SJljt '-:^W -'" ;, :

*aich is believed to be the approximate composition of tha phosphate minerals,r . *^
- 

a difference in density of tha phosphate mineral (assumed to' : ..
of the other rocks (estimated at 2»4) the section at the A

: <--^

ccwtaina the equivalent of 12.2 feet of phoaphata compared to 46 feet 

at iDt Calculated, as phosphate rock, containing 35 percent P^0«j and Baking

22/ On figure 4a the values shown at Conda, ID, A, C, Dj F, I, H, and SCA 
bas*id largely on chemical analyses, supplemented by estimates, based on the 

*acription of tne rock, on these samples not chemically analyzed. The figures 
own *t other localities represent th« total thickness of rocks showing a 

P «itive reaction to the HCf* spot te^t already

si-
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tne same allowance for difference in density, the section at A contains the 

equivalent 01 14 i'eet oi phosphate rock compared to about 52 feet at ID. There­ 

fore, 01' the oifierence in thickness between the two sections (about 80 feet) 

tne phosphite alone accounts for 42 to 43 percent, depending upon which method 

of calculation aetjics most reasonable. The comparison ma^ oe strengthened by 

using the sverage of several sections, such as can be aone if the beds above 

the upper phosphate bed are excluded. The Salt River Range sections (table 6) 

contain the equivalent of an average oi about 13 feet of phosphate, calculated 

as 10CaO«3P^O  CaP2*CO<3, or about 14 feet of 35 percent phosphate rock, compared

to about 42 feet, calculated as 10CaO.3P0Oc .CaF .C0_, or about 48 feet calcu-
* 5 2 2

iated as phosphate rock at Conda and ID. The phosphate thus accounts for 37

to 44 percent of the differences in average thickness between the two areas.

Area! variations in phosphate content similarly account for eoae of the

*r*al variation* in thickness cf the vanadiferous zones* As shown in figure 5a 

the thickness of the vanadiferous sone increases westward from 3 to 5 feet in 

1!yoQing to 6 to 12 feet in Idaho. The P205 content similarly increases from

* to 2.5 percent in the Salt River Range to 10 to 23 percent in southeastern 

Idaho. At trenches H, I, M, and A in the Salt River Range the vanadiferous 

«°a« avermges 3.4 feet in thickness and 1.3 percent PgO. Calculated as before, 

 * allowing for a ligiter density of the vanadiferous rock (2.2) the phosphate 

constituent is equivalent to 0.09 to 0.1 foot. At Conda, where the vanadiferous 

* i« 12*1 feet thick and contains 17.7 percent PoO., the phosphate is eqoiv-
jl__A . ' """

0 **2 to 4.6 feet. Therefore, tbe phosphate alone accounts for 47 to

""*' p9rce^ of the increase in thickness of the vanadiferous zone at Conda over 

tw-*t ir. th  s .llt R±vep
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Calcareous sediments

The total thickness of calcareous sediments increases southward, 

as shown in table 3 aa<i figure ^b.JJ' Moreover, the thickness of lime-

y
3ij Calcareous rocks which are also cherty are not included in the

ralues shown on figure 4-b but are included with other cherty rocks shown, 

in figure 4c*

stone or do land, te also increases southward*: 0-3 feet in the northern 

part of title Salt River Hange, 2& feet at Coal Canyon in Sublette Ridge, 

40 feat at Cokeville, and £6 feet at Brazer Canyon. A study of plates 

3 and 7 shows that the southward increase in thickness of various parts 

of the pjiosphatic shale, particularly the part above the vanauiferous 

zone, is caused in part by an increase in thickness of units which are 

dominantly carbonates and by the addition of others, such as the hanging- 

wall limestone, which are not present to the north. This is well shown 

on plate 7, where such beds as the hanging-wall limestone are seen to 

decrease in thicoiess westward, become lenticular, and finally pinch

OUt. ^.. ' :.- ;4t .

the thickness of calcareous rocks found in the Ua section and In 

the trench at Montpelier Canyon may not be strictly comparable to that 

found at the other localities. The Ua section was measured at a natural 

c*posure underneath a waterfall and the rocks there might contain secondary 

carbonate, or, on the other hand, the rocks might be less weathered and 

thus contain more of the lime originally present in the rocks than do 

those at other localities. Another waterfall exposure, at A (not shown 

*a table 5 Or fig. ^b but shown on pi. 1) also contains more calcareous 

eet out of ^g fe^t elpose<i) than are found in adjacent areas.



lime (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 Peale Mountains (table 5, fig. H-c). 

Chert ia a major rock-forming constituent of the Phosphoria formation, but 

it is of relatirely minor importance in the phosphatic shale member. In 

most places it is restricted to the uppermost and lowermost parts of the 

phosphatic shale, but in the rferi s-Bloomington area a.hard, brittle, thin- 

bedded chert, l^ feet thick, which resembles chert of the Bex member of the 

Phosphoria in the same area, is found a few feet below the vanadiferous 

zone* A comparison of the sections in the Salt River Range shows that the 

thickness of cherty beds varies considerably over short distances*

Jetritus and organic matter

Percentage-wise, the relative amounts of the non-phosphatic, non- 

calcareous and non-cherty rocks decrease westward and southward (table 

5t fig* *W). However, a comparison of the actual thickness of these sed- 

laenta from place to place suggests that their thickness varies lees than 

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

from increases in other constituents, notably lime and phosphate.

*£ the thickness of the non-calcareous, non-phosphatic, non-cherty sediments

** * rough measure of the detritus and organic matter, it ma7 be concluded 

the amounts of these materials are more constant than those of the 

precipitates.

Fluorine

Tha total asaouat of fluorine increases westward with increaaing

£&ta content but *h'j rixi'>riri»r~vao :rs ;;;«\te rnt-io ac^m to oe niph«r in



than in Idaho. Insufficient data are at *« to prove this

fluorite, which may be an index of a high fluorine-phosphate ratio, have 

been found at numerous localities in the Salt River fiange, Sublette Ridge, 

and at Cokeville, both during the present investigation ana auring earlier 

work^ but none have ever been reported from the phosphatic shaie in Idaho

Gale. H. S., and Richards, H. V., op. cit., Bull. 4-30, p. H-64,

* addition sereral analyses of phosphate rock show the fluorine-phosphate

ratio to ». HS*~  * a   "- <"° 6' °'117) "" " ^ °* "" "*° 

locality (average 0.110 at *>ntpelier Canyon-, 0.10* at Paris Canyon; 0.108

at Conda; and O.K* at Georgetown).-^ *ese analyses are not strictly com-

perabf. because the Idaho samples are probably fro* the lower phosphate bed 

anollcokenil. samples are probably from the upper phosphate bed. How.Ter. 

"thf 'Illusion 1. further supported by 21 analyses of samples frc. bed. of 

phosphate content In the Salt Hl«r Bange which show an arerag. 

.Phate ratio of O.A13, and by 57   U"« representing about 

of the phosphatic shale at the ID trench In the Peal. Mountains, 

-   low an average of 0.10H. Whether or not there is any relation bet«en 

«..!ow« a«raee phosphate content In Wyoming and the excess fluorine 1. not 

known, but It 1. interesting to not, that fluorlt. has also been found i» the 

phosphate rocl^ where the total ?^ content of the



Vanadium

vanadium content of the vanadiferous zone over the region as a 

whole ranges from less than 0.1 to more tfian 1.0 percent VpOe (fig. 5b). 

Samples taken at intervals of 5 to 2,000 feet in the Paria-Bloomington, 

Sublette Ridge, and Swift Creek-Dry Creek-Cottonwood Creek areas show that 

variations of nearly this same magnitude are found locally as well as 

regionally (table 7). Plainly the nature of these local variations in 

vanadium content must be understood before the regional variations can be 

understood* f

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

content can be charged 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 V^c; as a check on sampling, the Wyodak Coal and Manufacturing 

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

showed that 30 percent of the samples contained identical amounts of vanadium; 

80 percent differed by less than 0.10 percent V^gOc; and none differed more 

tnan 0.30 percent VgOe*

Local differences in vanadium content are caused by weathering or deforma­ 

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

included in the variations described. Leaching and enrichment cause some 

Of the differences in the vanadium content of the vanadiferous zone near the 

surface in the Paris-Bloomington area, where the phosphatic shale lies beneath 

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

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

la the Paria-Blooiaington area are secondary. Omission or repetition of beds 

*'.^ouga faulUn   c-u-: -a v-riat'orw In vi-- ii ti ^r.tont of thu zoiv  ; =  i Miolq
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because each of the individual beds of the vanadiferous zone is different in 

vanadium content. However, the effects of weathering are generally recogniz­ 

able. In areas wnere the individual units of the vanadiferous zone can be 

recognized in the field omission and duplication of beds can also be detected*

Part of the variations result from differences in the relative thick­ 

ness of the individual beds from one place to another. This effect may be 

produced by differences in the relative thickness of individual beds at the 

time of deposition or through, later deformation, but that its contribution

<*to the observed local differences is Important was found in the Sublette Ridge 

area, where the vanadium content of the individual beds is much more constant

than their thickness.
Except for variations due to weathering or deformation, most of the 

local variations are of a random nature and cannot be directly related to 

geological conditions. The variation in vanadium content seems to center 

about a mean; the smaller the area sampled, the leas la the variation and the 

stronger the central tendency. This may be seen from a study of table 7* 

f The variations In vanadium content over the region are nearly equally dis­ 

tributed from less than 0.1 to more than 1.0 percent, although about half of

''%. -(' ' '*"' y§ :'*"~- ' '| %eli*jqple» fall within the range of 0.41 to 0.30 percent V^Oc. In the
 ^ r*' K "^r^/'^V .''. "', ,_-< ' ';., - **

Sublette Ridge area as a whole the range in V-0- content is about 0.^ to 

fe >1,1 but about two-thirds of the sauries fall within the range of 0.71 to 

I 1.0 percent; in the Swift Creek:, Dry Creek and Cottonwood Creek areas the

VBLnadltni content of the vauadlftrous zone ranges from less than 0.^ to more
>   "  ' "   - - : ' - -il'ft

tfcan 1.1 percent, but more than two-thirds of thj| samples" fall within the'*"¥

limits of O.^l to 0^0 percent. Carrying the analogy to still smaller areas, 

111 Adit RTN (530 feet in length) in Sublette Ridge the vanaditaa content rane 

rraa 0.4 to 1.0, but about o? percent of the- smcpl^a range from O.S1 to

!lt o ' \' ' * i!;3 * 1 <:.' .. } 1- tr

if



content ranges from 0.5 to 1.0 percent, but o-2» percent of the samples range 

from O.ol to 0.90 percent V00j-.

The local differences in vanadiun content tend to cancel each other, 

so that the. average grade remains constant over areas of a few square miles* 

this is shown by table 3 which shows that the average vanadium content of the 

zone in component parts or blocks (defined on tne basis of geological struc­ 

ture and geography) of the Swift Creek, Dry Creek, and Cottonwood Creek areas 

is not significantly different from the a re rage of the zone over the area aa 

& whole* ,«

Table g

Average vanadium content of the vanadiferous zone in component parts 

of the Swift Creek, Dry Creek, and Cottonwood Creek areas, ffyo.

part

A
B

B *
'X

F .:. - .
G

:--ff

Number of 
samples

10
7
4
7
b
5

10
^

Significance of local

Length of outcrop Average VUOg. content 
(miles) (perce2t)

2.0
4-.^
1.2
0.5
1.2
2.0
2.6
3.5

variations

.00

.0*

.65

.70
 09

"

 65
in interpretation of regional variations

wide range in vanadium content of the samples from the region as a whole
 ' .. '. *

their weak central tendency reflect true a real variations in the vanadium 

content, but the variations in vanadium content of samples from mfill areas 

show that a minimum number of samples must be analyzed before the vanadium
*

content may be determined in any area, regardless of its size. In the Sublette 

Hidge area', this minimum number of samples was found to be seven or eigit, 

for where the average vanadiun content is based on fewer aaiaplea the result

**p,,r 2ciably from the avirs^-u vanadium content based on all availnbi-*

tel-



Considered in this light, of the values for vanadium content over the

as a whole, those obtained at tne Paria-Bloomington, Sublette Ridge, 

and Swift Creek, ^ry Creek, and Co ttonwood- Creek areaa, which are based on 

Hundreds of samples can be accepted as representative of the Tanadium content 

of the vanadiferous zone, but the values obtained at other localities cannot 

be taken aa representative^ Some of them might prove to be close to the

The values shown for Bloomington Canyon and Coal Canyon on figures 

5*, b, o, and d are the averages of all samples available from those areas.

The average Taluea of all aamplea from the Swift Creek, Dry Creek, and
>

Cottonwood Creek areas, which are not shown on these mapa, are as follows: 

average thickness of zone, *.l feet; average T205 content, 0.71 percent; 

average feet x percent 2.90; average thickness of beat portion of aone, 

2.1 feet; average V20^ content, 1.0? percent. _______ ̂

average fop that area but most of them would deviate from that average 

appreciably. However, the average of aeveral samples from an area of any- 

particular size assumes more significance, increasingly so as the number 

of samples increases and as the range in vanadium content decreases. Where 

possible, therefore, it is bettar to consider the average vanadium content 

of groups or geographic clusters of samples rather than that of individual 

samples. This has been done in drawing the lines of e^ual thickness and

content in figures «ja, b, c t and d; however, samples such as that 

Brazer Canyon and the South Fork of Cottonwood Creek, which are 

^graphically isolated, have necessarily had to be considered represen­

tative.

Regional variations.. -The average grade of the vanadiferous zone, over 

the region ,3 a whola, is highest in a belt that trends nort -.eastward, and the



average grade decreases no rt a west and southeast of this belt (figs* 5a 

However, the total amount of vanadium, as computed by multiplying the average 

?20c content by the thickness of the zone (feet-percent) is greatest in a belt 

that trends east and decreases northward and southward from this belt (fig* ^ 

Tnus the areal variations in vanadium content are both real and apparent. 

Tixe actual pounds of vanadium deposited in the area encompassing Conda, Swan 

Lake Gulch, Caldwell Canyon, and Deer Creek in the Peale Mountains is approxi-

aately the same as, if not slightly more than, that deposited in the Swift
** 

Creek, Dry Creek, and Cottonwood Creek areas, but because the thickness of the

lone is greater in the Peale Mountains than the Salt River Range (due in a 

large part to increased phosphate content, as already shown) the average grade 

is actually lower. But the total vanadium content (fset-percent) is also much 

greater la the Paris-Bloomington area than in either the Peale Mountains or tiie 

Salt River Range, and much less in the area encompassing the northern part of 

the Peale Mountains and Reservoir Mountain, the southeastern part of the Salt 

JUver Range, the Wyoming Range, and the Craw ford Mountains.

Areal variations in vanadium in the vanadiferous zone are thus at least 

independent of variations in phosphate, but data are not available on 

composition of the vanadiferous beds, (especially in areas where the ever-
*, " ; :-'V'''-v^'%^v-'-.^ .    _    *

*«* vanadium content is low and therefore of little direct economic importance)

*° Provide a basis for comparing the areal variations of vanadium to that of 

fcther constituents .

la general, the vanadium content of the entire phosphatie shale member 

1 high where the vanadium content of the vanadiferoua zone is high and low 

ar« thg vanadium content of the zone is also low (table <?). The occurrence 

*aaadlma is thus analagous to that of the phosphate and carbonate, each 

w are moat abunuint in tbo3«5 sections containing the thickest phosphate



Because of the relational? b.tw.n th. radium content of the ranadif.r- 

oufl son. and th. Tanadium content of the phosphatlc shale aa a whole, the 

areal *ariations in the ^nadium content of the entire phosphatic ahal- maaber 

«. .imilar to those of the luadifx*. «- <«». 10)-th. phosphatio 

sbal. m-her contain th. most Tanadioa in a belt trending ea.t^rd throu^ 

tta c.nt« of the region and the ranadium content decreases to the south 

(data are not arailable to demonstrate th. north-ard decree in 

contwt found in the Tanadiferous *m.).
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Table 10

Total vanadium content of the pnospnatic shale member 
of the Phosphoria formation at several localities in 

western Wyoming, southeastern Idaho and nortnern Utah I/

Feet 
z 

Feet percent

Salt HiTer and Wyoming 
Ganges.

South Cottonwood Creek 4'6.^ 12.6
D 17.7 3.6
P 22.9 3.7
K 22.5 b.9
I 27.0 6.4
K 15.3 5.0
R 23.2 9.1
S 25.3 fa.2
Ua lb.8 4.2
2 25.5 7.3
AA lb.5 3.4
W 6.3 1.6

Sublette Ridge, Dempsey 
Ridge and Crawford Mts.

Coal Canyon 44.8 10.7 
Coke villa 18.2 3.5

/r'^'i, KK 4.6 2.2
- ; Brazer Canyon 10.1 2.0

V Southeastern Idaho
"f; Conda 26.3 6.9

l^ll Caldwell Canyon 30.2 6.2^
. '   < : '' ID . 41^ 11.7

jig |^ ' Swan Lake Gulch 26.1 10.2
'^jir':' , Montpelier Canyon Sl.l 9.9
ff Bloomingtoa Canyon 47 -3 lo.8

- -f X/ Most of the beds of the phosphatic shale member, 
excluding the vanadif erous zone, have been tested only by the 
field test, which gives results consistently correct as to general 
order of magnitude when vanadium is present in amounts greater 
than about 0.1 percent VoOc. As there is thus no reliable 
method available for computing the vanadium content of the beds 
containing less than about 0.1 percent VpOj- they are not con­ 
sidered in this summation. About two-thirds of the sections 
listed have not been completely sampled, although probably most 
of those beds not sampled contain less than 0.1 percent V^O.
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suggested that the chromium might have been derived from the erosion of 

a land area that contained basic igneous rocks or that it might have 

accumulated from cosmic dust; ana tnat the fluorine mignt have been 

derived from volcanic activity in adjacent regions.

*nie origin of the phosonatic snale Is a complex physico-chemical 

problem that will not be solved until the factors controlling and effecting 

the solution and precipitation of its various constituents are understood. 

The present work, which is largely a field study, contributes nothing new 

to the chemistry ot deposition. However, a statement of the problem, by 

sumaary and discussion of the observed features of occurrence and dis­ 

tribution ot the phosphatic shale that must be reckoned with by any 

comprehensive theory of origin, may contribute to an ultimate understanding 

of the origin.

Summary of features bearing on origin

1. The phosphatic shale is composed of a diverse assemblage of more 

than 30 elements, 2^ of which are found in the vanadiferous zone*

2. Of these elements, lime, phosphate, silica, organic matter, 

magnesia, alumina, iron, and fluorine are most abundant, but others are 

found in amounts that are large by comparison with other sedimentary 

rocks. The thickness of the phosphatic shale ia such that the total 

aaounts of soma of these constituents are very large. Thus in the Salt 

Siver Hange the phosphatic shale contains 500 to 600 feet-percent PgOj- 

aad in the Peale Mountains it contains 2,100 to 2,300 feet-percent PgO** 

Similarly vanadium Is found in amounts that range from about 5 *° 25

3. Minerals known to occur in the phosphatic shale are collophane,

, cilcite, dolomite, fluoclte, pyrlto or aoarcaaite, quartz, alca,

f 0 . r . o-.a-r >..!--- rv.'. .   <>    i *: ; oe pj- ~.' :: i T-VM r=



been identified. Vanadium is probaoly in the form of a hydromica or clay 

or possibly even in a complex organic compound; chromium and some of the 

other trace elements are probably in similar forms*

^. All of the mineral constituents of the phosphatic shale in south­ 

eastern Idaho, western Wyoming and northern Utah are fine-grained (silt- 

sized); sand, even as impurities in other rocks, is rare in the area studied, 

although it is found in the Fhosphoria in central and southeastern Wyoming.

*V. Well-rounded oolites, ranging from a fraction of a millimeter to /? ** ̂ * * fit  **?*++

more than,,2 centimeters in diameter, are characteristic of a large proportion 

I of the rocks of the phosphatic shale member. Generally they are composed

dominantly of phosphate, but some of them are principally carbonates or chert*
-> 7

Although most of the phosphate is in the form of oottte, some high-grade 

phosphate beds are not oolitic.

6, AH of the common constituents are found in many rocks and their 

> relative proportions vary over the entire possible range. However, the rela­ 

tive abundance of the various mixtures differs. Taken over the region as a 

*holet oherty oolite or phospnate is not as cannon as cherty siltstone, lime- 

| aton« or dolomite; calcareous phosphatic oolite or phosphate is less abundant 

calcareous siltstone, calcareous shale, calcareous phosphatic shale or
'':  '   '  ' "' - -'  "."**» S

siltstone; organic matter is less abundant in the phosphate rock, 

And limestone or dolomite than in the shale or siltstone. Judging from 

distribution of vanadium, toe only minor constituent which has been tested 

in mor« than a few samples, the proportion*of the minor constituents also 

rock to rock.. Many if not most of these trace elements are found 

aoma extent in several different beds; however, vanadium is most abundant 

11 *ae shale, siltstone, and phosphate rock and is least abundant in the lime- 

atoae or iol^te and cnert.

7 ~ . , . ,   ^n-:-jr. 4-,ration3 of aa/ on^ pnrti CMl^r el^Tatmt ^r** generally foun i et



more than one horizon in the phoaphatic shale. In the case of phosphate, 

for example, there are two beds of sufficient width and phosphate content 

to be of value under present conditions, but there are many thinner beds 

aa well. The total nurooer of phosphate beds has never been counted because 

aany of the beds ara only a fraction of an inch thick, but at the ID section, 

-iescriaed in great detail by yeiss, a conservative estimate indicates that

Deiss, Charles, op. cit.

there are at least 100 units of oolite or phosphate rock which are separated - 

from each other by less phosphatic or non-phosphatic material. A study of

the stratigraphic sections shown on plates 1-7 shows that this is true of
. 

many or' the other constituents as well.

3» Tne concentration of any one particular constituent in successive 

layers may increase or decrease either gradually or abruptly. Thus, the con­ 

centration of the vanadium in the vanau.iferous zone in the Salt River Hange 

and Sublette Hidge is greatest near the middle or upper part* of the zone and 

decreases continuously aoove and below this point. On the other band, sampling

of individual layers or parts of layers shows differences between two adjacent
r$,yv .    .' -- ' -.' , -;. -.:--. .'* ""
mf- - -,-. -   ~  : .-  :   ^ '^riM-.fcrt,

  Of as much as 1 .7 percent V~0C . Similarly contacts between lithologid> -
^,: ..; :-. S^ * _   ' -   ; .-flJi

may be either sharp or gradational; sbale grades into limestone or phos-^ 

at some horizons but at others there is no transition between the two   

so with each of the other rock units. f I

3* Regional trends are found in the variations in the amounts of various 

constituents of the phosphatic shale. In general, the phosphate content 

increases westward and the lime content increases southward. Free fluorite 

i* present in the phosphate rock in western Wyoming but has not been found in 

Idaho; the fluorine-phot :.i.ute ratio is apparently greater in .Vyomin^ than in

:i*-3. Ch r-./ :  , -. ?  :r   :\> 1- ' -.- .- -=' .' '.*'  -*--'' :   * ''"' '' rn ^ : "' n



but are absent at most places in Idaho. Hie total vanadium content of the 

phosphatic shale member ana of the vanaciif erous zone decreases northward and 

southward,

10* T5ie concentrations of phosphate, carbonate, and vanaaium in the 

entire phosphate shale member are greatest at those sections which contain 

the thickest and highest-grade oeds of phosphate, carbonate, ana vanadiferous 

rocfca.

11. Each of the rock types occurring in the phosphatic shale are at 

some horizon or other in contact with each of the other rock types. In other 

words, there is no definite succession of litnologic types* >
""'":-".. V- .~~^ '"*-'-' -

^|;12* The original area covered by phosphate deposits 1 feet or more
' '...: iif.'."fi<ssif-.:i4-

r:-^$P&'V

thick has been estimated to be more than 17^,000 square mlles.Jy Bat the
'. .    "~^ *

Condit, D. D., Finch, S. H., and Pardee, J. T., op. cit. t p. 172,

«trea containing the greatest total amount of phosphate was much less, possibly

order of magnitude of 5,000 to 10,000 square miles*

The aggregate thickness of the Phosphoria formation is 10O to 

r most of northern Utah, eastern Idaho, Wyoming, and west-central
^ji-Jvij ;,,"..'- '' ;''....- V : .» ; ; .;'

tana. With local exceptions it increases generally westward, reaching 

i thickness of about ^00 feet in south-central Idaho, near Malta//y

Baker, A. A., and Williams, J. 3., op. cit.

T^* la the southeastern Idaho, northern Utah, western Wyoming region 

most of the variations in the thickness of the phosphatic shale member seem 

*o be caused by variations in the thickness of the nonclastic constituents. 

15- The lateral continuity of most individual lithologic units is

^-^ Jurei in _il; : r-tr. - r.^t of a - -JM or.it:,, esp^c l*i I 1.7 r^- r the "on ( i<? ;n^«-^ur»--«



in scores of miles.

lb. The lateral continuity of lithologic units is greater in the upper 

part of the phosphatic snale than in the lower.

17. Facies changes occur over shorter distances in an east-west direction 

than in a north-south direction.

18. T3ie fossils of the phosphatic shale show toat the length of time 

required for the deposition of the phosphatic saale is large, including at 

least parts of Leonardian and Guadalupian time.

19. Fossils are most abundant in limestone^or calcareous units but are 

also locally abundant in the phosphate rock. They are rare in snale and 

shaly siltstone and in the bulk of the rocks of the phosphatic shale member. 

Fossils show some relation to lithology. Those in the phosphate rock are common- 

ly fish remains and phosphatic brachiopods; depauperate faunas are also found

in the phosphate rock.

20. Most of the species collected have been found in only one region, 

but thera ara a group of about 20 species, mostly brachiopods, which are 

widely distributed and which relate the fauna more to the Permian of Texas, 

Alaakafand fioasia than to the Pemian of the midcontinent.

% 21. Itony local vertical discontinuities are found in the phosphatic 

ahaief Inasmuch as some of these discontinuities are revealed by the lensing 

out of beds, many of th*m represent periods of nondeposition, although DO 

I  vioenca suggests periods of subaerial erosion.

DiscussIon

Tims of deposition of phosphate and true* .lownta 

Bxe occurrence of ^nadlnm and other trace ei nt. ia precisely 

 naUgous to that of the phosphate depoelta, which ha« been recognized a. 

.J.e«.tie Oyao 3t ob..rr.r.; out, lest there be aoae .toptlc. .ho «ul, oe

72



inclined to attribute the trace elements found in the rocks to replacement 

lay later percolating solutions, either hot or cold, a repetition of the evi­ 

dence proving syn^enetis origin seems justified:

1. Thin layers of various litno logic types and composition persist over 

areas of several square miles, and some layers, containing relatively unifoxm 

amounts of phosphate, vanadium, or other constituents, persist over areas of 

thousands of square miles*

2. Thin layers of markedly different composition, both in major and 

minor constituents, are interstratified.

3* Rocks which contain phosphate, vanadium, or- other trace elements are 

as diverse in texture, permeability, porosity, end composition aa those which

contain none of these constituents.
.»--"' ?'*"'" 

4* The mineral particles are very fine-grained.

Source of sediments

Most of the elements in the phosphatic shale are believed to have been 

derived from the Phosphoria sea. The ultimate source of all the elements is 

of course igneous rocks, but this source must have been several erosion, 

cycles removed from the i tuned late source of the phosphatic shale for no single
. '""" ^fe^vS'::;;' - ;; ' '-' " ..-:'
igneous rock could supply such opposing groups of elements as chromium, cobalt, 

nickel, which are characteristic of ultrabasic rocks; vanadiua and tita- 

nich although found in rocks of diverse compositions, are compare- .* 

abundant only in rocks of the gubbro family; copper, which although

in other rocks, shows a preference for th« sub silicic ones; zinc, 

*hich is also found in other rocks but which is most abundant in those, 

are slightly mora acidic; and molybdenum, tin, fluorine, and rare 

of which are generally most abundant in highly siliceous
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pp. 908-951. Hewett, i). F., Vanadium deposits in Peru: Am. Inst. Min. Met. 

2ng. Trans., vol. *K), p. 27^, 1910. Jost, X., Uber den Vanadiumgehalt der 

Sediment geateine und sedimentaren Lagerstatten: Chemle Srdevol. 7» PP- 

177-290, 1932. Lindgren, W., Mineral deposits, pp. 447-465, McGraw-Hill 

Book Co., Hew York, 192S. Schaller, W. T., The occurrence and properties 

of sinceaite, a new vanadium mineral from Sincos, Peru: Am. Jour. Sci., vol. 

6» pp. 462-^0, 1924. Silbermintz, V. A., Occurrence of vanadium in fossil 

coals: Acad.^Sci. U. R. S. 3. Comp. rendu, vol. 3, pp. 117-120, 1935.

bituminous shales) contain a similar assemblage of elements; but to imagine 

another "phosphatic shale" as the source for the phosphatic shale merely trans­ 

fers the problem to the older formation. Vanadium, tungsten, chromium, copper, 

molybdenum, and lead are found together in some vain deposits^/ (particularly

Newho-ase, 'ft. H., The source of vanadium, molybdenum, tungsten, and 

in oxidize! lead deposits: Am. HinaralOfist, vol. 19, PP- 20^-220,



ranadinite ana wulfenite ores) out aaposits of tnis sort are characteristically 

. smell and could not have furnished the raw materials for a sedimentary deposit 

as large and widespread as the Phospnoria formation, elastics derived from 

a terrain composed of several different rock types might of course contain 

many of these elements but that most of them, including those characteristic 

of acidic, intermediate, and basic rocks should be concentrated in amounts 

exceeding by several times the average found in igneous rocks seems out 

of the question, particularly inasmuch as the rock is not a concentrate of 

heavy detrital minerals. Furthermore, elastics form only a third of the 

phosphatic shale in southeastern Idaho. The bulk of it Is composed of 

materials that are clearly not detrital. Admittedly the phosphate, lime, 

magnesia, and fluorine must have come directly or indirectly from the sea 

water; and because all the other elements but antimony are found in sea water 

todayrf/ it seems likely that most of the trace elements came directly from

Sverdrup, H. U., Johnson, M. 3., and Fleming, R. H., The oceans, pp. 

220, 225. Prentice-Hall, Inc., Hew York, 1^2. Antimony is one of the rarest 

elements of those found in the phosphatic shale, (Clarke, F. W., and Washington, 

H. &,, The composition of the earth's crust: U» 3, Geol. Survey, Prof. Paper 

*2?» p. 21, 1924). Therefore it is not surprising that it has not been repor-
  " . ' '_ £'*"''   ' A

ted from sea water, but it is not to be denied that, like all other elements, 

some of the antimony eroded from the surface of the earth must reach the sea 

i& solution and may be present there, even though in very small quantities.

sea water. 

Kot only is it probable that the minor elements of the Phosphoria came 

from sea water, it is possible that they cane from sea water similar in com­ 

position (as far as the trace elements are concerned) to that of the present



day. In a study not yet published, 7f. Vf. 3ubey has attempted to test 

the Hypothesis that the phosphate in amounts found in the Phosphoria 

could accumulate with present sea water composition, atmospheric C0_* 

oceanic salinities , temperatures, currents; slow detrital sedimentation; 

and approximate stability of the sea floor. Without discussing Rubey* s 

data or conclusions some comparisons can be made that tend to support 

3ubey» 3 hypothesis as applied to vanadium as well as phosphate.

The similarity in age (Permian and Me so zoic) of some notable
,f 

sedimentary deposits ft/ of trace elements is striking indeed. At first

Perhaps the most notable of these is the Permian Eupferschiefer 

of Genoa ny but Lindgren (op. cit.) lists many other .occurrences of ores of 

vanadium, copper, lead, silver, and zinc in Permian and Mesozolc rocks.

glance it might appear that these represent some sort of a metallogenic 

 poch; that, if the minor elements came directly from sea water, the sea 

water at least contained greater concentrations of those elements than 

it does today. But phospnate deposits are found on the present sea bottom 

in rocks 'Of many other ages. Moreover, vanadium, chromium and molybdemm 

found in. deep sea deposits of the present day^y and recent

Oana, Shinya, Chemical investigations of deposits, VIII: Vanadium, 

chromium, And molybdenum content of deep-sea deposits, II: Chem. Soc. Japan, 

J * vol. Gl, no. 10, pp. I06o-10b2, 1^0 (in Japanese). See chem. abstracts

P» 1277, i^U.
Bogvad, Richard, and Nielsen, A, H., Dansk. g«ol. ?oren. Medd., vol. 

10 > PP. 532-^0, 1^5, (0.2-0.^ percent VgO,- and small amounts of chromium in

and Ordovician ahales) ; Johnson, A. C., and Davis, C. W., War develop- 

proves large vanadium reserves: £ng. and Min. Jour., TO!. 1^6, no. 4-, pp. 

^l^, (the Burwau or Minea discorerad vanadium in a thin layer of 

-ua .ihole of Itianicaippian a^ in northern Ut^h.)



snow vanadium ana car ami um in carbonaceous shales of other ages* Ihe 

similarity in general litnology of the various deposits suggests that 

similarity in conditions of deposition may have been of more importance 

in the concentration of minor elements than an unusually high concen­ 

tration of the elements in the sea water.

The tremendous volume of the various minor elements in the phosphatic 

shale member might also suggest that the Phosphoria sea contained unusually 

high concentrations of them. Others-^ baTe regarded the amount of minor

r? 
STf Lihdgren, op. cit., p. 4&j.

elements in sea water of ordinary composition as inadequate to form similar 

deposits in other rocks and have suggested that the sea water in which such 

deposits were formed was enriched by solutions derived from eruptives. Ibis 

conclusion is understandable when, as pointed out to me by H. J5. Hawkes, it 

is considered that the vanadium below 1 square meter of surface of the vanadif- 

 rous zone la equivalent to all the vanadium in a column of sea water (of 

present-day composition) 1 meter square and 32 million meters high. However, 

the phosphate in the lower phosphate bed is equivalent to the phosphate 

contained in a column of sea water 6 million maters high and even the calcium
. A, ' J'- ;:.-«^»:^;  ;'-; ' " ,

^fcjsaa* 5**°°* bed would require for its deposition all the calcium in 

a column of sea water 3,300 meters high, which is almost certainly a greater
;*x. '-. :,

of water than was present in the Phosphoria sea. Plainly even thin 

of tile most comaon chemical precipitates require a long time for their 

tcctarulation. Instead of comparing the volume of an element in even a thin 

with the amount present in sea water at any given instant it is therefore 

to compare the deposit with the amount of material in the sea over 

ths periou requir«u for ita aepoaition.



A comparison (baaed on what may be a shaky pyramid or assumptions) of 

she amount of phosphorous, calcium, ana vanadium in the Phosphoria with the 

amounts of these elements that night hare been in the .Phosphoria sea ouring 

Permian time suggests that the disparity between the two is not great. On 

the basis of a comparison of the total amount of sodium in the sea and in 

sedimentary rocks, Goldschmiat**3/ aas concluded tfcat bOO grams of igneous

S3/ Goldschmidt, V. H., 13ie principles of distribution of chemical 

elements in minerals and rocks: Ghem. Soc., Jour. pp. 655-073, 1^37. See 

also Sverdrup, Johnson, and Fleming, op. cit., pp. 220-222.

rocks must have been weathered for each kilogram of water in the ocean (table 

11). This igneous rock must have contributed to the sea amounts of the 

various elements proportional to their average content in Igneous rocks; the 

amounts not found in the sea vater must have been deposited in its sediments. 

The vanadium, phosphorous, and calcium in the sea constitute only O.OOO^*
.'  =-  it;-.,.,',;'

0»02f^ land 1.9 percent, respectively, of the potential supply (table H} , 

and the amounts of most other elements (except those such as sodium, magne­ 

sium, and sulphur, which have very soluble compounds) in the sea are 

 iailnrly small in comparison with the amount brought to the sea throughout 

8*ologie time. Dietz, Saery, and Shephard ,fj who have described phosphate

, a. S., iiaery, K. 0., and Shephard, J. F. t Phosphorite deposits 

011 tfce sea floor off southern California: Geol. Soc. America Bull. vol. 5**» 

P. 63o,

<**posits on the present sea bottom off the coast of California, have presented 

^ta on the solubility of tri-calciuia phosphate in sea water which suggest 

that "Sea water deeper th^a i few, aunurad meters is essentially saturated

-11-



with. tri-calcium phospnate. It the ocean is saturated, it follows that an 

amount etjual tu all the phosphate annually carried to the sea must be 

deposited as phosphate minerals or as organic matter.*1 Whether the con­ 

centrations of the minor metals in the sea is similarly limited by the 

solubility of their compounds or by biological activity or other factors 

is unknown, but whatever the cause, the fact that the amounts of these 

elements is but a fraction of the "potential supply" suggests that the sea 

is in effect saturated with them. If it can be assumed that over a long

period of time these elements were brought to the sea and deposited at a
*

more or leas constant rate, then the amounts brought to the sea during the 

Pension mi git hare been proportional to the ratio of Permian time to all of 

geologic time. As may be seen from table 11 (line F) the amounts of 

phosphorous, calcium, and -vanadium thus brought to the Permian ocean are 

much greater than found in the Phosphor! a formation (table 11, line I). 

these figures are of little direct significance except that when added to

the amounts or the various elements present in the ocean at the beginning
r- - /  

of the Permian-^/ they might be a measure of the total amounts of these

sea at the beginning of the Permian would presumably have con­

tained some amount of these various elements* If their mart in im concentration
.;  ;.- "  «," *

is controlled by their solubilities then the ocean at that time might well 

have contained as much of these elements as it does today.

substances that could have been deposited in all Permian rocks.

What part of the volune of these elements brought to the Permian ocean 

**3 available for deposition in the puosphoria sea is difficult to estimate 

«-or it depends upon many factors, among which are area anu volume of the Phos- 

?fcoria sea, rate of inflow to it from adjacent seas, the composition of the 

"-^rrr.ir; bcr-wrir^ the i3ho3^n aria 3** , *.ni tau volume of elements received from
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it. One approach that could be made to the problem woulo. be to assume that

the amounts of these elements delivered to the Phosphoric sea would be in «
i 

the same proportion as either the area or the volume of the Phosphoria sea was

to the area and volume of the whole ocean. Calculated on this basis, the Phosr J
i

phoria sea would have received amounts of phosphorous, calcium, and vanadium 

(table 11, lines G and H) one to two orders at magnitude lower than the

assumed to be present in the Phosphoria. '

With regard to calcium, only that in the phosphate mineral has been
.     ' ' t*> 

considered* A ^
v," " s "<-,  -      *'.   '  '' ' ' '  

These calculations make no allowance for the fact that some part of the 

volume of elements brougit to the Permian ocean would have been brought and 

deposited in the form of detritus and would therefore never have been dissolved 

in sea water and available for deposition in the Phosphoria. On the other
**.. : ' . -IK

hand, the calculations make no allowance for oceanic circulation, which would 

much increase the volume of the various elements available for deposition 

in the Phosphoria sea, but they suggest that such circulation is required if
,.^:llii;r.^ . 1:
l^fr deposits of the phosphatic shale were derived directly from the Phosphoria
 $^.»$$&'&&'.     -   , > '£  £ ':"  - 
..,--^'*^^?|i-i^-:/. ; . -.- ;  " ^-vfe 

 ' :C"-^^^^*!s*4'*'|;JJ ': "t'<v^'-5;  ", -- - :^.:" '?"   ,

inflow the Phosphoria sea received from adjacent seas is also 

Difficult to estimate but the problem may be approached by analogy with the & 

£Blao£"sea| which is similar in size to the Phosphoria sea (420,000 square *nl?-':1ii«'^" - OK'' '- 
kilomAers, average depth 1,200 meters) and has been conpared^ to the

Blackwelder, Z. t The geologic role of phosphorous: Am. Jour. Sci. _ 

P- 293,

sea because of the similarity of its black muds to those that must



have existed on the bottom of the ^hosohoria sea. The Black Sea is noted
1 

for its poor oceanic circulation ocean water enters only through the narrow (|

BosphorousJ[£/ but even so, at the present rate of inflow (b,100 cubic meters
  ,,j

Sverdrup, H. U., Johnson, M. W., and Fleming, H. H., op. cit., p
_

13 per second) OTer a period of 30 million years $& x 10 cubic meters of sea

water (more than H- times the volume of the present ocean) would enter the 

Black Sea from the Mediterranean. If all of this water contained amounts 

of phosphorous, calcium, and vanadium similar to those in present-day sea 

water, then the total amount of calcium available for deposition during that 

period would have been much greater than is assumed to be present in the phos­ 

phate in the phosphatic shale; the phosphate would have been about the same, 

and the vanadium would have been sligitly less than one order of magnitude 

lower*

?: / the similarities of the Phosphoria fauna to that of other Peimian rocks 

in Russia, Alaska, California and Texas show that the Phosphoria sea had more 

and doubtless larger connections with the ocean than does the Black Sea. 

Therefore, circulation of ocean water through it must have been proportionately 

greater, as were the amounts of the various elements available for deposition
"'':,;S'*?Sft:;l . '-  
' '*'   ^^> v-:-   ' '

ia the Phosphoria sea. Admitting the frailties of the arguments presented 

they nevertheless appear to justify the conclusion that the Phosphoria sea, 

given e, sufficient period of time, normal contributions from chemical denuda- 

tion, and normal oceanic circulation, was an adequate source of the phosphate 

and minor elements found in the Phosphoria formation and probably in many 

other formations as well.

Factors causing concentration of elements 

3ate of deposition. The aononnally slow deposition of other



is probably the most important single factor leading to the concentration of 

the phosphate and minor elements in the ^hospnoria formation. TJie notion that 

at least the phosphate was concentrated through slow deposition of other con­ 

stituents receiYes some support from occurrences in other rocks, vfcere it is 

associated with unconformities and periods of nonaeposition.^y The comparisons

Goldman, U. I., Basal glauconite and phosphate beds: Science, new 

ser., vol. 56, pp. 171-173, 1922. Petti John, *. J., Intraformational phos­ 

phate pebbles of the Twin City Ordovician: Jour. Geology vol. 2^, p. 373, 1926.

Bade between the amount of vanadium, phosphorous 9 and calcium in the sea with 

the vanadium in the vanadiferous zone ana the phosphorous and calcium in the
    ^'iV.1 ; ',V T .-."

lower phosphate bed illustrate how slow must have been the aeposition of these 

Materials. > 

However slow the aeposition of phosphate anci car Donates may have been, V 

the deposition of elastics and organic matter was even slower. This is shown ;"- * 

by the fact that the principal changes in thickness of the phoapnatic shale $ . 

caused by variations in the thickness of phosphate and carbonate beds and ? *
'*'-. **:   /.:-,, . :/;-^; . -» v.

.S'"¥''- *'''   <H *

thickness of the non-phosphatie and non-carbonate rocks remains £ w,
'  ...- *»

constant over the region; and also by the fact that the principal * *'
B>-> "  ?"';  .'.?'. ' . » J
differences in thickness of the vanadiferous zone (which is composed ? ^

,-,r - K ^ 

* > ^largely of elastics and organic matter) are caused by variations in the * ^

of phosphate.

Clearly no concentrations of phosphate or trace elements would exist in 

Phosphoria formation it it were diluted with a volume of other sediments 

Co*sparable to^SjOOO to 5,000 feet deposited in the Leonard and Word formations 

°f Texas, which are believed to be equivalent in age to the Phospnoria. Of 

Interest Is the fact tnat if these formations contain 0.1^ p«rc*nt PoO^ and 

'3«i--l percvint 7^0, , wfclch ire the nv^rs»,-« amounts foun i in a- ii~;en^^ry



«!
rocks_y then they contain 4^0 to 7^0 feet-percent ?20K and -50 to 5° feet-percent »<

Glarke and Washington, op. cit. The value for the average V20c content % 

of the earth1 s crust is selected more or leas arbitrarily. According to Clarice

and ,7ashln£ton the earth's crust contains aoout 0.03 percent; the content of *
in

sediments is somewhat lower. rj,
                              .
VgOc. These amounts compare favorably with those contained in the Phosphoria. |ft

The phosphate content of the Word *r\A Leonard formations would be about the same*«.

as that of t£e Phosphoria over most of its outcrop, but it would be only a 

fifth or a third of that found in southeastern Idaho, where it is most phos­ 

phatic* Their vanadium content would be about the same as that in the Phosphorisj| 

in small areas where it is richest in vanadium, but it would be much higher 

than that found in the region as a whole.

Physical, chemical, and biological factors. Slow deposition is by no 

means the only factor effecting concentration of the phosphate and trace 

elements in the phosphatic shale, for the total amounts of these various 

elements vary laterally in Individual layers and in the phosphatic shale as 

a whole. Moreover, as shown in preceding paragraphs, thei Phosphorie sea must 

have drawn on the resources of the rest of the ocean to form its deposits and 

therefore conditions for deposition of these elements must have been more 

favorable in the Phosphoria sea than in many other places*

It is evident, therefore, that although the sea may have been essentially 

saturated with phosphate, vanadium, and other elements, their actual precipita­ 

tion was subject to the control of factors which varied from place to place 

and fron time to time. Whatever these controlling factors were, they must 

have been such that the process of precipitation of the various elements could 

ke repeated many timesr to brin* about the concentratlcra of the various elements



the process of precipitation coulo. operate with varying efficiency, for the 

amounts of each ot the various elements increases or decreases gradually or 

abruptly in successive layers. Hiese characteristics do not fit those of a 

catastrophic event, such as the mass milling of fish or other organisms, but 

they ao fit processes whose operations depend upon slight fluctuations in 

salinity, pH, carbon dioxide content, temperature, pressure and other physical, 

chemical, and biological variables of the sea. A discussion of the relation 

of these factors to the precipitation of the various elements is beyond the 

scope of this paper

A thorough discussion of the relation of these factors to the precip­ 

itation of phosphate will be presented by W. W. fiubey as a part of the study 

to which reference has already been made.

Environment of deposition

The environment of deposition must have influenced the operation of the 

processes of precipitation directly or indirectly, and at least some of its 

characteristics can be stated. The phosphoria sea must have been of wide
Vv .>*..

extent, for phosphate deposits 1 foot or more thick are scattered over an 

area of about 175,000 square miles. It must have had connections to waters 

in central and eastern Nevada, southern California, Texas, Alaska and Russia, 

for the Phoaphoria fauna is related to Permian faunas of those regions. Hie 

aea floor must have been flat oyer larger areas in southeastern Idaho, western 

Wyoming, and northern Utah, but there may have been a low submarine ridge or 

other topographic feature in the vicinity of the Salt RiTer Range during the 

deposition of the lower part of the phoaphatic shale, for the rocks of the 

lower part in the Salt River Range are thinner, more calcareous, and cnerty 

tb*n those to the east (in the vicinity of south Cottonwood Creek) ana west



(in the Peale Mountains) which are similar ana are most phoaphatic. The sea 

floor must hare been below wave base because ripple marks, cross laminations, 

and other viave marks are lacking in the sediments of the phos^.natis shale

Wave marks aould not be expected in the fine-grained shales and 

siltstones, even if these sediments were above wave base at the time of their 

reposition, but such marks might have formed in the coarse oolites had they 

been above wave base when deposited*

This is also suggested by the presence of large amounts of organic matter which 

could hardly have been preserved under oxidizing conditions in any shallow sea 

of wide extent. >

Ike Phosphoria sea has been generally thought to be shallow, but if 

"shallow* means less than a few hundred feet the evidence for this supposition 

is not clear. Oolites sometimes form under conditions permitting rotation of 

the nucleus so that uniform accretion of mineral matter takes place on all 

sid«s»: If the oolites of the phosphatic shale formed in this manner, their *£ 

presence indicate* that the bottom was shallow enough to be affected by 

currents or wave motion of some kind, but inasmuch as oolites are known to fonn 

conditions not requiring rotation of the nucleusQ and as phosphatic

Bradley, W. H., Algal reefs and oolites of the Green 3iver formation: 

^ J3.6«ol. Survey Prof. Paper 1^0, pp. 222-223, 1928. -

f J ^flflSavidson, S. C., and McKinstry, H. S., "Cave Pearls,* oolites and * 

isolated inclusions in veins: Econ. Geology TO!. 26, pp. 2g°,-294, 1°,31.

:.  * 
 » ""*'"' ~ Sbtfb

°olites are found on the present sea oottom to depths of 6,^00 feet,_/ their 

ty Oietz, a. S., Smery, K. 0., ami Shearer*}, F. P., op. cit.

 - j not nueei^ariiy jin-m tm.:t tr.v :;<^ floor wns «af»llow -jaouph to



Ine configuration of the sea oottom or snoreline rery likely was such 

that conditions of equal depth, ai stance from shore, and other physical con- 

litions of the sea were similar in a north-south direction in the southeastern 

Idaho, western Wyoming, northern Utah region, for lithologic units are more 

continuous and facies changes less abrupt in a north-south direction than in 

an east-west direction.



CONCLUSION

The phosphate deposits and other trace elements very likely were derived 

directly from the Phosohoria sea by inorganic or organic precipitation or a 

combination of both. Physical, chemical, or biological factors, largely 

urknown, controlled their precipitation and deposition. Their concentration 

was made possible, in part, by the nondeposition of other materials.

The occurrence and apparent origin of minor elements in the phosphatic 

shale has an important bearing on future prospecting for minor metals. Addi­ 

tional sainDling cf beds of the Phosphoria formation may disclose:

1. Areas to the east or northeast in which the beds of the vanadiferous

zone are thinner but higher grade. 

?.. Areas to the west in which the beds of the vanadiferous zone are

thicker and more phosphatic but where the average vanadium content 

of the beds will be lower.

3. Areas beneath Tertiary sediments, such as near Dinfle or Laketown, 

in which the vanadiferous zone may be secondarily enriched as it 

is in the Paris-Bloominpfbon area.

4. Other beds which contain significant amounts of other minor metals

besides vanadium. ICickel, molybdenum, and zinc especially deserve 

further prospecting, for they have been found in anounts which

approach commercial value (assuming of course that they can be 

extracted from the rock economically) but others also niay b^ found 

ir significant amounts*

Sea water has long been recognized as a tremendous potential source of 

minor metals, but if Goldschmidt ! s inferences concerning the proportion of the 

sJLnor metals that have corr.e to the r,ea but have massed through it into sedi  

"i^ts are correct, th^ri sedimentary rocks like the Phosphoria contain a far 

-r^-iter Doteutial surely of these :r.2tals than does the sea. Ceditions which



led to the concentration of aa~e of tftas^ .10 L-il: In V.i:> ?ho3^horia formation 

vere unusual, but it seems probable that they were duplicated, in oart at least, 

iurinr- the deposition of other formations. Some of the other metalliferous 

sedimentary formations already referred to are orobably examples of such 

denosits and others may be found on further prospecting.

A better understanding of the chemistry of deposition of the Phosphoria 

and similar deposits will come eventually and will be of considerable value in 

prospecting for new deposits of minor metals. In the meantime, the search for 

minor netals,Kin other formations might be guided by present knowledge of their 

occurrence in the Phosphoria, which suggests that concentrations of minor 

metals (as primary deposits of wide extent) win most likely be found in 

fine-grained, carbonaceous, largely non-calcareous, marine rocks which have 

'accumulated slowly. In prospecting for them it will not suffice to test a few 

specimens from a formation or to test samples representing large thicknesses 

of the rocks, for one or several of the metals may be concentrated in beds 

only a few inches or, at most, a few feet thick. And, with the philosophy of 

looking for bears where bears are known to be, deposits known to contain one 

should be tested for possible presence of others.



APP^IDIX

Measured sections

The foregoinr description of the phosphatic shale in western Wyoming, 

southeastern Idaho, and northern Utah is based on about 200 measured sections, 

60-odd of which are shown in soine detail on plates 1-7   The volume of these 

data precludes their inclusion here, but several sections, spaced over the 

region, that may be taken as representative are given in the following pages*

Unless otherwise stated the V^Oe anci **2^5 determinations were made by
><- 

the Geological Survey. The ¥305 values followed by M c w were determined by

chemical analysis j those followed by "s w were determined spectrographicallyj ' 

the others were determined by field test, which sometimes detects vanadium
'    +

in amounts as low as 0.05 percent V^Oc but generally not in amounts below 

about 0.01 percent ^05. Samples showing no vanadium by field test are indi­ 

cated by nO»0. ff The P^Oc values determined by chemical analyses are stated 

% percent but those determined by field test are stated as "very low, 1*
*: Vj* ' /?r

"low,,1* Medium, M or "high." Rocks termed "very low1* are those that show no 

phosphate by field test, which is taken, somewhat arbitrarily, to mean that

phosphate is not present in amounts preater than 5 percent PoOcr those
sfc' " '
low11 are taken to indicate a PoOc content of 5 to 13*8 percentr
'.. "-"-. ~ J J 9£&'..":

termed "medium," 13.8 to 23.0 percent; and those*termed "high," more 

than SJ3 percent ?2^5* Samples not analyzed by any method are shown by "n.d.'r

" At donda, Coal Can^rcn, Cokeville, and Montpelier Canyon some of the 

determinations were made on samples representing two or more of the lithol- 

°gic units described separately. The limits of these samples are shown by 

Jackets.



South Cottonwood Creek, */yoming

Complete section of the shosDhatic shale member of Phosphoria formation in 
trench on South Cottonwood Creek-Sheep Creek divide. 3Wt, 3E£, sec. 29, 
T. 33 N., R. 115  *'., Lincoln County, Vfyoming (pi. 5;: measured by John

Thick- VoOc P~0C 
f 7 /* 5 ness Cper- (oer 

(feet) cent) cent) 
ilex member

Dolomite: light, well-laminated, with numerous thin 
tabular masses of chert and drusy quartz, the 
druses filled with calcite. 40 n.d. n.d.

Phosphatic shale member 
Phosphate,.rock: slightly calcareous, cherty, fine

white'marks. 1.5 0.01 32.20

Chert: massive, black. 3.0 n.d. n.d*.

Dolomite: cherty, massive, light blue to medium 
gray: middle third almost completely replaced by 
massive black chert. Contains large masses of 
white calcite. 5.2 n.d. n.d*

Chert: massive, black. 1.0 n.d* n.d* 

Limestone: fine-drained, hard, light gray* 0.5 n.d. n.d*

OPP^PHCBPHATS ED
f^Ute: hard. 0.5 n.d. n.d.

: hard, calcareous. 0*5 n.d. n.d* 

  hard. I 1*3 0.02 32.55
' ,,, : " ^ . ,:*

Siltarlone: soft, calcareous, tan. g 1*0 n.d. n.d».- ;   ' ' -: 
clay-shale: soft, Jet black. 1.0 0.17 19.27

Siltstone: soft, flaky, non-calcareous, dark
gray to black. 1*1 n.d. n.d*

I ---"-;  : :"'

oiltstone: calcareous, medium hard, massive, blocky,

0.9 n.d. n.d.

' u-'AU.Lr.tiuJUS ZUNiS
Shale: fissile, soft, brownish-black, weathers

medium bluish gray. 3.0 0.85 3.22

Similar to shale abovs. 0.5 0.02 35.79

3imilar to jLilo aiov. 3.3 0.37 1.93



Thick- 720c P205 
ness (per  (per  
(feet) cert) cent)

Siltstone: calcareous, .T.ediuni hard, massive, blockyj
li-rht jray, weathers buff tan. 1.5 n.d. n.d.

iiltstone: medium hard, blocky, non-calcareous, 
brownish black. 1.2 0.0/4. 3.62

Siltstone: blocky, non-calcareous, li^ht ^i
weathers buff to tan. 1.6 n.d. n.d.

Siltstone: medium hard, blocky, non-calcareous,
brownish black. 1.0 n.d. o.d.

Chert: very calcareous, hard, much jointed, dark gray. 10.0 n.d. n.d.

Chert: slightly calcareous, much jointed, medium to
light gray. 3.7 n.d. n.d.

Limestone: hherty, hard, .medium to -lark gray,
weathers light buff gray. 1.5 n.d. n.d.

Covered.. 0.7

Siltstone: slightly calcareous, soft, tan. 3.7 0.02a 0.69

Siltstone: similar to siltstone below but darker and
more fissile; upper half softer and sub-oolitic. 5»0 0.30s 7.31

Siltstone: medium soft, blocky, non-calcareous,
brownish black. 6*7 n.d. n.d.

Siltstone: medium hard, blocky, non-calcareous, brown­ 
ish to greenish, weathers oale buffy gray. 4»Q 0.02s 0.99

siltstone above. 4«2f n.d. n.d.
' 2-A '  " ';"

Oolite and shale: fissile, soft, non-plastic, non- 
calcareous, black; shale is sub-oolitic. 3»2 n.d. n.d.

3.0 . 0.12s 6.59

Siltstona: hard, calcareous, blocky, medium buffy 
gray* contains several thin (2- to 3-inch) layers 
of soft, slightly calcareous, fissile, brownish

shale. . 3.1 n.d. n.d.

siltstone above. 3.0 0.12s 2.43

and ailtstone: calcareous, fissile to chinpy, 
black. ' 3.5 0.12s 6.1?



rhick- T/205 P205
ness (per (per-
(feet) cent) cent)

Like shale and siltstone above. 3.6 n.d. n.d.

Oolite: soft, earthy, jet black. 3.3 0.30s 8.58

Shale: fissile, soft, sub-qolitic, jet black. 4.5 0.36 13.43

Siltstone: sandy, somewhat cherty, hard, calcareous, 
nedium gray, weathers li^ht brownish sray. Alter­ 
nates with black, calcareous, softer silstone in 
beds 6-12 inches thick. 3.5 0.05s 1.32

Like siltctone above. 3.5 n.d. n.d.

Shale: fissile, soft, non-calcareous, jet blackr
two l-^inch soft oolite beds in lower parta/i 3.0 0.24s 3.84

Siltstone: hard, massive, jointed, calcareous,
brownish black. 1.0 n.d. n.d.

Shale: soft, fissile, jet black, non-calcareous; not
very plastic; lustrous bedding surfaces. 2.0 n.d, n.d.

Siltstone: medium hard, slightly calcareous, brownish
black. 2.2 n.d., n.d.

Siltstone: non-calcareous, sub-oolitic, soft, plastic,
black. 3.6 0.18s 7.96

Oolite: soft, non-calcareous, jet blacky becomes
increasingly clayey upward. 2.5 n.d. n.d.

Uke unit above. 2*5 0.19 25.92
;-;;,>:;. -K i

Siltatoner soft, somewhat fissile, sub-oolitic, 
f [slightly calcareous, Jet black; contains thin, 

harder, more massive beds. 2.4 0.08 25.84
" : H $%g~ :. .

Siltstone: hard, chippy, massive, Jointed, non-
calcareous, brownish black. 2.8 n.d. n.d.

above. 3.O 0.02s 2.CXL
ir:; ' -" " '

: soft, non-calcareous, black. 1.8 0.05 28.99

PRCSPHATS BED ? 
Phosphate rock; hard, black, cherty, calcareous, 

with pisolites, pale tan to gray, 1/6-i inch 
in diSneter. 1.3 0.02 32.46

formation
-tone: hard, medium- to fine-drained, medium gray, 

g li /ht *ray; hackly -3urface cauu^d by frac-
-,r: rVc^:n mt.^r 5 -,n. >;ak- t ton o" Vellg cliff. 10 n.d. n.d.



Swift Creek, Wyoming.

Complete section of the phosobatic shale member of Phosphoria formation and 
part of underlying Wells formation in Trench X near the Geyser on West 
3wift Creek in T. 32 N., it. 113 W., Lincoln County, Wyoming (pis. 2, 5): 
oaeasured by W. W. Rubey:

Hex member
ULmestdne: hard, dense, massive, dark gray: makes 

vertical wall. Dips 90° N 85° E.

Limestone: fine-grained to dense, massive but frac­ 
tured, dark gray to black fresh, light buff-gray 
weathered.''

Siltstone: clayey (?), soft, fine-grained to dense, 
platy to blocky, dark brownish pray to black fresh.

 Siltstone: calcareous, hard, dark brownish ^ray 
fresh, pale buffy .spray weathered.

Siltstone: slightly calcareous t hard, massive, dark 
gray; grades into siltstone bed above.

Shale: relatively soft, fissile, black; grades into 
siltstone bed above.

Siltstones medium hard, dense, dark gray; abundant 
veinlets of calcite.

Siltstone r calcareous, medium hard, massive, 
f ossiJLif erous , black.

Siltstone: soft, chippy, black.

Siltstone: calcareous, hard, much jointed (water-seep): 
hardest 1 to 2 feet above base.

Siltstone: calcareoiis, rr.ediirn hard, much Jointed, black, 
weathers pale buffy gray; grades into bed above.

Siltstone: calcareous, relatively soft, massive but 
fcuch jointed (water-seep in lower 2 feet), black.

Siltstone: hard, chippy, black; grades into siltstone 
alove.

ite: hard, lir/ht s**ay; dins 70° K 85° 2.

Thick­ 
ness 
(feet)

25*

1.8

1.4

0.2

1.2

1.0

0.2

2.0

AS

4.0

1.8

4.8

1.0

0.7

T/20c PoOe
(per- ^ 5 
cent)

very 
0.0 low

very
0.0 low

very 
0.0 low

very 
0.0 low

very 
0.0 low

very
0.0 low

very 
0.0 low

very 
O.O low

O-C med­ 
ium?

very 
0.0 low

very 
0.0 low

very
0.0 low

very 
0.0 low

0.0 med­ 
ium?



Thick- V~0«. PpOc / <  2 "*  > ness (per 
(feet) cent) 

Siltstone: soft, black. 0.8 0.0 low

oiltstone: calcareous, hard, fossiliferous, black med- 
fresh, light sray weathered. 1.0 0.0 iura?

Siltstone: soft, black. 0.2 0.0 low

Siltstone: calcareous, hard, very fossiliferous raed- 
(Orbiculoidea?)» black fresh, light gray weathered. 0.5 0.0 ium?

Siltstone: calcareous, soft, blocky, black. 1.1 0.0 very
low

Phosphate,'rock: hard, massive, fossiliferous, non  
calcareous, black fresh, light gray weathered* 0.6 0.0 high

Siltstoner medium hard, black; white calcite veins. 0.8 0.0 very
low

Siltstone: calcareous, hard, fine grained to dense, very 
dark gray fresh, very light gray weathered. l.O 0.0 vlor

3iltstone: slightly calcareous, relatively hard, very 
dense, blocky, black. 3.2 0.0 low

Siltstone: slightly calcareous, hard, granular tex  very 
ture, concretionary?, massive, black. 0.3 0.0 low

Siltatone: relatively hard, dense, blocky, black. 1.5 0.0 very
low

Siltstoner calcareous, cherty, very hard, dense, 
black; contains a few 1/8-inch to ^-inch softer,
non-calcareous partings. Pale bluish film on very 
hardest joint facea-r-may be both chert and calcite. 5.6 0.0 low

Siltatone: slightly calcareous, relatively hard, very 
dense, chippy, black. 6.0 0.0 low

Siltstoner slightly calcareous, dense, blocky,
*"&ckj contains a few J-inch calcite veinlets very 
Parallel to bedding. 3.6 0.0 low

Siltatone: hard, dense, medium bedded to massive, very 
black. 1.9 0.0 low

3ilt3tone: slightly calcareous, relatively hard, very 
dense, thin bedded to chinoy, black. 1»6 0.0 low

: cilcareotii, relatively soft, fin- rrained. 1.0 0.0 vsry
low



3iltstone: calcareous, medium hard, fine grained, 
blocky, medium brown.

Oolite: calcareous, relatively soft, massive, black. 

Oolite: relatively soft, massive,

Siltstone: calcareous, relatively soft, fine­ 
grained, massive, tan*

Oolite: soft, black;:brown stains on surface.

Siltstone: calcareous, relatively soft, fine-grained, 
massive, black fresh, medium brown weathered; 
micaceous in lower part.

Siltstone: soft, clayey, conspicuously micaceous, 
brown; J inch black, oolitic 2 inches below top*

Oolite:.slightly calcareous, soft, coarse, black*

Siltstone: hard, dense, black, concretionary?, 
non-calcareous.

Oolite: soft, coarse, black*

Siltstone: calcareous, soft, massive, micaceous, 
dark brown*

Oolite: soft, clayey, non-calcareons, black; a few 
^   i-incft to 4-inch hard, non-calcareous, ferruginous"'

VANADIF2ROU3 20M3
s soft, non-calcareous, black.

Siltstorw: hard, non-calcareous, core ret lonary; 
reddish-brown stain on weathered surfaces; noany 

crystal faces visible.

Shale: soft, fissile, black; contains 1-inch hard 
layer 0*3-0.4 foot above base.

: hard, massive, d«ns » to f ir.e-pprained, 
non-calcareous .

, fis.ill*, blvk.

Thick- V20 P20 
ness (per- 
(feet) cent)

1.1 0.0 low?

1.4 0.0 high

1.8 0.0 high

1.5 0.0 low?

0.2 0.0 med­ 
ium

1.5 0.0 low?

0.7 

0.4

0.2

0.2

0.6

0.0 low?

0.0 very 
low

very 
0*0 low

0.0 med­ 
ium

very 
0.05 low

very 
0.8 0.06c low

1.0 0.32c very 
low

very 
0.97c low

very 
1.58c low

0.6

0.6

very
O.?4c low

O.r3c lev?



Thick- 7205 P20 
ness (per- * 
(feet) cent)

Siltstone: hard, black, non-calcareous. 1.1 0.0 very
low

Siltstone: blocky, medium to dark brown, non- very 
calcareous. 1.4 o.2 low

Oolite: soft, very thin bedded, black. 0.2 0.0 very
low

Shale: soft, fissile, brown. * 0.2 0.0 very
low

Siltstone: viocky, medium tan, non-calcareous. 3*0 0.0 very 
-' low

Shale: soft, brown 9 ferruginous. 0.8 0.0 very
low

3hale: soft, brown, ferruginous. 2.3 0.0 very
low

jhale: "soft, fissile, shiny, micaceous, black. 2.2 0.0 very
low

Siltstone: calcareous, siliceous, very hard, very 
slabby, gray to black. 1.7 0.0 low

s earthy, thin bedded (2-irch beds), very 
brown. 1*3 0.0 low

t soft, slightly micaceous, fine-grained. 1.2 0.0 very
' '">_ , ., low

: moderately soft, sli^tly micaceoua. 1.7 0*0 very
£;; ..'. low

: calcareous, relatively hard, massive, dark very 
to black. 0.9 0.0 low

^.-, -JJ?":.'.'''

; 3oft, slightly calcareous, black. 0.5 0.0 very
low

one: calcareous, relatively soft, massive, very 
brown. 1.0 0.0 low

: soft, massive?, dark brown (partially 
obscured oy spring) * 1.5 0.1 low

^tor.e: relatively soft, medium brown. °«7 '^- 2
lew



Oolite: clayey, very soft, niasaive, "--lack.

Siltstone: soft, Massive, tan.

Shale: soft, fissile, sliekensided, black.

Jhale and siltstone: beds of black, fissile shale, 
glickensided, alternating with beds of hard, 
blocky siltstor.e.

"iltstone: blocky to massive, dark brown to black.

Shale: soft, fissile to blocky, black.

Oolite: soft, black.

ohale: fissile, slickensided; more massive in lower 
part.

Siltstone: calcareous, medium hard, blocky to massive, 
dark brownish ^ray to black; grades into shale above,

Shale: fissile, dark brown, non-calcareous. 

Siltstone: calcareous, massive, medium to dark brown*

Oolitet soft, black; contains soiue clay beds.

Shale: slijfctly calcareous, soft, fissile, dark brown 
to black fresh, medium brown weathered.

: calcareous, hard, coarse grained, medium to 
gray fresh and weathered in upper 2j feet; 
ional downward into fine-grained, black

fresh and weathered. Only slightly calcareous in
lower 1* feet. Fluoritic.

: medium soft, platy to blocky, medium brown.

: slightly calcareous, medium hard, platy, oo- 
c at base and sub-oolitic throup>ho"t, black.

Thick- /20c P20 
ness (per  
(feet) cent)

1.7 0.2 very 
lew

2.2 0.05 very 
low

1.0 0.13c very 
low

2.9 

2.6

2.5 

1.5

2.6

1.4 

0.3 

2.4

0.6 

0.7

4.0 

2.0

1.1

very 
0.33c low

0.13c very 
low

0.05 very 
low

0.0 very 
low

very 
0.0 low

very 
0.0 low

0.05 low

0.0 very 
low

0.2 very 
low

very 
0.2 low

very 
0.05 low

0.0 vary 
low

med  
0.0 iuxa



Thick- ^0 P2Q 
ness (per  y 
(feet) cent)

3hale: soft, fissile, dark ^rcwn. 0.2 0.05 very
low

Shale and oolite interbedded: soft, dark brown shale 
alternating with oolite. At very base contains what
appears to be a rounded pebble of quartzite ij inch rned- 
in diameter set in oolite matrix* 0.6 0.0 iura

Siltstone: medium hard, blocky, dark brown fresh, very 
medium brown weathered. 4.5 0.0 low

Silt 3 tone: slightly calcareous, medium hard, thin
bedded, dark brown fresh, radium brown weathered. very 
Similar ±n appearance to silt stone above. 5*0 0.0 low

Siltstone: like bed above but becoming more blocky 
and massive below. 4.2 0.0 loir

Siltstone: calcareous, massive to blocky, dense, dark very 
brown to black; abrades into siltstone above. 4.0 0.0 low

Siltstone: calcareous, dense, blocky to massive black;
like bed above but contains numerous 1/8  to i  inch very 
white vugs lined with terminated quartz crystals. 2.0 0.0 low

Siltstone: calcareous, platy, medium to dark brown. 1.1 0.0 low 

Oolite: slightly calcareous, black, soft. 0.2 0.0 med-

Calcareous siltstone or silty limestone: hard, brittle,
dense, chippy, medium ?ray fresh, light bluish gray very

, weathered. 1.9 0.0 low

Siltstone: calcareous, relatively hard, dense, chippy, very
black freah, dark brown weathered. 3.1 0.0 low

Siltstone: calcareous, hard, sub-oolitic, black. 0.2 O.O very
: \;f .. , : . low

Shale: calcareous, platy and medium to dark brown in very
upper half, soft and black in lower half. 3.6 0.0 low

formation 
lin»3tone: medium soft, dense to medium grained,

gray fresh, light gray weathered. 5.7 0.0 low?

: hard, dense, medium ,-rrav fresh. 0.7 O.O very
low



Thick- 720c P205 
ness (per- 
(feet) cent)

Limestone: dense, much jointed, medium ^ray; in beds
2 to 4 inches thick alternating with four beds 1/8 very 
to J inch thick of soft black calcareous clay. 1.0 0.0 low

3iltstone: slightly calcareous, massive to thin
bedded; upper 1 inch soft, gritty, non-calcareous. 7.3 0.0 low?

-olonite: hard, aense, li^ht ?ray. 0.4 0.0 very
low

Siltstone: calcareous, massive, tan. 2.3 0.0 low?

Limestone: hard, granular, massive, dark f^ray; very 
vugs lined with chert on unper surface. 2.2 0.0 low 

/  
Calcareous 'siltstone or silty limestone: soft, 

massive, medium to liptfit brown. ?.6 n.d. n.d.

.Sandstone or siltstone: porous, iron  stained; contains 
some nodular (remnants?) of dark gray granular 
limestone. Unit is bright tan to ochre to dull 
brown. In upoer 1 foot many small open vugs lined 
with dark brown mammilary limonite. ' 4.7 n.d. n.d.

LLaestona and siltstone interbedded; medium gray, 
medium  grained limestone alternating with tan, 
non-calcareous siltstone. 1.4 n.d. n.d.

Limestone: nodular, dark --ray; and yellow to reddish
brown clay and hard chips. 1.5 n.d» n.d.

Siltstone or fine sandstone: massive, non-calcareous, 
tan to medium brown fresh, pale buffy gray weath­ 
ered with some reddish and pink tints. 5.9 n.d. n.d.

r relatively hard, massive, granular,
gray fresh, pale buffy gray weathered. 11.4 n.d. n.d.

: relatively soft, pale gray; pink and 
tan stains. 2.5 n.d. n.d.

* relatively hard, dense, light gray. 1.0 n.d. n.d.

Dolomite: soft, massive, dense', li,-ht -ray; rrada-
tional from bed bolow. " 4.5 n.d. n.d.

and dolomite: medium hard, beds 4-12 inches 
k, fine grained, medium to li^ht ^ray. 9.3 n.d. n.d.

: hard, fine-grained, li,rht gray; beds 3-1?
; ; <; ho 3 thi->. A few £-incn b^i : of U-h^ >:ray

' iofl«r fin«5- T'i ; ,>ed -inndator.'- . 4.3 n.d. n.d.

to*.



Thick­ 
ness 
(feet)

Sandstone and dolomite interbedded: alternation of 
soft thin bedded, fine-grained, tan non  
calcareous sandstone in beds 1-3 inches thick 
vrcL hard, fine-drained, medium ^ray dolomite in 
beds k-S inches thick. 4»4

Dolomite: hard, medium gray fresh; beds 1 foot thick. 2.7

Dolomite: hard, fine-grained, light ?ray fresh; beds 
2-15 inches thick. " 12.9

Sandy (or cherty)limestone or dolomite: very hard, 
massive, makes vertical wall; pale yellowish to 
buffy gray weathering. Dius 85-90° N 85-90° K. 15*



Corral Creek, ^ycming

(Vqilete »ei llni of phoopfeatlc 3hale member of Phosphoria formation naturally 
ajmiaed at imterfall near Cot ton wood Creek-Corral Creek trail, T. 31 N., 
I. 117 ¥*» Lincoln County, Wyoming (pi. 1): measured by W. W. Hubey.

Thick- V20_ P205 
Samnle ness (per  

No. (feet) cent)

lax member

?*!oephatic shale member 
Limes toner hard.

calcareous, hard, massive, dark gray 
to black.
_^Jtilfa^,.;'     ;; 
PPSETOBBHATE

calcareous, hard, black.

r calcareous, oolitic to sub  
I, black.

calcareous, hard, black to
*3T.
y,

*fc highly calcareous, oolitic to sub- 
r, hard to medium hard, black.

fh ttf,-. ;  ..

fhi^hly^calcareous, very hard, dense 
oiiticj, black*

^:;^;.^-.^;,,.,-;, .-,     

iy Calcareous, coarse, hard, black. 

calcareous, hard, dense, black*

calcareous, soft, black.

;0S35f

^calcareous, dense to sub-oolitic, 
isslve, black."W'^v"   ;.

HS*-:y;^': '
f sli^itly calcareous, thin bedded,
ick.

5hly calcareous, hard, massive, black,

 «t medium soft, shaly, black.

Ua22

Ua23

Ua24

Ua25

Ua26

Ua2?

Ua2S

*   : . 
Ua29

Ua30

Ua31

Ua32

Ua33

9.0

4.5

1.3

1.2

2.8

1.3

2.3

0*35

0.25

0.35

0.8

0.3

0.3

0.6

n.d.

n.d.

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

O.lOc

n.d.

n.d*

low

low?

med­
ium

Very 
low

very 
low

low

very 
low

very 
low

very 
low

very 
low

vs XT- 
low

very 
low



ZCKS
Shale: soft, very thin bedded, alickensides, 

black; makes pronounced re-entrant in 
waterfall cliff*

Muds tone: highly calcareous, hard, dense, 
black.

Siltatone: non  to slightly calcareous, soft, 
thin bedded, black.

Mudatone: highly calcareous,, medium hard, 
dense, ziassive, black.

Shalisr soft, thin bedded, s^ickenaided,

311 tat one: highly calcareous, hard, massive, 
? black.

r slightly calcareous, soft, black; con­ 
tains a few hard beds; grades laterally to 
hard massive ledge.

    .- "" <-'  : . &

£ calcareous, hard, massive, black, 

and soft, thin bedded to mass-

^ ^-fcs-'**=: ..> '' '   .' sf?-.-.-':'..-'^ '  

ttatone: feijjhly calcareous, hard, massite,

 ',, ; .;%'>.- 

., slicksnaidsd, black. -

! * calcareous to sli^itly calcareous, 
hard, black.

*
15 soft, non-calcareous, black; re- 
graphite; forms prominent re- 
at base of vertical falls.

! sli^itly calcareous, mediua hard, 
to thin bedded, black.

calcareous, hard, massive 
bedded, black.

: ''oft, fissile, black.

Thick- 7205 ? 0 
Sample ness (oer- 

No. (feet) cent)

very 
Ua34 1.2 0.19c low

very 
Ua35 0.6 O.tfOc low

very 
Ua36 1.0 1.09c low

very 
Ua37 1.0 0*l6c low

very 
Ua38 0.9 0.17c low

very 
1.9 0.0 low

very 
UaAO 2.2 O.O low

Ua41 2.2 0.0 very
*£ -  i " -. low

, ;" ; ;V''"x' ?l||-{;;v. / very 
Ua42 0.8 ^ 0.0 low

*"' .. ^ " ' very
2.3 '* 0.0 low

0.25 O.1 very
' * -.$: 10W

very 
Ua45 0.35 0.05 low

"" :  ; -T very 
0.6 0.1 low

Ua47 1.5 0.0 low

very 
2.2 0.0 low

UaA9 O.65 0.0 very
luw



Thick-
Sample ness (per 
No. (feet) cent)

P205

Jiltntone: sub-oolitic, relatively soft, thin 
bedded, black.

Siltstone: hard, massive, black.

Siltstone: sub-oolitic, relatively soft, thin 
bedded, black.

Silt3tone: calcareous, hard, massive, black.

Shale t soft to relatively soft, thin bedded, 
graphitic appearance; contains a few thin 
hard beds £n upper 1 foot.

Siltstone; calcareous, hard, thin bedded, 
dense, black*

Shale: soft, "graphitic," black; a little 
"roll11 in the structure.

Mucbtone: calcareous, hard, massive, dark 
brownish gray.

Shale: oolitic, graphitic appearance, soft, 
black*

Oolite t medium hard, lustrous, non-calcareous. 

Shale: soft, pronounced graphitic appearance.

r hard, massive, medium brownish

Siltstone t soft, thin bedded, dark gray to 
black. :

calcareous, hard, massive, medium 
gray.

Oolite: calcareous, medium hard, very coarse in 
upper 2 Inches.  

Oolite and dense mudstone: soft to medium hard, 
dark gray to medium brownish gray.

Oolite; calcareous, hard, massive, black.

very 
Ua51 0.7 0.1 low

Ua52 0.3 O.C5 very
low

0.1- very 
Ua53 2.4 0.2 low

Ua54 5.0 0.0 very
low

very 
Ua55 3.8 0.2 low

very
Ua56 0.9 0.1 low

very 
Ua57 3.0 0.05 low

very 
Ua58 0.8 0.0 low

Ua59 2.9 0.0 low

Ua6O 1.5± 0.0 low

Ua6l 2.8 0.05 very

Ua62 low

oite: very hard, massive, ~ray, non- 
i 3.

Ua63 0.35 0^0 low?

very 
Ua64 2.1 0.0 low

Ua65 1,0 0.0 low?

Ua66 2.1 0.0 low

Ua67 2.0 0.0 low

tfa66 O.-3 0.0 low



Mudstone; very hard, dense, medium gray, non  
calcareous; oolitic, softer and darker in 
lower part.

Mudstone: very hard, dense, medium gray, non- 
calcareous*

Pisolite: hard, medium gray*

Siltstone: highly calcareous, hard massive, 
medium gray; cross bedded?

Siltstone: relatively soft, thin bedded, dark

Thick- V205 P205 
Sample ness (per- 
No. (feet) cent)

med- 
Ua69 1.9 0.0 ium

v'- '' : '.'  *

Siltstone: highly calcareous, hard, massive, 
iftedium brownish

Kudstone: slightly calcareous, hard but much 
Jointed, light to medium gray*

Silts toner highly calcareous, very hard, massive 
to thin-bedded, medium to dark gray.

Siltstone: much like that above but light 
brownish gray weathered; very hard.

S iltst one j medium hard, non-calcareous, massive, 
; much jointed; softer in lower

soft, non-calcareous, massive, 
medium brownish gray.

formation
otia siltstone or silty limestone: medium

-s $ , *

bright tan.
;f./;r:?8f§«:gjVi^S.' i

, srs^^^««-J medium soft, cherty?, light ash £i

te: hard, massive to thick bedded, 
qhBrty?, light buffy gray; dips 

s, 65-70° W.

Ua71 1.2 0.0 high

2.6 n.d« n«d.

0.5 n.d. n.d.

5.0 n.d. n.d.

',. 4«5« n.d. n.d.

U.O n.d. n.d.

10.0 n.d* n.d.

4.2 n.d. n.d. 

2.8

2.0 

2.0

., » ^ 

35.0

A 7



Coal Canyon, Wyoming

CflODlete section of phosohatic shale member of Phosphoria formation 
exposed in U. S. Geological Survey trench on south side of Coal Canyon in 
Sublette Ridge, sec. 6, T. 26 N., ft. 119 W., Lincoln County, Wyoming. 
Portion above upper phosphate bed measured by Gale and Richards;!/ 
remainder described by tf. W. Kubey and 7. 3. KcKelvey. P20c chemical 
analyses after lala and Richards.

Thick- 7205 P?05 
Sample ness (per  (per- 
No» (feet) cent) cent) 

Hex member
Limestone: cherty, hard, massive, fosail-

iferous, gray; forms wall* n.d* n.d*

Phosphatic ahale 
Limestone: ahaly and shattered. 1.8 n.d* n.d.

Limestone: blocky. 3.1" n.d* n.d.

Limestone: shaly, oolitic, crushed*, 1*9^ n.d* n.d*

Limestone* shattered, fossiliferous, black* 9*7 n.d., n.d.
_ ̂ ,/.'" ' '  %;'"   ;,."  '  ',." +

Hiosphate rock: shaly, oolitic, Impure* 0.4 n.d* n.d»

Limestone: granular, black; and shale, sandy
appearance in part. 7.7 n.d* n.d.

Siltstoner hard, massive, gray* 184 1.8 0.0 very
  i-:;--. . . low

PRQSPHATTBED 
Oolites massive> hard, black, weathers gray. 185 2.2 0.05 higji

Shale: fissile, soft, black, alternating t
f;|ifitli^beds (1-4 inches) of blocky silt- | J .
v^Jstones; -shale more abundant in unper 186- i ^

j all finely oolitic*. V 187 4.^ ^0.25 higfc

^oeiicner dense, hard, dark gray, buff-gray V""| ; y very
weathered.

SSltj dense, soft, brown. - ;

°olites 'blocky, soft, black.

I*ilae3tone? concretionary, hard, dark gray.

Oolite: blocky, soft, black.

188

189

190

191

192

>?

.*. 9-1.
0.8

0.4

2.6

0.1

:^:'o.o : ;
0.0

0.0

0.0

low

,;::,,hi^
"""high

higfc

high

I/ Gale, H. 3., and iiichards, rt. W., oo. cit. Frill. 430, p. 502.



Thick- V205 
Sample ness (per- 
Mo. (feet) cent)

P20

Siltstone: blocky, clayey, dense to medium 
^rained, dark brown*

Oolite: soft, fossillferous , black.

Mudstone: calcareous, medium hard, dark brown.

Siltstone: blocky, calcareous, hard, buff-gray.

Oolite: soft, black.

Siltstone: medium hard, dark brown*

Oolite: clayey, soft, black.

Limestone: granular, soft, light gray.

Siltstone: calcareous, oolitic, dark gray.

Lloestone: concretionary, dark gray.

Siltstone: soft, dark gray*

Oolite: soft, black*

»stone: hard, dense, concretionary, black* 

Siltatone: soft, fissile to blocky, dark gray

hard, very foasiliferous, dark 
weathered.

ZCHS
;, blocky to fissile, dark
gray* Conspicuous dark red

SsSpdP^lwllow- stains* 
^a^yi&Mag^,  *< *$& ,:..:."  ,. ,

*%* =r s-3^-^;   -
|i aoftf fissile, dark brown.

hard, fossiliferous, dark gray,

soft, fissile to chippy, black. 

: medium hard, massive, black.

: soft, fissile, black.

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

1*4

1*0

0.1

1*7

0*6

0.7

0.4

0.1

1*1

0.4

0.4

0.5

0.2

3.7

1.2

2f 

1.1

1.0

1.4

1*8

0.8

0.0

0.0

0.1

0.0

0.0

0*0

0*0

0.0

0.0

0.0

0.0

0*05

0.0

0.05

0.06c

0.98C

O.loc

0.03c

0.05c

0.0

0*0

low

med­ 
ium

16.3*

16.3*

16.3*

16.3*

16.3*

16*3*

16*3*

16.3*

16.3*

16*3*

16*3*

16.3*

very 
low

very 
low

very 
low

very 
low

11.3*

very 
low

very 
low



Limestone: hard, massive, buff -gray.

Shale: soft, fissile, black. 

Limestone: fine grained, dark gray* 

Shale: soft, fissile, black. 

Limestone: hard, concretionary, gray.

Shaler soft, fissile, black.

Limestone: hard, massive, dark spray fresh, 
,gala| buffer gray weathered, upper 0.8 foot 
less-' resistant*

Siltstone: calcareous, medium hard, massive 
at top, platy at base, dark *ray, huff 
gray weathered*

soft, fissile, dark gray.

Siltstone: calcareous, massive, dark gray, buff- 
gray weathered.

Shale: fissile, clayey, soft, black.

Siltstone: medium hard, dark gray, buff- 
weathered.'

, soft, fissile, black.

ie: calcareous, medium hard, massive, 
, buff-gray weathered*

, platy to fissile, dark gray. 

: medium hard, massive, dark gray,

oolitic, soft, fissile to blocky, 
into mudstone below.

 " ,-   ;:   -2. ifc,-. -   w , »- "*"   -%'*'"-' 

l!5l*«ton«s calcareous, medium Jiard, massive* 
black, buff-gray weathered.

Oolite: soft, massive, black.

shale: oolitic, dense, soft, fissile, black; 
forms east wall of old tunnel.

Thick- V20 P205 
Sanrole ness (pep- 

No, (feet) cent)

1.8 0.0

0.4- 0.0 
0.6

very

0.0 16.8* 

0.0 16.8*

0.7 

0.1 

2.5 0.05 16.

214

215

216

217

218

219

very 
220 2.5 0.0 low*

4.1 0.25 6.8*

221 2.2 0.05 16.;

222 3.0 0.2 16.J

223 1.0 0.1 16.^

224 2.4 0.05 16. J
	-£

225 1.2 0.0

226 1.3 0.0

227 1.J O.CT

228 2.7 0.05

229 0*6 0*0 |:26*

230 1.3 0.1 26*

231 1.3 0.0 19.6*

232 1.3 0.0 19.6*

233 1.2 0.0 19.6£

1)0



Samnla ness (oer  
Mo. (feet) cent)

Colite? soft, inas-sive, clack, jose L'onns west
wall of old tunnel. 234 2.4 0.2 19.63

t - 
3iltstone: medium hard, massive, ,:ut much very

jointed, dark jra/. 235 3.5 0.0 low

311tstone: sol*", chieny, ^rk :riy. ^36 2.3 0.0 very
low

iiltstone: moderately calcareous, concretionary, very 
dark ^ray. 237 1.3 0.0 low

r ^.-'%' : r - *

Siltatoner sioderately calcareous, hard, dense, med 
238 O.C 0.0 ium.

Shalal soft, fissile, dark brown. 239 0.2 O.a med­
	ium

3iltstone: medium hard, chippy, dark gray* 240 3.9 0.05 med-
I iua

3iltaton«: medium hard, thin bedded, black. 241 0.3 0.05 med-
 ;  ium

Oolite: me-Jiun hard, thin bedded, black. 242 0.8 0.07c med-

in ,

Chalet clayey, oolitic, soft, fissile, black.   243 0.9 0.42c med-
,. ;; - ; bust

3iltatone: slightly calcareous, medium hard,
, dark brown. 244 1.7 0.15e ium

* ' ' . i' .-   -'  '  .-'*.'

, fissile to chinoy, black, 245 S2«9 0.25c
  ^\g«: ,

  ' - ^'^- -  :  '"
' '  '    ;-   -" . '-  ' :  

, medium hard, blocky, grayish ' ^ X, - very
246 1.6 O.Ooc low

-. >ir   " '   :, ','""   , .'' '

* calcareous, raedi^m hard, chippy to fissile, ;;:; ^ J t .,j»d-
" 247 3.2.;:;i t? r0.22c ium

-j».--    ' "

s clayey, calcareous, soft, fissile. 24B ,0»3 O.lOc very
 

r nKxlsrately calcareous, rredium hard, 
r.se, thin bedded, .-rayish brcwn. 249 3.0 0.15c

r.i" 250 2.0 O.llc
^  



3iltstone: calcareous, oolitic, neiium hard, 
massive to '^oclrs, -lark "rrajy-i.r?n : rowTi.

3hale: soft, dark brown.

3iltstone: calcareous, hackly, fractured, 
gray-brown.

Shaler soft, fissile, dark brown.

Ujaestone: ailty, medium hard, hackly to 
Mocky, 2rayis^ brown.

Silts tone: slightly calcareous, .-.sdiura hard, 
tfcdn bedded . dens e .

' **; ?!$ Vi.iM

Shale r oolitic in uoper cart, medium hard, fissile, 
black.

t soft, dens^, dark brown; deep oranee 
stains at base.

: calcareous, hard, massive, 
grayish brown.

? soft, nicaceous, fissile, dark brown*
- * * *

r coarse, hard, dark ^ray; grades into 
below.

l^l^pBsstone: hard, massive, dark ?ray, weathers

 9 hard, thir bedded, buff gray, 

r silty, hard, massive, buff gray. 

t poorly consolidated, 

^'^stone: massive, dark ^i

: calc^reoui, unconnolid-i"-'? -I , fin.1 ;/ 
t-jij j n  -.->ri'-, nurnlia'^ .-ri." .r/i /^llo

Simple

251

252

253

254

255

256

f 257

258

259

260

261

261

262

263

264

265

266

'^hick- 
ness 
(feet)

1.2

1.3

0.7

0.5

2.3

3.2

1.0

2.2

2.7

1.8

J ; :.;,,:; .v - .;.;_ .;,
  '   ' - :    ; ."..-.f,  -. *
'  °r' ; iS-^:K

5.8

1.3

0.9

0.3

0.5

2.7

(per­ 
cent)

0.0

0.0

0.0

0.0

0.0

0.1

0.2

o-V

0.2

0.05

0.0

0.0

0.0

0.0 J

0.0

0.0

0.0

P2°5

very 
lew

high

med­
ium

very 
low

very 
low

med­
ium

med­
ium

very* 
low

very 
low

very 
low

very
low

;,   .. -    -.-. " >  '-
  . '-." .-V. '-

^ > ;  
very 
low

very 
low

very 
'low

very 
low

very 
low

very
low



Cokeville, Wyoming

Nearly complete section of the phosphatic shale member of the Phosphoria 
formation exposed in U. 5. Ceological Survey trench on the hillside above 
ripe 2^ miles northeast of Cokeville, sec. 4, T. 24 N., R. 119 W., Lincoln 
:ounty, Wyoming (pis. 3, 7); measured by V. 3. McKelvey, ?20ij chemical 
malyses after Gale and Richards.I/

Thick- 7205 
Sample ness (per  

No. (feet) cent)

n.d. n.d.

member.

Limestone: cherty, hard, massive, gray: forms 
ledge

Phosphatic shale member 

Limestone: hard, thin bedded to massive, gray.

Shale: soft, thin bedded, brown.
 ; " ; : ^^'^: --' "^
t ^v^'^v. '..- 
t* -  '- .i   .^^ '  '.'  *

Limestone: hard, massive, dark gray. 

Liasstone: hard, thin bedded to massive, gray.

er hard, massive, dark ?ray.

. -?'" -' 

Shale: calcareous, hard, fissile, dark gray
'''-  -   - ' ; --'-"i':-' . -

t fissile, brown.

-' ""-

hard, dense, blocky, black.
.;  -  ,j&

'

, flasile, dark brown.

°°lites fossiUferous, dark brown.

: hard, thin bedded, dark brewn.

426

425

**
423

422

421

420

419

418

w>

3.4

3.6

4.2

1.7

5.5

1.8

1.4
:':£*?'.'..&;;%2"

0.0

0.0

,0.0

0.0

0.0

o.o

0.0

0,0
' , :-?"% V;^

very 
low

very
JLOW

  - ->"'': ' '-   

very 
low

very 
- low

v»ry 
low

very 
low

 ^ Tmry

very

 *  :. - ^'-'"f

,."  very

417 0.6 0.0 low

416 0.2 0.0 very
low

al", H. 3., and .Uch^rdi, ft. W. , on. -it.^Sull. 430, r



Gamole ness (per  
No. (feet) cent)

Shale: soft, thin bedded, brown. 415 0.6 0.0 very v
low

Limestone: hard, f oss ill f erous, brown. 414 0.5 0.0 very
low

Shale: calcareous, medium hard, thin bedded,
dark brown. 413 1.4 0.0 very

low

Shale: like shale above. 412 3.0 0.0 very
> - - low

Shale: soft, thin bedded; a few thin hard layers. 411 2.5 0.0 very

yiltatoc
.,,...

'. " -^y^r

Oolites nanl^ fbssilif erous, massive, dark gray. 410 1.2 0.0 high

Shale: calcareous, soft, fissile, brown. 409 1.3 0.0 very
low

Shale!- calcareous, soft, fissile, brown. 408 0.9 0.0 very
.  - >> *.-  -   - - low

. ' ..E*5 '" ,  "

Shale; calcareous, medium hard, dark brown. 407 1.0 0,0 very
.-*¥- 10W

: calcareous, shaly, black. 406 1.2 0.0 very

t^J soft, brown. "405 0.7 10.0 very '.
^^^^^^^Pr^^^r^i^i^':-^^;" .   " \:!'X.-< ::-v-^Ji^-;'.;r.^J'?^-:;- low ^-
^fi^r^C^^'-^fclte^^Sl^*-  'i*'.'" """'? ;,^:-"' '' r ' ' ^' ^X:̂ ^i:-^^;Vi*^:^f !̂'^-- ' t-: "

n brownr contains calcareous '.. ;;   .r^^'^^K^-t ;.." very
mlBtf l": . ' : 404 ; ' ' - ?-!' low

............. . _. J, massive, brownj contains . >  -:#rs^i-" . : very
* %wr coarse oolites. 4^2 i.Q^XJ.O ; 3tow

,,.,.__...., thin bedded, dark gray. 400 1.8 C 0.0 very
; ' ,;.^t:; -.- low

to aedium hard, thin bedded, very
brown. 399 1.6 0«0 low

: hard, oolitic, fossilIferous, dark ~~3"
398 1.3 0.0 22.2£

,ir:> c , ir, !3j :iark ,rv ^ 397 0.7 .;..-: ?.?.?/,



Liasestone: hard, oolitic, massive, fossil- 
iferous, dark brown.

UPFJB PHGSPHAT2 B£D
Phosphate rock: coarsely oolitic, hard, 
blocky, dark cpray.

Phosphate rockr oolitic, soft to medium hard, 
thin bedded, dark brown.

ShaLsr oolitic, soft, fissile, black.
' "''  SfV-j-.-.

Shaier soft, thin bedded, brown.

Limestone: massive, earthy weathering, light

oolitic, soft to medium hard, dark gray. 

t thin bedded, dark brown.
;; ":'*&. ?Ss^S^C  .'"*:' J .

Oqpiis thin bedded, dark brown.
 :«yg;;f ,_;.

^^o^f-tej coarse, massive, fossiliferous, gray. 

»s thin bedded,

massive, 

Isoarse, massive, gray; fluoritic.

| hard, light brown.

i sUty, earthy weathering, yellowish 

, massive, dark gray.

, gray-brown*   :
.'-WT; .:. "*& :-^"gjf.*;-"

S^S" '**  ' $?{£: ̂ '  1*';'~^   ^ -.:.- - f    v-;."- :'-,..

^tatone: hard, massive, brown. 

>: soft, coarse, shaly, black.

hick- 
Sample ness (per  

(feet) cent)

0.0

3.1

396 1.5

427 3.1 37.0*

428

429

430

431

432

433

434

435
436

437

438

439

,J,. ;'.-. fe: .,

4/*0

441

442

443

U4

2.1

0.9

0.8

'^ ::. '  - "

2.3

1.2

1.0

1.2

0.7

1.4

0.6

lol

0.2

0.9

1.4

0.2

0.5

0.1

0.25

0.1

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0 '

, ,0.0

0.0

0.0

0.0

33.2*

29.5*

very 
low

very 
low

33.4*

19.5*

high

high

med­ 
ium

high

med­ 
ium .

very
\ low

very 
low

^very 
low

very 
low

low

very 
low



Limestone: hard, buff-gray.

Oolites soft, coarse, shaly, black.

Limestone r hard, dense, dark

Oolite: shaly, dark brown.

Limestone t hard, massive, gray.

^ fissile, black* 

;r' hard, nodular, gray.

oolitic, soft, dark brown. 

calcareous, hard, -*ray.

r; oolitic, soft, fissile, brown.

Limestone: hard, gray*
f ^^^spr*jr *^%S*alK# -* ^s^pa-*^-'-m  

t^ oolitic in part, fissile, dark gray,

f hard, massive, brown, 

hard,, massive, fossiliferous,

f hard, gray.

jof t » fissiep dark brown*

Shale: like shale above.

: like ghale above.

Thick- 7^05 ?2°5 
Jamole ness (per- 

No. (feet) cent)

0.1 0.0 very
low

446 0.5 0.0 very
low

0.3 0.0 very 
low

446 1.0 0.0 very
low

449 1*1 0.0 very
low

450 0*6 -0*0 low

451 0.6 6*0 low

452 0.5 "0*0 low *
453 0.1 0.0 very

lew

454 0.4 0.0 very
low

455 0.2 O*0 very
low

456 2.2 O.O very

 ^^ ^"''-^''^ftf^f. '?&"" V~£ _£^:( '?   '".'"'

U57 ' v.^i»if"jy 6*6.'; :' very

 ''"- ' ' '  :-'te/£*^- very 
453 1.S 6.0 low

459 0,6 0*04c med-
' ' : ' ^ '

460a 0.5

460b 0.4

460c 1.1

460<i 0.9

0.41c very 
low

1.21c very 
low

0.51c very 
low

0.19c very- 
low

lit.



Shalej like shale,abore. 

Limestone) t hard, mas3ire, fosailiferouSj

Siltatona: soft, thin bedded to maasivs, brown. 

Shale: soft, fissile, black. 

Siltatona r medium hard, massive, brown. 

Siltatonet soft, massive, yellowish brown*

Shale: medium hard, dark brown. 

Shale: soft, dark brown.

Siltatona: calcareous, hard, blocky, brown.

Shale: oolitic, fissile, black. 

Limestone: oolitic in part, hard, massive,

caleareoos, oolitic, soft, fissile,

i'*' ' ; " ' :

,, thin bedded, dark gray.
 ^' ^^ij^^-f   / -.  - , .. - 
I-i**stons: hard, mas sire, dark gray.

:  ' :4,.,. 
' y -

i, thin bedded, dark gray.
'. n! .  >' ''  ' : - ' ';-. ' -5 - . .' '.->* - - - 1

f*. .','''.' ;,':_:.. .  ' " . ;. -";.; ---.r- - .;'       £ '' : .'."-.-    - ^ ' ^'.'L"-_%-'X''f;'"''   ;'i ;  '; ''""' "

»: medium hard, massifs,
,: ; ,

, oolitic in part, aoft, dark brown; 
contains a few hard calcareous layers.

: like shale abore.

Thici^ ?20r ^2^5 
Sample ness (par- 
No, (feat) cant)

460* 0.5 O.llc
low

very
461 0.7 0.0 low

462 1.0 0.0 very
low

463 0.7 trace very
low

464 2.6 trace vsry
low

465 2.7 trace vary. -": ... "'^ """r-^,.    l«»

466 1.2 0.0 low

467 2*9 0.0 vary
low

468 2.2 0.0 v»ry
low

469 0.5 0.0 low

470 1.1 0.0 low

- " ;-'":^n|^Pl<t^' "'  _. ̂ &   W*T
471   ^Oj^.;

472 1^1§5"

473 0.7 traca ^iow

474 0.6 0.0 vary

475 0.0* 0.35

476 0.7 0.1 vary

\ 477 3»2 0.05 low 

478 3.4 0.05
low



Shale: locally oolitic, soft, fissile, dark 
brown to black*

Shal*: like ahal* above*

Yi1«e«tonet hard, each fractured, light gray.

T.iaefttonet hard, thin bedded, blue-gray.

Idaeetoner locally oolitic, cherty, hard, 
,; dark gray.. ,.-,.,. ^ . ; ,

Siltatone r oolitic, shaly, brown.
'^jSM^^^^ S:®;' : ''   

tl»»tone: eilty, nedimm hard, massive, brown.

ne: hard, muslve, light gray. Po»- 
a large talus block, not in place.

Thick- 
Sample nasa 
Mo* (feet) cent)

?2o5 P2o5
(per-.

very
479 1.8 0.05 low

480 3.4 0*0 very
low

481 3.4 0.1 very
lev

482 1.2 0.0 very
low

483 2.8 0.0

'.-sr :;."
- V"..

IDA

484 5.6 0.0 very
low

very
485 2.6 0.0 low

486 1.6 0.1 very
low

48? 7.5 0.0 very
low

very
0.0 low

n«d. n«d.



Pine Creek, Wyoming

Complete section of phoephatic a hale Member of Phoephorla formation exposed 
la U. 3. Geological Surrey trench about 100 feet north of east and of the 
Cokerille Power Plant ditch on Pine Creek, see. 35, T. 25 I., B* lid V., 
about 7 miles east of Cokevllle, Lincoln County, Wyoming (pi. 7): measured 
by J. & » Lore.

Thick- ?2°5 
Sample neee (per- 
B6* (feet) cent)

Rax member

Limestone: slightly oherty, coarse-grained, 
massive, slightly foesiliferous, bluish-gray. 3.0 n*d« n.d*

Phosphatic shale member?

Limestone: hard, very fine-grained, poorly f ?:
.bedded, shaly, with a few very shaly tan "-    - "
slabby layers, tan on weathered surfaces, gray ' ^ '
on fresh surfaces; contains some unoriented . '
masaes and nodules of dark-gray chert* 38.Q n«d» n.d.

Phosphatic shale member ^
' '

eous, impure, hard, r»ry
1*2 iud» n*d«

..

Umtstone: hard, fine-grained, massive, bluish-
to tan; contains unoriented masses of ' .

granular chert* ,- ., /,.;vL"?ffi .    - ^«5 »»«U. iud»

interval, containing In lower part at "; "*f*  "T"-^"j;vf . 
1! 'foot of hard massive phosphate

3 feet or more of earthy yellowish 
Upper phosphate bed is somewhere

interval* ,_ :

te rock: hard, fine-grained, blocky, 
,' black*

1*6 n.d. n«d,
..- . ,-v.>,i;      -?;^*;:.-.-r;t .,yv'  "*.

2*5 " ;* liui;"- "

very earthy, dull, massive, light-gray; 
contains numerous phosphate grains* . , . 3*0 n.d.

: phosi*atic, soft, moderately coarse, s*r 
V»lack* JJ-52 0*4 0.0 high

: hard, massive, blocky, gray to 
; ferruginous stain. JJ-51 2.2 0.0 low



Thick- 
Savnle ness 
Mo* (feet) cent)

Oolite: soft, fine-grained, black* JJ-5O 0*4 0*0 lov 

Mndstone: blocky, gray* JJ-49 0.6 0.0
lev

3hale: oolitic, black and maty. JJ-4S 0*4 0*0 lov 

Mods tone: blocky, gray* JJ-47 1.1 0*0

Phosphate* rocks oolitic, soft, bedded, black; 
grade* downward into black shale,

lov

ferruginous* JJ-46 1*3 0*0

Mddatone: hard, blocky, gray* .,.,. =, ^4-.^'JJ-4^T- 3«4 <0.06c ^§ry
^ m?   ..r---- >'Wm^p, ^.^^fcr- - *"'-  ' y :,r-v,     --:;, -r- . r   ;t&;:.'--&^^

YASAKOTBCOS ZGHS 1
Shale: fiaaile, black, stained yellow to , * ^ ^sry ^

orange. JJ 44 2*2 ' I*l6c ' lov

't Shales fiaaila, black, and black ahaly £
soft blocky  odatone, both vith orange-* "> I*? ; ^»ry
yellow stain* JJ-43 2*1 0.26c lov

Modstone: aassiTe, blocky, gray* JJ-42 1*2 0.0
*'. :;^^; .'.' .^>-.-^ .-/...    ..,:; ,.. ;;,-- % ,, ..,,' ' ', '._ '^ . ..,   ^ "   10V

Shale t fissile near base, blocky near top, '
' black* ' "f-^""aj ',:;.:*:>./ :;i :-x ^ " : ""' : t^'-^'^^^'H^v ^^.. :;K: ; .,^9S~'::, lo*'
 ^  "'!% ; .;" " l ;V^1 ^--;:^^.^ :^ ;,^. i -^^''^^'^^^^^..^^^r'^S^^^i^,^ 1"4
*>datone: maaslTe, blocky, gray. "* fx. - r "". : ' r-'^\f^^^3^^^9O'  ^f'.'Tgpy''

fiaaile, silty, black*

lv§, blocky, gray*

, black. ^:M^ 0.9 0.0 asoV

JJ-36 1*6 0.0 lev
blocky, hard, except near base 

it is shaly, dark-gray. |

fiaaile, ailty, black. JJ-35 2.2 0.12 rsry
lev

Shale: fissile, black. JJ-34 1*4 0.23c lov

: fissile, Oaky, black. JJ-33 1.4 0.46c Bed­ 
im



Thick- 720i 
Ssonl* ness (pel 

Ho. (feet) cent)

Modstone: hard, massive, blocky, blaek; shaly
in Middle. JJ-ZL 1.5 traee, low

Shales fissile, blaek; contains silty layers. JJ-22 3.3 0.0 vsry
low

Mndstone: hard, blocky, darto-gray. JJ-23 1.0 0.0 *ery
low

Shale: oolitic, fetid, blaek. JJ-24 0.7 0.0

Mudstone: slabby, gray. JJ-25

Shales fissile to plastic, oolitic, slightly ,.
ferruginous, blaek. JJ-26

Mttdatone: oolitic, foeeiliferous, blaek to
brown; blaek chert at base. JJ-27--  '.." .    ».

Ifadatonet phosphatic, soft, brown. JJ-28

^ ? %o«l*i«t* r^lrj «>«*« -, fetid, hlaek. JJ-29
L J|^$M  
^'" '   .-. '"N^fti -^i., '"

 3 ttxistone: phosphatic, Tery hard, blocky,
tigishaly, fetid, brown. -W-30

;^4S:r^*^i*;.-j- v> '   '"' ,.-  ~ v
^ Isiislonet silieeous, wry hard, blocky to 
! IS-| fissile, brown to blaek; only partly exposed. r
-^^If**^ ,     -. -,  ' ' ' -v^.'--'^^''""-" ^ ^Fi'--'.-' -..-,-.,>-   >-.-. .v .. -^ - -
l|Cw»red interval. A few inches of brown 

phosphatic shale exposed at base. .
'^^f^'l ̂ ^-ffj^JiSffi} ;?:"   ^-. -" '- .- "^ '"'''    *' -  r-'-^' '--  >;  *  ""    '''  : - "'"*'

^tioiplftte^roekt hard, fine, slabby, shaly,
l^lieoipser near base, black.   ^"£ :^ s- . _ ;; W-53
 ^:,i;^'* * " <' i:-t4-'ii.y' .-"*:

f %lstones soft, brown*
 ' if 'A,   ?^*-i ''Jvv'"^'j'>'.?'4i". "' ' ' ' ; ''''   ''" 

^Qbirti-"bilaelc. in irregnlar beds, 2 to 4 "  ' 
tliiek; interbedded with shaly, darlfr. 

US Iray, hard liiuatone in about equal 
i|:f ; ttmnts. 3haly layers eause slope to be terraced.

Corsred interral
  *

^dstones very hard, massive, dark-bluish-black.

Covered interral^

0.7

0.?

1*6

0.6

1*2 

2*5

5.t
^1^1?:
^ ^fC^^^.'

4*a,  "-'  ' ' .^'fa
' *$> 

2*a
0*5

4*3

6.4

1*0

7.0

0.0

trace-

O.O

0.0

0.0 

0*0

n.d.
'.. -«e , .;

n.d.
'' ^ iv .-. . ^^   : ^

ll's .  '^'-"^ '^K?. 
. :\&: -\vg,;.^K; : ^;--^n*d* ;-;:

|:f n.d*

n.d.

n.d*

n.d*

n.d.

low

Tery
low

y»ry 
low

low

med­ 
ium

med­ 
ium

n.d. 

n.d*
" '' ;;/   &' :

n*d.

n.d.

  '>   ' 

n.d.

n«d.

n.d*

n.d*



Thick- ?2<>r
Saapla naaa (paf- 

No. (faat) cant)

Chert: brittle, amaaif», white to blulah-black, 
irregularly baddad in lajara up to 3 faat 
thiek; interbedded with gray to y»llowiah, 
wry hard fina-grmiaed liMatona. 20.0

Ifolla formation? 

DolcarLte (?)j Hay, hard, aaaai , flna,
7.0

Valla f onamtioB 

<teartcitas finegrained, bi^cciated, yallowiaiu 5.0^ iud.



OsBpsey Ridge, Wyoming

Complete section of phosphatle shale Bomber of Phosphorla formation (pi* 3)» 
Lower part exposed in U. S. Geological Surrey trench KK OB fault block OB 
north side of draw, about one-half mile eaat of Bock Creek, 2 miles north of 
Inggst Station, in sec. 28, T. 22 H., E. 118 W., Lincoln County, Wyoming* 
Upptr part exposed on crest of anticline about one-quarter of a mile north- 
tast* Measured by J, D. Lore,

Thick­ 
ness

Oft crest of anticlij

Dolomite: fuggy* porous, gray, phoephatic with 
oolite) grains in lower part, fossilifsrous 
and cherty near top*

slfe, medium-grained, fstidjPhosphate: hard, 
black*

Uatstons or dolomite: phosphatle, with numerous 
oolite grains, vuggy, poorly bedded, gray.

Phosphate: hard, bedded, massifs, medium to 
coarse, black, slightly fosslllfsrous, with SOBS 
geodas, *; ,,

Dolomite: Bediumto thick-bedded, weathering coarse­ 
grained, fuggy, with numerous gsodee, more denss 

c\la lower part, gray, darker In lower part* 3^3
" 'W*.-?.'^»g :^4' ""  ::1f^|;".3

soft.

chert.

non-calcareous 

hard, medium-bedded, gray, with fuggy

, fuggy, gray to white.

3Utatons: thin to medium-bedded, gray, non- 
calcareous; with fuggy chert. Irvegular shala

fery soft, black to brown, ; 

3Utstone: hard, cherty, medium-bedded, fine, gray. 

;c: thin-bedded, dark-gray, non-calcareous.

^Utstone, hard, firwi, massiTd, fossilifcrous,
black to fiirV-T ',7, Fossils replaced by whit«
r ,-, 1 ^ 4 *  ,, - , , I . «,,,,,, r- ;^ ' <»   , ^ .'y ~\ - *, _. ^ ""

(feet)



Convrad intarral. /Ob fault bloc!     -  "~"-~"      ̂~"   "         

»atom: hard^ ailty, flue -grained, coarsely 
bedded, aK3naa*gray. Dip ia 32° NE, atrlka

Shalat ailiceooa, phoaphatic, black. 

Ilaaatonar aillceoua, hardf ahaly, bluiah-gray*

Shalat fiaaila, black*

Uavatona: alliceoua, hard, fine-grained, 
eoaraely bedded, dark blniah-black.

Chartrbrlttla, bedded, black; Intarbaddad with 
black flaalla ahala in about equal

Lia»atooe: hard, fine-grained, naaal^a, 
atmetorelaaa, poaaibly brecclated,

itarial inttbdah-gray; mem* phoaphatic
lowar half .

PHCBPHA.TK BSD
Fhoaphat* rock} moderately aoft, fine-grained, 

poorly bedded, foaailiferoua, black.
, x .- ...

t cherty, ailicaooa, hard,

brittle, thin-bedded, black; intarbaddad 
black fiaaile shale.

rock: aillcaoua, hard, highly 
erooa. black.
' ''   ' ''' , '

hard, coarsa  to fine-grained, 
m, dore-gray to black; intarbaddad with 
^ wall bedded, black; numerous dark 
partings. Limestone beds moderately 

*°<ailiferous and slightly phoaphatio near''*

: oolitic and ahaly near top, dark-gray; 
Cooapictioaa orange-yellow atain.

vary maasiTe, gray 

soft, black.

Thick- .
Sample neaa (per 

Eo» (feat) cent)

1?

1.5

KK-1 0.2 

0.3

Ki-2

DC-4

DC-7 2.2 

2.1 

0.5

n.d* n.d.

n.d. n«d« 

0.0 high 

n.d« n.d* 

0.0
inm

4.2 n.d. n.d. 

KK-3 0.? 0.0 high

iud»

traca itm

n.d. n.d«

DC-5 2.S 0.0 low 

n.d.

KK-6 0.6 0.0 high

n.d. n.d.

0.0 

n.d.

0.0

vary 
low

n.d.

high



Thick-

: blocky, «r»y, slightly frruginoa.; 
brown shal» piartiag*.

*

soft, black. 

blocky,

Shal*t slightly oolitic, .icacaoas, black,

-od.rat.ly -oft,

oolitic, ~ry .oft,

- about aquml , awu ^

gray, farruglnotia.
3&-V?
V_ ;«. r:-J

^^fi: black;
. _.-^.- ^&-, ;

ftfMKir

.la, bUckf rtial. ha.

ma«aiv§, blacky 

, black. 
, «Hty naar base, black,

DC-9 3.0

DC-10 0.7

DC-11 1*2

0.0 

0.0 

0.0

P2°5

Tory 
low

higfc

low

DC-12 0.7 0.0 low 

DM3 1*7 0.0 low

2.5 0.0  *<*  
torn

DC-15 1*^ °«°

2.5

DC-17 1*2 0.90c

low

lew

low

DC-19

wry 
2.1 0.39c low

0.0 wry 
low

wry 
DC-20 1.1 0.0 low

3*5 B***

DC-21 2.4 0.0
wry

DC-22 1^7 0.0

n^ 1.0 o.o wry
low

2.3 B-d»

DC-24 2.7 0.0

0-25 ! « trmc* ^2



Thick- jjr 
Sample ness (per- 
Ho* (feet) cent)

Modstones blocky, black* 1*2 n.d* n.d*

Shale* soft, oolitic, fissile, black* KK-26 1.3 0*24 vsry
lev

Modstcos: B&ssire, dark-gray* 3*6 n.d* n*d* 

Shaler fissile, black* KK-27 2*1 0*0 low

Shale: silty, black; contains andstone con- very 
cretions* KK-28 2*3 traca

; ;"^.js*j--%..

Fault, probably of «aU dUplaceiwnt.
*Sli^l 3»., -   ^^

ilS black* H KK-29 1«8 0*0
~;, ,.-..fe^-v- ' :>'^C - . lolf 

Madstons: blocky, black* 1*2 n.d* n.d*
..:. :  '%0fc'%   *& o/., .  .., .:-- -'^'i- ':    <   " .  ': '-  . ..v, ';
Shalet slightly oolitic near base, fissile,

0.0 low 

3haXs and Mndstone: black. KK-31 1.4 0.0
':̂ ^^''- r. ' 10W >. TV/- :^4 1^',"':-"> -V

^^:%'
Shalat ali^xtly oolitic, graphitic appaaranco^

Dt-32 2*7 0*0 low
'    / -   '  

Xaasstooei hard, wry fine-grained, utssiTe
(fona a conspicnoos ledge), black. Coarse

rphat* pellets and aoaw fossils near top* 2*6 n.d. n.d*

rock; oolitic, coarse  to flne- 
; soft, fetid, black. K-33 3*6 0.0 low

piwephatic, blAck. KK-34 2.6 0*O

t..

blocky, dark-gray to black* ' 16.4 n.d* n.d*
_> TJmcJr - : »* .... _._ ..._.,..

t fissils, black; slig^itly ferruginous ia e^ ; K-!^ , ^ v 5
; Tery siltj and blocky near top* DC-35 2.9 0.0 low

v dark-gray to black* %10*0 n.d. n*d*
  ta^--.- ; --^B^^^;!%*   '^s-f'^v' 1 I"./- "V .  ;..;. -v;^C..';, .vfe^.,,- - '
*«atonat shaly, or sllty shale, blocky, black*  ' ^'f'vtai*X";r -»;m*d*

't bloeky, black to dark-gray; black si- 
Uceoua shaly llaeatona iaterbeddad near

7*6 B.d* n.d*



Thicks ?2°5 P2°5 
SaBpl* ne»» (per- 

Mo* (feet) cent)

Approjdjaate interval batwra bottoa of trench 
and apparent top of Walls, fine? hard, gray, 
llMatone* Interval conaiata alaost entirely 
of hard, blocky, gray  ndstone. 63.7 n»d* n.d.

Veils formtioiu



Braser Canyon, Utah*

Govplet* eeetion of phosphatic shale araber of Phoephorla f ormatioa exposed 
la U. 3. Geological Surrey trench on the north side of Braser Canyon, sec* 
It, T. 11 M., a. SB., Rich County, Utah (pi. 3)i measured by V. 8. Melelvey*

V^
Sample neee (per* 

No. (feet) cent)

lex

Chert r hard, massive, dark gray to black; con­ 
tains some limestone* 1265 0.0, low

fbosphatie shale member?

LbMstoner hard, massive, fine-grained, a few 
coarsely crystalline »ones, dark gray.

Chert r hard, massive, black*
. ^-.. - ^r -_.^- ...- -.--. * *

- vW very 
1266 4.5 0*0 low

.... . ,%>~-T<-:!.»

126^

Uaastone: hard, Basslve, contains nodular 
^ layers of black chert, dark gray*

Cherts hard, thin bedded, black; contains sow

Uaestonet hard, locally oolitic, Bassiv*.

t calcareous, medium hard, 
finely laadnated, olivs* -iSfeSfW^tT1!*,. * , ~*

r hard, blocky, dark gray* 

: hard, massive, dark gray;

a tone t hard, thin bedded (2-4 inches). 
, dark gray*

: silty, medium hard, massive, buff-fgrayT^'

 atone: like limestone above*

^^atone; Silty, hard, blocky, dark 
Yellowish brown weathered.

^Jaaatone: silty, medium hard to hard, 
to blocky, buff gray.

massive

1276' "' ;'5.o5|^."' wy

1277 2*0 0.0 low

very
1278 3.2 0.0 low



Limestone: like limestone above brat contains a 
brown'-weathering cone at top (1 foot thick)*

Phosphatic shale?

Limestone* phosphatic, oolitic, hard, massive, 
black; forma natural outcrop*

Limestone* oolitic near top, silty, hard, 
isire, buff*

Phoephate rock* lik* phoephate rock above*

Siltatone: calcareous, oolitic, medium hard, 
massive fresh, shaly weathered, brown.

Phosphate rock: oolitic, hard, massive, 
black, with bias bloom*

Shale* moderately calcareous, oolitic, soft, 
brown* '  ; ...- ~

Oolites moderately calcareous, soft, thin 
bedded, dark brown* ' #

Oolite* like oolite above, but shaly in 
upper 0.6 foot, moderately calcareous*

Limestonex hard, massive, buff* 

Oblite* medium hard, *haly, gray*

oolitic, medium hard, fairly 
massive, brown*

lS!3":*:*iiiil : &t^,-*, ~-£*. '!: , ;-". '.: '

oolitic, cherty, hard, dark

, massive, but well laminated,

Umtstox»J hard, blocky to massive, gray; 
oolitic in basal ij feet,

: hard, maasiTe, gray, buff weathered

Thick-T20j 
Sample ness vper*» 
Ho* (feet) cent)

very 
1277 3.9 0.0 low

med-
1280 1.3 0«0 ium

very
1281 3.0 0.0 low

1.8 0*0 

1283 1.T 0.05

*'    :"' :    ' : : '  '' -' ' ^ very 

1284 0.5 trace low

1285 1.5 0.1 hi«h

1286 1.5 0.29a low

1287

1288 §1.8 0*15 iam

1289

0.19e ium

1290 .a

very

1292 2.2 0*6
^ -\J

1293 3.5 0.0

vsry 
1294 5.7 0.0 low

2.2 0.0 very
low



Thick- V^Or P205 
Saaple ness (par* 
No* (feet) cent)

Shala: s»diu* hard, dark brown. 1296 0.4 0.0 «ed-
IUM

Siltstone: calcareous, hard, hlocky, brown. 1297 2.2 0.0 very
low

/
Shala: oolitic, soft, black. 1298 1.2 0.05 *»ry

low

diltatcoax calcareous* soft, Massive, bnff gray. 1299 0.6 0*0 very
$  low

Shala:  oderataly calcareous, oolitic, soft, very
1300 1*0 0.0 low

Limestone: hard, massive, dark gray. 1301 1*0 0*0 very
low

Shala: slightly calcareous, mediae hard, black* 1302 1.2 0.0 low

Limestone end ahala intarbaddedt limestone hard, 
dark gray; ahala soft, dark brown* 1303 0.7 0*0

: : , 
Shalet somewhat oolitic, black; contains a

few calcareous layers. 1304 1*8 0.0 low

stone: hard, mas sire, foaailiferooa, vary 
dark gray. 1305 2*9 0*0 low

COS ZOKS
tatone: medium hard, blocky, black; very 

irooa red and yellow ataina* 1306 0.7 0.25e low

Shala: soft, brown, numerous red and yellow ~ 
"Ataina* 1307 2.7 0.26e low

m'&:

: like shale above, but contains a few ' vary
concrationa. 13C» 0*5 <p.06c low

;; \v '  ;: : - :: "- ;^ ' , : , ' "

stooe: hard, blocky, foseiliferous, gray. 1473 1.2 0^0 very

: «pper part calcareous, chippy, dark brown* 1474 0*7 0*0 vary
..:-> . "" '" , '"    " ,*i lOW

blocky, hard, dark gray to black, very
roua iron ataina. . 1475 0.7 0.0 low

Siltatonet calcareous, hard, blocky, dark gray,
a few red and yellow (iron) ataina: concre- very
tionary weathering. 1476 3.1 0.0 low



Thicks VgOr 
Sample ness (per- 
Ho. vfeet) cent}

Shale: chippy, dark gray. !477 100 0.0 wry
low

Shale: dark gray; contains lijeeetone concretions. 1478 - 0.6 0*0 wry
low

Shale: soft, chippy; dark gray, red and yellow very 
 taina; contains secondary gypeum. 1479 0.9 0*0 lew

Siltetcoe: calcareous, hard, oassiTs, dark gray. 1480 1.4 O.O Tsry
low

Shales soft, chippy, black, a few red and yellow 1 very 
^stains* -m+^, v 1*81 1*2 0.0 low

Shalet soft, dark grayr contains calcareous 
concretions. ^ 1482 0*6 0.0 low

Shale r locally oolitic, soft, dark gray; c<
taint a few calcareous concretions and thin, 

  Hard calcareous layers* 1483 3*2 0.0 low
"- -  

Limaatone: hard, silty^. thte bedded, dark gray. 1/^4 1*4 O.O very

"Shales, oolitic, soft, }& : ^ 0.3; O.O low 

ldaestones hard, thin bedded, '"dark 'grayi'i^iilllAecV' ., '0.6 0*0 Tery  - '

Shale s: Bedim hard, chippy, iron, stained, " . ''^^$^'^ 
A black; contains SCSJB secondary gypemu " ;"  1487"

%Shalat soft, aoch weathered, dark gray; contains ' ffe I
IH'-<Sjcich secondary gypgm. ; '~-*   ». '^ ..,--  .. .: ; 1488 ; *-l*OP' ;i*0*Ot''.' '! low
;$-^'-' ' ...-j«iii .--^ .. .._ "*  ^**T^~ , t; .; ".-  .- -"'' " 'i..-i- '!!--'.^ ! '.. . - B ... v.'.- 1.. '.. ,-.-*.-  -'-' --  ,  --  .'     ' :.'  ..... 

SUtatooe: somewhat oolitic, hard, hlocky, gray. 1489 0.6 0.0 low

Shale: oolitic, chippy to fissile, black; «o»« ?: ^'1'V^N^
a limestone concretion 6 inches in   .. ^i^^, - >.V, S:f f ̂"-^ :i r » *-

foot from top. $r^fe :^-*.^^i^ w^iJWO fe 2.V I 0.0 " : : itm" "" ' ''" " "''

oolite: hard but crumbly, dark gray;  ; .. 
nodules op to 1 inch in diaoeter. - 1491 0.7 0.0 low

oolitie, hard, thin bedded, weathered, r
9 (probably aassive fresh)* 1492 1*0 0.0 low

Oolite: crumbly, nnnerous white (liae) coatings, 
 haly, dark gray. U93 1*4 0.0 high

: hard, f ossilif «roua , gray; irregular 
In thickness, poaaibly because of concre-

i.'»": >* ^-5 -« '

. ,



	Thick- 
Saaqslo neaa 
No. (foot) cent)

Shalos soft, chippy In lowor half, dark gray. 1493 3.0 0.0 lov

3111«too*i calcarooua, hard, blocky, gray. 1496 3.3 0.0 lov

Siltatonaj Ilka ailtatone abow, but weather* wry
brow instead of gray. 1497 2*3 0.0 low

Siltatone: hard, dark gray. 1498 2.0 0.0 wry
,..-v- low

Lima ton* i hard, aaaalw, donao, black, wry
veatbera buff gray. 1499 2*1 0.0 low

Stttatcne: calcaraoua, hard, blocky, dark gray. 1500 2.3 0.0 wrylow"

''i&SfgpnR&t.-Z >'  -.;

tiaaatone: hard, donao, naaaiw, black, .
&**  1501 2.4 0.0 low

Siltatone: calcareous, hard, chippy to blocky, very
3.7 <M* low

21p§ll^i|g^ "   -/;  " ^ ^ : ^°* °** *M*
Si/^O^^P '?- ?*' ' ' i-   '   &:.' '"' :

t, chippy, grayiah brown. 1510 1.7 0.0

hard, donao, maaalva, dark gray. 3503 2.2 O.CB wry-
, f f. ,   : ;' low

j hard, ahalj- to blocky, grayiah brouni Cif 1 I wry
a fow calcarootui layara. 1J04 3.* O.a low

hard, donao, Baaair*, dark gray* 1505 1.2 0.0 wry
' " "'

oolitic, Medium hard, chippy, dark ?  ':M^^M"^'"^mrj'
' texmn. 1506 2.7 <M^ low

. .-'. ;. '^ _ ^.^  -,.- ,_ , -¥;,»M-,,. .. .

s sllty, hard, aasalw, dark gray. 150? 1.5 O.O wry
^ ' ' $^-;: - ^.-. ' JlfeJ^'"",: 101'

hard, chippy, dark gray. C 1506 0.9 O.O wry

 hale above but containa

concretion: hard, weathers grayiah
1511 0.7 0.0 low

: calcareous, aodlua hard, chippy to vary 
dark grayiah brown. 1512 1.5 0.0 low



-  -   * 2WC 
Saaple ness (per* > 
Ho. (feet) cent)

Siltstone: calcareous, hard, massire, grayish 
brown* 1515 n 0.0 low

Shale: finely oolitic, Bedim hard, chippy to 
fiaeile, dark brown* 1514 1.9 0.0 la*

Liaaatonas hard, dense, aassiTe, black, buff 
gray weathered. 1515 3^4 0*0 low

Shales locally finely oolitic, awditna hard, chippy,
darit brown to black* 1516 3.1 0.0 inm

LlBeataoat hard, dense, BAasire, dark gray* 1517   0.4 0.0 Tery
"rlY%ti ::-,, . l  -'-,' - low

Liaaatooat like liaeatoae abovs, but Bora ' ": '7 ' "'» ' mrtr-
oolitic and mare maasiTe. 1518 2.2 0.0 itnm

LiB*st«: hard, Baasire, gray, buff weathered* 1519 0,6 0.0 ' wry

Oalitea hard, blocky, grayiah brown. 1520   0.7 0.0
^tijiliM* ^l ' '   ''  Z&i* ' '     *- i-
Llaestone: hard, dense, aaaeire, weather* buff, 4

dark gray. 1521 1*7 O.O
' " '"

hard, blocky, black*

Shale:  edinai hard* chippy, dark gray. '  ' :
'f--m

: oolitic, hard, blocky, tuff gray.

^: '-' ; ' ; ':^' : ' '"^S^ff:ff'-'"^'4

0*a
 ':- .:'. "'^ "J*:..::'S-%y$ 

- ~ ";"* '- i ,;*«*fi'^,

hard* dense, BasalTe, black; gray

, Bedim hard, chippy, dark gray* _ 1527 0.7 0.0

: locally oolitic, hard, chippy, dark gray. 1525

hard, aaaaiTB, (contains shaly- r: ^ v''''^;-*'';'^: ''''^ :"^ / 
wtatharlng tones), dark gray, 132d 15.5 0.0 * low

one ovterop of dark-gray, hard 11 TM 
atone about in center of interral IS a.d. a«d.

fortnatton n.d. n.d. n.d.



Conda mine, Idaho

Partial section of the phosphatic shale member of Phosphoria formation 
seasured largely in the 509 croea-cut of the Anaconda Copper Mining Company 
mine at Conda, Caribou County, Idaho (pi. 5). Beds dip about 45° V 78° B. 
PjOf and Tqfe determinations were made by Anaconda Company. I/ Section des­ 
cribed by W. If. Bubey and 7. B. HcKelvsy: thickness of units adjusted to 
section surveyed and sampled by Anaconda.

Bex
""  'W§ii|R' 
Phosphatic shale member

..*£

Thick*-
ness (per- (per-
(feet) cent) cent)

UPPEE PHOSPHATE ZORS
Phosphate rock: oolitic, medium hard, brown, in 
beds 0.8-1.5 feet thick, interbedded with soft, 
brown frmctm-e-cleaYmge clay in beds 0.2-0.6

" l 7.0 0.09& 33.6

soft, tan. 1.1 0.15c 27.9
":-, . 'ft- ' f '-;--'

Oolite: soft, massive, black. 0.3 0.15e 27.9 

<a*yt soft, tan. O.4 0.15c 27.9 

ZCBB (upper and lower limits uncertain)
Siltstoner soft, fissile and thin-bedded, Intejj?*
? .bedded black and brown. 1.9 0.21c 27.9

Siltetonet hard, fine-grained, thin-bedded but
3.8 0»39c 16.6

Siltstoner generally soft, thin-bedded, brown 
and black; some layers fractured; contains hard 
12-inch concretion* 3.5 0.34
_^_ ... .  r- .,....,-...,.... .^ji^Rv-; "' * x ' "- * " /r 

Siltstoner hard, fine-grained, thin-bedded:
-^^^,^^-,"- fe --- -:- ; v «h»U at top. -,^fe£.,- ^3 °-34 U*2

* .. ^fc:#::'-"; 0.2 0.34 /V. 2

j/ Mansfield, 0. R«, Eecent studies of reserves of domestic phosphate: 
  Inet. Min. Met. Ehg. Tech. Pub. 1208, p. 7, 1940.



Thick-
( "" X f mm *

per- (per- ,
(feet) cent) cent) J

_g / .,

Siltatone: very hard, dense. 0.2 ^0 ifU !

Siltstone t medium hard, thin-bedded, denae; many ,
slickenalded surfacea. 0.7 0.0 13.6  '

Siltatone: granular texture, very thin-bedded. 0.1 0.0 13.6 *

Shale: hard, dense; many slickensidea; almost slate. O.3 0.0 13.6

Siltatone: hard, massive, denae, fine-grained, grades -
into siltatone above. « * 1,0 0.0 13.6

Ccncration: very hard siltstone(?). 0.2 0.0 13.6

Siltatone: hard, thin-bedded. 0.2 0.0 13.6

Concretion: very hard siltstone (?). 0.4 0.0 13.6

Siltatone: hard, thin-bedded, black. /  Oil . 0.0 13.6

Siltstone: son, thin-bedded, black* 0.6 0.0 13.6
K1 ' '   X  £~

Siltstone: hard, massive, black. 1.8 0;09c 16.6

Siltatone: hard, (softer weathered)y very massive,
Mack. 2.0 0.09c 16.6

- 
Siltatone: somewhat softer than DOTS, thin to slaty

U.O

Siltatona: relatively softy black; some calcite 
aear base, some stained red*. .;. ;   - tlri(;VB.:^as 2.7 0.09c 11«0

«. " ' ~1''^-;..'...- f^'>2$js|P^£S-'"k ' : ' '  '' '': :  
-^iltatone: hard, massive, medium-grained to dense. " : --A:' 1,ift^fi:r  : "' ' f /; -

, > .. , ^,r,- -^.r^iSWlVT 0.09c

^tatone: relatively softy much fractured, dense to S? 1»5 ft. j
*»dinm-grained; abundant iron (?) stains on f & - 11.0 ^ ...j
irregular joint surfacea in lower part. fc 5«2 0.09c .! ? i

I/ This bed, 9.d feet of beds above it and 3.6 feet of beda below it 
grouped together in one savple which was found to contain 0.20 percent 

> the 9.8 feet of beds above tola aanple were subsequently analyzed 
y and found to average 0.36 percent ¥205 «ligfctly aore total 
than present in the 13*6 feet of beds, as deteradned by the other 
Admitting an error in sampling or analysis, I am aasiaaing that 
all of the vanadium in the 13.6 feet of beds is contained in the 

9.8 feet and that the lower 3.8 f««t is barren.



Siltatona; soft, oaaaiTO, fractured, black (alaoat 
blue black): grades into siltatona abowa*

Siltatooa: brittle, hard, dense, black; fissile 
shale at baae*

Siltatona: hard, dense, brown ataina on jolnta 1 foot 
below top; soft black shale partlnga 2 feet abova 
baa*.

25 25 naaa (per- (par-
(feat) cant) cent)

0.5 0.09c 9.8 

1.4 0.09c 9.8

Siltatooe: soft, aaasive, brown-etained. 

day? aoft, laainated, tan* 

Sliala: aadiim soft, thin-bedded.

Shale: thin-bedded, brown, alternates with harder, 
dense, black siltstone.

Siltatonar hard, dense*

SlaOa: aoft, brown.
"-'^ : i'_i.r .- ." *^

  3hala, hardar thanabora* 

aoft, black

Siltatone: hard, dense, black; bacoaaa hardar and 
denser toward base.

(?)i lieaegang banding, brown. 

Utatone: rery hard; 2-inch black seam 1 foot

(?): brown, centaina 1-inch concretion*

iHltatw^wtone: hard, massive, black.

: black, slickensided, lenticular.

3Utatone; hiArd, thin~b«dded.

0.8 

0.2

0.2

0.5

0*09e 9.8^fc^
O.Ofce 4*2

4.6 

1*8

1.9 

1.7

2.1 

0.2

2.2 1.0 ft. 1.0 ft. 
-0.07c -11.2

0*07e

3-=i
T572 fU 1*2 ft. 

-0.05c -7.0

0.05c 7.0 

0.07c 4*0

6.2 0.07c 4*0 

1*4 0.07o 4.0 *>
;r ~*mr -.        * "

2.9 1.0 ft. 1.0 ft.

0*8 

8.1

1.9 ft. 1.9 ft. 
-0.05c -12.0

0*05c 12.0

0.05c 6.0 ft. 
-8.8 

1.8 ft. 
-11.8
0.3 ft. 
-6.4

0.05c 6.4

0,05c 6.4



Siltatone: soft, crystalline, black* 

Siltstone: hard, dense* 

3ilt*toner soft, lenticular* 

Siltstone: hard. 

Siltatones soft, concretionary. 

Siltetooer hard, crystalline*
.-..-. ia* *   .    '  "'v; -' ; '~~r~~d&^." "' :

tadstoDer bard*
'''. - ',' ;.S?" ' 1;: - ' .  '"

Xodatone: hard*
- -'"' . %': "-'-' *"^ ' -' 
Modatonot hard*

A . "" '.- -- -

3iltstone: Tery soft, thin-bedded.
 $^:fe:-     

3iltetone: bard, thin-bedded.
f: , rf^ '-^J^r,-:  -- -.;T"'' ^; .. ^ii' V ;:^'.

Xoiatooe: leached (altered?), brown* 

3ilt»tone: hard, concretionary, black, broioi

*,*»<*.»  ! *« '.> -^*%^«i^S:S: ""' 

3iltst<»ei soft, black* 

| Siltstone: rery hard, mass ire, dense, black.
'; " ''':" '^v'-if^er-s--.-,:.,,;. - >* -..  - .,- --
Slltstcoer Bedimhard, dark brown*

  ife^'XSii^
Shalet «oft, slickensided, black.

, ' ; ,-.f' .^
^iltstonex hard, eoncretionary, dark gray} alternate* 

vith j^4heh beda of soft, taa clay.

t   dim «oftf banded to «a«eiTS, 
 t harder than mpper 3 f««t, tan*

ooet

bard, nodular, hackly fradure.

3Utetonet bard, -Msire; brown Iron »taine and 
bands inside fresh rock*

Siltstone: thin-bedded, alternating »oft and hard, 
brown, dark gray and black; contains s 
dense beds and soft brown clays.

»r 
cent) cent)

0.05c 6*4

0*05e 6^4

0.05e 1*4

0.05c 1.4

0.05e 1.4

0.05c 1.4

0.05c 1.4

0.05c 6l4

Thick­ 
ness 

(feet)

0.3 

2.0 

0.2 

0.1 

1.2 

0.3 

1.9

o.a
0*4 

0*1 

0.3

2*3

0.1 

0.1 

1.6 

0*5 

0.5

3.7 0.05e|6.4

0.05c 6.4
- ,;^'v'-

0.05c 6.4

0.05|?6*4 

6*4

0.050*6.4

5.0 C

1.0 b.o$o 9;9
0.2 OJ05C 9.9

1.5 0*05c

0.9 0.0$e 10*8

137



Thick- V205 PsO, 
ness (per- (per- 
(feet) cent) cent)

Siltatone: vary hard, massive, dark brown. 0.2 0.05c 10.8

Siltatone: medium hard, hackly, medium brown. 0.1 0.05c 10.8

Siltatone: dense, hard, medium- to thin-bedded, black. 0.5 0.05e 10*8

Clay: soft, lieaegang banded, massive, tan. 1*5 0.05o 13*5

Siltatone: hard, thin-bedded; alternates with soft
black layers 1-4 inches thick. 2.0 0.05e 13*5

Siltatone: hard, thin-bedded, yellow-stained* 1.3 0.09e 8.1 

Siltatone: soft, crumpled, black. 1*0 0.09c 8.1

Silts tone: hard, thin* to medium-bedded; alternates 3.5 ft. 
with occasional 2  to 3-inch beds of soft, black
 iltstone. 11*4 0*09c3«7 ft.

Siltatone: soft, thin-bedded, dark brown to black. 1.0 0.09c SU5
.-. *

day: soft, massive, tan to black; irregularly
splotched in color and clearly secondary. 2.0 0.09c 9.5

Siltatone: hard, denss, massive, black. 2.7 1.8 ft. 1.8 ft

_  _^ 0.9 
-0.G2C -9.1

, black. 0.2 0.02e 9.1

: very hard, dense to fine grained, massive 2.0 ft
3.1 0.02i -9.1

--'!- - :- "'i-**^,.^--  _  ; :*: : . v --/ .,, .'  . ' --  ?", -.-   --;,-. ., :-.,. ,;. :  .-= ,.. .-,, . , .--..- . -,,,£.. ,t .... ,......,.

Siltatone: hard, thin- to medium-bedded. - v 2.3 0.02o 1O.6
'.  .:i. f-'.*-;££'%' i ,*:'f ~ >  .-7 ?'" 1 . *  ''  * *   -- "" '-" "   "' '"' ^^^F^f ^f ̂ ^r^*%P *mtU^.*f

Siltatone: hard, thin, chippy; alternates with soft ^ f|
^ W-' 0.02c 10.6

: soft, unconaolidated, black; a few incon-" " ^^iS^S;^""; - #'  :-'"' : 
 picuoua brown stains^ 1.5 O.OCc 10.6

Siltatone: thin- and medium-bedded, chippy. 0.7 0.02o 10.6 

3ilt9ton«: soft, thin-bedded, black. 0.2 O.02c 10.6



Thick- ?2°5 P2°5 
ness (per  (per- 
(feet) cent) cent)

Siltstone: hard, thin- to nediufr-bedded. 1.2 0.02c 10.6 

Clay: soft, diffusion banded, oasslTS, tan. 0.7 0.02c 10.6

Siltstone: hard, fine-grained, thin-bedded; alter­ 
nates with subordinate soft, black i-inch layers. 2.3 0.02c 10.6

Shale or muds tone: hard, chippy, thin-bedded. 0.9 0.02c 18.7

Shale: fissile to thin-bedded, black; lustrous 
gummy clay seea at top* 1.1 0.02c 18.7

Shale: soft, clayey, thin-bedded to fissile* 2.2 0.02c 18.7 

Silts toner hard, thin-bedded, dark brown. 0.5 0.02e 18.7

Siltstone: massive, medium to dark brown. 2.6 1.3 ft. 1.3 ft.

% -0,02c -18. 7 T 
^Ht. l.lft. 

p -0.02c -3*9

Siltstooe: soft, massive, tan secondary discoloration* 0.7 0.02c 3*9 

Clay: soft, Massive, medium to dark brown. 0.4 0.02c 3*9
y^.
Silts tone: medium hard, thin-bedded, black. 1.5 0.02c 3*9
» ;- -4~   t-f-  -- - - **» « **
Silts toner medium hard, laminated, tan to medium brown. 0.9 O.ISc 21.4 

aoft, massive, tan. 0.1 0.18c 21.4
- v;- 

Siltstone: medium soft to hard, medium- to thin-
i bedded, laminated, dark brown, tan, and black;

abort. : ^ -, . 2.1 O.lfic 21.4

s laminated, aoft, tan. 0.7 0.18c 21.4:y "^ :
-.., - -

: soft, tan* 0.7 O.ldc 21.4

lustrous, dark brown. 0.1 0.18c 21.4

: soft, lenticular, tan. 0.2 0.18c 21.4

PHOSPHATE BED  
Phosphate rock, granular (oolitic?), dark gray; 
tan partings. 1.3 0.25c 33.2

Phosphate rock: oolitic to fine-grained. 3.9 0.25c 33.2

Phosphate rock: dense to fine-grained, black. 1.6 O.25C ^«2
T -Jr"

',"t-/- -v-,f*,. lAnVr-A*1 > !    -> f" 4..».»*."1 ^« br-'-^r.. 'V* O.i^c 6.8



Thick- V205 P20c 
ness (per  (per  

(feet) cent) cent)

3iltstone: hard, fine-grained, naaai*», dark gray. 1.0' 0.16c 6.6

Clay: grades into silts tone alxnre. 0*5 0.02c 1.8

Clay: soft, tan. 0.5 O.Q2c 1*8

Clay: massire, *ediu» hard, tan* 1.3 0.02c 1.6

Clay: soft, thin dark gray streaks. 0.3 0.02c 1.8

Ch»rt(?): medium hard, gray. 0.3 0.02c 1.8
^^%f/i'
ftrtcciar probably black chert and tan clay. 0.5 0.02c 1.84iî :'' r

foraation
. ; ;. '^;"-^^J ' '-.  .

"Rice lii»"; fine-grained, tan, dolooite. 5.0± 2.2 ft. 2.2. ft.



  ̂ V-. /   *' , J^ ' / /^ / J^/^/ a/   *//£/r ,'      ' 

Caldwell Canyon, Idaho

itarly complete section of the phoaphatic shale member of the Phoaphoria 
formation exposed in U. S. Geological Survey trench on the north side of 
Caldwell Canyon, sec. 7, T. 8 S., R. 44 S., Caribou County, Idaho (pi. 5): 
Bfasnred by V. S. McKelvey.

Thick- 7^5 P20 
Sample ness (per- 

No. (feet) cent)

Chert: calcareous, hard, blocky, light gray. 1529 n.d. 0.0 very
low

Cortred* 3.9. 

Pboiphatic shale member.

;, shaly, brown; soil adsdasd, very 
possibly* not in place. 153O 2.1 0.0 low

Shalet calcareous, soft, platy, dark brown; much very
weathered. 1531 1.9 o.O low

Siltstone: calcareous, hard, blocky, fossiliferous, very
1532 3.5 0.0 low

Siltstone: meitiuB hard, thin-bedded, brown; grades very
I into siltstone above. 1533 1.4 0.0 low

Siltstone: soft to madlum hard, shaly, dark brown«1534 2.6 0.0 very
:M-~ v   ^
Siltstone ? hard, dark brown; contains nodules very
about 1 inch in diameter. 1535 0.4 0.0 low

Siltstone: locally oolitic, hard, thin bedded, - ; ^ftK
brown; contains elliptical concretions 2 Inches very
in diameter. Grades into siltstone above. 1536 0.5 0.0 low

-yt- '4#t.: '%$ ,.<

Jkiite: nodular, hard but cnntfcly, black. 1537 0.4 0.0 v*ry
-'-i^'--'.-v ^  '  ^--:       ' v"v' . -" ..-.-..: Y M^^
>^s:;v; :.-^ . = _-;;. --..-.^ " ,   -  '.. T..'. i/.~  V-.vfft JWIW

^*al«: soft, a few nodules in upper part, black; ;* very
grades into oolite above. , 1153d 1*6 0.0 low

3&tstone: calcareous, soft (local hard layers),
fossiliferoua, yellow-brown. Possibly very
fathered limestone. 1539 2.3 0.0 low

PHOSPHATE ZCKB 
Oolite, hard but crumbly, thin bedded, gray;
yellow a tains parallel to bedding. 1540 2.4 0.0 high



Shale: oolitic, soft, brown; light brown 
1-inch bed at base.

Oolite: hard bat crumbly, shaly, black*

TANADIFSROUS ZONE (lower Halt Indefinite) 
Shale: oolitic, soft, black*

Shale: like above.

Thick-
Sample ness (per 

No. (feet) cent)

1541 1.5

1542 0.8

1543 2.2

very 
0.05 low

trace low

very 
0.42c low

1544 2.0 0.29c very
low

Shale: like above, 1545 2.1 O.l6c very
low

Shale: l-*v« shale above but contains a 
few nodules and small concretions. 1546 1*2

Shale: like shale above but contains many 
I small nodules and concretions, 1547 1*3

Shale: soft, black; contains many elliptical 
.concretions (medium hard) up to 3 inches 

ff^ln diameter. 1548 2.7

Silts tone: medium hard, shaly to blocky, dark 
brown; contaihs elliptical nodules up to 6 
inches in diameter -probably formed by

ithertng. 1549 3.1
§%§,: 

: nodular and oolitic, brown, red stains. 1550 3*3

s medium hard, chippy, brown, yellow- 
weathered* 1551 1.1

finely oolitic, medium hard, chippy to
(cross fractured), black. 1552 2*2

medium hard, fissile to chippy, dark
U 1553 2*0

tstonet medium hard, blocky,'brown. 1554 0*7

one: soft and earthy to medium hard, brown* 1555 2*4

*t«tone: locally oolitic, soft, shily, dark
1556 2.3

very 
0.0 low

very 
0.0 low

very 
0.0 low

very
0*0 low

0*0 very 
low

very 
O.O low

very 
0.0 low

very 
0.0 low

0.0 very
low

0.0 very
low

very
O.O low



Thick- 720_ 
Sample ness (per*- 
No* (feet) cent)

Shale? soft, dark brown. 1558 O.d 0.0 very
low

Silts tone: soft to medium hard, shaly to blocky, very 
fcrcwn* 1559 2.6 0.0 low

Oolite: soft, black; contains hard nodules. 1560 0.4 0.0 low

Silts tone: somewhat oolitic, soft, contains very 
many small medium hard concretions, shaly, brown. 1561 1*6 0.0 low

Silts tone: calcareous, hard, massive, brown. 1562 0.6 0.0 low

Silts tones somewhat oolitic, soft, shaly, brown: Tery 
contains many small medium hard concretions. 1563 0*8 0.0 low

Silts tone: moderately calcareous, hard, massive, Tery 
brown, light brown stains* 1564 0.7 0.0 low

Silts tone: medium hard, shaly to blocky, brown. 1565 0.9 0.0 Tery

Slltatonet calcareous, hard, chippy, brown to 
gray, contains a few small nodules; grades 
into siltatone above. 1566 3.8 0.0 low

Silt: soft , earthy, massive, yellowish brown; Tery 
contains a few hard fragpants of same material. 1567 1.4 0.0 low

Siltetonar calcareous, hard, blocky, dark Tery 
grayish brown, reddish yellow stain. 154$ 1*4 0.0 low

hard, thin-bedded, greenish blaek; Tery
* few brown streaks. 1569 4*2 0.0 low

^,1^, -:., , . ,/%'

: like shale above. 1570 2.6 0.0 Tery
 £V ' . ., ^ low

-..

, ysllow brown* 1571 1.6 0.0 Tery

*-: , f "' «
soft, much weathered, blaek; contains Tery 
hard nodul*.. '^'r r-''^^- !572 0.7 0.0 low

atone: medium hard, shaly to massive, dark very 
brown earthy icnea at top and base* 1573 4.2 0.0 low

: calcareous, soft, weathered, black. 1574 2.1 0.0 very
low

J ^tston<*: aoft * ~ medium hard, brown;
*  - In ^ir . J43



brown.

-ft

ooutic« 8oft-

-

to
£:

o«UUc, .oft, chlppjr to

jfeUtej soft, black.

,oft, black.

*°

PHCSPHATB BED

Ught ^

Thick- e 
Savpl* naaa (p*fL 2 5 

Ho. (f*«t) c«nt)

,1576 1.0 0.0

1577 1.3 0.0 low

3.6 0.0

1582

0.0
0.0

 

blmck. I5fl4 3.0 O.15

1.0 O.O

3*3~ 0.25

2.2 0.10

ina

0.05

1589 1.0- 0.10

l«r
*it-v-?'. -'i

ism

in

1592 2.2 0.0 low



Thick- V2$e P2°r 
Sample moas (pe£- 5 
No, (feat) cent)

Siltatone: calcareous, oolitic, hard, *ery 
masaire, brown. 1594 0.6 <0.06c lew

Oolite: aeditm hard, ahaly, black. 1595 3.6 0.2?c ned-
IUM

Oolite: like abor«. 1596 3.2 0.25c low 

Shale: claywy, soft, reddiah brown. 1597 0.2 0.86c
low 

Oolite: hard, «as»ir», gray* 1598 0.2 0.0 low

formation. 

Ujwstone: hard, aaasive, gray* 1599 n.d. n.d» n.d«



£ Swan Lake Gulch, Idaho

3fl«plete section of phosphatlc shale member of Phoaphoria formation exposed 
Is 0* 3* Gaological Surrey trench on the north side of Swan Lake Gulch, sec* 
#, T. 9 S», R. 43 B., Caribou County, Idaho; measured by 7* S. McKelfvy.

Thick- 7205 P205
Sample ness (per** 

No* (feet) cent)

Sex member*

Chart: hard, thin-bedded (2-4 inches), gray to very 
v black* 1316 0.0 low

Oolite x moderately calcareous, hardy thin-bedded Tery
(shaly at base), gray. 1317 0.5 - O.O low

3iltatc*ief moderately calcareous, soft, massire, v»ry
brown*. 1318 0.8 0*Di' * '

Shale: soft, much weathered (lisa coating along fery
Joints), dark brown. s v 1319 1*4 O.a 1; low

^^^---w^ *- ' -"  """-: = --«/ ,: >
S£ltatoner maotium hard, massive, yellow brown. 1320 0*7 0.0 Tery

Silts tone: hard, massive, in upper 0.7 foot, thin-
-bedded below, yellow to Bedim brown* 1321 1.7 0.0 low

Silts tone t hard, massive, yellow to medium brown. 1322 3*1 0.0 Tery
ii^;-:^, . -. --.    ,-,  £&-,; * * m ^ w

S;15f :--.¥  ' ' '  ;.^.v,loir 

^_jr medium hard, brown. 1323 0.8 0.0

taton* t hard, massiTe, jellow brown. 1324 0.1 0.0 Tery""
-%.;£

aoft, a few thin, hard limy beda in basal Tsry 
oc& lh brown. - 1325 1.8 0.0 Mow

hard, blocky, dark brown* 1326 2.3 °»?

<?^|ltatSif medium hardy much weathered, shaly to'^'T |f^ ", :' : - " :^^ :Vf' :
^lockyy"brown* Softer and darker in lower 0.4 .Tery
'oot. Grades Into siltstone abora* f 1327 2.3 0.0 low

oolitic, wdium hard, black* 1328 0.3 0.2  ed-

3Utstone: fluor-like, yellow brown; contains
*any hard calcareous fragments. Possibly very 
fathered limestone. 1329 1.1 0.05 low



Thick- V20e P20c 
Sample ness (per*- 
No. (feet) cent)

3PPEB PHOSPHATE ZONE
Oolitic shale: soft, black; contains hard med- 
layers of oolite. 1330 1.4 0.05 ium

Shale: oolitic, soft, much weathered (lias very 
coating along Joints), brown. 1331 1.2 0.4 low

Umutons: oolitic, blocky, brown. 1332 1.1 0.0 very
low

Shale: locally oolitic, soft to medium hard.
such weathered (liae coating along Joints; very 
in upper 0.3 foot, brown. 1333 2.7 0.35 lev

Oolite: soft and hard layers interbedded, dark 
brown to black. 1334 1.4 0.25 low

f«ADIPSROa3*ZOKB (lower limit indefinite) liffi ii
Shale: soft, dark gray; contains a few lias~- '^:^?r^^3M^.^~
stone concretions (one 4x3 inches) and a I I ^ Tiry^

1 few thin limestone beds at base. 1335 1.9 0.51c low

Shale: like shale above. 1336 1.6 0.39e low 

Umf atone; hard, dark gray.

Shale* soft, dark gray. 1333 2.2 a.47e very
,.. - <.. %;. .,>. : low

Shale? soft, fissile, black; a few limestone #
, concretions and thin limestone seams (li very

inches) at top and bottom. 1339 2.0 0^9c low

Shale: finely oolitic, soft, black; weathered '.S^SU -:: ' ; "}S^'~ ;* .', ''''
(lias cement); 4 x 10 inch limestone eon* f
cretion at base. 1340 3.2 0.0 low

softo medium hard, dark brown. Grades "
shal« above. I 13U 3*3 0.0 lew

r sift, massive, light yellowish browa 1342 0.6^ 0.0
' ''

soft, weathered (lime cement) dark brown; f very 
12 inch lime concretion at base, 13/J 1.4 0.0 low

!llt«tone: medium hard to hard, blocky, brown. 1344 4.3 0.0 low

: mediua hard to hard, thin-bedded, light 
brown. 1345 1.1 0*0



Thick- V2Q5 
Sample ness (per- 
No. (feet) cent)

Siltstone: medium hard, blocky, dark brown; COD- vary 
tains numerous small nodules. 1346 1*7 0.0 low

Siltstona: medium hard, blocky, dark brown; con- vary 
taina many small nodules* 1347 1*1 0.0 low

Siltstone: medium hard, blocky, brown. 134B 3*2 0.0 vary
low

Shale: soft, ouch weathered, black* 1349 0.7 0.0 low 

Siltstone: medium hard, massive, brown* 1350 0*7 0.0 very

Silts tone: medium hard, ahaly, brown* 1351 2.6 0.0 Tory
..-,. ... .... .v : : . . low

Covered* 3.1 n.d. n.d*

Siltstona t brown, mch weathered; possibly not * tary
4 5 1352 0.7 0.0 lew

Shala $ soaawhat oolitic,  och waatharad, black* 1353 0.3 0.0 vary
low

Silts tonas Bsditaa hard, aaseive, yallow brown* 1354 0.6 0.0 rery
'^  - - 1 '*  - . ' ', ' ''' 1°lf

Shala z locally oolitic, medium hard, black* 1355 1.9 0.0 Ysry

slightly oolitic, soft, fissile, black; #; £ 
8-inche» light brown shale in middle. 1356 2.4 0.0 low

i: soft to medium hard, black; contains 
ttomerous nodules; grades into shale above. 1357 0.7 0.0 low

Ltatone: medium hard, shaly to blocky, very 
Olow brown to brown* 1358 3*2 0.0 low

medium hard, shaly to blocky, yellow ' very 
brown to brown; weathered, possibly not in place. 1359 5*0 0.0 low

''.v'-^fe--.' .. .<- . '  ¥?...- >' j-'-r;'''-: -  -

: slightly oolitic, soft, black; numerous vary 
'iron stains; contains a faw medium hard layers. 1360 2*3 0.0 low

3Ut«tone: flour-like, light yellow brown in
topper 0.6 foot; medium hard, medium brown vary 
in lower part* 1361 2.2 0.0 low



Thick  V~0- P20C 
Sample Mess (per- 5 

No* (feet) cent)

Silt: flour-like, very light in weight, massive,
light yellow brown; a few layers of medium very 
brown siltstone. Possibly weathered limestone* 1362 4.9 0.0 low

Limestone: hard, blocky, brown. 1363 1.5 0.0 very
low

Sodular oolite: crumbly, black* 1364 0.5 0.0 med­ 
ium

Shale: soft to medium hard, black, numerous iron 
stains. 1365 1.5 0.0 low

3Utstone: hard, massive, brown* 1366 3.4 0.0 very
,,,,,, ... . * lOW

Siltstone: like siltstone above. 1367 2.4 0.0 very
low

Modular oolite: massive but crumbly, dark gray; very 
iron stains. 1363 1.1 0.0 low

Siltstone: calcareous, soft, massive, light tan* 1369 1*0 0.0 very

Oolite: medium hard, massive, black. 1370 1.0 0.0 low

Siltstoner locally oolitic, medium hard, blocky, very 
If brown, grades into oolite above. 1371 4*1 0.0 low

1372 1.2 0.0 low

r hard, blocky, brownj contorted pos- very 
sibly because of spheroidal weathering* 1373 3*7 0.0 low

tr^like siltstone above. 1374 3.2 0.0 very
low

yiffi,     < ft- " ''" '" "'

||*la: soft, much weathered, dark brown.

tstone: soft, much weathered, thin-bedded, ; 1^ f ; very 
k brown. ' 137$ 3.0 0.0 low

: crumbly, black; contains oolitic !, - ''-^M^'-   ' ^itvf"very 
J nodules* 1377 0.5 O.a low

8Ut«tone: medium hard, massive, brown. 1378 1.2 0.0 very
low

: BAssiTe, contorted, light yellow brown. very 
Thickness appropriate. 1379 1.0 0.0 low



Shale: soft to medium hard, light brown; much 
weathered, not entirely in place*

Shale: oolitic, much weathered, black.

Shale: dark brown; contains numerous snail 
elliptical concretions*

Shale: soft, light brown*

Shale; dark brown to black* (trades into shale 
above*

Silt r soft, massive, medium brown*

Shale: locally oolitic, soft, dark brown to 
black*.

; 1; t^*K,- T-. «****:,#>  

Siltstone: soft, shaly, brown*
'"-'i"'ffJi'_  '"  

Shale: soft, fissile, black; much weathered, 
possibly not in place.;

t locally oolitic, soft, fissile, black* 

s oolitic, soft, much weathered, black*

PHOSPHATE BED 
Oolite t hard but crumbly, shaly, blade*

Polite: like oolite above*
(5J?.';>;>,:.j--X.^A' ^'T,;/' - = ; ,- )r ._ ^-^ \ _-_ . -. .

Oolite: hard but crumbly, thin bedded, black*

^ r ^"rf'Sf' :'' ''

: soft, much weathered, dark brown.

2^1 51
Sample mess (pep- 

No, (feet) cent)

very
1380 2,2 0*0 low

1381 2*5 0*0 very
low

very
1382 1*4 0*0 low

1383 0,8 0*0 very
low

1386. 1.5 0*0 low

1385 0.8 0.0 very
low

1386 3.1 0,0 low

1387 0.5 0,0 low

1388 3*9 0.0 low

1389 3.7 0.0 low

38*0

1391 3.4 0.2Ac

1392 2*7 0.45c med-

1393 3.2 0.38c med^

light brown, weathered, fairly mass- 
** ; possibly weathered limestone* Grades 
into shale above*

1394 1.4 0.6Jc very
' ^^  :^ ' lOW

very 
1395 1.4 0*25 low



Thick- V2°5 P20 
Sample ness (per* * 

No* (feet) cent)

Oolite: hard, shaly, gray. 1396 o.3 trace high 

formation*

Limestone: hard, massive, in tipper 2 feet, 
graj; grades downward into yellowish sandy 
limestone (weathered)* 1397 4.0 n.d*



Montpelier Canyon, Idaho

section of phoaphatic a hale member of Phoaphoria formation exposed 
in U. 3. Geological Survey trench on the north aide of Montpelier Canyon, 
iee. 31, T. 12 3., R. 45 B*, Bear Lake County, Idaho (pi, 7); lower phosphate 
bed and beds below described from natural exposure at the south end of 
Viterloo Hill, on the south side of Montpelier Canyon. Section measured by 
T. B» McKelvey.

Thick- V2°5 
Sample neaa (per  
No* (feet) cent)

  
nx member.

Cherty limestone: hard, massive, light to dark very
f gray. 574 2.0 0.0 low' ' i; --?v

Phosphatic shale member. 

Siltatoner soft, massive, light btown. 573 0.4 0.0 very
y, . ;   lOW

Shale t soft, brown. 572 1.3 0.0 very

Siltatone: calcareous, locally oolitic, meditmi 
ip hard, light brown; beds about 0.3 foot thick. 571 6.5 0.0 low'~iS

Siltatone: locally oolitic, medium hard, massive, very 
light brown, weathers light gray. 570 2.9 0.0 low

rffi*.   i - '   '  '^   ' -( "

Silts toner locally oolitic, calcareous, medium 
hard, thin bedded, dark brown. 535 2.4 0.15

Silts tone: medium hard, massive, brown.

.
Oolitet ali^itly calcareous, coarse to fine, 

thin bedded, gray; cherty? 531 2.4 0.05 i»

charty?, hard, much fractured, gray. 530 1.4 0.0 higji

Its tones medium hard, fairly massive, brown. 529 1*2 0.1 rery '-, v4'^-   ..%/   ' *   - -*' - loir
Lte: cherty 7, soft, much fractured, gray. 528 1.9 O.1 low

KL^fe^-' J i - - - -' '"" 
Sft>iitSi£~;  ; v^' . M ,. j, ^ ...-'--. -, <^

slightly calcareous, soft, brown. 527 1.6 0.1 low

°oliU: calcareous, hard but ouch fractured, 
thin bedded, gray. 526 1.2 0.0 low



Thick- V20e P50C 
Staple ness (per*- 5 

Ho. (feet) cent)

Siltstone: calcareous, oolitic in part, massive,
brown. 525 0.8 0.1 high

Oolite: coarse, hard but much fractured, thin
bedded, gray; contains a 6-inch limestone
concretion. 524 2.9 0.25 high

Silt: soft, brown- 523 0.2 0.25 »ed-
iun

Siltstone: calcareous, coarsely oolitic in lower
part, finely oolitic in upper part, massive, asoV 
brown* 522 1.0 0.25 in*

!>''

Shale: finely oolitic, brown; Interbedded with ned- 
coarae soft oolite* 521 1.0 0.25 ium

Oolites calcareous, coarse, soft, thin bedded, 
gray. 520 0.5 O.25 low

Limestone: oolitic, hard, Massive, brown. 519 0.8 O.O very
low

Shale: slightly calcareous, oolitic, Medium hard, very 
> but men fractured, thin bedded, dark brown. 518 2.3 0*25 low

Calcareous concretion; hard, brown. 517 0.8 0.0 very

UHADIFEROUS ZCHS (lower limit indefinite)
:r Siltstone: oolitic, soft, thin-bedded, gray very
y to brown. 575 0.8 0.79e low

4 Siltstonet like siltstone above. 576 1*3 0.57e very
I ,..;,,-.; . ., low

f- Siltstone: like siltstone above. 577 1.5 0.55e low

||Siltstone: like siltstone above« 578 1.4 0.32e very
^IP?.1 .- V-.'' '',-- > . V '   ^ *-. v,>vv. J^^W-&5? --, . : -f.-.^ -..   . ^'- -' . -/:."- ^^-^#«*:., * - - ;  - -..' ' ".->: '  -  " -. "'  r P- * -,..-. 

I^Siltstonet like siltstone above. 579 1.4 0.05 f»ry
|, . .... I0*

Silts tone t like siltstone above. 580 1.0 0.05 low

c oolitic, soft, thin bedded, gray to 
brown. 337 4.8 0.1 low

I 3tit»tone: like siltstone above. 386 3.5 trace very
low

i-ti*.v.'s: bio ' v, 7«lla«lah brown. 385 0.3 0.05



Thick- 7205 P205 
Sample ness (per- 
No* (feet) cent)

Siltstone: oolitic, moderately calcareous, medium very 
hard, brown. 384 3.5 trace low

Oolite: medium hard, grayish brown. 383 1.4 0*0 very
low

Siltstonet slightly calcareous, medium hard, very 
isive, brown. 382 0,5 0.1 low

Siltstone: thin bedded, medium hard, dark very 
. grayish brown. 381 6.1 0.1 low I'

Siltstone: slightly calcareous, soft to medium very 
hard, brown. 380 2.2 0.1 low

Shale: soft, blocky, dark gray. 379 1.2 0.0 very
low

Siltstone: hard, massive, dark gray to black. 378 1.6 0.05 med­ 
ium

sfe- " % 
Siltstone: soft, Massive, brown. 377 0.8 0.0 very
I1 ' I9r 
i1 '^    
-Shale: slightly calcareous, locally oolitic,
§ medium hard, thin bedded, dark gray. 376 4.8 0.0 low 

hard, much fractured, buff gray. 375 8.2 0.0 veryp -&M ; " : lwr
Shaler slightly calcareous, soft to medium hard, > very 
| thin beojdtodt dark gray. 374 5.2 O.a low

v
stone? hard, concretionary, dark gray. 373 0.4 0.0 very

Shales slightly calcareous, soft, thin bedded9 very
black. x 372 1.2 0.0 low

 tone 2 hard, much fractured, dark gray. 371 0.6 0.0 very
"" "" "~ ' '"'" ^-. . -  -, , : 'v ' . low

Shale: calcareous, finely oolitic, soft, thin '
r*^bedded, black.^4^i^#:C;^. 370 6.2 0.0 low

Xlmestont! hard, gray; possibly concretionary. 369 0.2 0.0 very
low

Shale: calcareous, soft, clayey, finely 
laminated, dark brown.

«tcn*»: h* -ri. sauch fractured, buff #rray;
* « ,t«*



Thick- V QC P^O 
Sample ness (per** 
Ho. (feat) cent)

Shale: slightly calcareous, clayey, soft, thin* very 
bedded, black. 366 3.2 0.0 low

Shale: slightly calcareous, medium hard, thin- very 
bedded (1-2 inches), dark gray. 365 0.6 0.0 low

Siltstone: calcareous, soft, massive, brown. 364 0.8 0.0 very
low

Shale: moderately calcareous, finely oolitic
(contains small limestone concretions), soft, very 
black. 363 2.3 0.0 low

Shalet calcareous, medium hard, thin-bedded, , very 
gray; light gray weathered. 362 1.7 0.0 low

Shale; slightly calcareous, fissile, soft to very 
medium hard, dark gray. 361 I.ft 0.0 low

Limestone concretions: isolated within the shale; very 
hard, dark gray. 360 0.4 0.0 low

Shale: slightly calcareous, sub-oolitic, soft to 
medium hard, fissile, dark gray. 359 3*9 0.0 Jow

Siltstone: calcareous, much fractured, granular, very 
medium hard, dark gray to black. 35ft 0.6 0.05 low

Shale: sub-oolitic, calcareous, clayey, soft, dark very 
brown to black. 357 £ 1.0 O.O low

^&&&jffi£S^i& " V 
Umsstons: hard, much fractured, grayish brown* - . :.|;r *%.^ ?|:!l^l-,:'-;^t^g,, : very

ligfit gray weathered* ^^^f^^^i^^,

Shale: moderately calcareous, thin-bedded, dark f A i*- msd- 
gray* , 394 3.5 0.0 iu»

t hard, ilocky, grayish brown. 393 2.2 0.0 J**4* 

medium hard, fissile, black* 392 3»1 0.0 very
&V : ?;. -- - *:;> ' ' " ' .  . ' J; ,,, _,' , '-"'" lOW

Uaestone: hard, dense, concretionary, dark gray. 391 1.7 0.05 low

Shale: thin-bedded, dark brown; hard 8-inch * « V- msdp- 
limestone concretion at top. 390 3.2 0.15 ium

3hale: like shale above. 3*9 2.4 0.15  ** 
Ium

 Hltatone: slightly calcareous, massive, dark 
brown. ^ 355 0.7 0.15



Thick- 72°5 P2°5 
Sample ness (per  

No. (feet) cent)

Shale: moderately calcareous, soft, dark gray
to black. 354 1.8 0.1 ium

Limestone: hard, beds 2-6 inches thick, dark gray. 353 1*5 0.0 very
low

Shale: fissile to thin bedded (1-2 inches), dark 
gray; oolites up to 3 oat* In diameter irregu­ 
larly distributed throughout. 352 2.4 0.0 high

Cap lime: limestone, oolitic, hard, massive, 
except for upper 0.4^-0.6 foot which is shaly; 
foasiliferoua, buff gray fresh, light gray 
weathered. 351 2.1 0.0 low

Measured at the south end of Waterloo Hill

LOWER PHOSPHATE BSD
Oolite: soft to medium hard, thin-bedded 

(beda 0.1-0*3 foot thick), brownish black 
to black. Oolite grains range from about 
1/16 to 1/8 inch in diameter, vertical
Joints are conspicuous and are coated  3;   
with whit* carbonate. 1646 2.0 0*23e 34*8$ I/

Oolite: like oolite above except more 
shaly (beds 0.02-0.2 foot thick). 1645 1*7 0.55c 34.8

Oolites medium hard, massive in lower 0.4 
foot (one bed), shaly in upper 0.2 foot 
(beds 0.01-0.05 foot thick), brownish 
black to black fresh (oolite grains are 
black, matrix is brownish black), pale 
brown weathered. v ^ t 1644 0*6 O.07<* 34*8

Oeltter soft, black. 1643 O.J 0*12fe 34**
': ' :    ''.$ *.   ."'ff&'S* '"':'   ,   "    . ,; ''*:> .!-' ' .' ' ~ :  ': 'r " : '''" ' "-' '..-..,  ' '  :

Oolite: hard, massive, thick-bedded. f ,-
 r|- brownish black to black fresh, male brown
» ̂ *t^**** , : 

BNoiV "soft.! 'non-oolitic, beds 0.01-0*02 foot
thick, brownish-black.

£.&&£'  .*- :.C- . --,' "lj*^ -'-" '-' "   *>   -'- \|:fc: "" " *>". -;. :: - ''  ' ' 

||iltstones soft, non-oolitic in lower 0*3 foot,
1 moderately oolitic in upper 0.1 foot, shaly

^| (beds 0.1 foot thick), brownish black.

>^_

1642 0.9 0.10c 34.8

'' ,-, ' ,- > ^.^
16U 0.5 0.62c n.d.

y     ^.-

1640 0*4 0.17e tyi.

T /
Analyses of entire lower phosphate bed from U. 3. Geological Survey 
Paper 152, p. 280*



Thick- 720. P20 
Sample ness (per*- * 

No* (feet) cent)

Limestones silty, hard, massive, prominently 
fractured perpendicular to bedding, fossil- 
iferous, brownish gray to brownish black fresh, 
light brownish gray weathered. 1639 2.0 n.d* n«d«

Liaestone: hard, shalj, brownish gray to brown­ 
ish black fresh, light brownish gray 
weathered; not well exposed* 1633 0.5 n.d. n.d.

Oolite: hard, fine grained, fosslliferoos, 
black, conspicuous bluish-white blooa on 
upper surface* 0.3 n.d* n.d,

fell* formation*

Li*satoner rsry hard, coarse grained, dense 9
isive, fossiliferous, grap. 1637 n.d. n.d.



Bloomington Canyon, Idaho

itompoaite section of phosphatic shale member of Phoaphoria formation measured 
n Consolidated mine cross-cut and in 9-3 cross-cut in draw Joining Blooming- 
\oa fcanyon about 2 miles from Bloomington, Idaho, sec. 23, T. 15 S., R. 43 B., 
fear Lake County, Idaho; section in 9rS cross-cut measured by A. L. Slaughter, 
&at in Consolidated mine by V. E. Mc*elvey. The vanadium and phosphate analy- 
MS of the vanadiferous zone represent the average of several made by the 
jfyedak Coal and Manufacturing Company, agent for the Metals Reserve Company*

Thick-yaO P205

Haasured in Consolidated mine cross-cut 

tax member (chert)*

tiosphatic shale member. 

Oolite: soft, fine, gray*.

Siltatone: medium hard, light tan. 

Siltatonet hard, massive, dark brown. 

Siltatone: soft, weathered, massive, light 

Silt: clayey, aoft, massive, reddish, brown.

Siltatone: soft, massive, brown* 

PHOSPHATE ZOKS
Oolite: aoft, coarse, gray; red clay near 

£ toP» " ,-^\,.

4 Oolite: soft, coarse, gray.
|    ^£^ :;li^.
^ Oolite: soft, coarse, gray.
' "*'  ' . ' ;   - - f

Oolites soft, massive, light gray. 

Clay: oolitic, soft, dark brown.

Oolite: aoft, light gray.

 ajuk%*jm»^ v ̂r Vr   >

Sample ness (per- 
No. (feet) cent)

731 0*4+ 0.0 very
low

730 0*7 0*05
ium

729 O.r 0.05 T«ry
low

728 l.S 0.05
low

very 
727 3.6 0*25 low

726 2*2 0.3 **ry
.w|f -^ loir

~' ;^iow

724 2*4 0*r| lam

723 c ^J^OmJJ^'m^-

722 2.6 0.1

721 3*0 0*5
ium

492, 0.7 0.45c med-

491 0.6 0.21e mad-
turn



Thick- 720 
Sample ness (per  
Mo, (feet) cent)

Siltstone: clayey, oolitic in places, light very 
brown. 3.5 0.32c low

VANADIFEROUS ZONE (thickness and 7205 content 
based on average of many measurements in 
north and south drifts) 
Siltstone: medium hard, well-bedded, (beds

range from 2 to 8 inches in thickness),
blocky, dark brown; a soft, black slicken-
sided siltstone at top. 4«4 0*.94e 3.3£

Siltstone lenses: locally calcareous, soft'to 
hard, massive, black; included in either silt- 
stone bed or oolite depending upon local 
character* Thickness la not in addition to 
that of oolite and siltatone bed* 1*1 0*48c 23.A*

Oolite: hard, coarse, black; thin layers of 
siltstone interbedded in upper half* 2.1 0.57c U*0£

Shale: soft, shiny, black; contains thin oo­ 
litic layers in upper 1 foot; lower 6-10 
inches is locally thicker bedded and 
harder; contains lenses of black, massive, 
siltatone which are either soft and non- 
calcareous or hard and calcareous and which 
generally occur near the base of the 
oolitic shale at the top of the bed* 3*0 1.31c n.d*

Measured in 9MJ cross-cut

Siltatone and clay: soft, yellow to brown. , 0.5 n.d. n.d*

Siltatone: soft, massive, gray to tan. 0.6 0.110 n.d*

Siltstone: soft, massive, bedded, tan to gray; 
atreaks of red and yellow clay along bedding* 12.0 0.23c n.d*

Siltatone: soft, tan; contains abundant flattened
v concretions. . 1*4 n.d. n.d*

Silt stone: soft, massive bedded, tan to gray. 6*2 n.d* n.d*

3Utatone: hard, light gray to tan, red stained 
and cherty in part* 3.8 n.d. n.d.

one: soft, gray to tan. 1.0 n.d* n.d*

: gray, stained brown along fractures and 
along some beds* 1*4 n.d. n.d.

'iltatone: soft, massive bedded, dark brown; con  
tilra red clay se/un.1. c'«^ n * a * "*'1 «



Thick- e

Oolite: gray.

Chert: massive, bedded, fractured, light gray to 
tanj contains reddish clay seams and pockets.

Chert:

Oolite: hard, gray brown.

Siltstone: soft, dark brown*

Modules: J to 1 inch in diameter, hard.

Siltstone: soft, massive, tan to brown.

Modular oolite: cherty?, hard*

Siltstone: soft, massive, light gray*

Modular layer*
f   

t Siltstone: soft, massive, gray to tan*

Modular layer: 

i Siltstone: massive, light brown.

Siltstone: soft massive nodular layers inter-
£  bedded*st
Siltstone: dark brown; oolite; interbedded; 
I medium hard*

Sample ness (per  
Mo. (feet) cent)

Siltstone: soft, white*
^ I*
filtstone: oolitic, soft, black.P-

311tatone: soft, white*. ji, *

fhale: medium hard, black; contains several layers 
of black siltstone*

lasured in Consolidated mine cross-cut 
 ; (tie to above section only approximate)*

limestone: hard, silty, massive, dark gray.

1tatone: calcareous, cherty, hard, dense, 
fractured, dark gray; contains veins of gypeum.

0.4 n.d. n.d.

3.0

13.0

0.4

0.2

0.4

3.1

0.4

2.0

0.3

1.6

0.4

1.S

5.2

2.1

0.8

1.0

0.3

lud.

n.d.

n.d.

n.d.

n.d*

n.d*

n.d*

n.d.

n.d.

n.d.

n.d.

n.d.

n.d*

n.d.

n.d.

n.d*

n.d*

n.d.

n.d.

n.d.

n.d.

n.d*

n.d.

n.d*

n.d*

n.d*

n.d.

n.d*

n.d*

n.d.

n.d.

n.d*

n.d.

n.d*

311 4.1 0.0 Terr
low

310 0.7 0.0 low



Thick- 720c P20- 
Sample neaa (per** 
No» (feet) cent)

Limestone: hard, massive, bat broken, dense, very 
gray. 309 4.6 0.0 low

Limestone: carbonaceous, hard, banded, dark gray. 308 1.9 0*0 very

Fault.

Siltatone: calcareous, hard, dark gray. 306 5*8 0.0 med­
ium

Limestone: hard, dense, laminated, mas a ire. 297 1.9 0.0 very
low

Limestone: hard, dense, much fractured, dark gray. 296 3.5~ 0.05 very
low

Silts-bone: hard, massive, finely laminated, dark 
gray. 294^-5 5.5 0.0 low

Siltatone: soft, granular, platy. 293 0.1 0.0 very
low

Siltatone: hard, dense; interbedded with soft, 
granular* 292 2.0 0.0 low

Siltatone: micaceous, granular. 291 0.2 0.0 low

Siltatone: hard, dense. 290 1.0 0.0 very
low

calcareous, hard, dense, darf gray; med» 
a few granular layers interbedded. 288 3.3 0.0 ium

Siltatone t calcareous, hard, hackly, brown. 287 1.4 0.1 low

Hltatone: hard, shaly to massive, black. 285-6 0.7 0.0 med­
ium

Siltatone: tan with brownish streaks of car*-
Bonaceous matter; thin bedded to massive; very 
soft, sandy appearance* 284 1.6 0.25 low

finely laminated, thin bedded to very
massive, light gray to tan. 283 3.4 0.2 low

Ultatone: hard, massive, dense, sandy appear- very
*nce, light gray to yellow. 282 2.3 0.05



Thick- ?20~ P20c 
Sample ness (peN- 
No. (feet) cent)

Siltatone: clayey, soft, reddish brown, gray and very 
yellow streaks. 281 2.5 0.05 low

Silts tone: sandy appearance , light gray to brown. 280 3*3 0.05
low

Siltatone: sandy appearance , mas sire, light gray; very 
a few hard calcareous layers* 279 1*4 0.3 low

Siltatone: calcareous, thin bedded, sandy j very 
  appearance r light gray. ^«  ̂ . 278 1,3 0.3 low
k

: Siltatone: calcareous, mas sire, pinkish gray, 277 1*4 0,2 very
f* f*
LCbTSR PHOSPHATE BED t 
Phosphate rock: oolite, gray. 5*5 n.d«

foraation

hard, but nmch broken, light gray; 
thin cherty layers near top, n.d« n.d, n.d*


