
(~00) 
TiP r r-

. {<is{ 

.. • ·- J J. 

Stratigraphic Sections of the 

Phosphoria Formation in 

Wyoming, 1947-48 

By V. E. McKelvey, L. E. Smith, R . A. Hoppin, 
and F. C. Armstrong 

Trace Elements ln'Vestigations Report 184 

~ ~· 
6 -C·21'd. 

UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

•. i . . 
~ ... 

·" : 



. RESTRlGTED 
SECURITY INFO.RM AT ION 

Geology .. Mineralogy 

This document consists of 38 pages. 
Series A 

UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOG.ICAL SURVEY 

STRATIGRAPHIC SECTIO.NS OF THE PHPSPHOR,IA FORMATION 

l N W Y p MIN G' , 1 9 4 7 - 4 8 * 

By 

'V. E.., · McKelvey, L. E. Smith, R. A. Hoppin, 
and F. C. Armstrong 

December 1952 

Trace Ele _m ents Investig~tions Report 184 

~ . ~~ ,¢.rj,r/. 
(iS-C- :J../0 . . 

This preliminary report is distributed .This material conta~ns fnformation affecting 
without editorial and technical review the na~ional defense of the United States within 
for conformi~y with official standards the meaning of the espionage laws, Title 18, 
and nomenclat\tr~. It. is not for pub- u.s. c . , Secso 793 and 794, the .transmission 
lie inspection or guota~ion. or revelation ·of which .in any manner to an un

authorized person is prohibited by law. 

*This report concerns work done on behalf of the Division 
of Raw Materials of the u. s. Atomic Energy Commis-s ion 

RESTR.ICTED 
SECURITY INFORM ATlON 



2 

USGS - TEI Report 184 

GEOLOGY ~ MINERALOGY 

I 

D i s tr i b u t i o n ( S er i e s A ) 

American .Cyanamid Company. Winchester 0 0 

A~gonne Nationa~ Laboratory 0 0 • 0 0 ·o o o o ~ 
- A~omic _Energy Commission, Washington 0 0 

Battelle Memorial Institute. Col mnbuso 0 0 • 0 j . ·._ . . ... 
Carbide and Carbon Chemicals Company, Y -12 Area 
Division of Raw Materials, Gra:nts 
Division of Raw Materials, Denver 0 0 0 0 0 0 

Division of Raw Materials, Hot Springso 
I 

Division of Raw Materials, New York 0 0 0 0 .., o • 
D~vision of Raw Materials, Salt Lake City 0 0 0 

Division of Raw Materials, Richfield .o 0 0 .., 

Dfvision of Raw Materials, 

N~ M. Denson, Denver • o o ' 

Rl W o Swanson, Spokane. 0 

Ar H. Koschmann, Denver. • • 0 • • 

E.
1 

H. Bailey, San Francbco 
Cr E. Dutton, Madison • 0 • 

RJ A. Laurence~ Knoxville • 
RJ J. Roberts, Salt Lake City • • • .• • 0 

TEPCO, Washington: 
Resource Compilation Section • • 
Reports · Processing S_ect.ion 

(Including ~aster) 

RESTRICTED 

0 -o" 0 

No. of copies 

0 0 · ~ 1 

1 
1 
1 
.1 

1 
1 
1 
6 
1 
1 

1 
3 

1 
1 
1 

6 

1 

2 
1 

1 
1 

1 
·2 

1 

1 

1 
1 
2 

1 
1 
1 

1 

1 

2 

2 

53 

I 



RESTRlCTEP 

3 

CONTENTS 

Lot no. Page 

lntroductibno • o .. 0 o o ~ o 0 ·0. 0 • o 0 o o • o o o 

AcknJ wledgments 0 0 0 0 0 0 0 0 o 0 o o ·O o o 

StratigrapjhY of the Phosphoria formation in southwestern· Wyoming. 

Stratigrap~ic sections 0 0 0 o ·o o 

Referencer 0 0 0 .o 0 0 0 0 0 o 0 0 0 0 o 0 0 o 

·Tables for stratigraphic sections 
Layl~nd Canyon 0 0 0 0 0 

Spectrographic analyses 0 

Coal! Ca~yoono o o ~ o o . o o • • o 
1\dd1nonal analyses 0 0 0 0 0 o o 
~dditional amdyses ofselected samples 0 0 • o 

rpectrogr~phic analyses 0 . 

North Fork of Pine Creek - ~ 0 

J .. ' ' 

J
Spectrographlc analyses 0 0 • •• 0 0 ·0 o o • 

Mid le Fork of Pine Greek. 0 0 

fpectrographic analyses • 
Leeff • • o o. o • ·O o 0 ·0 0 

,Spectrographic analyses 0 

4 
4 
4 
4 
7 

1202 8 
12 

1201 14 
19 
23 
24 

1204 27 
30 

1205 31 
35 

1213 36 
38 

JlLLUSTRA TIONS 

Plate 1., Permian phosphate deposits of Wyoming ~howing localities 
sampled, o 0 o 0 ~ 0 o 0 • • o 0 o 0 o o o o o 5 

Figure 1. !Generalized section of thePhosphoria formation at Coal Canyon 0 
1201 6 

R.E S 1' .RlC:. T E 0 



4 

STRATIGRAPHIC SECTIONS OF THE PHOSPHORIA FORMATION 

IN WYOMING, 1947-48 

INTRODUCTION 

As part. df a comprehensive investigation of the 
phosphate deposits of the western field begun in 1947, 
the U. S. Geological Survey has measured and sampled 
the Permian Phosphoria formation at many localities 
in Wyoming and adjacent states. Because these data 
will not be fully synthesized for many years, seg
ments of the data, accompanied by little or no inter
pretation, will be published as preliminary reports 
as they are irssembled. This report, which contains 
abstracts of some of the sections measured in west
ern Wyoming (pl. 1); is one of this series. The field 
and laboratory procedures adopted in these investi
gations are described rather fully in a companion re
port (McKelvey and others, 1952a). 

Many people have taken part in this investi
gation. R. M. Campbell, R. A. Gulbrandsen, R. A. 
Harris, D. M. Larrabee, F. W. 0' Malley, 0. A. Payne, 
R. S. Sears, R. P. Sheldon, and R. A. Smart partici
pated in the description of the strata and the collection 
of the samples referred to in this report. D. B. Dimick, 
H. A. Larsen, and T. K. Rigby assisted in the prepar
ation of exposures and the crushing and splitting of 
samples in the field. The laboratory preparation of 
samples for chemical analysis was done in Denver, 
Colo., under the direction of W. P. Huleatt. 

Most of the P 2o5 and acid-insoluble analyses were 
made for the Surveyoythe U. S9 BureauofMines at the 
Northwest Electrodevelopment Laboratory, Albany, 
Oreg., under the direc.tion of S. M. Shelton and M. L. 
Wright. Most of the Al 0 3, Fe20 , and loss-on-ignition 
analyses were made bylthe Trace :glements Section lab
oratory of the Survey in Washington, D. C., under the 
direction of J. C. Rabbitt by chemists I. Barlow, A. 
Caemmerer, J. Greene, F. S. Grimaldi, N. Guttag, 
H. Levine, H. Mela, Jr.~ and R. G. Milkey, and most 
of the spectrographic reports were prepared in this lab
oratory by C. L. Waring. The samples from one locality 
(Coal Canyon) were analyzed for P 2 0 5, Al2 0 3, Fe2<;:>3, 
V 0 5, F, loss on ignition, and acia insoluole in tl'i:e 
cfiemical Laboratory of the Tennessee Valley Authority 
at Wilson Dam, Alabama, and ,spectrographically by 
D. M. Mortimer, of. the Bureau of Mines at Albany. 

Compilation of the .data has been largely by R. P. 
Sheldon and F. D. Frieske under the supervision of 
R. W. Swanson. Organization of the tabular data has 
been largely by Anita Cozzetto. 

Acknowledgments 

Special thanks are due W. W. Rubey, Helmuth We
dow, and J. Steele Williams, who ·contributed much in 
the way of advice and suggestions in planning and organ
ization of the field p~ogram. The cost of both the field 
and laboratory investigations has been borne partly by 
the Division of Raw Materials of the Atomic Energy , 
Commission. This support is gratefully acknowledged. 

Many local residents, property owners, and 
phosphate companies furnished information and 
services and gave access to property. D. L. King 
of the San Francisco Chemical Company has been 
especially helpful in this regard. 

STRATIGRAPHY.OF THE PHOSPHORIA 
FORMATION IN SOUTHWESTERN WYOMING 

'rhe Phosphoria form~tion in southwestern 
Wyoming consists of a lm~er phosphatic shale member, 
95 to 145 feet in thickness; overlain by the Rex chert 
member, cherty limestone 65 to 145feet in thickness; and 
capped by an upper shale member, 15 to 60 feet in 
thickness. It overlies the Pennsylvanian Wells form
ation and underlies the Traissic Dinwoody formation. 
Although the Wells formation consists largely of 
quartzose sandstone, calcareous in part, the upper 
25 feet or more is dark gray limestone. It is equiva
lent to the upper member of the Wells formation in 
Idaho and may be the correlative of the lowermost 
member (A member) of the Phosphoria formation in 
Montana and northwestern Wyoming and the lower 
limestone member of the Park City formation in Utah 
(McKelvey, 1949). The Dinwoody formation consists 
of limestone, calcareous siltstone, and sandstone. 

Most of the phosphatic layers are in the lower 
phosphatic shale member of the Phosphoria formation, 
but the upper shale member contains thin layers of 
phosphatic chert. The full thickness of the formation 
has been measured and sampled at Layland Canyon, 
Coal Canyon, and Middle Fork of Pine Creek. The 
phosphatic shale member contains many layers which 
persist, particularly in a north-south direction, over 
wide areas, but they may be grouped as shown in 
figure 1. 

The correlation of the beds of the phosphatic 
shale member with those in adjacent parts of Idaho 
and Utah has already been discussed in preliminary 
fashion (McKelvey and others, 1952a and b) and will 
be considered more fully later. Suffice it to say here 
that whe:r:eas many of the layers throughout this mem
ber in western Wyoming may be identified in northern 
Utah, their iCilentification in Idaho is uncertain except 
in the upper part of the member. 

STRATIGRAPHIC SECTIONS 

Analytical data and abstracts of stratigraphic 
sections measured at five localities follow. Their 
locations, as well as the locations of others to be re
ported later, are shown in plate 1. 

The semiquantitative spectrographic analyses 
made in the laboratories of both the Geological Survey 
and the Bureau of Mines are based upon comparisons 
with a standard plate representing known quantities of 
the elements tested for and made at the same exposure. 
Greater sensitivities for many elements can be obtained 
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by additional exposures. The standard sensitiVities for 
the elements noted in this report are as follows: 

Percent 
Element Geological Survey Bureau of Mines 

Al ..... ..... 0,0001 . .... .... 
Sb ........ . 001 . ... .. ... 
As .. ........ 1 . .. ... ... 
Ba .. ..... . .. . 001 ········ Be ......... • 001 . ........ 
Bi ........ • 001 . ... ... .. 
B ....... .. • 001 . . ... .. .. 
Cd .. .. . . .. • 01 . ... ..... 
Cs ..... .. 1. 0 ······· Ca .......... • 001 . ... ..... 
Ce ..... .. 1 . .. ..... 
Cr ....... . 001 . .. ...... 
Co .... .. ... • 001 . . .. ... 
Cb ········ • 01 .. ... ... 
Cu ······· . 0001 ... ... ... 
Dy ... .. .. . 01 . . ...... 
Er ...... .. . 01 . ...... 
F ..... .. ... 1* . . ...... 
Gd ... .. .. . 01 . .. ... .. 
Ga ........ . 01 . . .. ... ... 
Ge ... ····· . 001 ... ... .. 
Au ... .. .. . .. ..... 
Hf .... .. .. 1 . ..... .. 
In ... .. .. • 001 . . ... .. 
Fe ... ... ... • 001 . .. .... 
La ...... .. . 01 . . .. ... 
Pb ········ • 01 .. ..... 
Li .. ... .. 1 . ... .. 
Mg ······· . 0001 ....... 
Mn ... ... .. . 001 . ..... .. 
Hg ....... .. 1 ······· Mo .. ... .. ... . 001 . .. .... 
Na ... ...... • 01 . . ... ... 
Ni ········ • 001 .. .... 
p .. ... .. 1 .. ······ Pt ······· . 01 ....... .. 
K .. ..... 1 ····· ... Pr .... .... • 01 . ........ 
Re .. .. ..... 1 ········· Rb ········ 10.0 ......... 
Sm .. ..... 1 ······· ... Sc .. .. .. 1 . . ... ... 
Si .. ... ... . 0001 . .. ... ... 
Ag ....... . 001 . ........ 
Na .. ... .. 1 ······· Sr ······· ... • 01 . .. ... ... 
Ta .. .. ...... 1 . ... ... .. 
Tb .... ... .. 1 . ... ····· Tl .... ... .. 1 . .. .. ... 
Th .. ····· 1 ······· ... Sn .. .. ... • 01 .. ····· ... Ti .... ······ . 001 ... ... ... 
w ········· 1 .... ... ... 
u ······ ... 1 . .. .... 
v ·········· • 01 .... .. 
y ... ... .. • 001 .. ······ Zn ... ... ... • 001 . .. .. ... 
Zr ... ... .. . 001 . .. .... 

* A third exposure is required. 
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LAYLAND CANYON, WYOMING. LOT NO. 1Z02. 

Pboapbatic shale member of Phosphoria formation sampled and upper shale member measured in halld trenches in Laylalld Canyon, sec. 19, and 
ill aext Cllft10D to south, sec. 30, T. 27 N., R. 119 W., Lincoln COU!lty", Wyoming, on east limb of anticline. Beds P-1 throup P-82 sampled in trench in 
lower shale member 300 feet above Caft1on bottom on north side ol Layland Canyon; beds P•83 through R-1 sampled and upper shale member ·measured 
ill trench 25 feet above canyon bottom on north side of canyon i mile to south. Beds in north trench strike N. 20• W. and dip 34• E. at Wells contact and 
strike N. u• W. aDd dip 76• B. in upper part of section; beds in south trench strike N. u• W. and dip so• E. Phosphatic shale member measured by 
D. 11. Larrabee, R. A. Boppill, and L. E. Smith ud sampled by R. P. Sheldon, R. A. Gulbrandsen, R. S. Sears, and 0. A. Payne in June and Julyl947; 
upper shale member measured by F. c. ArmstroJllill September 1947. Samples anal~ed for P 20.._and acid insoluble by U.S. Bureau of Mines 
Laboratory, Albaft1, Orepa, and for other constituents b1 Trace Elements Section Laboratory, U:-:::t. Geological Survey, Washington, D. c. 

Bed 
ao. Rock description 

Dinwoody formatia.-basal bed only 

Cumulatin 
thickness 

(feet) 

Thickness x 
percent P2 0 6 ( cumulatl~J 

Samples analyzed for eU and 
chem. U by the U. S. Geological 
Survey Laboratory, Geochemistry 
and Petrology Branch. 

Thickness x 
percent chem. U 

(cumulative) 

'H- 1 1 Lim ..... sandy I -- I 2• 0 I -- I -- I -- I -- I -- I 2• 0 l__ -- I -- J -- I 

u- u lluclataae 
U· 11 . lludatoae, colltaills phosphatic Umestone 

concretioa at base 
U- II lludstoae, calcareous, cherty 
u- ' · lludstoae u- 1 lluataae 

u- ' lllldstone 
U- 6 Mudstone, calcareous 
u- s 1111dstoae 
u- 4 Mudstone 
u- .J Ltmestoae. saDdy 

u- ~ Plaospbate rock. cherty 
u- 1 ..._.,bate rock, cherty 

Upper shale member of Phosphoria formation 

o. 7 

0.8 
1.0 
3.2 
2.2 

1. 1 
0.75 
1.4 
0.35 
0.4 

1. 1 
1. 5 

Rex chert member of the Phosphoria formation--basal beds only 

a- 1 t Chert, caataiJul calcite winlets 

Phosphatic shale member of Phosphoria formation 

P-.185 Limestone, arllJ.laceous RAB-148-47 6.0 1. 7 -- -- --
P-ltM Pboapbate roclt RAB-1-i9-47 0.1 2-i.O -- -- --
P-103 lludstaae, contallls phosphatic mudstone 

lens o. 2 foot thick RAB-150-47 1. 0 4.9 -- -- --
P-18% ~~uc~a-. RAB-151-47 0.6 1. 2 -- -- --
P-101 lludstoae, calcareous RAB-152-U 2.6 o. 5 ·- -- --
P-100 lludatoae RAB-153-47 1. 8 4.2 -- -- --

o. 7 

1. 5 
2. 5 
s. 7 
7.9 

9.0 
9. 75 

11.15 
11.50 

(X) 

11.90 

13.00 
14.50 
-
-

10.0 I 7.00 .014 

-~ 

33.5 6.0 10.20 .002 • 001 .006 ~\ 
19.-i 6. 3 17. oiO .005 • 002 .007 p 
67.9 7. 3 22.30 • 003 .002 .009 y,. 
75.3 7. 9 23.02 . 003 • 001 .009 v 49.5 10.5 24.32 • 003 • 001 .012 

70.2 12.3 31.88 . 004 .002 .015 
f---: 
t 



Bed Sample Thickness 
Chemical analyses (percent) Cumulative Thickness x Ur~ium co3tent Thickness x 

no. Rock description no. (feet) PzOs Alzo3 Fez03 
Loss on Acid thickness percent P~f (percent percent chem. U 
ignition insoluble (feet) (cumulat eU C~em. U (cumulative) 

P- 99 Phosphate rock RAH- 154-47 1.5 Z4.8 Z.4 4.47 6.8 18.6 13.8 69.08 • 006 • 005 . 023 
P- 98 Phosphate rock and mudstone RAH- 155-47 1. 15 Zl. 0 z. 8 4.0Z 6.4 31. 1 14.95 93.Z3 • 006 .002 • 025 
P- 97 Phosphate rock RAH- 156-47 1.4 Z9.8 1.5 4.48 6.6 9.5 16.35 134.95 • 007 .004 • 031 
P- 96 Phosphate rock RAH- 157-47 3. 1 31.5 1.1 3.15 7,5 4.6 19.45 Z3Z.60 • 013 • 008 .056 
P- 95 Phosphate rock RAH-158-47 Z.3 Z9.6 1.9 0.79 8.30 9.9 Z1. 75 300.68 • OZ5 • 017 • 095 

P- 94 Mudstone, phosphatic RAH- 159-47 0.7 1Z. Z 6.7 s. 74 7.8 50. 1 ZZ.45 309. Z2 • . 009 • 003 • 097 
P- 93 Limestone, argillaceous RAH-160-47 z.z 0.3 4.5 4.45 16.8 40.2 24.65 309.88 • 003 • 002 • 101 
P- 9Z Phosphate rock RAH- 161-47 1. 1 Z9. 6 z. 1 3.82 8.0 9.0 Z5. 75 342.44 • 010 -- ----
P- 91 Phosphate rock, mudstone , and 

limestone RAH-162-47 1. 2 Z0.6 3.9 1. 04 9.50 Z6. 1 26.95 367. 16 • 006 • 006 --
P- 90 Phosphate rock RAH-163-47 Z.3 Z8.4 2.5 3.76 7.0 11.7 29. Z.5 } 432.48 • 008 • 005 --
P- 89 Phosphate rock, argillaceous RAH- 164-41 1.Z 20.6 5.3 4.Z4 6 .. 5 31.5 30.45 457.20 • 006 -- --
P- 88 Phosphate rock RAH-165-47 2.1 30.1 Z.4 4.86 5. 1 11.5 32.55 520.41 .008 .006 --
P- 87 Mudstone, calcareous and phosphate 

rock RAH-166-47 1.0 9.3 5.4 5. 58 15.4 40.3 33.55 529.71 • 004 -- --
P- 86 Mudstone, calcareous RAH-167-47 2.2 2. 3 6.9 4.83 18.Z 51.'0 35.75 534.77 • 003 -- --
P- 85 Phosphate rock, calcareous and 

limestone RAH- 168-47 0.5 20.8 2.5 4.89 17.6 6. 1 36.25 545. 17 .004 -- --
P- ·'84 Mudstone, phosphatic RAH-169-47 1.5 13.7 9.0 6.Z2 13.8 36.3 37.75 565. 7Z • 005 • 004 --
P- 83 Limestone, "hanging-wall limestone" RAH- 170-47 3.2 o. 7 -- -- -- 10.4 40.95 567.96 . 001 -- -- (.!) 
P- IZ Mudstone, phosphatic LES- 258-47 0.3 8.9 -- -- -- 5Z.3 41.Z5 570.63 • 008 • 005 .oo2• 
P- 81 Mudstone LES- Z57-47 0.4 o. 5 -- -- -- 79.4 41.65 570.83 .003 • 001 • 002 
P- 80 Mudstone LES- Z56-47 0.65 0.4 -- -- -- 64. 1 4Z.30 571.09 • 004 • 001 • 003 

P- -, Mudstone LES- 255-47 o.s 0.4 -- -- -- 52.3 4Z,80 571.29 • 003 .001 • 003 
P- 78 . Mudstone LES- 254-47 o.s o. 6 -- -- -- 74. 1 43.30 571.59 .003 .001 .004 ... P- n Mudstone LES- 253-47 0.45 4.8 -- -- -- 60.4 43. 75 573.75 .005 .003 • 005 
P- 76 Mudstone, phosphatic LES- Z52-47 0.4 8.4 -- -- -- 53.7 44.15 577. 11 • 006 .002 • 006 f! 
P- 'iS Limestone, argillaceous, "footwall t limestoneu LES- 251-47 1. 3 1. 6 -- -- -- 33.0 ·. 45.45 579. 19 .002 .001 • 007 

P- 74 Mudstone LES- 250-47 0.4 3.3 -- -- -- 75.0 45.85 580. 51 .004 • 003 • 008 l 
P- 73 Mudstone, phosphatic LES- 249-47 0.6 11. 1 -- -- -- 50.4 46.45 587. 17 • 006 .002 • 009 r P- 71. Mudstone, calcareous RAH-139-47 1.6 o. 7 -- -- -- 66.6 48.05 588.29 •. 003 • 001 • 011 
P- 71 Mudstone, calcareous RAH- 138-47 1. 0 o. 5 -- -- -- .66. 6 49.05 . 588. 79 • 001 • 001 • 012 ... P- 70 Limestone, argillaceous RAH-137-47 2.2 o. 6 -- -- -- 41.5 51.25 590. 11 • 001 .001 . 014 

~ 
P- c9 Mudstone, calcareous, phosphatic RAH-136-47 2.9 lZ. 0 -- -- -- 35.6 54. 15 624.91 • 007 .004 • 026 ~ 
P- '68 Limestone, argillaceous RAH-135-47 0.5 2. 5 -- -- -- 36.3 54.65 626. 16 • 002 • 001 • 026 c P- 67 Mudstone, phosphatic RAH-134-47 0.7 14.9 -- -- -- 42. 1 55.35 636.59 • 010 . 006 .031 
P- '6 Limestone, argillaceous RAH- 133-47 0.8 3.9 -- -- -- 38.6 56. 15 639.71 • 002 . 001 • 031 

~ P- 6'5 Phosphate rock, argillaceous RAH-132-47 2. 1 15,6 -- -- -- 21.9 58.25 67Z.47 • 011 .007 • 046 

P- 64 Limestone, argillaceous, phosphatic RAH- 131-47 0.8 9. 7 -- -- -- 31.4 59.05 680.23 • 007 • 002 .048 ~ P- 63 Phosphate rock, argillaceous RAH-129-47 3.5 17. 1 -- -- -- 24.7 62.55 740.08 • 009 • 006 .069 
-- Three limestone concretions in bed P-63 RAH- 130-47 (0.0-1.4) 2. 0 -- -- -- 1.8 -- -- • 001 • 001 -- t: 



P- 6Z Phosphate rock. arg111ace0\IS 
P- 61 Phosphate rock. arJil.laceOWI 
P- 60 Limestone. ar,ntaceOIUI 
P- 59 Phosphate rock~ arg111aceous 
P-. 58 ~~t~, calcareous, phosphatic 

"- .,$7 · .. Pil9.splaa._ rock• aram.ceOQ, calcareous 
P .. ... 56 . Phospb.~_ rOck, ar,nta~ ~·r ,_, .... · · 

:; ~o:t :D ' ,,14m.e~, pJaoap-.ue~; :ar~c:eOwl . 
P~ · 54 Pliollpbate ~lt··-.nd ••~~;.·<cal~ous 
P- 53.· Limes~~ PJaOI!pbatic 

·: :·•:: ~-(~~;; ~~-~tb~if. · 
· P- 51 .· -" l:.baeatoae'· 

'. 'cc : ·~·~;.i2s& :&1~J?0;'· i 

; . > :J!~.<;,-t.:i u..~~~·· ~ceo...~' pho.pbatic 
; ;>:~:"~f i.t~~~·;ip~tJ~· ··.CaJcarecms · 

·,p~ .... '~•· ,~ . ..>· · ·'· ' • 
P- •s· 111adataaiit, ~tic, calcareous 
P- 4Z l..lme.stone, · arJlllaceoas 
P- 41 PbDIIphate rock;. arPDaceoli.S 
P- 40 PIIMpbate rock 
P- 39 Kadataae, phoaphatlc 
P- 38 KudatCIIle, calcareous 

p ... 37 Pllol!lpbate I'OCJr.· ar,niaceou 
P- 36 Mudstaae, phoapbatlc 
P-35 .~ 
P- H . U...taae 
P- lJ ...,._te rocke · arpllaceous 

P- n JIIIDQIIate rock 
P- 31 ....,....te I'OCir. arpnaceous 
P- 30 . ..._pilate rock, arpllaceou-P-" ~terock 
P- M : Pboapllate· rock 

P- if · .Phollpbate rOck 
P-: Z6 ftCMipba~ roek 
P- Z5 Phosphate rOck 
P- ' Z4 Phospbate rOck 
P- Z3 ' Plaoaphate ·rqd 

P- .zz Alaspbate i'ock. . ar,ntaceous 
P- 21 Phosphate rock, .argil18.ceoua 
P- .zo Limesteae. ·· arflllacetus 
P- ·l9 Kwt,ae, pbOIIJII:WIUe, c;alcare0\18 

RAH-128-47 
RAH-1Z7-47 
RAH-126-47 
RAH-IZS-47 
RAH-1Z4-47 

RAB- 123-47 
RAH .. U2-47 
RAB-iZl-47 
RAH-120-,47 
RAH-119-47 

RAH-118-47 
RAH- 117 -4·7 
RAH•ll6-47 
RAH- ils-47 
RAft.,. 114-47 

RAH-11~-47 
RAH- 112-47 
BAH.;. 30-·7 
RAH• 29-47 
RAH- Z8":"47 

RAH- Z7-47 
RAH- Z6•47 
RAH- 25-47 
RAB- 24•47 
RAB- Z3-47 

RAH- ZZ-47 
RAH.,. 21•(7 
RAH- 20-47 
RAH- 19-47 
RAH- 18.•47 

RAH- 17-47 
RAH- 16-47 
RAH- 15-47 · 
RAH- 14-47 
RAH- 13-·7 

RAH- 12-47 
RAH- 11-47 
RAH- 10-47 
RAH., 9-47 
RAH~ 8-47 

RAB- 7-47 
RAH- 6-47 
.RAH- ~-47 

·R~- 4~·l7 ' 

0.7 
1. 7 
3.0 
0.7 
0.4 

0.8 
0.7 
2.5 
1.6 
0~4 

0.7 
0.7 
0.6 
1.7 
3.8 . 

. · ' . i~· o · ' 
1.3 ·· 
~-t . 
2~l 
0'. 6 

3. 1 
o.s 
0.6 
1.0 
1.0 

0.4 
z.o 
0.3 
1. 6 
o.s 

o. 7 
0.2 
l.l 
1.2 
z.1 
0.4 
0.6 
0.8 
0.3 
0.3 

0.2 
0.4 
1.0 . 
0 •. 4 

17.6 
17.5 

1. 7 
19.5 
10.2 

i9.4 
13.4 
10. s 
14.9 
15.5 

6. 6 
7.4 

28.7 
3.4 

,:~WJ· 
10~4 
14.3 
7;2 
2/ 5 

H.O 

6. 5 
23~ 0 
2.7.7 
9. 7 
3.3 

17.7 
1Z.3 
7.1 
2.0 

.25.6 

2s.6 
18~1 
19.1 
31~4 
30~ 8 

29.8 
30 • .f 
26.0 
27.9 
26.4 

22. 1 
19.3 
6.4 

11.9 

.2 •. 2 . L 3.· 30 

--

3.7 4.32 

3.6 3. 76 
4.5 4.28 
3.3 3.54 
1. 8 4. 56 
1.7 3.78 

2.1 4.6Z 
Z.2 3.9Z 
3.6 3.94 
Z.6 3.92 
2~ 6 · 3.1Z 

2.2 .z.8a 
3.2 s.26 
4.4 4.54 
6.2 4.80 

--

8.6 

9~7 
11.3 
11.6 
6.4 
6~6 

7.1 
6.1 
8.4 
8.2 
7.8 

7.6 
7. 9 

23~0 
12.4 

25~ 1 
24.9 
32.9 
26.0 
45.7 

25.0 
33.0 
21.1 
17. Oi: 
1s. 2· 

66.7 
7.4 
9.4 

26~0 
9.0 

28.;z 
41.7 
51.8 
46.3 
46. 3:. 

28.0 
26.5 
15.1 

''· 2 53.2 

34.4 
5.0.0 
61.3 
18.6 
20.0 

19.0 
34.0 
26.6 

- 9.8 
10.3 

10.0 
10.5 
18.7 
13.4 
18.8 

2.8.4 
19.7 
33.3 
42.3 

63.25 
64.95 
67.95 
68.65 
69.05 

69.85 
70.55 
73.05 
74.65 
75.05 

15.75 
·76 •. 45 
77.05 
7$.75 
82.55 

$4.55 
85.85 
89.75 
91.85 
92.45 

95.55 
96.05 
96.65 
97.65 
98.65 

'19.05 
101.05 
101. 35 
10Z.95 
103.45 

104.15 
104.35 
101.0 
106 .• 65 
108.75 

109.15 
10~.75 
110.55 
110; 85 
10.15 

111.35 
111. 75 
112.75 
113. 15 

752.40 
782. 15 
787.25 
800.90 

, 804. 98 

'· :a2o.so 
· az9:&8 
8$6. 13. 
819~ 97 

.'' 886 •. 17 

/;~890:79 
. 895.97 

' 913.19 
. 91.8.97 

'1'~ .03·3~3~ .· 

1, .054. 14 
1~,0;l2. 7.f 
1;1oo • . 82 

' 1;"106.07 
l~ il3~ 27 

1',':133. 4Z 
t, 1.4. 92 
1,16J.54 
1,171. 24 
1,174. 54 

1, 181.62 
1, 206. zz 
1, 208.35 
1, Zll. 55 
1~~24.35 

1;·242. Z7 
li.245. 89 
1, 26'. 90 
l, 304~ 5~ 
1, 369. Z6 

1,::381. 18 
1, 39.9. 4Z 
1,420. 22 
1,428.59 
1, .f36. 51 

1,440.93 
1,448.65 
1, 455.05 
1, 459.81 

.011 
• 015 
.003 
.014 
,009 

.011 

. 011 

.0.05 
~ 006 
.007 

~oo6 
.004 
.007 
;003 
.ou 
•. 003 
.006 · 
.OO.f 
.002 
.005 

.• 001 
.0005 
.009 
.009 
• 003 

• 010 
.009 
.005 
.001 
.016 

.Oil 
.020 
.008 
,007 
; 010 

.018 

.017 
·~ou 

• 011 
.009 

• 007 
• 014 
• 003 
• 005 

.009 

.ou 

.002 

.010 

.oos 

.009 

.no 

.00,1 

.oos 

.002 

.on 

.001 

.004 
,001 
•. 010 . 

.001 

.002 
"oi 
,.OOJ 
.002 

.ooz 

.004 

.007 
,007 
• 001 

.006 

.004 

.003 
• 001 
.oo8 

.011 
•016 
.006 
.004 
.006 

.008 

.016 .. 

.007 

.009 

.005 

.004 

.009 

.002 

.002 

. 075 

.094 

.100 

.107 

.lOt 

.116 

.12~ 
~125 
•• 33 
.1.34 

.136 

.137 

.139 
• 141 
.U9 

• 183 
.186 
.193 
.}9.~ 
·J97; 

.zo:s 
• Z05 
.Z09 
• 216 
• 217 

.zzo 

.ZZ8 
• 228 
.230 
.zsc 

.U2 
,Z45 
.n2 
.256 
.169 

.272 

.282 
,281 
.2.9(1 
• 29Z 

.Z9Z 

.296 
• 298 \ 
• 299 

* Cum.~ative data b:lcomplete 
~ue to missing information. 
Computations start from zero 
after interruptiOn. 

c 
f--ob 

~ 

~ 

·b 
•J-.3 
.......... 
L...LJ 
c; 



Bed Sample Thickness Chemical analyses (percent) Cumulative Thickness x Uranium cmtent Thickness x 

no. Rock description no. (feet) Pz05 Al2o3 Fe2o3 
Loss on Acid thickness percent PnOf (percent) percent chem. U 
ignition insoluble (feet) (cumulat ve eu Chem. u (cumulative) 

P- 18 Phosphate rock, argillaceous RAH- 3-47 0,7 zz. 6 4.Z 3,90 7.0 zz.o 113.85 1, 475.63 • 007 .004 • 30Z 
P- 17 Limestone, argillaceous, phosphatic RAH• Z-47 1. 1 10.3 5. 5 5.z6 18.0 3Z.7 114.95 1, 486.96 • 004 • ooz • 304 
P- 16 Phosphate rock, arpllaceous RAH- 1-47 0,4 zo.8 6.5 5,80 9.4 Z4. 5 115.35 1, 495, Z8 ,006 . ,003 • 305 
P- 15 Dolomite, calcareous DML- Z4-47 1. 1 3.9 -- -- -- 13.7 116~ 45 1, 499. 57 • 001 ,001 .306 
P- 14 Mudstone, cherty DML.; Z3-47 0.1 z. 7 -- -- -- 80,9 116.55 1, 499. 84 • 001 • 001 .306 

P- 13 Limestone, argillaceous DML- ZZ-47 0.7 1. 7 -- -- -- Z6.6 117.Z5 1, 501.03 .0005 .ooz • 308 
P- 12 Phosphate rock DML- Z1-47 1, 3 23.9 -- -- -- 19.4 118.55 1, 53Z. 10 • 004 ,003 .311 
P- 11 Phosphate rock, calcareous, contaiml 

nuorite DML- Z0-47 Z,3 . Z0.4 -- -- -- 15. z 1Z0.85 1, 579. oz .009 .004 • 3Zl 
P- 10 Mudstone, phosphatic DML- 19-47 o.z 13.8 -- -- -- 4Z. 1 1Zl. 05 1, 581. 78 .008 .005 • 3ZZ 
P- 9 Limestone, argillaceous DML· 18-47 1.4 3. z -- -- -- Z3,6 1ZZ.45 1, 586. Z6 ~ ooz • 001 • 323 

P- 8 Phoaphate rock, artlllaceous DML- 17-47 0.1 Z1. 8 -- -- -- Z4.6 1ZZ.55 1. 588.44 .009 • 005 .324 
P- 7 Phosphate rock, arJillaceous DML- 16-47 0.3 Z5.4 -- -- -- 20. 1 12Z.85 •• 5_96. 06 .019 .004 • 325 
P- 6 Mudstone DML· 15-47 0.3 Z.9 -- -- -- 67.0 123. 15 1, 596.93 .004 .002 .325 
P- 5 Mudstone, calcareous DML;.. 14-47 3. 2 0.4 -- -- -- 68.6 126.35 1, 598. 21 ,002 .001 • 329 
P- 4 Mudstone DML- 13-47 0.5 o. 2 -- -- -- 76.2 126.85 1, S98. 31 ,002 • 001 .329 

P- 3 Mudstone DML- 12-47 Z.5 0.4 -- -- -- 81,0 129.35 l, 599. 31 • 002 • 001 • 332 
P- 2 Phosphate rock DML· 11-47 0.3 33.4 -- -- -- 5.2 129.65 1,609.33 .008 ,004 • 333 
P- 1 Phosphate rock DML- 10-47 0.4 34.8 -- -- -- 3. 3 130.05 1, 623.25 .009 .005 • 335** 

-- L___ · --~ ------ -- -- ----- L._. __ -------- --- - --- ------

Wells formation--not measured 

Cw- 1 l~udatoae, calcareous and limestone unl -- I ~-~-T=--r-~-=-T -- r ---- I -- I -- I ... I --== --, -- I 
**Note incompleteness of 

cumulative data. 

~ 
~ 

0 
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SPECTROGRAPWC .ANALYSES-LAYLAND CANYON, WYOMING. LOI' NO. 1202. 

Semi-quantitative analyses of samples of the Phosphoria formation, Layland Canyon, Wyoming (see immediately preceding pages 
for location of section, thickness and description of strata, and chemical analyses of samples), made byU. S. GeologicalSurveyLaboratory, 
Geochemistry and Petroloay Branch, Washington, D. C. In addition to the elements listed in the table below, Sb, As, Be, Bi, Ce, Cs, Co, 
Cb, Ge, In, Hg, Nd, Pl, Re, Rb, Sc, Ta, Tl, Th, and W were looked for in all samples but were not detected. 

Bed 
DO. 

P-99 
P-98 
P-97 
P-96 
P-95 

P-94 
P-93 
P-92 
P-91 
P-90 

P-89 
P-88 
P-87 
P-86 
P-85 

P-84 

P•48 

P-33 
P-32 
P-31 
P-30 
P-29 

Explanation of symbols 

A • more than 10 percent 
B' • 1-10 percent1 
D • 0. 1-1 percent 
E • 0. 01-0. 1 percent 

Sampla no. Al Ba B Cd Ca Cr Cu Fe La Pb Mg 

Beds P-105 through P·100 not analyzed. 

RAH-154-47 B' F F F A E F B' E E D 
RAH-155-47 B' E F F A E E B' E E D 
RAH•l56-47 B' D F F A E F B' E E D 
RAH-157·47 B' F F F A E F B' E E D 
RAH-158-47 B' F F E A E E B' F E D 

RAH-159-47 B' E F F B' D E B' E E D 
RAH-160-47 B' F F F B' E F B' ND F B' 
RAH-161-47 B' F F F A D F B' E F D 
RAH-162-47 B' F F F A D F B' E F D 
RAH-163-47 B' F F F A D F B' E E D 

RAH-164-47 B' F F F A D E B' E E D 
RAB-165-47 B' F F ND A D F B' E E D 
RAH-166-47 B' F F F B' D F B' E E --
RAH-167-47 B' F F F B' D F B' F F B' 
RAH-168-47 B' F F F A D F B' E F D 

RAH-169-47 B' E F F B' D E B' E E D 

Beds P•83 through P-49 not analyzed. 

RAH-114-47 I B' I E I F I F I A I E E B' E E D 

Beds P-47 through l?-34 not analyzed. 

RAil- 18..,47 B' F F E A E E B' F E D 
RAB- 17-47 B' F F E A E E B' F E D 
RAH- 16-47 B' F F E A E E B' F E D 
RAH- 15-47 B' F F E A E F B' F E B' 
RAB .. 14-47 B' E F E A E F B' F E D 

1 
B' is equivalent tQ Band C of Bur••• of Mines analyses. 

F • 0. 001-0.01 percent 
G = less than 0. 001 percent 

ND = not detected 

Mn Mo Ni p Si Ag Na 

E F E A B' G D 
E F E A B' G D 
E F E A B' G D 
E F E A B' G D 
E F E A B' G D 

E F E B.' A G D 
E F E D A G E 
E F F A B' G D 
E F F A B' G D 
E F E A. B' G D 

E F E A B' G D 
E F E A B' G D 
E F E B' A G D 
E F E B' A G D 
E F E A :a• G ND 

E F E B' A G D 

F F E A B' G D 

F F E A B' G D 
F ND E A B' G D 
E F E A B' G D 
E F E A. B' G D 
F F E A B' G D 

Sr Sn Ti v y Zn Zr 

D F E D E E F 
D E E D E E F 
D F E D E E F 
D F E D E E F 
D F E D E E F 

D F D D g · E E 
D F D E F .E E 
D F E E E & F 
D F E E E E J' 
D ND E E E E E 

D F D E E E E 
D F D E E E E 
p F D E E E ND 
D F D E E E E 
D F E E J: . It F 

D F D D , E E E 

D F E D E • ., 

D F · E D 1: E E 
D F E D E :a: p 
D F E D E m E 
D F E D E E F 
D F E D Jl E F 

~ 
N 



Bed Sample no. Al Ba B Cd 
DO. 

Ca Cr Cu Fe La Pp Mg 

P-28 BAH- 13-47 B' F F E A E F B' F E D 
P-27 RAH- 12-47 B' E F E A D E B' F F D 
P-26 BAH- 11-47 B' E F E A D E B' F E D 
P-25 RAH- 10-47 B' E F E A D E B' F F D 
P-24 BAH- 9-47 B' E F E A D E B' F E D 

P-Z3 RAH- 8-47 B' E F E A D E B' ND F D 
P-22 RAH- 7-47 B' E F E A D E B' F E B' 
P-21 RAH- 6-47 B' E F E A D E B' F F D 
P-ZO RAH- 5-47 B' E F E A D E B' ND F B' 
P-19 RAH- 4-47 B' E F E A D E B' F E B' 

P-18 RAH- 3-47 B' E F E A D E B' F E D 
P~l7 RAH- Z-47 B' E F E A D E B' F E B' 
P-16 RAH- 1-47 B' E F E A D E B' F E B' 

Beds P-15 through P-1 not analyzed. 

Mn Mo Ni p Si A g. Na Sr 

F F E A B' G D D 
F F F A B' G D E 
E F F A B' G D E 
E E F A B' G D E 
E E F A B' G D E 

E E F A B' G D E 
E F F A B' G D E 
E F F A B' G D E 
E E F B' B' G D E 
E F F A B' G D E 

E E E A B' G D E 
E E E B' B' G D E 
E F F A B' G D E 

Sn Ti v y 

F E D E 
F E D F 
F E D F 
F E D F 
F E D F 

F E D F 
F E D F 
F E D F 

ND E D F 
F . E D F 

F E D E 
F E D F 
F E E F 

An Zr 

E F 
E F 
E F 
E E 
E F 

E F 
E F 
E F 
D E 
D E 

D F 
E F 
E F 

~ 
w 

rn. 
!;:0 
t-1 
0 
~ 
t:rj 
t::1 



COAL CANYON, WYOMING. LOT NO. lZOl. 

Phosphoria formation sampled in hand trenches, mine adit, and natural exposures in Coal Canyon, sec. 7, T. Z6 N., R. 119 W ., Lincoln County, Samples analyzed for eU and 
Wyoming, on east limb of Sublette anticline. Upper shale member sampled in trench ZOO feet above canyon bottom on south side; Rex chert member in chem. U by the U. S. Geological 
natural ezposures 50 feet above canyon bottom on south side; beds P-69 to P-74 from vanadiferous zone in face of adit 50 feet above canyon bottom on Survey Laboratory, Geochemistry 
north side; all other beds from trench in phosphatic shale member at bottom of canyon on south side. Beds strike north and dip 75• E. Section and Petrology Branch. 
measured by V. E. McKelvey, D. M. Larrabee, and L. E. Smith and sampled by R. A. Gulbrandsen; samples Z058-Z087 collected in June 1946, all 
others in June 194 7. Samples analyzed by Tennessee Valley Authority. 

~I 
Thickness x 

Rock description pe:rcent chem. U 
(cumulative) 

Dinwoody formation--basal bed only 

'H-1 Mudstone • ooz 

Upper shale member of Phosphoria formation 

u- Z7 Phosphate rock, argillaceous VEM-96-47 1. 7 Z4.8 4.3 3.4 0.07 Z.5 4.9 Z3.8 ' 1.7 4Z. 16 • 003 • 001 • ooz 
u- z6 Phosphate rock and chert VEM-95-47 0.6 15. 14 9.1 4.Z -. 1. 3 6. 7 4Z.IO z. 3 51. Z4 • 003 • 001 .ooz 
u- zs Chert, dolomitic VEM-94-47 0.8 6.Z5 3.8 z. z 0.05 0.68 15.3 46.8 3. 1 56.Z4 • 001 • 000 • ooz 
u- z4 Mudstone and chert VEM-93-47 4.0 o. 70 5.3 3. z 0 . 04 0.13 4.3 81.3 7. 1 59.04 • 0005 .001 • 006 
u- Z3 Mudstooe, cherty VEM-9Z-47 1.6 1. 65 5.4 3.8 0 . 04 0.18 z. 5 85.9 8. 7 61.68 • 001 • 000 • 006 

u- zz lludstooe VEM-91-47 1. 6 2.93 11. z 4.9 0.09 0.34 6. 1 77. 1 10.3 66.37 • ooz • 000 • 006 u- z1 Mudstone VEM-90-47 3.Z 4 . 60 10.7 ,, 4.5 0.06 0 . 58 7. 5 70.3 13.50 81.09 • 003 • 001 • 010 r"" u- zo Mudstone VEM-89-47 3.0 4.00 11.7 4.3 o. 10 0.47 7. z 73.0 16.5 93.09 .ooz • 000 • 010 u- 19 Mudstone VEM-88-47 Z.6 z.oo 7.3 z. 5 o. 10 0.31 9.5 n. 1 19. l 98. Z9 • ooz .001 • OIZ -+=" 
u- 11 Mudstone, calcareous VEM-87-47 Z.6 0.30 7.8 Z.6 0.06 O.Zl 11.7 69.Z Zl. 7 99.07 • ooz • 001 • 015 

u- 11 Limestone, areillaceous VEM-86-47 1.6 0.5 3.6 I. 5 0.04 o. 11 Z4.3 43.5 Z3.3 99.87 • 001 • 000 • 015 u- 16 Mudstone VEM-85-47 3. 5 1. 39 7.3 z. 5 0.05 0.18 10.6 68.5 Z6.8 104. 74 • ooz • 001 • 018 
u- 1s Mudstone VEM-84-47 3.9 1. 01 4 . 5 z. 3 0.04 0.16 11.8 68.0 30. 7 108. 69 • 001 .0005 • ozo u- 14 Mudstone VEM-83-47 3.7 O.Z5 8.7 Z.8 O.Oi 0.19 7. 5 80.3 34.4 109.60 • ooz • 001 .OZ4 
u- ll Mudstone VEM-8Z-47 3.6 1. Zl 8. 1 3. z 0.05 O.Z4 7.1 76.8 38.0 133.96 • ooz • 001 • 0Z7 

u- u Mudstone VEM-81-47 4.3 0.85 10.4 3. 5 0.08 O.Z6 8. 6 75.00 4Z. 3 117.60 • ooz • 001 • 03Z u- 11 Mudstone VEM-80-47 1.4 0.60 10.3 4.0 0.04 O.Z6 8. 6 73.4 43.7 118.45 • ooz • 001 • 033 u- 10 lludstooe, dolomitic VEM-79-47 1.0 1. 60 6.4 Z.9 0.08 0.17 14. 1 64.4 44.7 1Z0.05 • ooz • 0005 .034 
u- 9 Mudstooe VEM-78-47 0.7 0.91 9.8 4.7 0.05 0.17 5. 8 79.5 45.4 1ZO. 69 • ooz • 0005 .034 u- 8 Mudstone VEM-77-47 Z.7 1. 00 10. 4 3.9 0.05 o.zz 4.9 85.Z 48.1 1Z3. 39 • 003 • 001 • 037 

u- 7 Mudstcme VEM-76-47 3. 1 o. 75 7. 5 3. z 0.05 o.zz 5. z 8Z.5 5l.Z 1Z5. 71 • ooz .001 .040 
u- 6 Phosphate rock, cbe)"ty VEM-75-47 Z.3 zz. 5 3.7 3. 3 0.06 z. 1 6. 7 25.8 53.50 177. 46 • ooz • 001 .• 04Z 0 u- 5 Mudstone VEM-74-47 1. 4 4. 1 5. 1 3. 5 0.04 0.51 4.4 73.Z 54.9 183.ZO • ooz • 001 • 044 
u- 4 Chert VEM-73-47 0 . 6 0.49 Z.4 z. 6 0,04 o . 10 7. 6 77.6 55.5 183. 50 • 001 • 0005 .044 

~ u- 3 Chert VEM-7Z-47 1. 1 4. 71 1.5 3.Z 0.03 0.54 6. 0 69.6 56.6 188.68 • 001 • 001 • 045 

u- z Phosphate rock, cherty VEM-71-47 0.6 Z5.5 1.4 z.o 0.04 Z. 4 3.4 zs. 1 57. z Z03.98 • 003 . ooz .046 
u- 1 Phosphate rOck, argillaceous VEM-70-47 0.4 16.7 4.4 z. 8 o. 11 z. 1 4.9 30.6 57.6 Zl0,66 .006 .003 • 047 



Bed 
no. Rock description 

Rex chert member of Phosphoria formation 

Chert and limestone, represents 
top of VEM-68-47 resampled in 
upper shale trench VEM-69-47 (1. 4) 0.65 0.7 1. 8 -- 0,08 

R- 7 Chert and limestone VEM-68-47 8,5 0,11 o.z z. 5 -- o.os 
R- 6 Chert and limestone VEM-67-47 9.0 o.zz 0.4 1.9 -- 0.03 
R- 5 Chert and limestone VEM-66-47 10.5 o.zo o.s z. 1 -- 0.04 
R- 4 Chert and limestone VEM-65-47 9.0 O.Z3 0.3 z.z -- 0.04 

R- 3 Chert and limelitone; fos. col. 
no. 47-BW-48 VEM-64-47 10.4 o.zo 0.7 Z.3 -- 0.04 

R- z Chert and limestone VEM-63-47 9.8 0.40 0.8 Z.3 -- o.os 
R- 1 Chert and limestone; fos. col. 

no. 47-BW-49 VEM-6Z-47 9.6 o.zs 0.4 1.9 -- 0.05 

Phosphatic shale member of Phosphoria fo rmation 

-- Covered -- 13 -- -- -- -- --
P-107 Dolomite, calcareous, 

argillaceous DML- 9-47 s. 7 0 . 76 z.s 0.9 0. 04 0.13 
P-106 Phosphate rock DML- 8-47 0.3 ZS.45 4.1 1.5 0.05 z.s 
P-105 Mudstone; fos. col. no. 

47-BW-46 DML- 7-47 0,4 3.25 13.3 4.0 o. 07 . o. 37 
P-104 Mudstone DML- 6-47 o.s 6. 15 10.9 3. 1 0.06 0.59 

P-103 Mudstone DML- 5-47 0,5 4.35 1Z.1 3.4 0.04 0.48 
P-102 Mudstone, dolomitic DML- 4-47 3.2 0 . 65 9.3 3.0 0.02 0,15 
P-101 Mudstone DML- 3-47 1. z 4.51 10,Z 3.3 0.04 0.52 
P-100 Phosphate rock; fos. col. no. 

47-HW-45 DML- 2-47 0.4 ZS.9 3.6 1.1 0.04 2,4 
P- 99 Dolomite, argillaceous; fos. col. 

no. 47-HW-44 DML- 1-47 1.4 0.81 4.3 1. 5 0.06 0.15 

P- 98 Phosphate rock 20632 
1. 1 Z9.8 1. 4 0.8 0.07 3. 1 

P- 97 Phosphate rock 20622 1.9 32.9 0.9 0.6 0.10 3.8 
P- 96 Phosphate rock Z061 o. 7 21.2 Z.3 1.1 O.Z3 2.9 
P- 95 Phosphate rock 2060 0.6 29.8 1. 5 o. 7 O.Z6 3.1 
P- 94 Phosphate rock Z059 0.5 26.9 2. 1 1.0 O.Z4 z. 7 

P- 93 Phosphate rock Z058 0.8 32.1 1.2 o.s 0.15 3.4 
P- 9Z Phosphate rock, argillaceous VEM-61-47 1.1 Zl. 6 4.Z 1.7 0 . 16 Z. 2 
P- 91 Mudstone, dolomitic VEM-60-47 0 . 4 3.80 7 . 8 Z. 6 0.09 0.51 
P- 90 Limestone, argillaceous, 

dolomitic VEM-59-47 1, 9 o.zo 3.4 z.o 0.08 O.lZ 
P- 89 Phosphate rock VEM-58-47 o. 7 29.3 z.o Z.3 0.10 3.0 

P- 88 Phosphate rock, calcareous, 
contains limestone lens 
0. 0-0. 3 foot thick VEM-57-47 0.9 24.09 0.8 0.8 0.06 2.6 

P- 87 Phosphate rock, argillaceous VEM-56-47 0.6 21.03 4.4 1.6 0,11 1.9 

15.3 61.5 --
9.6 73.0 8.5 

10. z 73.8 17.5 
13. 1 66.7 Z8.0 
9.6 7Z.3 37.0 

11.6 68.5 47.4 
11. z 69.Z 57.Z 

14.4 63.8 66.8 

-- -- 13.0 

35.7 zo.o 18. 7 
6.Z 17.8 19.0 

5.9 75.6 19 . 4 
6.3 68.8 19.9 

6.3 73.3 20.4 
13.7 66.9 Z3.6 
7.7 69.3 Z4,8 

6.5 19.0 zs. z 

28.3 35.6 Z6.6 

6.2 8.Z Z7. 7 
5.4 3. z Z9.6 
8.6 1Z.4 30.3 
8.0 7. z 30.9 
9 . 6 11.4 31.4 

6.9 5. z 32.Z 
9.0 2Z.Z 33.3 

13.5 58.5 33.7 
....... 

26.6 38.6 35.6 
9.5 10.6 36.3 

15.0 4. 7 37.Z 
8. 3 29.Z 37.8 

Thickness x Thickness x 
percent PzO.s percent chem. U 
(cumulative} (cumulative) 

-- • 0005 
0.94 • 001 
Z.9Z • 0005 
s.oz • 0005 
7.09 . 0005 

9.17 . 0005 
13.09 • 0005 

15.49 • 0005 

-- --
4.33 • 0005 

11,97 • 005 

13.21 • 003 
16.35 . 004 

18.53 • 003 
20.61 • 002 
26.0Z • 002 

36.38 .005 

37.51 • 001 

70.29 • 009 
13Z. 80 • 02Z 
151.84 • 034 
169. 1Z • OZ6 
183. 17 • 018 

Z09.33 • 019 
233.09 • 017 
Z34.61 • 004 

234.99 • 001 
255.50 :009 

Z77. 18 • 005 
289.80 • 007 

• 001 
• 001 
. 001 
• 001 
. 001 

• 001 
• 001 

• 001 

--
• 001 
• 003 

. 002 
• 002 

. 001 
• 001 
.001 

• 003 

• 001 

• 008 
• OZl 
• 034 
• OZ8 
• 019 

• 019 
• 008 
• 002 

. 001 

. 007 

. 003 
• 003 

--
• 009 
• 018 
• OZ8 
• 037 

• 047 
• 057 

• 067 

--
• 006 
• 007 

• 007 
• 008 

• 009 
• 012 
• 013 

• 014 

• 016 

• ozs 
• 065 
• 088 
• 105 
• 115 

• 130 
• 139 
• 140 

• 141 
• 146 

• 149 
• 151 

J--4 
Ul 

c: 
,_: 
~ 
t 



P- 86 Phosphate rock VEM-55-47 0.5 27.45 2. 1 1. 2 0.06 2.9 8.1 13.9 38.3 303.52 .007 • 005 . 153 
P- 85 Phosphate rock VEM-54-47 0.9 27.44 1.4 1.1 0.06 3.0 8. 1 11. 3 39.2 328.22 • 005 • 004 .157 
P- 84 Phosphate rock and phosphatic 

mudstone VEM-53-47 1. 8 16.52 5. 3 1.9 0.05 1. 6 9.5 40.4 41.0 357.96 • 005 • OlZ .178 
P- 83 Phosphate rock, limestone, and 

mudstone VEM-52-47 1. 0 29.41 2.3 1.7 0.05 3.2 5.4 11.80 42.0 387.37 • 009 • 006 • 184 
p;. 82 Liuiestone, argillaceous; fos. co 

col. no. 47-HW-43 VEM-51-47 1.7 2.11 5.8 2.1 0.06 0.24 22.1 41.2 43.7 390.96 • 002 • 0005 .185 

P- 81 Mudstone, calcareous and 
phosphate rock VEM-50-47 2.0 4.04 8.8 2.5 0.05 0,45 14.2 56.8 45.7 . 399.04 ,003 • 001 .187 

P- 80 Limestone, argillaceous, 
mudstone, and phosphate rock VEM-49-47 1.0 9 • . 90 6.7 2.3 0.09 1.1 16.8 37.0 46.7 408.94 .006 .003 • 190 

P- 79 Mudstone, calcareou~ VEM~48-47 0.8 2.16 9.7 3.0 0.05 0.31 16.5 54.7 47.5 410.67 • 003 • 000 .190 
P- 78 Phosphate rock VEM-47-·l72 0.4 28.67 1. 9 2.1 0,11 2.8 13.1 5.62 47.9 4ZZ.14 .006 .004 .19Z 
P- 77 Limestone, argillaceous, 

calcareous mudstone, and I VEM-46-47 I· I 9.921 6. z 1 1 o. 01 1··· I I I I phosphate rock 2.1 2.6 zz.o 25.2 50.0 . }i4Z. 97 I .oo3 I .003 I .198 

P- 76 I Limestone, 11hanglDg-wall 
limestone"; fos. col. no. 
47-HW-42 VEM-45-47 1,6 0.36 1. 1 0,5 0.06 0.06 41.1 5.90 51.6 443.55 ,004 • 001 • zoo 

P- 75 Mudstone VEM-44-47 0.75 2.73 8.6 3.4 0.5Z 0.44 16,7 59.32 52.35 445.60 • 006 .002 • 201 
P- 74 Mudstone VEM-43-47 0.4 0.34 9.8 3.9 1. 75 0,15 24.9 51,2 52.75 > 445. 74 . 0.05 • 002 • 202 
P- 73 Mudstone VEM-42-47 0.65 0.20 9.6 4.0 1.45 0.23 22.6 56.38 53.40 445.87 • 003 • 001 • 203 
P- 72 Mudstone VEM-41-47 0.9 0.05 9.7 4.4 0,37 0.08 16.6 65.75 54.30 445.91 . 003 • 0005 • 203 

~~ 
P- 71 Mudstone VEM-40-47 1.05 6.30 7.1 3,3 0.14 0,67 17.4 46.66 55 •. 35 452. 53 .004 • 002 • 205 01 P- 70 Limestone, argillaceous, 

"footwall limestone"; fos. 
col. no. 47-HW-35 VEM-39-47 1.1 0,80 2.6 1. 2 0.06 0,10 30,7 27.6 56.45 453.41 • 001 • 0005 • 206 

P- 69 Mudstone, phosphatic VEM-38-47 1. 5 8. 31 9.2 3.6 0.08 0,80 10.3 57.9 57.95 , 465.87 • 004 • 002 . 209 
P- 68 Mudstone VEM-37-47 1.4 0.76 9.3 2. 8 0,08 0,09 11.4 73.0 59.35 466.93 • 002 . 0005 • 210 
P- 67 Mudstone VEM-36-47 o. 5 6.02 10.3 3.4 0.06 0.57 10.2 65. 1 59.85 469.94 • 003 . 001 • 210 

P- 66 Mudstone, calcareous, dolomitic VEM-35-47 2.3 0.66 5.7 1. 9 0.05 0,08 25.9 41.4 62.15 471.46 . • 001 . 0005 . 211 
P- 65 Mudstone, phosphatic, and 

calcareous phosphatic 
mudstone VEM•34-47 3.0 9.97 8,0 2.6 0.03 1. 1 14.3 42.4 65.15 501,37 • 004 . 002 • 217 

P- 64 Dolomite, argillaceous VEM-33-47 0.7 1. 51 5.9 1. 9 0,05 0,18 25.7 39.9 65.85 502.43 • 001 • 001 • 218 
P- 63 Mudstone, phosphatic VEM-32-47 2.0 12.38 8,5 2.6 0.08 1. 3 15.9 35.23 67.85 527.19 • 003 • 002 • 222 
P- 62 Phosphate rock, argillaceous VEM-31-47 2.0 13.73 5. 1 2. 1 0,17 1.4 18.7 25. 1 69.85 554.65 • 007 • 004 • 230 

P- 61 Limestone, dolomitic VEM-30-47 3. 5 0.69 4.3 1.4 0.05 0.09 33.1 15.00 73.35 557.07 . 001 • 000 • 230 
P- 60 Dolomite, argillaceous VEM-29-47 1. 1 2.22 3.6 1. 3 0.05 0.22 33.7 23.4 74.45 559.51 . 001 . 002 • 232 
P- 59 Phosphate rock, dolomitic, 

argillaceous, dolomite lens 
included in sample VEM-28-47 3,0 14.29 7.1 2.3 0.08 1.3 18.2 26.53 77.45 602.38 . 00-i • 004 . 244 

P- 581 Dolomite VEM-27-47 1. 6 2.10 2.2 0.7 0.07 0,22 40.7 10,47 79.05 605.74 • 001 • 001 • 246 
P- 57 Mudstone, phosphatic VEM-26-47 1.6 13.63 10.5 3.1 0.05 1. 5 15.2 38.27 80.65 627.55 . 004 • 002 • 249 

P- 56 Dolomite, argillaceous VEM-25-47 1. 2 2.24 2.2 0.7 0,05 0.27 40,0 25.48 81.85 630.24 • 001 • 001 . 250 

~Fossil collectio~ made by H. Wedow, Paleontology and Stratigraphy Branch, U.S. Geological Survey. 
See additional analyses of selected samples at end of chemical analyses tables. 



Bed Sample Thickness 
Chemical analyses (percent} 

no. Rock description no. (feet) Pz.Os Al2o3 Fe2o3 VzOs F Loss on 
ignition 

P- 55 Phosphate rock, dolomitic VEM-Z4-47 1, 6 14.85 4.3 1. 4 O,Z1 1. 5 ZZ.4 
P- 54 Dolomite VEM-Z3-47 1. 3 s. 38 1.3 0.9 0,04 0,56 35.9 
P- 53 Phosphate rock and phosphatic 

mudstone VE:M-ZZ-47 z. 5 Z1,00 4.5 1.7 0.09 z. 1 18.9 
P- 52 Dolomite. phosphatic VE:M-21-47 0.7 8. 11 o. 1 o. 5 0,07 0.78 35.8 
P- 51 Phosphate rock VE:M-20-47 0.3 Z4.35 2.8 1. 7 0,08 2.6 11. 9 

P- 50 Dolomite VEM-19-47 1. 3 4.4Z 3.0 1. 1 0,06 0,47 34,8 

Fault {strikes N. 10° W. dips 60• E.) truncates beds P-50 and P-51, 

P- 49 Phosphate rock VE:M-18-47 0.6 26.01 3. 1 1.4 0.06 Z.9 11.2 
P- 48 Dolomite VE:M-17-47 1.1 4.04 1, 7 1, 0 0.07 0.44 37.0 
P- 47 Dolomite VE:M-16-47 1, 1 3,05 1, 7 0.9 0.09 0,35 38.7 
P- 46 Dolomite, argillaceous VEM-15-47 1.1 4. 85 3.7 1.7 0.08 0.56 30,5 

P- 45 Phosphate rock VEM-14-47 0,8 Z8.85 1.3 0.9 o. 08 : 3. 3 11.0 
P- 44 Phosphate rock LES- 10-47 1.3 Z6.Z4 Z,3 1, 2 o. zs I z. 9 13.6 
P- 43 Phosphate rock LES- 9-47 0.7 29.Z6 l.Z 1, 0 o. 13 3. 2 8. 7 
P- 4Z Dolomite LES- 8-47 2.0 4.41 z.o 0.8 o. OS I 0.44 33.7 
P- 41 Mudstone, phosphatic LES- 7-47 3.8 10,75 7.9 Z.5 0,05 1.1 11.7 

P- 4:0 Mudstone, dolomitic LES- 6-47 3.0 1. 55 4.6 z. 1 0,05 0.19 2Z.5 
P- 39 Mudstooe, phosphatic LES- 5-47 0.6 1Z. 33 8,5 z. 5 0.07 1. 1 10.Z 
P- 38 Dolomite, argillaceous LES- 4-47 1. 8 1,90 z.z 0.9 0.04 O,Z1 31,5 
P- 37 Dolomite, arlfllaceous LES- 3-47 0.6 4.75 2.3 0.8 0,05 o. 50 27.6 
P- 36 Dolomite, arlfllaceous LES- 2-47 0.9 7,08 2,4 o. 8 0,05 0.75 24.7 

P- 35 Phosphate rock, argillaceous LES- 1-47 0.4 23.34 3.7 1. 3 0.06 2.3 8,Z 
P- 34: Phosphate rock VEM-13-47 0,6 30.00 1. 8 o. 7 0,09 3.2 7.6 
P- 33 Mudstone and phosphate rock, 

contains gypsum 2086 0,8 8. 1 3.0 Z.6 0,35 0,83 19.6 
P- 3Z lludstoae, dolomitic 2085 1. 8 7.2 2.Z 2.0 -- 0,71 19. 1 
P- 31 Phosphate rock, arlfllaceous 2084 1. 0 18. 1 2.0 1, 8 0.4Z 1. 8 11.6 

P- 30 Mudstone, phosphatic 2083 0.9 8.0 2.5 2. 2 -- 0.84 13.4 
P- 29 . Mudstone, dolomitic Z082 0.8 6.0 2.4 1.9 o. 23 0,88 16.6 
P- Z8 Dolomite, areillaceous 2081 1. 7 6.4 1. 3 1, z o. 18 0.71 Z5. 7 
P- 27 Phosphate rock 2080i l.Z Z6.3 2. 1 1. 1 0,30 2.4 9.4 
P- 26 Phosphate rock Z079 z. 1 Z6. 1 1. 6 0.9 0,17 Z.4 9. 3 

P- 25 Phosphate rock Z078 0.3 Z9.5 1.1 0,7 0,08 3,0 7. 1 
P- 24 · Phosphate rock Z077 1. 7 Z8.6 1.4 o. 7 0.09 Z.6 7. 8 
P- 23 Phosphate rock 2076 1. 7 26.7 1.9 o. 8 o. 14 Z.7 9. 1 
P- ZZ Phosphate rock 2075 0.8 21. 1 2.0 1. 0 0,10 2. 1 12.Z 
P- Zl Phosphate rock, argillaceous, 

dolomitic 2074: 0.9 16.4 2.2 1. 3 0.09 1. 8 14.7 

Cumulative Thickness x 
Acid thickness percent P R,Of 

insoluble (feet) (cumulat e 

15.Z8 83.45 654.00 
10.8 84.75 660.99 

11.68 87,Z5 713.49 
4.93 87.95 719. 17 

16.55 88.25 7Z6,47 

18.02 89.55 732,2Z 

10.08 90. 15 747.83 
13.63 91. zs 752.27 
12.92 9Z.35 755.63 
23.8 93.45 760.97 

3.46 94.25 784. OS 
10.0 95.55 818. 11 
8.9 96.ZS 838. 59 

17.8 98.Z5 847.41 
48.Z 102.05 888.26 

47.4 105. OS 89Z.91 
47.2 105. 65 900, 31 
28.7 107.45 903.73 
29.2 108,05 906.58 
Z8,8 108.95 912.95 

Z5.2 109.35 92Z.Z9 
9.4 109.95 940.29 

48.9 110.75 946.77 
41. 1 112. 55 959.73 
33.3 113. 55 977.83 

49.5 114.45 985,03 
40.2 115.25 989.83 
25,5 116.95 1, 000,71 
14.6 118. 15 1, 03Z. Z7 
13.6 120.Z5 1, 087.08 

10,9 120. 55 1, 095.93 
10.5 1Z2.ZS 1, 144.55 
12.3 123.95 1. 189. 94 
18.5 124.75 1, 206.82 

24.4 125.65 1, 221. 58 

Urazium cotltent 
(percent 

eU Chem. U 

• 005 • ooz 
• ooz • 001 

• 005 ,003 
• 002 • 001 
• 006 • 003 

• 002 • 001 

• 005 • 002 
• 001 • 001 
• 001 ,000 
• ooz • 001 

• 007 .008 
,015 ,OlZ 
• 016 . 010 
• 001 • 001 
• 005 • 002 

• 001 • 001 
• 004 • ooz 

<.011 • 007 
• 001 • 000 
.ooz .001 

,006 • ooz 
• 011 ,007 

.009 ,006 
• 004 ,004: 
• 014 • 014 

.007 .006 

.008 • 007 
• ooz • 002 
• 015 • 020 
• 016 ,007 

• 007 • 007 
• 010 • 010 
• 01Z • 013 
• 008 . • 010 

• 012 .• 010 

Thickness x 
percent chem. U 

(cumulative) 

• Z53 
• Z55 

• Z6Z 
• Z63 
• 264 

• 265 

• 266 
• 267 
• 267 
• 268 

.274 

.290 

.297 
• 299 
• 307 

• 310 
.311 
.323 
.323 
• 324 

.325 

.329 

• 334 
.341 
.355 

. 361 
• 366 
' 370 
.394 
.<t08 

.410 

.428 

.450 

.458 

.467 

....... 
-.J 



P- ZO Phosphate rock, argillaceous, 
dolomitic 

P- 19 Phosphate rock, argillaceous, 
dolomitic 

p. 18 Dolomite, argillaceous 
P- 17 Dolomite, phosphatic, argillaceous 
P- 16 Dolomite 

P- 15 Phosphate rock 
P- 14 Dolomite 
P- 13 Phosphate rock, dolomitic 
P- lZ Dolomite, phosphatic 
P- 11 Phosphate rock 

P- 10 Mudstone 
P• 9 Dolomite, phosphatic, argillaceous 
P· 8 Pboaphate rock, argillaceous 
P- 7 Mudstone 
P- 6 Mudstone., dolomitic 

P• 5 lludstooe 
P- 4 lludstooe 
P- 3 Mudstone 
p .. z Jludstooe 
P- 1 Pbospbate rock 

Cw- 5 Limeatooe, saud;y 
Cw- <& Limestone 
Cw- 3 Siltstone, calcareous 
Cw- Z Limestone, sandy 
Cw- 1 Lblleatoae 

2073 

20n 
2071 
2070 
Z069 

VEM-12-47~ 
VEM-11-472 VEM-10-472 VEM- 9-472 VEM- 8-47 

VEM- 7-472 

Z066" 
2065 
2064 

VEil- 6·47 

VEil- 5-·U 
VEM- 4-47 
VEil- 3-47 
VEil- 2-47 
VEil- 1-47 
-~~-----

1, 2 

1. 1 
0.7 
0,4 
2,3 

1. 3 
0.5 
0.9 
0,5 
o. 7 

0.4 
1,4 
0,4 
0.5 
2.6 

0.5 
0.6 
0,5 
1.4 
0,2 

4.3 
2.8 
3.0 
3.8 
9.0 

12,8 2.8 

15.5 2. 7 
6.9 2.0 

13,3 1, 7 
5. 2 1.2 

21.55 3. 1 
6.4 0,5 

15.69 1. 2 
11.5 0.9 
28.9 1.1 

7. 5 5,6 
9. 7 2.4 

20,6 3.2 
5.0 4.2 
0.26 7,5 

o. 3 9.7 
0.44 9.8 
o. 16 8.8 
0,67 10,1 

29.05 2.5 

Wells formation 

1.4 

1. 3 
1. 2 
1. 1 
o. 5 

1. 3 
0,8 
1. 5 
o. 7 
o. 7 

2. 7 
1.4 
1. 6 
3.4 
2. 5 

3. 1 
4.6 
3. 7 
3. 1 
0.7 

Z See addltiooal aual;ysea ol selected samples at end of chemical anal;yses tables. 

0,08 1. 4 17. 1 28.0 

0,06 1.7 14.0 27,3 
0,06 0,82 26,5 23,8 
0.05 1.6 19.0 22.7 
0,05 0,55 32.6 16. 1 

0.05 2,5 11,9 18,5 
0, 05 0.74 31. 7 16,5 
0.05 1. 6 20.2 16.2 
o:o5 1, 3 27.3 12.2 
o. 11 3,4 9. 1 7. 9 

0,09 0.91 18.3 44,0 
0.09 0.93 25.6 20,0 
o. 17 2.2 9. 0 26.4 
0.36 0,77 11.5 62.7 
0.09 0,12 14.9 64.7 

0,04 0.19 10.7 73.5 
o. 19 0.29 12.8 74.7 
o. 11 0,23 6.6 81.5 
0,08 0,25 6.5 80.3 
o. 10 2.9 7. 4 8,3 

126.85 

127. 95 
1i.8.65 
129.05 
131.35 

132.65 
133.15 
134.05 
134.55 
135.25 

1.35. 65 
137,05 
137, 45 
137.95 
140.55 

141. 05 
141. 65 
142. 15 
143.55 
143.75 

4.3 
7.1 

10.0 
13.9 
ZZ.9 

1, 236.94 

1, 253,99 
1, 258.82 
1, 264, 14 
1, 276. 10 

I, 304, 11 
1,307.31 
1, 321.43 
1, 327. 18 
1, 347.41 

1, 350.41 
"1, 363.99 

1, 372.23 
1, 374.73 
1, 375,41 

1, 375.56 
1, 375.82 
1, 375.90 
l, 376.84 
1,382,65 

• 005 

• 007 
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• 004 
,OG8 
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• 004 
• 015 
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,003 
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,004 
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• 003 
• 013 
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• 007 
• 003 
,002 

.001 
• 001 
• 001 
• 001 
• 005 

.471 

.478 

.479 

.481 

.486 

.490 

.490 

.492 

.493 
• 502 

• 504 
• 506 
• 509 
• 510 
• 515 

:516 
. 516 
• 517 
• 518 
. 519 

f--J. 
00 



Additional analyses of Coal Canyon samples 

Bed Sample no. Si02 CaO MgO Na2o K20 no. 

'll"d- 1 VEM-97-47 61.04 8. 16 2. 1 0.95 3.40 

u- 21 VEM-96-47 23.48 37. 18 0.45 1. 00 1. OS 
u- 26 · VEM-95-47 37.30 22.60 1. 4 -- --
u- 2s VEM-94-47 43.60 19.80 5.4 0.72 1. 22 
u- 24 VEM-93-47 74.62 4.70 0.84 0.97 1.20 
u- 23 VEM-92-47 78.46 3.60 o. 51 0.62 1. 50 . 
u- 22 VEM-91-47 65.22 4.00 0.88 -- --
u- 21 VEM~90-47 59.54 7. 32 1. 1 3.10 0.69 
u- 20 VEM-89-47 63.04 5.80 1. 2 o. 50 3.50 
u- 19 VEM-88-47 65.32 8.36 2. 6 2.20 0.57 
u- 18 VEM-87-47 61.52 8.20 3. 7 0. 40 2.40 

u- 11 VEM-~6-47 23.50 18.20 a. a 0. 30 1. 50 
u- 16 VEM- 5-47 62.30 a.20 3. 1 0.50 2.13 
u- 1s VEM-84-47 62.36 10.20 3. 0 0.44 1.85 
u- 14 VEM..:83-47 70.84 4.90 1.3 2.40 0.49 
u- 13 VEM-82-47 66.84 4.20 1. 9 0.60 2. 77 

u- 12 VEM-81-47 65.02 5.30 2. 2 3. 10 0.30 
u- 11 VEM-80-47 61.70 5.40 2. 0 0.25 3.20 
u- 10 VEM-79-47 57.51 10.80 4.4 0.28 1. 79 
u- 9 VEM-78-47 70. 14 2.00 0.86 0.40 3.10 
u- 8 VEM-77-47 72.94 1. 42 o. 79 3.20 0.50 

u- 7 VEM-76-47 71.02 4.40 o. 73 0.52 2.60 
u- 6 VEM-75-47 24.86 35.60 0.62 0.85 1.30 
u- 5 VEM-74-47 67.60 8.40 0.55 0.40 1. 83 
u- 4 VEM-74-47 74.34 9.00 0.40 0.60 0.60 
u- 3 VEM-72-47 69.00 13.20 0.39 0.32 0.42 

u- 2 VEM-71-47 27.60 37. 10 0.27 0.53 0.75 
u- 1 VEM-70-47 34.00 30.40 0.59 0.57 1. 70 

-- VEM-69-47 61.05 19.00 1. 00 -- --
R- 7 VEM-68-47 73.49 11.80 0. 78 -- --
R- 6 VEM-67-47 72.48 12.00 0. 64 -- --
R- 5 VEM-66-47 66.49 16.40 o. 41 -- --
R- 4 VEM-65-47 73. 72 11. 50 0.41 0.89 2. 72 

R- 3 VEM-64-47 66.91 14.00 0.48 -- --
R- 2 VEM-63-47 87.43 14.00 0.63 -- --
R- 1 VEM-62-47 63.28 18.00 0.62 -- --
P-107 DML- 9-4'7 17.58 29.80 11. 1 0.54 0.63 
P-106 DML- 8-47 17.80 39.40 0.47 1. 50 1.20 

Ti02 H20- C02 

0.65 0.75 6.9 

0.25 0.54 1. 6 -- 0.88 2. 3 
0.27 0.30 13.5 
0.34 0.30 2.9 
0.34 0.30 0.7 

0.52 1. 23 0.2 
0.49 1.89 o. 5 
o. 53 1. 31 0.4 
0.35 0.57 s. 9 
0.52 o.so 8.4 

0.24 0.36 22.7 
- 0.43 0.46 . 7. 1 

0.37 0.41 8.8 
0.46 0.77 3. 1 
0.44 0.64 3. 1 

0.44 o.a2 4.2 
0.44 0.86 3. 9 
0.37 o.ss 10.8 
0.55 0.92 0.3 
0.52 0.78 0.2 

0.34 0.54 2. 0 
o. 14 0.48 4.5 
0.33 0.38 1. 8 
0.09 0.16 6.6 
o. 10 0.13 s. 3 

o. 13 0.27 1. 7 
0.20 0.68 1.6 

-- 0.09 14.7 
-- 0.12 9.6 
-- o.os 9.3 
-- 0.06 12. 7 
-- 0.15 9.5 

-- o.oa 11.2 -- 0.14 10. 9 
-- 0.07 14. 1 

o. 14 0.26 33.8 
0.20 0.67 2. 6 

S as so3 

nil 

1.2 
0.75 
0.43 

<0.1 
0.22 

0.32 
0.39 
0.26 
o. 11 
nil 

<0.1 
0.17 
0.21 
0.20 
0.20 

0.13 
0.20 
o.2a 
0.31 
0.17 

0.21 
1. 0 
0.24 
0.10 
0.21 

1. 0 
0.95 

<0.1 
nil 

<0. 1 
nil 

<0.1 

<0. 1 
<0.1 

nil 

0.51 
2. 3 

~ 
<..0 



P-105 DML- 7-47 61.52 5.60 o.sz 0.35 3.90 0.01 0.79 0.9 0.60 
P-104 DML- 6-47 57.58 9.00 0.67 0.59 3.30 0.47 1. oz o. 8 0.91 
P-103 DML- 5-47 61. 14 6.60 0.63 0.40 3.57 0.45 1.04 o. 6 0.76 
P-102 DML- 4-47 55.26 9.00 4.2 0.84 2.53 0.54 0.43 10.4 0.31 
P-101 DML- 3-47 57. 11 10.40 0.90 1.02 1. 67 0.43 0.93 3.2 0.77 

P-100 DML- Z-47 17.70 40.80 0.39 1. 09 o.so 0.17 0.62 3.8 z.o 
P- 99 DML- 1-47 30.02 zz.zo 10.0 l. 00 • 1. zz . o. 31 o. 31 26.6 0.48 
P- 98 zo632 9.91 46.2 0.24 0.83 0.60 0. 09 0.50 4.4 2.3 
P- 97 Z06Z

2 
4.73 49. 1 o.zo 1. 01 0.39 0.07 0.46 z. 0 2.9 

P- 96 2061 13.87 39.8 0.37 o. 76 1. 10 o. 16 1. 47 1.7 2.9 

P- 95 2060 8.85 44. 1 0.34 1. 03 ' o. 67 0.07 l.Z6 2.3 3.2 
P- 94 2059 13.28 39.7 0.36 0.91 0.92 0. 12 1. 73 1. 9 4.0 
P- 93 2058 6. 49 45.7 0.24 1. 16 0.54 0.05 1. oz z.z 3.5 
P- 9Z VEM-61-47 27. 10 32.40 0.39 1. zo 1. so · o.z6 1. lZ 1. 3 z.s 
P- 91 VEM-60-47 47.36 12.80 3. 8 0. 96 2.30 0.42 0.83 8.8 1. 1 

P- 90 VEM-59-47 32.32 25.60 4.9 0. 90 1. 47 0.01 0.32 24.8 0.85 
N P- 89 VEM-58-47 12.90 42.24 0. 33 l. 00 0.77 o. 14 0.89 1. 6 3.2 

p.., 88 VEM-57-47 6. 70 48.42 o. 41 1. 14 · o.45 0.08 0.56 11.8 2.3 o 
P- 87 VEM-56-47 27.70 31.46 0.42 1. 09 1. 24 0.32 0.87 1. 8 2.5 
P- 86 VEM-55-47 15.50 41.60 0.31 1. 25 0 .. 70 0. 16 0.89 z. 1 2.9 

P- 85 VEM-54-47 14. 10 44. 18 0.29 1. zo 0.40 0.16 0.58 4.7 2.3 
P- 84 VEM-53-47 34.24 25.41 0.43 1. 09 1.60 0.40 1. 08 z.o 2.4 
P - 83 VEM-52-47 13.20 44.00 0.26 0 .. 94 0.62 o. 15 0.47 2.3 1. 6 
P- 82 VEM- 51-47 35.27 26.80 z. 1 o. 74 1. 45 o. 19 0.34 20.8 0.90 
P- 81 VEM-50-47 47.21 13.40 4.2 o. 84 2.43 0.42 0.62 10.0 0.90 

P- 80 VEM-49-47 31.21 26.4 0.90 0.45 1. 89 0.32 1. 35 9.6 z. 1 
P- 79 VEM-48-47 47.41 15.40 Z. 21 0.62 2.45 o. 10 0.86 10. 5 1. 0 
P- 78 VEM-47-472 7. 70 42. 10 0.43 0.90 0.67 0.14 1.55 1.9 3.5 
P- 77 VEM-46-47 Zl. 10 30. 80 1. 70 1. 00 1. 49 0.26 1.37 14.0 z.z 
P- 76 VEM- 45-47 4.82 50.22 1.8 0.60 0.72 0.03 0.13 40. z 0.44 

P- 75 VEM-44-47 47. 18 8.40 1.9 1. 25 2.12 0.52 0.51 5.0 8.6 
P- 74 VEM-43-47 41.64 6.05 z. 3 0.78 2.55 o. 18 0.83 5. 9 12.5 
P- 73 VEM-42-47 45.64 4.20 z. 7 0.99 z. 78 0.23 0.52 5. 1 10.6 
P- 72 VEM-41-47 52.58 4.20 z. 9 1.30 2.85 0.36 0.32 5. 6 8.4 
P- 71 VEM-40-47 37.36 15.60 1.4 1. 27 z. 11 0.28 0.37 6.4 9.4 

P- 70 VEM-39-47 22.98 36.40 1.8 1. 10 0.70 0.06 0.29 29.3 0.60 
P- 69 VEM-38-47 48.07 13.20 o. 53 1.30 2.38 0.48 1.33 o. 52 1. 6 
P- 68 VEM-37-47 59.80 5.40 z. 4 1. 50 2.30 0.42 0.99 5. 1 0.90 
P- 67 VEM-36-47 53.23 9.48 0.48 1. zo z.6z o. 61 1. 41 o. 59 1.6 
P- 66 VEM-35-47 33.46 23.20 5.4 1. zo 1.30 0.24 0.46 23.0 0.62 

P- 65 VEM-34-47 35.28 zz.z l.Z 1. zo 2.14 0.38 1.32 6. 1 z. 0 
P- 64 VEM-33-47 32.75 zo. zo 8. 6 1. 44 1. 25 0.27 0.39 23.3 0.55 
P- 63 VEM-32-47 29.90 24.40 o. 80 1. oz 1. 95 0.38 1. 62 5. 1 z.z 

2 See additional analyses of selected samples at end of chemical analyses tables. 



Bed Sample no. Si02 CaO MgO Na2o no. 

P- 62 VEM-31-47 20.82 28.40 1. 0 0.94 
P- 61 VEM-30-47 19.60 32.40 5. 3 0.95 
P- 60 VEM-29-47 18.63 25.8 12.3 1. 26 
P- 59 VEM-28-47 22.60 26.40 3.4 0.89 
P- 58 VEM-27-47 8.21 29.60 15. 1 0,80 

P- 57 VEM-26-47 32.60 20.01 0.63 0.75 
P- 56 VEM-2.5-47 7.82 29.72 15.0 0,60 
P- 55 VEM-24-47 13. 10 32..05 6. 1 o. 79 
P- 54 VEM-2.3-47 8.69 31.80 10.9 o. so 
P- 53 VEM-22-473 10.60 32.82 1. 0 0.75 

P- 52 VEM-2.1-47 5. 20 36.00 13. 0 0.60 
P- 51 VEM-20-47 15.53 36.45 o. 71 1. 15 
P- 50 VEM-19-47 14.50 27.20 8. 0 0.78 
P- 49 VEM-18-47 11. 50 40.37 0.98 1. 56 
P- 48 VEM-17-47 11. 19 26.60 . 13.2 0.58 

P- 47 VEM-16-47 10.47 2.7.36 13.9 0.84 
P- 46 VEM-15-47 19.38 24.96 9.9 0.89 
p ... 45 VEM-14-47 5. 17 45.45 0.39 1.00 
P- 44 LES- 10-47 12.80 38.80 0,58 1. 35. 
P- 43 LES- 9-47 9.50 43.73 0.57 0.97 

P- 42 LES- 8-47 14.42 28.40 12.8 0.70 
P- 41 LES- 7-47 36.80 18.40 1. 9 1.44 
P- 40 LES- 6-47 38.32 16. 2 8.4 1. 19 
P- 39 LES- 5-47 36.80 20.00 1.5 0,87 
P- 38 LES- 4-47 25.56 23.2 12.4 0.45 

P- 37 LES- 3-47 26.12 24.20 10. 3 0.80 
P- 36 LES- 2.-47 25.76 24.53 9. 1 - 1,00 
P- 35 LES- 1-47 23.70 34.40 0.41 1. 00 
P- 34 VEM-13-47 10. 75 43.65 o. 19 1. 08 
P- 33 2086 44.45 12. 7 0.64 0.30 

P- 32 2085 -- -- 5.4 --
P- 31 2084 30.01 27.2 0.39 0.86 
P- 30 2083 -- -- 3. 0 --
P- 29 2082 36.28 21.5 4.8 1. 10 
P- 2.8 2081 22.93 26.7 9.5 1.02 

P- 27 208o2 15.75 37.5 0.46 0.95 
P- 26 20792 14.06 39.7 1. 5 0.77 
P- 25 2078 12.04 42.9 o. 59 0.12 
P- 24 2017 11.63 42.3 o. 60 0.90 
P- 23 2076 13.36 41.2 0.80 0.95 

P- 22 2075 18.16 35.4 2. 2 0.83 
P- 21 2074 22.11 30.4 3. 7 0.70 

K20 Ti02 H20-

1. 35 0.26 1,85 
0.95 o. 13 0.45 
0.97 0.10 0.54 

. 1. 70 0.29 1. 76 
o. 50 0.06 0.77 

2.60 0,38 1. 86 
0.71 o. 10 0.43 
l. 22 0~ 18 1.23 
0.66 o. 11 0.58 
1.2.0 0.13 1. 00 

0.40 0.13 0.41 
1.12 0.25 1.2.4 
1. 12 0,04 1. 07 
o. 95 0.16 0.53 
0.82. 0.07 1. 00 

0.69 0.06 1. 10 
1.59 0.22. 1. 15 
0.49 0.07 1. 01 
o. 79 0.15 1.46 
0.54 o. 11 0.79 

0.85 o. 11 0.44 
2.62 0.28 1. 06 
2.17 0~06 0.59 
3.27 0.34 0.20 
0.85 0.06 0.41 

1. 05 o. 26 o. 54 
0.97 o. 13 0.60 
1. 40 0,22 0,77 
0.51 0.08 0.12 
2.73 0.40 3.88 

-- -- --
1. 81 0.33 2.10 -- -- --
2. 03- 0.36 1. 19 
1. 30 0.23 0.75 

1. 35 o. 16 1. 52 
1.36 0.13 1.09 
0.99 o. 10 0.99 
0.88 o. 10 0.87 
1.07 0.12 1. 22 

1. 51 0.16 1.48 
1. 88 0.21 1.39 

C02 

7. 3 
30. 1 
30.3 
7.9 

36.2 

0.86 
36.7 
14.4 
32..3 
2.4 

33.00 
2. z 

28.6 
3.4 

31.2 

32.8 
24.4 
4.3 
2. 0 
2. 8 

30.6 
4.3 

19.5 
3.5 

28.6 

24.4 
22.6 
1.6 
1. 6 
1. 1 

13. 1 
1. 3 
7. 2 

11.6 
22.9 

2.0 
4.9 
2.5 
3.3 
3.6 

6.4 
9.8 

S as so3 

3,0 
0.56 
0.80 
2. 5 
1. 0 

2.5 
0,60 
2.5 
1. 1 
3.9 

1. 0 
3. 1 
1. 7 
3.0 
1. 7 

1. 6 
1. 6 
2.1 
3.8 
3.0 

0.96 
1. 8 
0.63 
1. 8 
o. 71 

1. 0 
1.2 
2.9 
3.4 
4.5 

2.0 
3.7 
2. 1 
3. 1 
1. 3 

3. 5 
2.8 
2.4 
2.8 
3. 1 

3. 1 
2.7 

r'J 
t-.J. 



P- 20 
P- 19 
P- 18 
P- 17 
P- 16 

P- 15 
P- 14 
p .. 13 
P- 12 
P- 11 

P- 10 
p .. 9 
P- 8 
P- 7 
P- 6 

p .. 5 
P- 4 
P- 3 
P- 2 
P- 1 

2073 25.87 27.8 5.0 0.60 1. 53 
2072 25.91 2'9.4 3. 3 0.63 z.z6 
2071 21.20 26.7 9.0 0.30 2.29 
2070 21.25 30.9 5.9 0.42 1. 65 
2069 16.21 28.2 12.2 0.33 0.,79 

VEM-12-472 16.64 36.40 2.4 0.83 1.. 52 
VEM-11-472 15.20 30.60 12.3 0.40 0.78 
VEM 10-47~ 16.02 35.00 6. 7 0.77 0.83 
VEM- 9-47 13.00 32. 15 10. 1 0.62 0.69 
VEM~ 8-472 10.09 43.82 o. 6 1.()9 0.-45 

VEM- 7-472 39.08 16.32 3. 7 0.45 . 2.25 
2066 17.98 26.8 9. 5 0.42 1. 31: 
2065 26.27 31. 1 0.57 o. 79 1._58 ,,, 
2064 55.29 9. 1 0.80 o. 59 3 • . 96 

VEM- 6-47 53.36 10.00 5. 8 0.40 4~ 10 

VEM- 5-47 61.56 4.96 3. 0 0. 17 4.63 
VEM- 4-47 61.56 0.64 0.87 0.24 5.03 
VEM- 3-47 71.04 7.28 o. 72 0.30 5.07 
VEM- 2'-47 69.28 2.60 1.4 0.35 4.50 
VEM- 1-47 10.20 42.24 1. C) 0.95 0.40 

~See additional analyses of selected samples on next page. 
_The Si02 analysis for this sample is probably in error. 

·_ ,. 

0.21 1.30 lZ. 5 
O.Z1 1.38 8.6 
o. 11 0.70 23.5 
0.31 o. 7l ·. 16.0 
0.09 0.59 ~ . 33.2 

0.15 0.71 7. 1 
o. 08 , 0.57 29.8 
0.17 0.55 17. 7 
o. 12 1.46 ' 25. 3 
0.16 o. 70 ' 3.7 

O.Z4 1. 53 ·,· . 8.0 
0.1.4 1.35 21.9 
0.19 1.82' 1. 9 
0.45 2.36 0.8 
o. 18 0.33 -13.3 

:< . 

o. 16 0•78 6. 1 
o. ll 1.58 0.3 
o. 10 0.95 0.3 
0.18 0.75 2.3 
0.07 0.42 5. 1 

z. 1 
2.3 
1. 1 
1. 5 
1. 0 

2.6 
1. 1 
1. 2 
2.3 
3. 5 

2.8 
2. 1 
3. 7 
3. 1 
0.39 

1. 5 
3. 7 
1. 6 
1. 1 
2.2 

r 

r".) 
N 



Bed 
no. 

P-98 
P-96 
P-78 
P-27 
P-26 

P --12 
to 15 
P-10 
to 11 

Additional analyses of selected samples4 

Sample no. Pz05 v2o5 F Si02 Ti02 CaO 

2063 -- -- -- -- -- --
2061 28.77 0.31 3.03 10.06 0.06 41.73 

VEM-47-47 29.89 0.05 3.18 2.43 0.04 42.10 
2080 26.33 0.28 2.61 12.63 0.08 38.96 
2079 -- -- -- -- -- --

20685 -- -- -- -- -- --
20676 18.48 o. 10 2.01 16;13 0.08 31.48 

Cr2o 3 Co Zn Cu Pb 

-- -- -- -- --
o. 14 0.004 0.008 0.003 0.001 
0.28 0.006 0.001 0.;013 0.005 
0.08 0.004 0.010 0.0006 0.001 
-- -- -- -- --
-- -- -- -- --

0.12 0.004 0.002 0.020 0.005 

~ Analyses made by U. S. Geological Survey. Geochemistry and Petrology Branch. 

6 Sample no. 2068 is a composite of samples VEM-9-47 through VEM-12-47. 

7 Sample no. 2067 is a composite of samples VEM-7-47 and VEM-8-47. 

8 C02 and S reported present. 
C02 reported present, strong, and S reported present. 

MgO 

--
0.20 
2.36 
0.22 --
--

4.21 

Ag 

0.0001 
0.0001 
0.0002 
0.0002 
0.0003 

0.0003 
0.0004 

Na2o K20 

-- --
o. 73 0.96 
0.80 o. 55 
0.91 1. 16 
-- --

-- --
0.65 1. 16 

Mo03 , w 

--o. 002 ··. 
' ' 

0.002 <0.005 
0.012 , ---- --

-- --
0.002 <0.005 

MnO 

--
o. 003 
0.009 
o. 005 

--

--
0.035 

Cl 

--
0.004 --
0.004 --

----

Ni 

--
0.002 
0.023 
0.002 

--

--
0.039 

Organic 
matter 

-- 7 
5.287 
7. 187 
5. 82 --
4:64

8 
r'\,) 

w 



SPECTROORAPffiC ANALYSES-COAL CANYON, WYOMING. LOT NO. 1201. 

Semi-quantitave analyses of samples of the phosphatic shale member of Phosphoria formation, Coal Canyon, Wyoming (see immediately preceding 
pages for location of section. thickness and description of strata, and chemical analyses of samples), made by U. S. Bureau of Mines Laboratory, Albany, 
Oregon. In addition to the elements listed in the table below, Sb, As, Bi. Cd, Co, Ga, Au, Li, Hg, Pt, Ta, Sn, and W were looked for in all samples but 
were not detected. 

Bed Sample no. Al Ba Be B no. 

P-107 DML- 9-47 c ND ND F 
P-106 DML- 8-47 c ND ND F 
P-105 DML- 7-47 c ND ND F 
P-104 DML- 6-47 c ND ND E 
P-103 DML- 5-47 c ND ND E 

P-102 DML- 4-47 c ND ND E 
P-101 DML- 3-47 c ND ND E 
P-100 DML- 2-47 c ND ND F 
P- 99 DML- 1-47 c ND ND F 
P- 98 2063 c ND ND F 

P- 97 2062 D E G E 
P- 96 2061 D E G E 
P- 95 2060 c ND ND F 
P- 94 2059 c ND ND F 
P- 93 2058 c ND ND F 

P- 92 VEM-61-47 c E G E 
P- 91 VEM-60-47 c E ND F 
P- 90 VEM-59-47 D ND ND F 
P- 89 VEM-58-47 D ND ND F 
P- 88 VEM-57-47 D ND ND F 

P- 87 VEM-56-47 c E ND F 
P- 86 VEM-55-47 D E ND F 
P- 85 VEM-54-47 D ND ND F 
P- 84 VEM- 53-47 c E ND F 
P- 83 VEM-52-47 D ND ND F 

P- 82 VEM-51-47 c E ND F 
P- 81 VEM-50-47 c E ND F 
P- 80 VEM-49-47 c E ND F 
P- 79 VEM-48-47 c E NO F 
P- 78 VEM-47-47 D E ND F 

Explanation of symbols 

A = more than 10 percent 
B = 5-10 percent 
C = 1-5 percent 
D = 0. 1-1 percent 

Ca Cr Cb Cu Fe 
-

A F ND G D 
A E ND G D 
c E ND G D 
c E ND G D 
c E ND G D 

c F ND G D 
c E ND G D 
A E ND G D 
B F ND G D 
A E ND G D 

A D ND F D 
A D ND F c 
A E E G D 
A E E G D 
A E ND G E 

A D ND F c 
c E E G D 
c E ND G D 
B E ND G D 
c E ND G n. 

A E E G c 
A E ND G D 
A E ND G D 
B E E G D 
A E ND G D 

A E E G D 
B E E G D 
A D E G D 
B E E G D 
A E E G D 

E = 0. 01-0. 1 percent 
F = 0. 001-0. 01 percent 
G = less than o. 001 percent 

ND = not detected 

Pb Mg Mn Mo Ni 

E c E F F 
ND D F F E 
ND D F F E 
ND D F F E 
ND D F F E 

ND D E F E 
ND D E F E 
ND D F F F 
ND c E F F 
ND D F F F 

E D E F E 
E D E E E 

ND D F F E 
ND D ND F E 
ND D ND F F 

E D E E E 
ND c E F E 
ND c F ND F 
ND D F F F 
ND D F ND ND 

ND D F F E 
ND D F ND F 
ND D F ND F 
ND D F F E 
ND E F F F 

ND D E F F 
ND c E F E 
ND D E F E 
ND D E F E 
ND D F F E 

Si Ag Na Sr Ti v Zn Zr 

B ND E ND E F ND F 
B ND D ND E E ND E 
A ND E ND D E ND E 
A ND D ND E E ND E 
A ND E ND E E ND E 

A ND D ND E F ND E 
A ND D ND E E ND E 
B ND D ND E F ND E 
A ND E ND E F ND E 
c E D ND E E ND E 

B G D E E E F F; 
A G D · E E D E E 
c G D ND E D E F 
c G D ND E D E F . 
c G D ND E D E F 

A G D E E E E E 
A G D ND E E E E 
B ND D ND E E ND F 
c G D E E D ND F 
c ND E E E E ND F 

B G D D E D E E 
c G D E E E ND F 
c G D E E E ND F 
A G D E E E ND E 
c G D D E E ND F 

A ND E ND E E ND E 
A ND D ND E E ND E 
A G D E E D E E 
A ND E ND E E ND E 
c G D E E E ND F 

~_) 

+ 



Bed 
no. Sample no. Al Ba Be B Ca Cr Cb Cu Fe Pb Mg Mn 

P- 77 VEM-46-47 c E ND E A E E G D ND D E 
P- 76 VEM-45 - 47 D ND ND F A E E G E ND D E 
P- 75 VEM-44-47 c E G E B E ,ND F c E c E 
P- 74 VEM-43-47 c E G D c D ND F c E c E 
P- 73 VEM-42-47 c E G D c D ND F B E c E 

P- 72 VEM-41-47 c E ND E c E E G c ND D E 
P- 71 VEM-40-47 c E G E A D ND F c E c E 
P- 70 VEM-39-47 c E ND F A E E G D ND D E 
P- 69 VEM- 38-47 c E G E A D ND F c E D E 
P- 68 VEM-37-47 c E ND E c E E G D ND D E 

P- 67 VEM-36-47 c E ND E c E E G c ND D E 
P- 66 VEM-35-47 c E ND F A E E G D i ND c E 
P- 65 VEM-34-47 c E ND E B D D G c I ND D E 
P- 64 VEM-33-47 c E ND F B E ND G D I ND c E 
P- 63 VEM-32-4/ c E ND . E A D E G c ND D E 

P- 6Z VEM-31-47 c E G E A D ND F c E c E 
P- 61 VEM-30-47 c E ND F A E D G D ND c E 
P- 60 VEM-29-47 c E ND F A E ND G D ND c F 
P- 59 VEM-28-47 c E G E A c ND F c E B E 
P- 58 VEM-27-47 c E ND F B E ND G E ND c F 

P- 57 . VEM-26-47 c E ND E B E ND G D ND D F 
P- 56 VEM-25-47 c E ND F A E ND G E ND c F 
P- 55 VEM-24-47 c E ND F A E ND G D ND c F 
P- 54 VEM-23-47 c E ND F A E ND G E ND c F 
P- 53 VEM-22-47 c E ND F A E E G D ND D F 

P- 52 VEM-Zl-47 D E ND F A E ND G E ND c F 
P- 51 VEM-20-47 c E ND F A E E G D ND D F 
P- 50 VEM-19-47 c E ND F A E ND G D ND c F 
P- 49 VEM-18-47 c E G E A D ND F c E c E 
P- 48 VEM-17-47 c E ND F A E ND G E ND c F 

P- 47 VEM-16-47 D E ND F B E ND G E ND c F 
P- 46 VEM-15-47 c E G E A E ND F c E B E 
P- 45 VEM-14-47 D E ND F A E ND G E ND D F 
P- 44 LES- 10-47 c ND ND F A E E G D ND D ND 
P- 43 LES- 9-47 c ND ND F A E ND G D ND D ND 

P- 4Z LES- 8-47 c ND ND F A E ND · a D ND c F 
P- 41 LES- 7-47 c ND ND F B E ND G c ND D F 
P- 40 LES- 6-47 c ND ND F B E ND G D ND c F 
P- 39 LES- 5-47 c ND ND F B E ND G D ND D F 
P- 38 LES- 4-47 c ND ND F A E ND G D ND c F 

P- 37 LES- 3-47 c ND ND F A E ND G D ND c F 
P- 36 LES- 2-47 c ND ND F A E ND G D ND c F 

Mo Ni Si Ag Na 

ND E B G D 
ND ND c ND ND 
E E A G D 
D D A G D 
D D A G D 

E E A G D 
E E A G D 

ND F B ND D 
F E A G D 

ND E A ND D 

F E A ND D 
ND F A ND D 
F E A G D 

ND F A ND D 
F E A G D 

E E A G D 
F F B ND D 
F E B G D 
E D A G D 
F E c ND E 

F E B G E 
ND F c ND E 
F E c G D 

ND F c G E 
F E B ND D 

ND F c G E 
F E c G D 
F E c G E 
F E B G D 
F E c ,., 

E u 

F E c G E 
F E A G D 
F E c G E 
E E c G D 
F E c G D 

F E A G E 
F E A G D 
F F A G D 
F E A G D 
F F A G E 

F F A G E 
F F A G E 

Sr Ti v 

E E E 
ND E E 
F D D 
F D D 
F D D 

ND D D 
F D E 

ND E E 
E D E 

ND E E 

ND D E 
ND E E 
E E E 

ND E E 
E E E 

E E D 
ND E E 
ND E E 
E D E 

ND E E 

E E E 
E E E 
E E E 
E E E 
E E E 

E E E 
E E E 
E E E 
E E E 
E E E 

E E E 
E E E 
E E E 

ND E D 
ND E E 

ND E E 
ND E E 
ND E E 
ND E E 
ND E E 

ND E E 
ND E E 

Zn 

ND 
ND 
E 
D 
E 

E 
E 

ND 
F 

ND 

ND 
ND 
E 

ND 
E 

E 
ND 
ND 
F 

ND 

E 
ND 
E 

ND 
E 

ND 
E 

ND 
F 

ND 

ND 
E 

ND 
E 
E 

E 
E 

ND 
E 

ND 

ND 
ND 

Zr 

F 
F 
E 
E 
E 

E 
E 
E 
E 
E 

E 
E 
E 
E 
E 

E 
E 
E 
E 
F 

F 
F 
F 
F 
E 

F 
E 
F 
E 
F 

F 
E 
F 
F 
F 

F 
E 
E 
F 
F 

F 
F 

f'..) 
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P- 35 LES- 1-47 c ND ND F A E ND G D 
P- 34 VEM-13-47 D E G F A E ND F D 
p .:.. 33 2086 c E G E A D ND F c 
P- 32 2085 c E ND F B E E G c 
P- 31 2084 c E ND F B E E G c 
P- 30 2083 c E ND F c E E G c 
P- 29 2082 c E ND F c E E G c 
P- 28 2081 c ND ND F A F F G D 
P- 27 2080 c ND ND F A E E G D 
P- 26 2079 c E ND F A E E G E 

P- 25 2078 D ND ND F A E F G E 
P- 24 2077 c ND ND F A E F G E 
P- 23 2076 c ND ND F A E F G E 
P- 22 2075 c ND ND F A E E G D 
P- 21 2074 c ND ND F A E E G D 

P- ZO 2073 c ND ND F B E F G D 
P- 19 2072 c ND ND F A E F G D 
P- 18 2071 c ND ND F B E ND G D 
P- 17 2070 c ND ND F B E ND G D 
P- 16 2069 D ND ND F A E ND G c 

P- 15 VEM-12-47 D E ND F B E ND G E 
P- 14 VEM-11-47 D E ND F B E ND G E 
P- 13 VEM 10-47 D E ND F A E ND G E 
P- 12 VEM- 9-47 D E ND F A E E G D 
P- 11 VEM- 8-47 D E ND F B E D G D 

P- 10 VEM- 7-47 c E ND F c E E G D 
P- 9 2066 c ND ND F B E ND G D 
P.- 8 2065 c E ND F A E E G c 
P- 7 2064 c E ND E c E E G c 
P- 6 VEM- 6- 47 c E ND F c F E G D 

P- 5 VEM- 5-47 c E ND E c E E G c 
P- 4 VEM- 4-47 c E ND E D E E G c 
P- 3 VEM- 3-47 c E ND E D E E G c 
P- 2 VEM- 2-47 c E ND E D E E G c 
P- 1 VEM- 1-47 c E G F A E ND F D 

ND D F F E A G 
E D F E E A G 
E D E E E A F 

ND c F F E A G 
ND D F F E A G 

ND D F F E A G 
ND D F F E A G 
ND c F F F B G 
ND D F F E c G 
ND D F F E c F 

ND D F F E c G 
ND D F F E c G 
ND D F F E c G 
E D F F E c G 

I ND D F F E B G 

I ND c F F E A G 
ND D F F E B G 
ND c F F E B G 
ND D F F E B G 
E c E F E B G 

ND D F F E B G 
ND c F ND F B G 
ND c F ND F B G 
ND c E F F c G 
ND D F F E c G 

ND D E E E A G 
ND c F F E B G 
E D F F E A G 
E D F E E A G 

ND c E F F A G 

ND o · F E E A G 
ND D F E F A G 
ND D F F E A G 
ND D E F E A G 
E c E F E A G 

E ND E 
D E E 
D E D 
D ND D 
D E D 

D E · D 
D ND D 
D ND E 
D E E 
D E E 

D E E 
D E E 
D E E 
D E E 
D E E 

D E E 
D E E 
D ND E 
E E E 
D ND E 

E E E 
E E E 
E E E 
E F E 
D E E 

D F E 
E ND E 
D E E 
E E D 
E F D 

E E D 
E E D 
E E D 
E E D 
D D E 

E ND 
E E 
D E 
D E 
D E 

E E 
E E 
F E 
E D 
E E 

E E 
E E 
E E 
E E 
E E 

E E 
E E 
F E 
F E 
F ND 

E ND 
F ND 
F ND 
E ND 
D E 

E E 
F E 
E E 
E E 
E ND 

D ND 
D ND 
E ND 
E ND 
F F 

E 
E 
E 
E 
E 

E 
E 
F 
F 
F 

F 
F 
F 
F 
F 

F 
~ 
F 
F 
F 

E 
F 
F 
E 
E 

E 
F 
E 
E 
E 

E 
E 
E 
E 
E 

f'\.) 
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NORTH FORK OF PINE CREEK, WYOMING. L<lT NO. 1204. 

Phosphatic shale member ol. Phosphoria formation sampled in bulldozer trench on North Fork of Pine Creek, sec. 13, T. 25 N., R. 118 W., 
Lincoln County, Wyoming, 10 miles northeast of Cokeville on east limb of syncline. Beds strike N. 10-25• E. and dip 37-45° W. Section measured 
by R. A. Hoppin, V. E. McKelvey, and L. E. Smith and sampled by R. P. Sheldon, 0. A. Payne, and R. S. Sears in June and July 1947, Samples analyzed 
for P2....05 and acid insoluble by U. S. Bureau of Mines Laboratory, Albany, Oregon, and for other constituents by Trace Elements Section Laboratory, 
U.S. ueolc.gical Survey, Washington, D. C. 

Bed 
no. Rock description 

Phosphatic shale member of Phosphoria formation 

P-83 Mudstone, calcareous RAH-63-47 2.2 0.3 -- --
P-az Mudstone, calcareous RAH- 62-47 2.4 7.4 -- --
P-81 Limestone, arflllaceous; fos. col. 

no • .U-HW-54 RAil- 61-47 2. 5 6.3 -- --
P-80 Limestone, argillaceous; fos. cf)l. 

no. 47-HW-53 RAH- 60-47 1, 5 o. 6 -- --
P•79 Limestone, argillaceous• fos. col. 

no. 47-HW-5Z RAH- 59-47 1.9 o. 7 -- --
P-78 Mudstone, calcareous, fos. col. no. I 

47-HW-51 RAH- 58-47 2,7 1, z -- --
P-77 Mudstone, calcareous, fos. col. no. 

47-HW-50 RAH- 57-47 1. 6 o. 7 -- --
P-76 Mudstone, calcareous RAH- 56-47 1.0 o. 7 -- --
P-75 Limestone. argillaceous RAH- 55-47 3.Z 0.6 -- --
P-74 Mudstone RAH- 54-47 3,8 1. 0 -- --
P-73 Mudstone, phosphatics fos. col. no. 

47-HW-Zl RAH- 53-47 0.9 13. 3 -- --
P-7Z Mudstone, fos. col. no. 47-HW-ZO RAH- 5Z-47 4.4 4.7 -- --
P-71 Mudstone RAH- 51-47 Z.6 4. 3 -- --
P-70 Mudstone, calcareous RAH- 50-47 1.4 2. 3 -- --
P-69 Mudstone RAH-49-47 1. 3 3.3 -- --
P-68 Phosphate rock RAH-48-47 3. 5 34.7 1.2 0.45 
P-67 ' Mudstone, calcareous RAH-47-47 1.4 z. 8 9.7Z 1.7 
P-66 Phosphate rock, argillaceous RAH-46-47 4. ·~ Z5.9 3.5 0.89 
P-65 Phosphate rock: fos. col. no. 47-HW-19 RAH-45-47 1,0 30. 1 Z.9 1. 3 
P-64 Mudstone RAH-44-47 1. 3 1.4 ·-- --
P-63 lludstone LES-116-47 1. 8 3. 3 -- --
P-6Z Mudstone LES-115-47 0.9 1. 0 -- --
P-61 Phosphate rock, argillaceous LES-114-47 0,4 Z4. 1 -- --
P-6G- Mudstone, phosphatic LES-113-47 0,6 13.6 -- --
P-59 Mudstone \ LES-112-47 1,0 1, 1 -- --
P-58 Phosphate rock, calcareous, argillaceous LES-111-47 0.4 Z0.8 -- --
P•57 Mudstone, phosphatic LES-110-47 0.55 14.4 -- --
P-56 Limestone, argillaceous, phosphatic LES-109-47 o.s 9. z -- --

-- 67.8 
-- 50.7 

-- 27,3 

-- 44.0 

-- 41.9 

-- 60.9 

-- 59,0 
-- 60.0 
-- 49.7 
-- 8Z. 7 

-- 61. 1 
-- 83.6 
-- 74.6 
-- 65.7 -- 79.6 

3,40 5. 3 
6.44 n.z 
3.92 Z3.4 
z. 78 17.7 
-- 84.8 

-- 77.0 
-- 84.3 
-- Z4.9 -- 47. z 
-- 78.6 

-- 2Z.7 
-- 39.4 
-- 35.0 

Cumulative 
thickness 

(feet) 

2.2 
4.6 

7, 1 

8. 6 

10,5 

13.2 

14,8 
15.8 
19.0 
22.8 

23.7 
28. 1 
30.7 
32. 1 
33.4 

36.9 
38.3 
4Z.7 
43.7 
45.0 

46.8 
47.7 
48. 1 
48.7 
49.7 

50, 1 
50.65 
51. 15 

Thickness x 
percent P 0 
( cumulatrvef 

0.66 
18.42 

34.17 

35,07 

36.40 

39.64 

40.76 
41.46 
43.38 
47. 18 

59.15 
79.83 
91.01 
94.23 
98.5Z 

Zl9.97 
223.89 
337.85 
367.95 
369.77 

375.71 
376.61 
386.25 
394.41 
395.51 

403.83 
411.74 
416.34 

Samples analysed for eU and 
chem. U by the U. S. Geological 
Survey Laboratory, Geochemistry 
and Petrology Branch. 

. 0005 • 001 
• 001 • 001 

• 001 • 001 

• 002 • 001 

. ooz .003 

• 002 • 000 

• 001 • 001 
• 0005 .001 
• 001 • 000 
• 001 • 001 

.001 . 001 

. 001 • 000 
• ooz ,000 
. 002 ,001 
• ooz • 001 

.008 ,007 
• ooz • 001 
• 005 • 003 
. 003 • ooz 
• ooz • 0005 

. 003 • 001 
• 003 .000 
. 006 . 003 
. 004 • ooz 
• 003 • 001 

• 003 .000 
• 003 • ooz 
,003 • 002 

Thickness x 
percent chem. U 

(cumulative) 

. 002 
• 005 

,007 

• 009 

• 014 

• 014 

• 016 
.017 
,017 
• 021 

• 02Z 
. 02Z 
• 022 
• 0Z3 
.OZ4 

.049 
• 050 
.063 
.065 
. 066 

. 068 
• 068 
• 069 
.070 
. 071 

. 071 

.on 
,073 

f'.) 
-~ 



P-55 Limestone, argillaceous: fos. col. 
no. n-BW-18 LES-108-47 1. 4 3. 8 -- -· -- 22.6 52. 55 421.66 • 002 • oo1 I . 075 

P-$4 Mudstone LES-107-47 0.5 0.5 -- -- -- 67.3 53.05 421.91 .003 .001 .075 
P•53 Mudstone LES-106-47 0.45 0.2 -- -- -• 71.6 53.50 422.00 .003 .002 .076 
P-5Z Mudstone LES-105-47 o. 95 0. 2 -- -- -- 80. 1 54.45 42Z. 19 • 004 • OOZ • 078 

Jlu.dstone LES-354-47 (o. 5) o. 3 -- -- -- 78. o -- -- . 003 • ooz 

LES-354-.U represents the upper half of LES-105, bed P-52. 

P-511Mudstone LES-104-47 1.0 6.3 -- -- -- 55.9 55.45 428.49 .001 .002 .080 
P-50 Mudstoae, calcareous; fos. col. no. 

47-BW-17 LES-103-47 o. 7 2. 1 -- -- -- 51.7 56. 15 429.96 • 002 • 001 • 081 
P =49 J:udstuav LES-102-47 0. 7 1. 3 -- -- -- 84.6 56.85 430.87 -- . 002 • 082 
P-48 Mudstcme, phosphatic LES-101-47 o. 7 12.5 -- -- -- 51. 1 57.55 439.62 • 015 • 001 • 083 
P-47 MudStone, calcareousandlimestone LES-100-47 3.0 0.4 -- -- -- 46.7 60.55 440.82 .001 .001 .086 

P-46 Mudstoue, calcareous LES- 99-47 2. 0 0. 9 -- -- -- 63.0 62. 55 442.62 • 002 • 001 • 088 
P-45 Mudstone, phosphatic LES- 98·47 2. 0 10. 0 -- -- -- 49. 8 64. 55 462.62 . 003 • 001 • 090 
P-44 Mudstone, calcareous LES- 97-47 3 6 6. 7 -- -- -- 56. 0 68. 15 486. 74 • 003 • 001 • 093 
P-43 Phosphate rock_ argillaceous, contains 

calcareoua concretions, fos. col. 
no. 47-BW-41 LES- 96-47 3. 9 15.2 -- I -- -- 30. 1 72.05 546.02 • 005 • 003 • 105 

P-4Z I Limestone, arpllaceous; fos. col. no. : 
47-BW-16 LES- 95-47 2. 8 1. 0 -- I -- -- 28. 3 74. 85 548.82 . 001 • 000 • 105 

P-41 Phosphate rock, argillaceous, calcareous LES- 94-47 1. 9 16.4 -- -- -- 35.9 76. 75 579.98 • 005 • 001 • 107 
P•40 Limestmte,argillaceous,phosphatic L;ES-93-47 1.0 8.4 -- -- -- 34.7 77.75 588.38 -- -- --
P-39 Phosphate rock, argillaceous, calcareous LES- 92-47 2.1 17.6 -- -- -- 33.8 79.85 625.34 • 005 • 001 . 002* :') 
P-38 Phosphaterock. argillaceous, calcareous LES- 91-47 0,5 16.3 -- -- -- 35.7 80.35 633.49 .007 .002 .003 CO 
P-3T Phosphate rock, argillaceous, calcareous, 

coXltairlschertlenses LES-90-47 0,75 19.0 -- -- -- 26.7 81.10 647.74 .007 .1>03 .005 

P-3& LimestOne, argillaceous LES- 89-47 3. 0 4. 7 -- -- -- 22.2 84. 10 661.84 • 001 • 000 • 005 
P-35 : Chert, contains quartz vugs: fos. col. 

no. 47-BW-15 LES- 88-47 0. 7 5. 5 -- -- -- 77.8 84.80 665.69 • 001 • 000 • 005 
P-3f "Jludstoue, phosphatic LES- 87-47 o. 8 13.7 -- -- -- 51.4 85.60 676.65 • 004 • 002 • 007 
P-33 . Phosphate rock, silty and mudstone LES- 86-47 0. 5 26. 1 -- -- -- 20.4 86. 10 689.70 • 004 . 001 • 007 
P-SZ . ~hate rock LES- 85-47 2. 15 33.0 -- -- -- 8. 6 88.25 760.65 . 011 • 005 • 018 

P-31 · Phosphate rock. argillaceous LES- 84-47 0. 5 18. 0 -- -- -- 39. 1 · 88, 75 769. 65 • 006 • 003 • 020 
P-30 Mudstone, phosphatic, calcareous LES- 83-47 2. 3 13. 1 -- -- -- 41.8 91.05 799.78 . 005 • 002 • 024 
P-Z9 : Limestone, argillaceous LES- 82-47 2. 2 0. 6 -- -- -- 35. 1 93. 25 801. 10 • 007 . 000 • 024 
P-21 Mudstone, calcareous, phosphatic LES- 81-47 0. 8 7. 8 -- -- -- 51.0 94.05 807.35 • 005 • 002 • OZ6 
P-Z7 Limestone, argillaceous, contains chert 

lenses LES- 80-·17 o. 8 5. 7 -- -- -- 30.0 94.85 811.90 • 005 • 001 • 021 

P-Z6 . Phosphate rock LES- 79-47 o. 85 30. Z -- -- -• 12.9 95.70 837.57 • 005 • 003 • 029 
P-Z5 Mudstone, calcareous LES- 78-47 0.3 4.8 -- -- -- 62.1 96.00 839.01 .004 .001 .030 
P-Z4 Mudstone, calcareous LES- 77-47 1-2 0. 4 -• -- -- 70. 5 97. 20 839.49 • OOZ • 001 • 031 
P-Z3 Mudstone LES- 76-47 O. 35 3. 8 -- -- -- 71. Z 97. 55 840. 8Z • 006 • 002 • 03Z 
P-ZZ Mudstone . LES- 75-47 1.6 5.4 -- ·- -- 73.7 99.15 849.46 .004 .001 .033 

1 . . • Cum ative data: incomplete due 
Fossil collection IIUJ.de by H. Wedow, Paleontology and Stratigraphy Branch, U.S. Geological Survey. to missing information. 

· Computations start from zero 
after interruption. 



Bed 
no. Rock description 

P-Z1 Mudstone 
P-ZO Phosphate rock 
P-19 iludstoae, contaias chert lenses 
P-18 Mudstone and chert 
P-17 lludstane, calcareous and chert 

P-16 Mudstone, calcareous and chert 
P-15 Mudstone, calcareous IUlC! chert 
P-14 Mudatoue, calcareous and chert 
P•l3 Lim•stone, argillaceous and phosphate 

rock 
P-1Z Limestone. ar.gillaceous · 

P-11 Mudstone, calcareous 
P-10 Limestone, argillaceous 
P- 9 Mudstone, phosphatic 
P- 8 Mudstone, calcareous 
P- 7 Limestone, argillaceous 

P- 6 Mudstone. calcareous 
P- 5 Limestone, argillaceous 
P- 4 Mudstone 
P- 3 Mudstoae .. calcareous 
P- Z Limestone, argillaceous 

P- 1 Pho11phate rock. mudstone, and chert 
- -- -

cW-l 1 Salldlltcme, phosphatic 
Cw-1 lludstOM, calcareous 

L_ 

Sample Thickness 
no. (feet) PzOs 

LES- 74-47 0,75 1. 7 
LES- 73-47 0.9 31.7 
LES- 7Z-47 4.0 1.0 
LES- 71-47 1.8 1. 0 
LES· 58-47 z.o 0.6 

LES- 57-47 1.9 ). 1 
LES- 56-47 1. 5 1. 1 
LES- 55-47 1. z 1. z 

LES- 54-47 0.7 6.3 
LES- 53-47 0.85 1. 9 

LES- 5Z-47 1.8 6.8 
LES· 51-47 0.65 .z.z 
LES- S0-47 0.8S 13, z 
LES- 49-47 0.4S 3.9 
LES- 48-47 1.9 0.6 

LES- 47-47 0.5 1. 3 
VEM-104-47 1.9 0.4 
VEM-10l-47 0.5 1.1 
VEII-lOZ-47 1. 9 0.4 
VEM-101•47 1. 1 0.4 

VEII-I OC)-4 7 0.4 Z6.4 

Wells formation 

Chemical analyses (percent) Cumulative 

Al2o3 Fe2o3 
LOSS On AC1C1 thickness 
ignition insoluble (feet) 

-- -- -- 83.9 99.90 -- -- -- 15.6 100.80 -- -- -- 9Z. 7 104.80 -- -- -- 85.8 106.60 -- -- -- 43.9 108.60 

-- -- -- 60.6 110.50 
--- -· -- ' 66.6 liZ. 00 -- -- -- 48.7 113. zo 

-- -- -- Z6.0 113.90 -- -- -- Z5.4 114.75 

-- -- -- 5Z. 7 116.55 -- -- -- 19.0 117. zo 
-- -- -- 46.3 118. OS -- -- -- 57.4 118. so -- -- -- 34.9 ' 1Z0.40 

-- - ~ -- 74.0 uo. 9o -- -- -- 33,0 1ZZ.80 -- -- -- 75.6 1Z3.30 -- -- -- 57.9 lZS. 2_0 -- -- -- 45.4 1Z6.30 

-- -- -- 17.4 1Z6.70 

Thickness x 
percent ~r 
(cumula 

850.74 
879.Z6 
883.Z6 
885.06 
886.Z6 

888.36 
890.00 
891.44 

895.86 
197.47 

909.71 
911.14 
9ZZ.36 
9Z4. 12 
9ZS.26 

9ZS,90 
9Z.6. 66 
9Z7.ZZ 
921.98 
9Z8.4Z 

938.98 

Uranium co~tent 
(percent 

eu Cbem. -U 

• 003 • 001 
.004 .001 
.ooo • 001 
• 001 • 001 
.0005 .000 

• 001 .001 
.001 • 001 
• 001 • 001 

• 001 • 001 
.ooz .ooz 

.003 .ooz 
. • 001 .ooz 

• 003 • 001 
.ooz • 003 
• 001 • 001 

·• 003 • 001 
• 001 • 001 
• 003 • 001 
• ooz • 001 
• ooz • 001 

• 003 • ooz 

Thickness x 
percent chem. U 

(cumulative) 

.034 
• 035 
.039 
.041 
.041 

.043 

.044 

.045 

.046 

.048 

• 051 
• 053 
.053 
.oss 
.OS7 

• 057 
.OS9 
.060 
• 06Z 
.063 

• 063** 

• 001 
.003 

** Note incompleteaess ol cumulative 
data. 

N 
<.D 



SPECTROGRAPHIC ANALYSES-NORTH FORK OF PINE CREEK, WYOMING. LOT NO. 1204. 

Semi-quantitative analyses of a few samples of the Phosphoria formation, North Fork of Pine Creek, Wyoming (see 
immediately preceding pages for location of section, thickness and description of strata, and chemical analyses of samples), 
made by the U. S. Geological Survey Laboratory, Geochemistry and Petrology Branch. In addition to the elements listed in 
the table below, Sb, As, Be, Bi, Cd, Ce, Cs, Co, Cb, Ge, In, Hg, Mof Nd, Pt, Re, Rb, Sc, Ta, Tl, Th, and W were 
looked for in all samples but were not detected. 

Bed 
no. 

P-68 
P-67 
P-66 
P-65 

Sample no. Al Ba 

RAH-48-47 D F 
RAH-47-47 -- F 
RAH-46-47 D F 
RAH-45-47 D F 

Explanation of symbols 

A • more than 1 o
1 
percent 

B' = 1-10 percent 
D or: 0. 01-0. 1 percent 
E • 0. 01-0. 1 percent 

B Ca Cr Cu Fe 

F A D F D 
F B' E F D 
F A D F D 
F A E F D 

La 

E 
ND 
E 
E 

Ph 

E 
E 
E 
F 

F = 0. 001-0.01 percent 
G = less than 0. 001 percent 

ND = not detected 

Mg Mn Ni p Si Ag Na 

D F F -- B' G D 
D E F B' A G D 
D F F A B' G D 
D E F A B' G D 

B1 is equivalent to Band C of Bureau of Mines analyses. 

Sr s ·n Ti - v y Zn 

D F E E E F 
D F D E ND F 
D F E E E F 
D F E E E F 

Zr 

E 
E 
E 
E 

w 
0 



MIDDLE FORK OF PINE CREEK. WYOMING. LOT NO. 12.05. 

Phosphoria formation sampled on north wall of Middle Fork of Pine Creek. sec. 35, T. 2.5 N •• R. 118 W •• Lincoln County. Wyoming. on west
dlppiaa Tump R.mge monocline. Beds R-26 to U-30 sampled in trench 150 feet above creek. all other beds in trench 50-2.00 feet above creek. Beds 
R-1 to R-25 measured in natural exposures 150-400 feet above creek. Beds strike N. 10' E. and dip 2.6' W. Section measured by R. A. Hoppin, 
P. C. Armatrona. and L. E. Smith and sampled by R. S. Sears and 0. A. Payne in June. July. and August 1947. Samples analyzed for P 0 and acid 
laaoluble by U.S. Bureau of Mines Laboratory. Albany, Oregon, and for other constituents by Trace Elements Section Laboratory. U. rf. creological 
Sune7. Waabington. D. C. 

Bed 
DO, 

Rock description 

-...1-1 I Mudatoae. calcareous. fos. fol. nos. 
47-BW-31 and 47-HW-31A 

U-30 Pbospbate rock. arJillaceous. calcareous; 
fos. col. nos. 47-HW-30 and 47-HW-30A 

U-29 Cbert. calcareous. phosphatic 
u-21 Cbert. calcareous 
U-27 Chert. calcareous 
U-Z.6 Cbert. calcareous -

u-2s Mudstone. calcareous 
U-24 Madstoae. calcareous 
U-23 Mudatoae. phosphatic, calcareous 
u-zz Cbert. calcareous 
U-21 Cbert. calcareous 

u-z.o Cbert, calcareous 
U-19 ll1idsto:ca and limestone 
U-11 111adatoae, calcareous 
U-17 lladstGae. calcareous 
U-16 M-.tone. calcareous 

U-15 lllldstone. calcareous 
U-14 11~. calcareous 
U-13 Mudatcme. calcareous 
U-IZ Pbospbate rock and calcareous mudstone 

containing chert 
U-11 Mudatoue. contains chert 

U-10 lludatoue. calcareous 
u- 9 Mudstone. calcareous 
u- a Mudstone 
u- 1 Limestone. ar(fillaceous. phosphatic 
u- 6 Mudatcme, calcareous 

Dinwoody formation 

Upper shale member of Phosphoria formation 

RAH-43-47 2.2 18.0 -- --
RAH-42-47 1. 9 8. 2 -- --
RAH-41-47 1. 1 1.6 -- --
RAH-40-47 2.8 o. 9 -- --
RAH-39-47 1. 0 1. 1 -- ---
RAH-38-47 1. 1 1. 7 -- --
RAH-37-47 1. 4 4.4 -- --
RAH-36-47 0.6 13. 1 -- --
RAH-35-47 1.6 1. 7 -- --
RAH-34-47 0,7 2. 3 -- --
RAH-33-47 0.7 2.0 -- --
RAH-32-47 1.0 1. 6 -- --
RAH-31-47 2.5 1. 6 -- --
LES- 46-47 2.6 2..8 -- --
LES- 34·47 1.0 3.4 -- --
LES- 33-47 2.4 2.. 3 -- --
LES- 32-47 1. 0 3.3 -- --
LES- 31-47 1.5 2.9 -- --
LES- 30-47 1. 5 6. 7 -- --
LES- 29-47 1.05 3. 3 -- --
LES- 28-47 1.4 3. 2 -- --
LES- 27-47 2.4 3. 8 -- --
LES- 2.6-47 2.5 3.4 -- --
LES- 2.5-47 0,65 8. 7 -- --
LES- 24-47 3.4 5. 7 -- --

-- 29. 1 -- 47.0 
-- 51.3 
-- 64.6 
-- 62,4 

-- 60.7 
-- 56. 1 
-- 41.0 
-- 60.6 
-- 62..3 

-- 65.2 
-- 65.2 -- 66.6 
-- 67.7 
-- 52.4 

-- 61.7 
-- 65.2 -- 65.8 

-- 61. 1 
-- n. 1 

-- 70.2 
-- 66.6 
-- 73.9 
-- 34,7 -- 62.6 

Cumulative 
thickness 

(feet) · 

1.1 

2. 2 
4. 1 
5. 2. 
8. 0 
9. 0 

10. 1 
11.5 
12. 1 
13.7 
14.4 

15. 1 
16. 1 
18.6 
21.2 
2.2. 2 

24.6 
25.6 
27. 1 

28.6 
29.65 

31,05 
33.45 
35.95 
36.60 
40.00 

Thickness x 
percent P 0 
( cumulat~e r 

39.60 
55 .• 18 
56.94 
59.46 
60.56 

62.43 
68.59 
76.45 
79. 17 
80.78 

82.18 
83.78 
78.78 
95.06 
98.46 

103.98 
107.28 
111.63 

121.68 
125.14 

129. 62 
138.74 
147.24 
152.90 
172.. 2.8 

Samples analyzed for eU and 
chem. U by the U.S. Geological 
Survey Laboratory. Geochemistry 
and Petrology Branch. 

.002 
• 001 
• 001 
• 002 
. 0005 

• 002 
. 005 
. 001 
. 0005 
• 001 

• 001 
. 001 . 
• 001 
• 001 
• 001 

• 001 
• 0005 
. 001 

.0005 

.0005 

• 0005 
• 0005 
.0005 
.002 
. 0005 

• 001 
• 001 
• 001 
• 001 
• 001 

• 001 
; 001 
• 001 
• 000 
. 001 

• 001 
• 005 
• 001 
.001 
• 001 

• 000 
• 001 
• 001 

• 000 
• 000 

• 000 
• 000 
.ooo 
.000 
• 001 

Thickness x 
percent chem. U 

(cumulative) 

.002 
,004 
. 005 
.008 
• 009 

• 010 
,012 
• 012 
• 012 
.013 

• 014 
• 018 
.021 
.024 
• 025 

. 025 

.026 
• 027 

.027 
• 027 

• 027 
• 027 
• 027 
. 027 
• 030 

w 
~ 



u- 5 Phosphate rock, argillaceous 
u- 4 Limestone, argillaceous 
u- 3 Mudstone, calcareous 
u- z Mudstone, calcareous 
u- 1 Phosphate rock, argillaceous; fos. col. 

no. 47-HW-Z9 

R-Z6 Limestone, phosphatic; fos. col. 
no. 47-HW-ZB 

R-Z5 Limestone; fos. col. no. 47-HW-33 
R-Z4 Limestooe, phosphatic 
R-Z3 Limestone. contains chert; fos. col. 

no. 47-HW-36 
R-zz Limestone, phosphatic 

R-Zl Limestone, cherty; fos. col. no. 
47-HW-37 

R-ZO Limestone and chert; fos. col. no. 
47-HW-38 

R-19 Limest011e 
R-18 Limestone and chert; fos. col. nos. 

47-HW-39 and 47-HW-40 
R-17 Limestone; fos. col. no. 47-HW-Z7 

R-16 Limestone; fos. col. no. 47-HW-Z6 
R-15 Limest011e; fos. col. no. 47-HW-Z5 
R-14 Covered interval, probably fossiliferous 

limestone and chert 
R-13 Limestoue, fos. col. nos. 47-HW-Z3 and 

47-HW-Z4 
R-lZ Limestone and chert 

R-11 Limestone 
R-10 Limestoae and chert 
R- 9 Limestone and chert 
R- 8 lludstoae, calcareous 
R- 7 lludstone, calcareous 

R- 6 lludstone, calcareous 
R- 5 lludstone, calcareous 
R- 4 Mudstone, calcareous 
R- 3 Chert and mudstone 
R- z Quartzite, phosphatic 

R- 1 lludstone, dolomitic 

LES- Z3-47 o.ss Z3. 1 -- --
LES- ZZ-47 1.45 5.9 -- --
LES- Z1-47 5.0 1. 8 -- --
LES- Z0-47 1.9 z. z -- --
LES- 19-47 0.6 zs. 1 -- --

Rex chert member of Phosphoria formation 

LES- 18-47 0.3 
3.5 
0.3 

5.0 
Z.3 

5. 1 

9.0 
z.o 

8.0 
5.4 

5.4 
z. 5 

Z3.0 

11.0 
15.0 

4.5 
7.5 
6.Z 
z. 5 
5.0 

5.0 
5.0 
4.0 
z.6 
1.Z 

5.0 

11.4 

--------
--

1 Fossil collection made by H. Wedow, Paleontology and Stratigraphy Branch, U. S. Geological Survey. 

Z4.8 
41.8 
56.8 
65.0 

ZZ.3 

10.0 

40.55 
4Z.OO 
47.00 
48.90 

49.50 

o. 3 
3. 8 
4. 1 

9. 1 
11.4 

16. 5 

25.5 
Z7.5 

35.5 
40.9 

46.3 
48.8 

71.8 

8Z.8 
97.8 

10Z.3 
109.8 
116.0 
118. 5 
1Z3. 5 

1Z8. 5 
133.5 
137. 5 
140. 1 
141,3 

146.3 

184.98 . 004 
193.54 . ooz 
ZOZ.54 . ooz 
Z06.7Z • 003 

ZZl. 78 . ooz 

3. 4Z • 005 

. ooz 

. 001 
• 001 
. 000 

. ooz 

• 003 

. 03Z 

. 033 

. 038 

. 038 

. 039 

. 001 

w 
N 



Bed 
no. Rock description 

Phosphatic shale member of Phosphoria formation 

P-73 Mudstone, calcareous LES-11-47 4.0 0.98 -- --
P-7Z Mudstone, phosphatic, calcareous LES- 12-47 2.0 10.63 -- --
P-71 Mudstone, calcareous LES- 13-47 4.2 1.0 -- --
P-70 Phosphate rock, cherty LES- i.4-·4'1 0,7 23.$ -- --
P-69 Limestone, argillaceous LES- 15-47 2.8 1.8 -- --
P-68 Mudstone, calcareous LES- 16-47 1. 7 1. 2 -- --
P-67 Mudstone and argillaceous llmest.>ne LES- 17-47 1. 5 5. 3 -- --
P-66 Phosphate rock LES- 35-47 1. 3 33.5 0.7 0,55 
P-65 Phosphate rock LES- 36-47 0,7 34.9 o. 8 0.65 
P-64 Phosphate rock LES- 37-47 1, 0 32.6 1.2 0.85 

P-63 Mudstone and phosphate rock LES- 3-8-47 0,4 8.2 -- --
P-62 Limestone, arpllaceous LES- 39-47 1. 2 0,6 -- -- I P-61 Pbospbate rock LES-40-47 0.9 32,0 -- --
P-60 Phoapbate rock, arpl)aceous LES- 41-47 2,0 26.2 -- --
P-59 Phospllate rock: fos. col. no. 47-BW-22 LES-42-47 1.5 25,8 -- --
P-58 Mlldatoae, calcareous LES- 43'-47 2.3 1.4 -- --P-57 Pboapbate rock, arpllaceous LES-44-:47 0.4 25.8 -- --
P-56 Mudstone, calcareous LES-45-47 2.8 0.6 -- --
P-55 Phosphate rock LES- 59-47 0,4 28.8 -- --
P-54 Llmestoae, arpnaceous LES- 60-47 0,5 1. 3 -- --
P-53 Phosphate rock, argillaceous LES- 61-47 0.35 22.6 -- --
P-52 Limestone, argillaceous LES- 62-47 1.4 0.6 -- --
P-51 Phosphate rock LES- 63-47 0.6 23.5 -- --
P-50 Phosphate rock, argillaceous LES- 64-47 0,6 16.8 -- --
P-49 Phosphate rock, argillaceous LES- 65-47 0.6 14.6 -- --
P-48 Limestone, argillaceous LES- 66-47 3,5 0.8 -- --
P-47 Mudstone FCA-15·47 0.45 4,4 -- --
P-46 Pllosphate rock, argillaceous FCA-16-47 0.4 21.7 -- --
P-45 •udstone LES- 68-47 0,45 o. 2 -- --
P-44 Mudstone FCA-17-47 0.5 o. 1 -- --
P-43 lludstone FCA-18-47 0.65 0.4 -- --
P-42 Mudstone FCA-19-47 0.5 3. 2 -- --
P-41 Mudstone FCA-20-47 0,35 6.4 -- --
P-40 Dolomite FCA- 1-47 0.8 o. 5 -- --
P-39 Mudstone, calcareous FCA- 2-47 1,05 2. 7 -- --
P-38 Mudstone FCA- 3-47 0.6 2. 2 -- --
P-37 Madstone, phosphatic FCA- 4-47 0.6 13.0 -- --
P-36 Limestone, argillaceous FCA- 5-47 2,3 0.4 -- --
P-35 Mudstone, calcareous. FCA- 6-47 1. 8 0.9 -- --
P-34 Mudstone, phosphatic FCA- 7-47 2.05 10.4 -- --

-- 63. 19 
-- 48.2 -- 49.6 
-- 26.0 
-- 42.5 

-- 73.6 
-- 29.3 

5.00 3. 1 
2. 98 4. 1 
3,88 6.4 

-- 60.0 -- 47.5 -- 6.6 -- 24.2 -- 15 .. 5 

-- 57.6 -- 21.7 
-- 74.9 -- 10.2 -- 42,4 

-- 27.6 
-- 47.1 -- 19. 1 
-- 3-1.6 
-- 36.3 

-- 42.7 -- 55.3 
-- 22.8 -- 61,5 
-- 66. 7 

-- 73,6 
-- 67.6 
-- 55.3 
-- 7. 6 
-- 49.5 

-- 80,8 
-- 43.4 -- 42.4 
-- 53.6 
-- 49.5 

Cumulative 
thickness 

(feet) 

4.0 
6.0 

10.2 
10,9 
13.7 

15.4 
16.9 
18.2 
18.9 
19.9 

20.3 
21.5 
22.4 
24.4 
25.9 

28.2 
28,6 
31.4 
31.8 
32.3 

32.65 
34.05 
34.65 
35.25 
35,85 

39.35 
39.80 
40.20 
40.65 
41. 15 

41.80 
42.30 
42,65 
43.45 
44.50 

45. 10 
45. 70 
48,00 
49.80 
51.85 

Thickness z 
percent P 0 
(cumulatfvef 

3.9Z 
25.18 
29.38 
46.04 
51,08 

53.1Z 
61.07 

104.62 
129.05 
161.65 

164.93 
165.65 
194.45 
246.85 
285.55 

288.77 
299.09 
300.77 
312.29 
312.94 

320.85 
}21. 69 
135.79 
3,5,87 
354.63 

357.43 
359,oll 
368,09 
368.18 
368.23 

368.49 
370,09 
372.33 
372.73 
375,56 

376.88 
384.68 
385.60 
387.22 
-108,54 

• 0005 • 001 
.0005 • 001 
.0005 • 001 
• 003 • 001 
• 001 . 000 

• 001 • 001 
. 002 • 001 
• 007 .004 
• 013 • 013 
• 012 ,007 

.002 • 001 
,002 .000 
• 004 • 001 
,004 • 003 

• .003 • 001 

• 001 • 000 
,005 • 001 
.002 ,001 
,006 .003 
,001 • 001 

.004 ,002 

.ooz . 001 
,004 .002 
• 004 • 003 
• 005 .ooz 
,0005 • 001 
.009 .003 
• 003 . 002 
• 005 • 003 
• 004 • 002 

. 004 . 002 
• 005 • 002 
• 007 • 008 
. 001 • 001 
. 003 • 002 

. 003 . 001 

.005 • 003 
• 001 • 001 
,002 .001 
• 005 . • 002 

Thickness z 
percent chem. U 

(cumulative) 

• 004 
• 006 
• 010 
,011 
.012 

• 013 
• 015 
.020 
• 025 
.03Z 

• 032 
• 033 
,034 
• 040 
• 041 

• 042 
• 043 
• 046 
,047 
.H7 

,048 
.049 
• 050 
.osz 
.054 

.057 
• 062 
,062 
,064 
.065 

• 066 
• 067 
• 070 
• 071 
.073 

.073 
,075 
,077 
• 079 
• 083 

w 
w 



P-33 Limestone, argillaceous FCA- 8-47 1.3 1. 6 --
P-32 LimestiNle, argillaceous FCA- 9-47 1. 15 0.4 --
P-31 Mudstone, phosphatic FCA-10-47 0.6 13.4 --
p .-30 Limestone, argillaceous FCA-11-47 0.9 1.3 --
P-29 Phosphate rock, argillaceous, calcareous FCA-12-47 1. 2 12.4 --
P-ZS Limestone, phosphatic FCA-13-47 0.65 9.4 --
P-Z7 Mudstone FCA-14-47 0.6 7. 2 --
P-26 Phosphate rock, argillaceous, calcareous, 

contains concretions FCA-Zl-47 1. 6 19. 5 --
P-25 Phosphate rock, argillaceous, calcareous FCA-Z2-47 0.7 14.8 --
P-z.t Limestone, argillaceous FCA-23-47 1.9 1. 0 --
P-Z3 Limestone, argillaceous FCA-24-47 1. 1 0.6 --
P•ZZ Phosphate rock, argillaceous FCA-25-47 0.9 14. 1 --
P•Z1 Phosphate rock, argillaceous FCA-26-47 1.1 17. 5 --
P•ZO Phosphate rock, argillaceous FCA-27-47 z. 7 14. ~ --
P-19 Limestone FCA-28-47 1. 4 3. 7 --
P-18 Limestone, argillaceous FCA-30-47 1. 0 7. 6 --
p..._17 Phosphate rock, calcareous. argillaceous FCA-31-47 1. 5 15. 3 --
P-i6 Phosphate rock, calcareous, argillaceous FCA-3Z-47 1.6 17.0 --
P-15 'Limestone, fos. col. no. 47-HW-14 FCA-33-47 3.6 3.4 --
P-14 Mudstone, phosphatic FCA-34-47 0.75 9.2 --
P-13 Phosphate rock FCA-35-47 1.35 31. 1 --
P-12 Mudstone, calcareous, phosphatic FCA-36-47 2.0 11.7 --
P-11 Mudstone, calcareous, phosphatic FCA-37-47 0.9 10.6 --
P-10 Limestone, argillaceous FCA-38-47 3.4 1.7 --
P- 9 Limestone, argillaceous FCA-39-47 1.3 o. 3 --
P- 8 Limestone, argillaceous, phosphatic FCA-40-47 z. 1 11.0 --:P- 7 Mudstone, phosphatic FCA-41-47 0.8 12.8 --
P- 6 Limestone, argillaceous FCA-42-47 0.75 1. 5 --
P- 5 lludstoae FCA-43-47 1.1 4.0 --
P- 4 Phoaphate rock, calcareous FCA-44-47 1. 4 30.7 --
P- 3 Limestone, argillaceous FCA-45-47 2.35 0.4 --
P- Z lludstGDe, phosphatic, calcareous J . FCA-46-47 0.55 lZ. 3 --
P- 1 Limestone, argillaceous, phosphatic; 

fos. col. no~ 47-HW-13 FCA-47-47 0.35 ll. 5 --
Wells formation 

Cw-6 Limestone, cherty FCA-48-47 0.8 0.4 --
Cw-5 Chert, calcareous, argillaceous FCA-23Z-47 0.7 0.6 --
Cw~ Chert.,. calcareous FCA-231-47 1.6 o. 7 --
Cw-3 Chert, calcareous FCA-Z3G-4 7· 3.6 o. 7 --
Cw~ Lim•stone, cherty FCA-ZZ9-47 1. 5 o. 8 --
Cw-1 Chert, calcareous -- 0.2 -- --

-- -- 33.3 53. 15 410.62 
-- -- 33.3 54.30 411.08 -- -- 41.3 54.90 419. 12 -- -- 22.3 55.80 420.30 -- -- 32.3 57.00 435.18 

-- -- 19.2 57.65 441.28 -- -- 36.3 58.25 445.60 

-- -- 17.4 59.85 476.80 
-- -- 30.4 60.55 487. 16 
-- -- 30.8 62.45 489.06 

-- -- 24.3 63.55 489.7Z 
-- -- 31.2 64.45 502.41 -- -- 29.9 65.55 521. 66 -- -- 3Z.4 68.25 ~60.00 -- -- 14.6 69.65 565.18 

-- -- 21.2 70.65 57Z. 78 -- -- 26.4 n. 1s 595.73 -- -- 23.7 73.75 622.94 
-- -- 11.6 77.35 635.18 
- -· -- 51.8 78. 10 642.08 

-- -- 5.0 79.45 684.46 -- -- 36.8 81.45 707.46 
-- -- 45.3 82.35 717.00 
-- -- 36. 1 85. 75 n2. 78 
-- -- 35.0 87.05 723. 17 

-- -- 30.6 89. 15 746.27 -- -- 45.3 89.95 756.51 
-- -- 47.2 90.70 757.64 -- -- 66.6 91.80 762.04 -- -- 7. 1 93.20 805.02 

-- -- 38.4 95.55 - 805.96 -- -- 45.0 96.10 812.72 

-- -- 30.2 96.45 816.74 

-- -- 11. 0 o. 8 ---- -- 72.1 1. 5 ---- -- 54.4 3. 1 --
-- -- 51.0 6. 7 ---- -- 43.0 8. z --
-- -- -- 8.4 --

_,__ _____ 

• 001 • 001 
• 001 . 001 
. 004 • 002 
• 001 • 001 
. 006 . 003 

. 004 • 003 
• 006 • 003 

• 007 . 005 
. 010 • 004 
. 001 • 0005 

. 001 • 001 

. 004 • 003 
• 002 

• 007 • 003 
. 002 • 001 

.007 • 001 

.005 .004 
• 007 • 004 
• 001 . 001 
.004 • 002 

• 012 • 008 
. 004 • 003 
• 004 • 003 
. 002 • 002 
.0005 .002 

• Q03 • 002 
• 006 • 002 
• 001 • 001 
-- .004 

• 005 • 17005 

. 010 • 006 
• 006 • 001 

.ooz • 001 

• 0005 .001 
. 0005 • 001 
.0005 • 001 
• 0005 • 001 
• 0005 • 001 

-- --

.085 

.086 
• 087 
.088 
• 091 

. 093 

.095 

• 103 
• 106 
.107 

• 108 
• 111 
.113 
• 121 
.122 

.123 

.129 

.136 
• 139 
.141 

.152 

.158 
• 160 
• 167 
• 170 

• 174 
.176 
.176 
• 817 
.181 

.196 

.196 

.196 

----------
--

w 
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SPECTROGRAPmC ANALYSES-MIDDLE FORK OF PINE CREEK, WYOMING. LOT NO. 1Z05. 

Sepli-quantitative analyses of a few samples of the Phosphoria formation, Middle Fork of Pine Creek, Wyoming (see immediately 
preceding pages for location of section, thickness and description of strata, and chemical analyses of samples), made by u.S. Geological 
Survey Laboratory, Geochemistry and Petrology Branch, Washington, D. C. In addition to the elements listed in the table below, Sb, As, 
Be, Bi, Ce, Cs, Co, Cb, Ge, In, Hg, Mo, Nd, Pt, Re, Rb, Sc, Ta, Tl, Th, and W were looked for in all samples but were not 
detected. 

Bed 
no. 

P-66 
P-65 
P-64 

Explanation of symbols 

Sample no. AI Ba 

LES-35-47 D F 
LES-36-47 D F 
LES-37-47 D F 

A =more than 10 percent 
B' • 1-10 percentl 
D = 0. 1-1 percent 
E • 0. 01-0. 1 percent 

B Cd Ca Cr Cu Fe La 

F F A D F D E 
F ND A D F D E 

ND ND A D F D E 

P b 

E 
E 
E 

1 B' is equivalent to Band C of Bureau of Mines analyses. 

F = 0. 001-0.01 percent 
G = less than 0. 001 percent 

ND = not detected 

Mg Mn Ni p Si Ag Na 

D F F A B' G D 
D F F A B' G D 
D F F A B' G D 

Sr Sn Ti v y Zn Zr 

D . F E E E F E 
D F E E E F E 
D F E ND E F E 

w 
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LEEFE, WYOMING. LOT NO. 1213. 

Part ol phosphatic shale member of Phosphoria formation sampled at two places in Leefe open pit mine of San Francisco Chemical Company 4 
miles west of Sage, sees. 10 ·and 15, T. 21 N., R. 120 W., Uinta County, Wyoming. Beds are flat lying. Section of beds P-1 to P-11 from locality A 
measured and sampled by R. M. Campbell in December 1947; section of beds P-1 to P-23 from locality B measured by F. W. 0' Malley and R. A. Harris 
and sampled by Barris and R. A. Smart in October 1948. Samples analyzed for Pz.05 and acid insoluble by U. S. Bureau of Mines Laboratory, Albany, 
Orepn, and for other constituents by Trace Elements Section Laboratory, U. S. GeOlogical Survey, Washington, D. C. 

Bed 
DO. 

Rock description 

Locality A 1 

Phosphatic shale member of Phosphoria formation-partial section 

P-11 Phosphate rock,· argillac~us RMC-145-47 2.5 17.4 2. 1 1. 67 9.14 
P-10 Limestoae, arlf.llaceous RMC- 144-47 0.7 1. 7 3. 6 1.65 28.26 
P- 9 Phospllate rock RIIC- 143-47 2.7 35.5 0.66 0,53 3. 50 
P-I Pboapba~ rqck, arpllaceoua RMC-142-47 0.4 26.9 3.4 0,80 3.94 
P- 7 Phosphate rock RMC-141-47 1.0 34.6 0.99 0.61 3. 12 . 

P- 6 Phosphate rock RMC-140-47 0.9 32.6 1. 2 2.10 4.00 
P- 5 Phosphate rock. . arpllaceous RMC-139-47 0.6 20.8 5. 5 1,00 4.22 
P- 4 Pboapbate rock, arpllaceous RMC-138-47 1.4 28.8 2.6 0.82 3.74 
P- 3 Pboaphate rock. arpllaceous RMC-137-47 1. 2 28.8 2.9 0.69 3.82 
P- a , Phosphate rock. arlf.llaceous RMC- 136-47 0.8 24.8 3.6 1.46 3.80 

P- I Phosphate rock, argillaceous RMC-135-47 0.3 23.0 4.8 0.79 2.84 

Locality B 

Phosphatic shale member of Phosphoria formation-upper part only 

P-H · c•rt I -- 0.03 -- -- -- --
Bed P-z.& may represent base of Rex member. 

P-Zl Mudlltoae. cherty RB-3326 2.0 3. 5 -- -- --
P-U · I'Maphate rock, arpllaceous RB-3325 0.8 23.9 -- -- --
P-Zl . Mudstone RB-3'32-l 1.3 2.9 -- -- --
P-a Plloap~te rock. arJillaceous RB-3323 0.-l 28.5 -- -- --
P-19 lludatcme WOM - 3322 1. 7 3. 6 -- -- --
P•l8 lludstoue, phosphatic and cherty 

pboapbate rock WOM - 3321 1.0 18.3 -- -- --
P•n lludataae. phosphatic WOM - 3320 0.4 9. 5 -- -- --
P·l· Plloaphate rock aad mudstone WOM - 3319 0,8 21.4 -- -- --
P-15 Pboepbate rock WOM - 3318 4.5 35.0 -- -- --
P-14 , Pboapbate rook, calcareous RH-3317 1." 26.7 -- -- --

1 Beds P-1 to P-11 of localitY" A are probably equivalent to beds P-9 through P-18 of locality B. 

31.6 
29.2 

3.1 
20.7 
4.2 

5.4 
33.5 
14.5 
18.3 
26.3 

32.7 

--

83.9 
30.9 
79.9 
20.8 

72.-l 

••• 2 
63.6 
34.0 
4.7 

2.0 

Cumulative 
thickness 

(feet) 

2.5 
3.2 
5.9 
6.3 
7.3 

8.2 
8.8 

10.2 
11.4 
1Z.2 

1Z.5 

--

2.0 
2.8 

"· 1 

··~ 6.2 

7.2 
7.6 
8.4 

12.9 

l-l.3 

Thickness x 
percent P2 0 6 (cumulaU\'eJ 

43.50 
44.69 

140.54 
151.30 
185.90 

215.24 
227.72 
268.04 
302.60 
321.44 

329.34 

--

7.00 
26.12 
29.89 
-ll.29 

-l7.41 

65.71 
69.51 
86.63 

24-l.l3 

281.51 

Samples analyzed for eU and 
chem. U bY' the u. S. Geological 
Survey Laboratory, Geochemistry 
and Petrology Branch. 

.004 .003 
• 001 .ooo 
.017 • 016 
.009 .009 
• 015 • 018 

.025 .026 
• 014 • 013 
.015 • 015 
.OlZ • OlZ 
.010 • 011 

.007 .005 

-- --

• 001 .002 
• 006 .005 
.003 • 001 
.006 .007 

.003 .002 

• 00-l • 003 
.003 .002 
.007 .006 
• 015 • 012 

.023 • 02-l 

Thickness x 
percent chem. U 

(cumulative) 

• 008 
.008 
• 051 
.054 
.072 

.096 
• 104 
.125 
• 139 
.148 

• 149 

--

.00-l 

.008 

.009 

.012 

. 016 

• 019 
. • 019 
.024 
.078 

• 112 

w 
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Bed Sample Thickness Chemical malyses (percent) 

1)0. 
Rock description no. (feet) Pzos Al2o3 Fe2o3 

Loss on Acid 
ignition insoluble 

P·l3 Phosphate rock RH-3316 0.8 34. 1 -- -- -- 6. z 
P-1Z Phosphate rock RH-3315 0.3 35.5 -- -- -- 4. 6 
P-11 Phosphate roek WOM - 3314 0,8 Z7.0 -- -- -- 19.3 
P-10 Phosphate rock WOM - 3313 1.4 Z8.5 -- -- 17.6 
P- 9 Phosphate rock. argillaceous WOM - 331Z 0.6 17. 7 -- -- -- 43.Z 

P- 8 Mudstone WOM - 3311 z.o 3.9 -- -- -- 76. 7 
P- 7 Phosphate rock WOM - 3310 0 . 7 Z9.9 -- -- -- 13.9 
P - 6 Phosphate rock WOM - 3309 0,7 34.5 -- -- -- 7, 3 
P- 5 Phosphate rock. argillaceous WOM - 3308 1.5 19. 5 -- -- -- 37.3 
P- 4 Phosphate rock. argillaceous WOM - 3307 1. 0 Z3.7 -- -- -- Z8,0 

P- 3 Phosphate rock WOM - 3306 l.Z Z8.8 -- -- -- 17.6 
P- Z Mudstone and argillaceous phosphate rock WOM - 3305 1.1 15.6 -- -- -- 47.7 
P- 1 Phosphate rock, argillaceous WOM - 3335 1. 1 Z3.9 -· -- -- Z8. 1 

Cumulative Thickness x 
thickness 

(feet) 
percent P 0 
( cumulatfvef 

15. 1 308. 79 
15.4 319.44 
16.Z 341.04 

"17.6 380; 94 
18.Z 391. 56 

zo.z 399.36 
Z0.9 4ZO.Z9 
Z1.6 444.44 
Z3.1 473.69 
Z4. 1 497.39 

Z5.3 531.95 
Z6.4 549. 11 
Z7.5 575,40 

Ul'anium content 
(percent) 

eu Chem. U 

• OZ4 . ozz 
• 009 • 011 
• 016 • 018 
• 010 . 011 
. 006 • 005 

,003 .ooz 
. 008 • 009 
. 005 • 008 
• 003 . 004 
• 006 • 005 

• 006 • 005 
• 005 . 006 
. 006 • 005 

Thickness x 
percent chem. U 

{cumulative) 

• 1Z9 
• 133 
• 147 
• 16Z 
. 165 

. 169 
• 176 
• 181 
• 187 
. 19Z 

• 198 
. Z05 
• Z10 
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SPECTROGRAPffiC ANALYSES-LEEFE, WYOMING. LOT NO. 1213. 

Locality A 

Semi-quantitative analyses of samples of the Phosphoria formation, Leefe, Wyoming (see immediately preceding pages for location of 
section, thickness and description of strata, and chemical analyses of samples), made by the U.S. Geological Survey Laboratory, Geochemistry 
and Petrology Branch. In addition to the elements listed in the table below, Sb, As, Be, Bi, B, Ce, Cs, Cb, Ge, Hg, Mo, Nd, Pt, Re, Rb, 
Sc. Ta, Tl, Th, Sn, and W, were looked for in all samples but were not detected. 

Bed 
no. 

P-11 
P-10 
P- 9 
P- 8 
P- 7 

P- 6 
P- 5 
P- 4 
P- 3 
P- 2 

P~ 1 

Explanation of symbols 

Sample no. Al Ba Cd Ca 

RMC-145-47 B' E ND B' 
RMC-144-47 B' E F A 
RMC-143-47 D E ND A 
RMC-142-47 B' E ND A 
RMC-141-47 D E ND A 

RMC-140-47 D E F A 
RMC-139-47 B' E ND B' 
RMC-138-47 B' E F A 
RMC-137-47 B' E F A 
RMC-136-47 B' B F A 

RMC-135-47 B' E ND A 

A s more than 10
1
percent 

B' • 1-10 percent 
D x 0. 1-1 percent 
E • 0.01-0.1 percent 

Cr Co Cu Ga In Fe 

F ND F F G D 

La 

E 
F ND F F G D ND 
E ND F F ND E E 
E ND F F G D E 
E ND F F G D E 

E F F F G D E 
E F F F G D F 
E F F F . G D E 
E F F F G D E 
E F F F ND D E 

E ND F F ND D F 

1 B' is equivalent to Band C of Bureau of Mines analyses. 

F = 0. 001-0.01 percent 
G = less than 0. 001 percent 

ND = not detected 

Pb Mg Mn Ni p Si Ag 

ND E D E B' A G 
ND E D E D A G 
F E E E A B• G 
F E E E A B' G 
E E D E A B' . G 

E E D E A B' G 
E E D E B' A G 
E E D E A B' G 
E E D E A B' G 
E E E E A A G 

E E D E A A G 

Na Sr Ti v Yb y Zn Zr 

D D E E G E F F 
D E E E G F F E 
D D E D G E F F 
D D E D G E E E 
D D E D G E E F 

D D E D G E E F 
D D E D G E E E 
D D E D G E E E 
D D E D G E E E 
D D E D G E E E 

D D E D G E E E 
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