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STRATIGRAPHIC SECTIONS OF THE PHOSPHORIA FORMATION IN MONTANA

by

R. W, Swanson, M. R. Klepper, W, R, Lowell, F, S. Honkala,
E. R. Cressman, D, A, Bostwick, O, A, Payne, and E, T. Ruppel

INTRODUCTION

The first of a series of reports giving detailed stratigraphic sections of the Phosphoria
formation in the Western phosphate field as measured and described by the Geological Survey will
be released as Circulars within the next few months, Because of the needs of industry for many of
these data during the 1951 field season, and in view of the unavoidable delays attendant on publi~
cation, the tabular data to be included in these Circulars are hereby placed on open file in simple
reproduction form (prepared by Ozalid from photographic negatives) and without explanatory text
So that immediate use may be made of the data.

The tables include data on sections in four states: Montana, Idaho, Wyoming, and Utah; and
the tables for each of these states are bound together as individual reports, The tables include name
and location of section measured, brief description of geologic setting, acknowledgments for field and
analytical work, abstract data on the sections (bed number, rock name, sample number, and thick-
{'less), and analytical data on the samples, The analytical data include reports on P 2C) and acid
Insoluble for all samples and additional analyses, such as Al,O0;3, Fe,0;, loss on ignit‘?on, F, and
VZO , for selected samples, Spectrographic analyses for a ﬁrge nuinber of elements are included
for éamples from selected localities, and special analyses have been made of a few samples,

The work in Montana has been done with the aid of Missouri River Basin funds as part of a
Program of appraisal of the Missouri Basin mineral resources, These reports are placed on open file
at the offices of the Geological Survey in Washington, D. C,, Spokane, Washington, Salt Lake City,
Utah, and Montpelier, Idaho, and at the offices of the Idaho Bureau of Mines and Geology, Moscow,
Idaho, the Montana Bureau of Mines and Geology, Butte, Montana, the Wyoming Geological Survey,
Laramie, Wyoming, and the University of Utah, Salt Lake City, Utah,



ANDERSON MINE, MONTANA. LOT NO, 1287,

D member of Phosphoria formation sampled at 4,800 level of Anderson mine of Montana Phosphate Products Company, secs. 2 and
3, T.10 N., R. 10 W,, Powell County, Montana, on southwest flank of Garrison anticline, samples 308-313, locality A, from 100 feet south
of north heading and sample 314, locality B, from 150 feet south of crosscut. Beds stnke about N. 30° W., and dip 30° SW. Section
measured and sampled by M. R, Klepper in ‘October 1948, Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon.

Chemical analyses
Cumulative Thickness x
Bed Rock description Sample Thickness | _ (percent) thickness percent P,O
no. no. (ﬁgtl P.O Acid (' .et) ( ° 1 5
5 insoluble
Locality A, 4,800 level, 100 feet south of north heading
E member of Phosphoria formation—basal beds only
E-2 | Quartzite - 1.0 e ot 1.0 ==
E-1 | Conglomerate - 0.5 - = 1.5 =
D member of Phosphoria formation

D-8 | Clay : - 0.02 -- - 0.02 -
D-7 Phosphne rock, argillaceous MRK-313 0.75 27.8 25.% 0.77 20.85%
D-6 | Phosphate rock MRK-312 0.7 37.5 4.5 1,47 40. 31
D-5 | Phosphate rock MRK-311 0.5 36.4 7.3 1.97 58, 51
D-4 | Phosphate rock MRK-310 0.9 32.5 15,1 2.87 87.76
D-3 | Phosphate rock MRK-309 1.0 36.6 5.9 3.87 124, 36
D-2 | Phosphate rock MRK-308 0.9 31.1 14,7 4.77 152, 35%=
D-1 | Clay -- 0,15 -- -- 4.92 -

C member of Phosphoria formation—top beds only
C-2 | Conglomerate M 1.0 T S T 1.0 =
C-1 | Sandstone =2 2.0 l . s 3.0 o

Locality B, 4,800 level, 150 feet south of crosscut

E member of Phosphoria formation—not measured
E-1 [cnm l S SR o l 2. ! 2 =

* Cumulative data incomplete due to missing information.
** Note incompleteness of cumulative data.



Chemical analyses z
Cumulative Thickness x
Sample Thickness {percent)
Rock description ot (feet) - Led th.t;:ek;e)u
25 insoluble
D member of Phosphoria formation
Phosphate rock MRK-314 4.3 32.8 12.8 -

Composite sample representing beds D-2 to D-7 of locality A.

C member of Phosphoria formation —top beds only

Quartzite - 0.3 - -- 0.3
Conglomerate -- 0.9 e o 12
C - 0.2 -- -~ 1.4
Sandstone and chert -- 2,0 .- -- 3.4

YO = A ‘




Powell County,

GRAVELEY MINE, MONTANA. LOT NO. 1286,

D member of Phosphoria formation sampled in Graveley Mine of Montana Phosphate Products Company, sec. 2, T. 10 N., R. 9 W.,

, Montana, on northeast side of Luke-Graveley syncline; samples 297-299, locality A, from 4,906 stope and samples 300-303,

locality B, from 5,101 west heading. Beds strike about N. 70° W. and dip 50° S. Section measured and sampled by M. R, Klepper in
September 1948. Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon.

Chemical analyses

* Cumulative data incomplete due to missing information.
*#* Note incompleteness of cumulative data.

Cumulative Thickness x
Bad Rock description Sample Thickness (percent) thickness percent P,O
no. no. (feet) P.O Acid (feet) { in 5
25 |insoluble o !
Locality A, 4,906 stope
E member of Phosphoria formation—not measured
E-1 | Chert e S £ e -t £y
D member of Phosphoria formation
D-5 | Clay .- 0.05 -- -~ 0.05 --
D-4 | Phosphate rock MRK-299 1.3 35.0 10, 2 1.35 45, 50%
D-3 | Phosphate rock MRK-298 1.0 37.5 8.4 2.35 83,00
D-2 | Phosphate rock MRK-297 1.25 37.4 4.6 3.60 129, 75%=
D-1 | Clay -~ 0.1 -- -- 3. 70 —
C member of Phosphoria formation—not measured
C-1 | Quartzite i - e = e 28
Locality B, 5,101 west heading
E member of Phosphoria formation- nol measured
E-1 | Chert pree o A e = %
D member of Phosphoria formation
D-5 | Clay -~ 0.05 -= == 0,05 --
D-4 | Phosphate rock MRK-303 1.2 36.8 6.2 1.28 44, 16+
D-3 | Phosphate rock MRK 302 1.0 37.5 3.9 2.25 81,66
D-2 | Phosphate rock MRK-301 0.8 34.4 4,1 3.05 109, 18+=
D-1 | Clay -- 0.05 -- - 3,10 b



Chemical analyses
Cumulative Thickne
Bed Rock description Sample Thickness (percent) thi - 1:’ ;
no. no. (feet) P.O Acid (!Ch,t." P ?
2% | insoluble eet) (cumula
C member of Phosphoria formation—top beds only
C-3 | C lomerate MRK-300 1.0 5.4 81.2 1.0
C-2 tone o d 1.5 - - 2.5
C-1 | Quartzite - -- - -- --




LUKE MINE, MONTANA. LOT NO. 1285,

D member of Phosphoria formation sampled in Luke Mine of Montana Phosphate Products Company, sec. 15, T. I0N., R. 9 W.,
Powell County, Montana, on southwest side of Luke-Graveley syncline; samples 304-305, locality A, from southeast heading, 5,300 level,
samples 306-307, locality B, from northwest heading, 5,300 level. Beds strike about N. 40° W, and dip 45° NE. Section measured and
sampled by M. R. Klepper in September 1948, Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon.

Chemical analyses c
umulative Thickness x
Bed Rock description Sample m;:kneu (percent) R thickness percent P,0
no. no. (feet) P.O Act (feet) (cumula
2”5 |insoluble ’
Locality A, 5,300 level, southeast heading
E member of Phosphoria formation —basal bed only
E-1 | Quartzite, cherty I =3 i 4.0 - =3 ] - s
D member of Phosphoria formation
D-4 | Clay - 0.02 -- -- 0.02 -
D-3 | Phosphate rock 5 MRK-305 1.6 34.0 2.3 1,62 54.4
D-2 | Phosphate rock MRK-304 1.6 35.5 58 3.22 111, 2%#
D-1 | Clay - 0.1 - - 3,32 -
C member of Phosphoria formation—top beds only
C-2 | Quartzite - 2.0 - e - dorr
C-1 | Quartzite - 4.0 ¥ - - i
Locality B, 5,300 level, northwest heading
E member of Phosphoria formation—basal bed only
E-1 | Quartzite - 1.5 W =5 - wie
D member of Phosphoria formation
D-2 | Phosphate rock MRK-307 1.6 33.1 9.8 1.6 52,96
D-1 | Phosphate rock MRK-306 1.6 36.7 4.1 3.4 111,68
C member of Phosphoria formation—top beds only
C-3 | Quartzite -- 0.3 i - 0.3 =
C-2 | Conglomerate - 0.5 -- - 0.8 --
C-1 | Chert - 2.0 - - 2.8 --

** Note incompleteness of cumulative data.

r’



CANYON CREEK NO. 1, MONTANA. LOT NO. 1237,

D member of Phosphoria formation sampled in hand trench near Canyon Creek, SE} sec. 12, T. 2 S,, R. 10 W., Beaverhead County, Montana,
on west limb of an overturned anticline. Beds strike N. 60° W, and dip 50° SW. Section measured by M. R. Klepper and sampled by E. T. Ruppel in

September 1948, Samples analyzed by U, 8. Bureau of Mines Laboratory, Albany, Oregon.

Bed Chemical analyses (percent) Cumulative Thickness x
no. Rock description g T"(‘,"e'x” 7.0 TaLo. IFe.0.] Doss on [ Acd thickness | percent P,0,
205 | AL,041F€,041 ignition | insoluble (feet) (cumulative;
E member of Phosphoria formation—basal bed only
E-1 | Chert MRK-270 1.0 A -- -- -- 77.0 1.0 V.2
25 D member of Phosphoria formation—base not exposed
D-5 | Phosphate rock MRK-269 1.0 p 0y 5 0 PR B 1.64 7.2 1.0 34.70
D-4 | Mudstone, calcareous and phosphate rock MRK-268 1.4 10.1 ]| 9.7 | 8.74 6.72 47.8 2.4 48_ 384
D-3 | Phosphate rock MRK-267 1.8 34.6 | 2.6 | 2.40 3.60 6.1 4.2 111,12
D-2 | Mudstone and pnosphate rock MRK-266 1.0 16.3 8.5 | 5.38 7.74 39.3 5.& 127.42
D-1 | Mudstone, phosphatic MRK-265 6.0 19.6 | 7.9 | 2.34 7.06 38.7 11.2 245.02




CANYON CREEK NO. 2, MONTANA,

LOT NO. 1238,

D member of Phosphoria formation sampled in hand trench near Canyon Creek, !fSE} sec. 6, T. 2 S,, R. 9 W., Beaverhead County, Montana,
on overturned east limb of an anticline. Beds strike N. 5-10° W. and dip 70° W. Section measured by M. R. Klepper and sampled by E. T. Ruppel in

September 1948, Samples analyzed by U. S, Bureau of Mines Laboratory, Albany, Oregon.

I Chemical analyses (percent) Cumulative Thickness x
Bn:d Rock description s‘::ple Th(ifcek:gss P.0. | AL.O.IFe.0.| 038 on Acld thickness percent P,0,

. . 205 | A1;0;|Fe,051 ionition | insoluble (feet) {cumulatfve;

E member of Phosphoria formation—basal bed only
E-1 | Quartzite and conglomerate -- -- -- -- -- -- -- - --
D member of Phosphoria formation—base not exposed

D-4 | Mudstone -- 0.2 -- - | -- -- -~ 0.2 --
D-3 | Phosphate rock and mudstone MRK-273 3.0 19.1 - - .- 43,2 3.2 57, 30%
D-2 | Phosphate rock and mudstone MRK-272 3.8 19.1 -~ 1 -- - 35.0 7.0 129.88
D-1 | Phosphate rock MRK-271 3.0 30.8 ¥.1 0.90 7.08 - 10.0 222.28%%

* Cumulative data incomplete due to missing information.
*%* Note incompleteness of cumulative data,

S ;
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MELROSE ADIT NO. 2, HWTANA. LOT NO. 1239,

D member of Phosphoria formation sampled in an adit of the Anderson Phosphate Mines, Incorporated, of Butte, Montana, known as the Melrose
Property, in NW5 sec. 5, T. 2 5., R. 9 W., Silverbow County, Montana, on the normal limb of a northwest-trending overturned syncline., Beds D-6

D-11 sampled at heading of a south-southeast drift approximately 1,400 feet from portal; beds D-1 through D-5 sampled 36 feet from heading.
Beds strike northwest and dip 45° SW, Section measured by M. R, Klepper and O, A, Payne and sampled by Payne in September 1948, Samples analyzed
by U. S, Bureau of Mines Laboratory, Albany, Oregon.

S Chemical analyses (percent) Cumulative Thickness x
Sample Thickness Loss on Acid thickness percent P,0O
no, Rock description nO. (teet) | F20s|AL;03|Fe,05] F | iorition [insoluble (teet) (cumulatfe)
E member of Phosphoria formation—basal bed only
E- 1 | Chert and conglomerate -- -- .- -- - -- -- -- -- -
D member of Phosphoria formation

D-11 | Mudstone 0.2 = e B2 o R 2 0.2 o
D-10 | Phosphate rock, argillaceous MRK-293 1.25 23.9 2s2 2.6 | 2,14 1.5 32.6 1.45 29.90%
D- 9 | Phosphate rock and calcareous

mudstone MRK-292 0.6 21. 5 6.3 2.5 ] 2,75 2.8 16,0 2.05 46.40
D- 8 | Phosphate rock MRK-291 0.85 33.3 1.9 1.4 | 3,05 1,8 10,1 2,90 74.40
D- 7 | Mudstone MRK-290 1.4 3. 81130 5.6 0,71 4.3 61.7 4,30 79.72
D- ¢ Phosphate rock MRK-289 1.9 36.4 1.1 1.1 3,28 1.6 4.8 6.20 148 88
D- 5 | Mudstone, calcareous MRK-288 0.4 4,4 | 10,4 | 10,0 | 2.40 6.2 39.9 6.60 150. 64
D- 4 Phosphate rock MRK-287 0.6 31,2 3.2 2,01 2,78 ¢y 15.3 7.20 169.36
D- 3 | Mudstone and phosphate rock MRK-286 L2 26.2 4.9 2.1 1:2.3 - 24.5 8,40 200,80
D- 2 Phosphate rock MRK-285 0.9 35.2 1.8 1.3 | 3.16 2,2 7.5 9.30 232,48
D~ 1 | Phosphate rock, argillaceous MRK-284 3.0 23.8| 59| 2.5| 21 4.6 28,8 12,30 303, 88%+

* Cumulative data incomplete due to missing information,
*% Note incompleteness of cumulative data.




SPECTROGRAPHIC ANALYSES — MELROSE ADIT NO. 2, MONTANA. LOT NO. 1239,

Semi-quantitative s of samples of the D member of Phosphoria formation, Melrose adit no. 2, Montana (see immediately preceding
page 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, Ba, Be, Bi, Cd, Co, Cb, Ga, Ge, Au, In, Pb, Li, Hg, Pt, Ta,

n, and W were looked for in all samples but were not detected.

Explanation of symbols

A = more than 10 percent E = 0,01-0,1 percent

B = 5-10 percent F =0,001-0,01 percent

C = 1-5 percent G = less than 0.001 percent

D = 0,1-1 percent
l:: no‘. le Al B Ca Cr Cu Fe Mg Mn Mo Ni Si Ag Na Sr Ti v Zn Zr
D-11 | MRK-294 B E = D F A Cc E F E A G E F C D E E
D-10 | MRK-293 c F A E G G C E F E B G E E E E E E
D- 9 | MRK-292 B F A E G C € E F E B G E E D E E E
D- 8 | MRK-291 c F A E G £ c E F E A G E E E E E E
D- 7 | MRK-290 B E B E G A C E F E A G E F D E E E
D- 6 | MRK-289 c F A E G ¢ D E F E < G E E E D E E
D- 5 | MRK-288 B F A D G A A E E D A G E F D D E E
D- 4 | MRK-287 B F A E G C & F F E A F E E D D E E
D~ 3 | MRK-286 ] F A E G < C F F E A F E E D D E E
D~ 2 | MRK-285 C F A E G c D F F E e G E E E D E E
D- 1 | MRK-284 B F A D G C o ¥ F E A G E E D D E E



https://0.001-0.01
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MELROSE ADIT NO. 1, MONTANA. LOT NO. 1240,

D member of Phosphoria formation sampled in southwest crosscut 269 feet from portal of the Anderson Phosphate Mines,
Montana, known as the Melrose Property, NW4 sec, 5, T. 2 S., R. 9 W., Silver Bow County,

Inc of Butte
Montana, on normal limb of mrturnedo:pom .

Beds

strike northwest and dip 45° SW. Section measured by M. R, Klepper and O. A. Payne and sampled by Payne in September 1948, Samples an-‘lyud by
U. S. Bureau of Mines Laboratory, Albany, Oregon.

Sl : Chemical s (percent) Cumulative Thickness x
B:: Rock description no Th(ifeet)“ P,0, | AL,O, |[Fe,0, | Loss on Acid thickness percent P,O
» 29 | A%293 1F€253 | ignition | insoluble (feet) (cumulatfve;
E member of Phosphoria formation—basal bed only
E- 1| Chert s = = 8 - —F e o 2
D member of Phosphoria formation
D-10 | Conglomerate and phosphate rock MRK-283 0.5 27,4 1.6} 2-09 2.04 25,0 0.5 13.70
D- 9 | Mudstone MRK-282 0.2 5.4 9.5 ]| 7.05 4. 26 66.6 0,7 14.78
D- 8 | Phosphate rock MRK-281 1.6 29,11 2.7 .| 2,37 2.16 8.6 2,3 61.34
D- 7| Mudstone -- 0.15 -- -- -- -- - 2.45 —_—
D- & | Phosphate rock, argillaceous . MRK-280 0.8 24.1 5.4 | 2.96 2.56 29.4 3.25 19, 28%
D- & | Mudstone MRK-279 52 .1 ] 13,00{ 6.29 4,68 76.6 4.45 20,60
D- 4 | Phosphate rock MRK-278 2.1 28.4 | 1.5) 1,55 | 1.68 6.4 6.55 80, 24
D- 3 | Phosphate rock MRK-277 1.0 27.6 | 4.9 | 2.51 3.50 19.5 7.55 107. 84
D- 2 | Phosphate rock MRK-276 3.9 32,0 | 1.4 |1.39 2.70 14.3 11.45 232, 64%x
Base of D-2 is a gougy fault zone of several strands cutting dark mudstone and phosphate rock.
D- 1 | Phosphate rock, argillaceous MRK-275 9.0 15.8 | -- - -- 33.7 -- A
A C member of Phosphoria formation—top bed only
C- 1 | Dolomite and chert L2 = < =& - & R 5 e

* Cumulative data incomplete due to missing information. vcomgutations start from zero after interruption.

** Note incompleteness of cumulative data.



SOUTH GREENSTONE GULCH, MONTANA. LOT NO, 1250,

D member of Phosphoria formation sampled in south bulldozer trench at Greenstone Gulch, SEf sec. 11, T. 55, R. 9 W.,
Beaverhead County, Montana., Beds strike N. 10° W, and dip 50° NE, The stratigraphic sequence of the units is questionable for, because
of a large number of faults, some of the beds may be omitted or repeated. Section measured and sampled by R. L. Parker and
E. R, Cressman in August 1948, Samples analyzed by U, S, Bureau of Mines Laboratory, Albany, Oregon.

Chemical analyses
Cumulative Thickness x
Bed Rock desciibtion Sample Thickness (percent) inknbes Sarcar O
no, no. (feet) P.O Acid {feet 2 ?
2¥5 |insoluble eet) (cumula
E member of Phosphoria formation—basal bed only
E- 1 | Quartzite ERC-446 et 0.4 92.2 2.2 0.88
D member of Phosphoria formation

D-37 | Mudstone ERC-445 3.6 ] 51,9 3.6 13,32
D-36 | Mudstone RLP-444 3.2 1.1 72:9 6.8 16,84
D-35 | Mudstone RLP-443 % 0.9 76.4 9.3 19,09
D-34 | Mudstone RLP-442 5,0 1.1 75 14,3 24.59
D-33 | Mudstone, calcareous RLP-441 1.4 6.2 58,6 15.7 33,27
D-32 | Mudstone, calcareous, phosphatic RLP-440 2,0 9.2 50.5 17.7 51,67
D-31 | Mudstone, phosphatic ERC-439 1.4 9.8 53.4 19,1 65,39
D-30 | Phosphate rock ERC-260 0.9 24.4 17.8 20.0 87,35
D-29 | Mudstone, phosphatic ERC-259 0.9 15,4 46,0 20,9 101,21
D-28 | Mudstone ERC-258 1.3 3.6 T2 22,2 105,89
D-27 | Mudstone, phosphatic ERC-257 2.2 9.8 54,7 24,4 127,45
D-26 | Mudstone, calcareous ERC-256 4.1 A3 59,8 28,5 140,98
D-25 | Mudstone, calcareous ERC-255 2.1 1.9 45,1 30,6 144,97
D-24 | Limestone, argillaceous ERC-254 1,1 6.5 38.4 31.7 152,12
D-23 | Mudstone, calcareous, and phosphatic

mudstone ERC-253 1.6 5.3 53,2 33,3 . 160,60
D-22 | Mudstone and phosphate rock RLP-252 1,0 17,2 35.8 34.3 177,80
D-21 | Mudstone and phosphate rock RLP-251 0.87 10,2 57.8 35.1 185.96
D-20 | Mudstone RLP-250 1.4 5.9 69.0 36.5 194,22
D-19 | Phosphate rock RLP-249 0.7 29.4 14,3 37.2 214,80
D-18 | Phosphate rock and mudstone RLP-248 1.05 2.4 32,0 38.25 237,05
D-17 | Phosphate rock, argillaceous | RLP-247 1.1 21,6 30,2 39.35 260,81
D-16 | Phosphate rock and mudstone, cherty RLP-246 1.6 12.3 52,7 40,95 280,49
D-15 | Mudstone, calcareous and, and calcareous

phosphate rock RLP-245 0.7 15.2 25,8 41,65 291,13
D-14 | Limestone RLP-244 1.3 2.5 5.5 42,95 294,38
D-13 | Phosphate rock and mudstone RLP-243 2.0 24.6 26,2 44,95 343,58
D-12 Mudsione, phosphatic RLP-242 1,0 14,9 44,8 45,95 358,48







UPPER FRENCH CREEK, MONTANA.

LOT NO. 1248,

D member of Phosphoria formation sampled in bulldozer trench near Upper French Creek, SW; sec, 19, T. 5S., R. 10 w.,
Beaverhead County, Montana, Beds strike N, 15° E. and dip 55°* W. The stratigraphic sequence and thicknesses of the units are
questionable due to thrust faulting exposed in the trench and to the fragmented and weathered condition of the strata. Section measured
by D. A. Bostwick and R. L. Parker and sampled by R. L. Konizeski and J. E. Joyce in August 1948, Samples analyzed by U. S. Bureau
of Mines Labaoratory, Albany, Oregon.

Chemical analyses

Bed Cumulative Thickness x
no, Rock description Sample TaieSusas Apercent) thickness percent P,O
no. (feet) P.O Acid ¢ 5
29  |insoluble (feet) (cumulative;
D member of Phosphoria formation —top not exposed
D-10 | Phosphate rock, argillaceous RLP-172 1.0 20,4 35.7 1.0 20.40
D- 9 | Mudstone, phosphatic RLP-171 1:3 11.3 51.0 2.3 35,09
D- 8 | Phosphate rock and mudstone RLP-170 1.0 19.1 37,2 3.3 54.19
D- 7 | Phosphate rock and mudstone, cherty RLP-169 g 16.0 43.1 5.0 81.39
D- 6 | Mudstone RLP-168 0.7 0.9 66.6 5.7 82.02
D- 5 | Mudstone RLP-167 1.6 2.0 79.6 T3 85,22
D- 4 | Mudstone DAB-166 0.9 2.8 66. 6 8.2 87.74
D- 3 | Mudstone DAB- 165 =9 2.7 72,5 11,1 95.57
D- 2 | Mudstone, calcareous DAB-164 1.8 3.6 71.0 12,9 102.05
D- 1 | Mudstone, calcareous DAB-163 1.6 4.3 72.6 14.5 108,93
Probable fault; units below may be part of a fault zone.
C member? of Phosphoria formation—top and base not exposed
C- 5 | Quartzite and chert DAB-162 ? 1.6 85.8 —- -
C- 4 | Quartzite and chert DAB-161 ? 155 85.3 -- --
C- 3 | Quartzite and chert DAB-160 157 A 81,2 -- -
C- 2 | Chert DAB-159 2.2 0.5 93.1 -- A -
C- 1 | Sandstone and chert DAB-158 2.0 0.3 94.9 - -
Thrust fault
Quadrant formation —not measured
Cg-1 | Quartzite - - -- - g --

B (RS



KELLEY GULCH, MONTANA. LOT NO. 1249.

A, B, D, and part of E members of Phosphoria formation sampled in bulldozer trenches and C member measured in outcrops near
Kelley Guich, sec. 2, T. 6 8., R. 11 W., Beaverhead County, Montana. A dacitic? sill 2.7 feet thick occurs 2.1 feet above base of E
member. Beds strike N. 25° E. and dip 45° NW. Section measured by R. L. Parker and D. A. Bostwick and sampled by R. L. Konizeski,
J. E. Joyce, Bostwick, J. A, Kelleher, and E. T. Ruppel in August 1948, Samples analyzed by U. S. Bureau of Mines Laboratory, Albany,
on.

Chemical analyses .
Cumulative Thickness x
ol Rock description Satuple e e (percent) thickness percent P,O
no. no. (feet) P.O Acid (feet Rrod
2% |insoluble eet) (cumulative;
Dinwoody formation —not exposed
E member of Phosphoria formation—top contact approximately located
E- 9 | Chert -- 23.0 - -- 23,0 —
E- 8 | Chert - 25.0 -- == 48,0 P
E- 7 | Chert - 25.0 - s 73.0 -s
E- 6 | Chert .- 25.0 -~ - 98.0 <
E- 5 | Chert, sandy? ; -~ 29.0 -- -- 127.0 e
E- 4 | Mudstone DAB-229 4.5 0.3 85.7 131.5 1.35
E- 3 | Chert DAB-228B 2.6 1.2 91.4 134.1 4.47
E- 2 | Chert DAB-227 7.4 1.4 90.7 141.5 14,83
- Dacitic? dike DAB-226 (2.7) 0.5 85.9 - -
E- 1 | Chert DAB-225 Zed 1.8 §9.9 143.6 18.61
D member of Phosphoria formation
D-38 | Chert; fos. col. no, 48-KPM-51! DAB-224 3.4 5.6 69.3 3.4 19,04
D-37 | Phosphate rock, cherty and mudstone RLP-223 0.9 21.9 36.4 4.3 38.75
Fault zone; includes gougy streaks and crushed phosphate.
D-36 | Fault gouge and breccia RLP-222 3.0 2.1 74,2 7.3 45.05
D-35 | Mudstone RLP-221 1.3 4.4 76.5 8.6 50.77
D-34 | Phosphate rock, cherty RLP-220 §< ) 22.9 34.6 9.7 75.96
D-33 | Mudstone and phosphate rock RLP-219 0.8 6.3 62.5 {7 i 81,00
D-32 | Mudstone RLP-218 1.3 i3 72,7 11.8 B83.90
D-31 | Mudstone DAB-217 1.0 1,8 82,9 18.8 96.59
D-30 | Mudstone DAB-216 5.0 0.7 86.2 23.8 100,09
D-29 | Mudstone DAB-215 5.0 0.7 89.3 28.8 103.59
D-28 | Mudstone DAB-214 5.0 0.7 90,0 33.8 107,09
D-27 | Mudstone DAB-213 5.0 0.6 89.3 38,8 110,09
D-26 | Mudstone DAB-212 5.0 1.3 88.5 43.8 116,59




D-25 | Mudstone DAB-211 5.0 0.9 87.5 48.8 121,09
D-24 | Mudstone DAB-210 5.0 2.3 83,1 53.8 132.59
D-23 | Mudstone and phosphate rock DAB-209 2.2 9.8 58.0 56.0 154, 15
D-22 | Mudstone, calcareous DAB-208 3.6 4.5 65.5 59.6 170.35
D-21 | Dolomite, phosphatic DAB-207 2.8 11.0 6.8 62.4 201,15
D-20 | Phosphate rock DAB-206 0.6 24.3 9.3 63.0 215,73
D-19 | Limestone DAB-205 1.1 2 11.6 64,1 223.10
D-18 | Phosphate rock and dolomite DAB-204 0.7 9.7 19,2 64,8 229.89
D-17 | Limestone DAB-203 1.3 2.6 6.1 66, 1 233,27
D-16 | Mudstone, phosphatic, calcareous DAB-202 0.9 11.9 39.2 67.0 243.98
D-15 | Phosphate rock, argillaceousy fos, col.
no, 48-KPM-50 DAB-201 0.9 22.5 30.5 67.9 264,23

D-14 | Mudstone, phosphatic DAB-200 0.9 8.9 62.5 68.8 272.24
D-13 | Phosphate rock, argillaceous RLP-199 0.7 19.4 36.5 69.5 285,82
D-12 | Phosphate rock, argillaceous RLP-198 18,0 38.8 1.2 316,42
D-11 | Mudstone, phosphatic RLP-197 .2 16,6 42.9 72.4 336, 34
D-10 | Mudstone, phosphatic RLP-196 . y By 57.8 73.9 350.59
D- 9 | Mudstone RLP-195 0.6 5.2 70,6 74.5 353_.71
D~ 8 | Mudstone, phosphatic RLP-194 2.4 10.4 50.0 76.9 378.67
D- 7 | Limestone, argillaceous RLP-193 1.7 1.8 20.7 78.6 381.73
D- 6 | Mudstone RLP-192 0.9 7.2 58.8 [ & 388,21
D- 5 | Mudstone, cherty RLP-191 3.0 6.4 62.9 82.5 407.41
D- 4 | Mudstone, phosphatic RLP-190 Ll S 49.9 84,2 429,85
D- 3 | Mudstone, phosphatic RLP-189 1.4 9.3 59.6 85.6 442,97
D- 2 | Mudstone, cherty RLP-188 b 4 Tl 61.8 88,3 462.31
D- 1 | Mudstone, phosphatic, cherty DAB-187 1.4 13.8 52.7 89.7 481,63

C member of Phosphoria formation
C- 2 | Chert and quartzite, calcareous -- 37.2 = e 37.2 --
C- 1| Dolomite, cherty - 24.0 e o 61.2 --

B member of Phosphoria formation
B- 4 | Chert and sandstone DAB-186 1.0 2.9 82.3 1.0 2.90
B- 3 | Phosphate rock, cherty RLP-185 1.0 27.9 2.9 2.0 30. 80
B- 2 | Chert, phosphatic and phosphate rock RLP-184 0.8 22.4 31.9 2.8 48.72
B- 1| Quartzite and chert RLP-183 3.7 2.4 85,7 6.5 57.60

A member of Phosphoria formation
A- 9 | Mudstone DAR-182 4.2 1.0 87.5 4.2 4.20
A- 8 | Mudstone, calcareous DAB-181 10. 6 0.6 73.4 14,8 10,56
A- 7 | Sandstone DAB- 180 ~ 0.3 79.5 17.9 11.49
A- 6 | Sandstone, calcareous DAB-179 e 0.1 76. 1 21.2 11.82
A- 5| Mudstone, calcareous and sandstone RLP-178 17.5 0.1 73.6 38.7 13.57
A- 4 | Mudstone RLP-177 17.%7 0.1 72.6 56.4 15, 34

|
: Fossil collection made by K. P. McLaughlin, Paleontology and Stratigraphy Branch, U. 5. Geological Survey.

L \




- | Chemical analyses
Cumulative Thicknes
B;: Rock description s'::fle n'(lfi:':f“ “’"ceng T thickness percent Ps(’)‘
P,05 | .insoluble (feet) (cumulatiVe;
A- 3 | Mudstone, calcareous, sandy RLP-176 23.7 3.3 75.6 80.1 22,45
A- 2 | Sandstone, cherty? DAB-175 673 0.3 94.9 86.4 24,34
A- 1 | Mudstone and sandstone DAB-174 19.1 0.2 85.6 105.5 28,16
Quadrant formation
Cq-1 | Sandstone, quartzitic DAB-173 5.0 0.3 97.2 5.0 1.8




by E. T. Ruppel and sampled by J. A. Kelleher in August 1948. Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon.

CAVE CREEK, MONTANA.

”

LOT NO. 1257,

D member of Phosphoria formation sampled in bulldozer trench on south side of Cave Creek, NWiNW3 sec. 10, T. 6 5., R. 10 W., Beaverhead
County, Montana, about 2,000 feet west of axis of northeastward plunging Cave Creek syncline. Beds strike N. 25° W. and dip 40° NE. Section measured

) Chemical analyses (percent) Cumulative Thickness x
Bne: Rock description s‘::,pl‘ Tltlfe“’ - P.O. | A1.0. |Fe.0_ | oSS on Acid thickness percent P,O
. % 253 27317 "2™3| ignition | insoluble (feet) (cumulativej
Dinwoody formation —not exposed
E member of Phosphoria formation —top approximately located
E- 8 | Chert and quartzite - 11.0 -- -1 -- -~ -- 11.0 e
E- 7| Chert and quartzite < 16.0 -- . -- -~ -- 27.0 o
E- 6 | Chert and quartzite -- 11.0 -- -1 -- -- -- 38.0 5
E- 5 | Chert and quartzite -- 20.0 -- - | - - su 58,0 r
E- 4| Chert and quartzite -- 22.0 == o “ — - 80.0 --
E- 3| Chert — 28.0 -- - -- -- -- 108.0 44
E- 2| Chert o 32.5 -- o -- -- 140. 5 o
E- 1| Chert -ETR-620 3.5 3.1 - } 2 - 88.8 144.0 i
D member of Phosphoria formation —base not exposed
-3, | Rhyolite? ETR-619 (5.25) 0.9 - | -- -- 92,4 =< -
=31 | Phosphate rock ETR-618 1.6 30.4 - -- - 18,9 1.6 48, 64
D-30 | Phosphate rock, argillaceous ETR-617 1.8 29.4| 1.6 1.24 2.26 21.5 3.4 101,56
Do»q | Flow breccia? ETR-616 (1.2) $.7 -~ .- -- .5 - -
29 | Mudstone, phosphatic ETR-615 1.4 9,7 | 1.8 1.00 2.18 58. 7 4.8 115, 14
D-28 | Mudstone ETR-614 1.1 g tes ¥ e -~ 76.8 5.9 116. 68
5727 | Mudstone ETR-613 3.0 5 PR S 2 64.4 8.9 133, 48
26 | Mudstone, phosphatic ETR-612 1.9 8.5 -- -- -- 62.2 10. 8 149,63
Do« | Rhyolite sill? ETR-611 (2.3) 1.8 -e | = -- 76.8 - -
“25 | Mudstone ETR-610 4.6 0.5 -- -- -- 79.5 15,4 151,93
D24 | Phosphate rock ETR-609 il aas -4 - 3 9.6 16.2 178.21
p.23 | Mudstone, phosphatic ETR-608 0.5 15,85 -- | -- -- 43,5 16.7 186, 14
D'ZZ Phosphate rock, argillaceous ETR-607 0.5 22.1 -- -- ka 33,0 17.2 197,18
p.2! | Mudstone; fos. col. no, 48-KPM-56! ETR-608 0.8 T T e g 66.3 18,0 202.54
“20 | Phosphate rock, argillaceous ETR-605 0.8 23.6 — | - -- 29.0 18,8 221.42
5:19 | Mudstone, phosphatic ETR-604 EVEL al il 5 49.8 19.9 237. 26
b. '8 | Phosphate rock, argillaceous ETR-603 0.9 24.6 - | - -- 25.6 20.8 259.40
17 | Phosphate rock ETR-602 0.75 | 30.7 - | -- e 15.0 21.55 282.43

. Fossil collection made by K. P. McLaughlin, Paleontology and Stratigraphy Branch, U. S. Geological Survey.
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Chemical analyses (percent)

Bed Sample (Thickness Cumulative | Thickness x
Rock description Loss on Acid thickness rcent PO,
no, no. (feet) Py0; | A1,04 [Fe,0, | (o7 tion | insoluble (feet) P(em e
D-16 | Phosphate rock and phosphatic mudstone ETR-601 0.6 21,1 S == 34,3 22.15 295,09
D-15 | Mudstone, phosphatic ETR-600 0.7 11,8 -- - -- 57.0 22.85 303.35
D-14 | Mudstone, phosphatic ETR-599 0.75 9.4 -- -- - 71.0 23,60 310,40
D-13 | Mudstone, calcareouss fos. col. no.
48-KPM-55 ETR-598 0.6 2.0 PR e - 59.5 24.20 311,60
D-12 | Phosphate rock, argillaceous ETR-597 0.4 24.5 -- -- -- 25.7 24,60 321.40
D-11 | Mudstone, phosphatic, fos. col. no.
48-KPM-54 ETR-596 0.8 10.5 -~ -- -- 57.8 25.40 329.80
D-10 Phosphate rock, argillaceous ETR-595 0.15 18.7 .- -- -- 38.4 25,55 332.60
* 9 | Mudstone, phosphatic, fos. col. no.
48-KPM-53 ETR-59%4 0.4 14,7 -- i o 45.1 25, 95 338.48
D- 8 | Mudstone, phosphatic ETR-593 0.9 14.9 -- -- o 44.4 26,85 351.90
D- 7 | Phosphate rock, argillaceous and
mudstone; fos. col. no. 48-KPM-52 ETR-592 ) 18.4 -- -- e 39.7 28.55 383,18
D- 6 | Mudstone, phosphatic ETR-591 0,55 13.8 -- -- -- L 29.10 390. 76
D- 5 | Mudstone ETR-590 1.6 4.4 -- -- -- 61.4 30.70 397.80
D- 4 | Mudstone, phosphatic, calcareous ETR-589 1.3 156 == |- -- 44.6 32,00 415.48
D+ 3 | Mudstone ETR-588 0.77 64| --| -- .- 62.3 32.70 419,96
b-2 Phosphate rock, argillaceous ‘ETR-587 0.3 29.4 it 5 o 21.6 33.00 428.78
D- 1 | Phosphate rock, sandy ETR-586 = 7 i g ST (e -- 45.4 -- .n

Stratigraphic interval of 116 feet between D-1 and approximate top of Quadrant quartzite includes few exposures of quartzite and limestone.




JACK CANYON, MONTANA.

4

LOT NO. 1218,

Phosphoria formation sampled in hand trench and outcrop about 900 feet above Jack Creek on north side of canyon in SEINE} sec, 35, T. 58.,
R. 1 E,, Madison County, Montana, on overturned and faulted west limb of Madison Range syncline, Beds strike N, 60° E. and dip 45° NW. Section
measured by R. W. Swanson and sampled by J, G, Evans in September 1947. Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon.

. : Chemical analyses (percent) Cumulative Thickness x
Sample Thickness Loss on Acid thickness percent P,O
- Rock description =g (teet) | P29s| 41205 ignition | insoluble (feet) (cumulatfve;
Dinwoody formation
;‘H Mudstone, calcareous o 6.0 an -- =2 -- 6.0 -
*4 Sandstone, calcareous, argillaceous - 1.6 = s = oz 7.6 -
Phosphoria formation
25| Chert sl calcardons Sindstons RWS-107-47 8,2 0.8| 1.6 | 2.6 12.2 68.4 8.2 6.56
24 | Sandstone, calcareous, and chert RWS-106-47 18,1 .51 0,5} L3 9.7 74.0 26,3 33,71
23 | Sandstone, calcareous, and chert RWS-105-47 | 12.8 157 651 1.8 6.5 81,3 39.1 52,91
22| Chert, sandstone, and limestone RWS-104-47 8.4 0,8 0,9 2.6 4.7 85,0 47.5 59.63
21 | Chert and quartzite RWS-103-47 8.6 1.8 0,8 2.1 2.1 88.2 56, 1 75.11
20 | Sandstone RWS-102-47 | 10.5 1.4 0.6 1.1 9.0 75.3 66.6 89.81
19 | Quartzite RWS-101-47 9.65 A4 E 18 1.8 89.3 76.25 110,08
18 | Chert and quartzite RWS-100-47 6.2 LN 0.9 s 2.0 88,5 82.45 118,14
17| Chert and mudstone RWS- 99-47 3.9 0.61 314 5.1 3.0 85.0 86, 35 120,48
16 | Chert and mudstone RWS- 98-47 5,25 1.3 | S, A8 4.1 83.1 91. 60 127,30
{5 Chert and mudstone RWS- 97-47 6.9 0.9| 3.2| 5.5 2.9 84.5 98. 50 133,51
§ | Phosphate rock, argillaceous RWS- 96-47 0.17 18,9 | 1.3} 2.9 2,2 44.0 98.67 136,72
:3 Chert and mudstone RWS- 95-47 2.4 1,2] 6.0 5.2 4.2 81,3 101.07 139.60
|2 | Phosphate rock, argillaceous RWS- 94-47 0.5 22,9 1.4| 2.6 1.8 37.4 101,57 151,05
! | Chert and calcareous mudstone (may
include 2.45 feet repetition by
faulting) RWS- 93-47 3.25 0.8 3.6 11.9 67.8 104, 82 153. 65
19| Chert and mudstone RWS- 92-47 | 4,05 0.6 | 4.7 2.4 87.3 108, 87 156. 08
9 | Chert and mudstone RWS- 91-47 | 4.6 0.8| 4.5 2.4 86.9 113,47 159 76
8 | Chert and mudstone RWS- 90-47 4.4 0.6 | 4.3 2.5 87.5 117,87 162. 40
7 | Phosphate rock RWS- 89-47 1.15 | 28,8 1.9 4.5 19.0 119.02 195. 52
6 | Limestone, argillaceous RWS- 88-47 | 0.4 0.8 | 4.7 32,6 24.9 119,42 195. 84
=~ | Feldspar porphy RWS- 87-47 3.0 0.2 | 17.4 10,5 74.6 -- --
; | Feldspar porphyrr; RWS- 86-47 1. 1; 0.5 | 16.9 11,1 73.3 - -
Sandstone, phosphatic, and phosphate
rock RWS- 85-47 0.8 12711 31 61.3 120.22 206. 00
; Quartzite RWS- 84-47 4.6 1.3 0.5 2.4 90. 7 124.82 211.98
Quartzite, cherty RWS- 83-47 3.95 0.8 0,7 1.9 92.1 128.77 215. 14
f Quartzite and chert RWS- 82-47 2,5 5l e 0.8 94.2 131.27 216,89
me““. mudstone, and chert RWS- 81-47 0.6 Z.4 2.8 T | 73.8 131.87 218,33
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: Chemical analyses (percent) Cumulative Thickness x

B:: Rock description Sal;-;ple Th(irce:':?ss P.O. | ALLO. [Fe.O Loss on Acid thickness percent P 05

. E 2-5 Z 3 273| ignition | insoluble (feet) {cumulative;

Quadrant formation
Cq-1|Mudstone, calcareous, sandy, and

argillaceous, calcareous sandstone RWS- 80-47 s 0.7 6.5 3,2 9.6 70.4 1.3 e
Cq-2|Sandstone, quartzitic, cherty - 2.2 - -- -- -- -- 3.5 =
Cq-3|Chert, sandstone, and limestone -= 31eS s S e 2 o - 15.0 =
Cq-4 |Limestone, chert, and quartzite wa 11,0 = = = = g 26.0 -
Cq-5|Limestone, cherty - 8.0 - - > - i 34.0 --




SPECTROGRAPHIC ANALYSES—JACK CANYON, MONTANA. LOT NO. 1218,

Semi-quantitative analyses of samples of the Phosphoria formation, Jack Canyon, Montana (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, Ba, Be, Bi, Cd, Co, Cb, Ga, Ge, Au, In, Pb, Li, Hg, Pt, Ta, Sn, and W were looked
for in all samples but were not detected,

Explanation of symbols

A = more than 10 percent E = 0.01-0.1 percent
B = 5-10 percent F = 0.001-0,01 percent
C = 1-5 percent G = less than 0,001 percent
D =0.i-1 percent ND = not detected
Bn?] S-:ple B Ca | Cr | Cu| Fe | Mg | Mn | Mo | Ni si Ag | Na | Sr Ti v Zn | Zr
25 | RWS-107-47 ND
24 | RWS-106-47 ND
23 | RWS-105-47 ND
22 | RWS-104-47 :g

2l | RWS-103-47

20 | RWS-102-47
19 | RWS-101-47
18 | RWS-100-47
17 | RWS- 99-47
16 | RWS- 98-47"

15 | RWS- 97-47
14 | RWS~- 96-47
13 | RWS~ 95-47
12 | RWS- 94-47
11 | RWS- 93-47

10 | RWS- 92-47
RWS- 91-47
RWS- 90-47
RWS- 89-47
RWS- 88-47

@D

== | RWS- 87-47
== | RWS- 86-47
5 | RWS- 85-47
4 | RWS- 84-47
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ASPEN VALLEY, MONTANA. LOT NO. 1215,

Phosphatic shale member of Phosphoria formation sampled in hand trench near top of ridge on west side of Aspen Valley, SELSEL sec. 11,
T. 6 8., R. 1 E,, Madison County, Montana, on overturned west limb of Madison Range syncline. Beds strike N. 45° E. and dip 55° NW. Section
measured by R. W. Swanson and sampled by J. A. Mann and J. G. Evans in August 1947. Samples analyzed by U. S. Bureau of Mines Laboratory,

Albany, Oregon,
Chemical analyses (percent) Cumaulative Thickness x
Bad ool Gantiapiion ;o et I »d = Acid thickness percent P,0,
3 i 275 insoluble (feet) (cumulatife)®
Phosphoria formation—top and base not exposed
20 | Sandstone - 2,1 = e - P --
19 | Quartzite RWS-43-47 0.75 1.3 -- 90. 1 2.85 0.98%
18 | Chert and mudstone RWS-42-47 4.2 0.9 -~ 81,8 7.05 4,76
17 | Chert and mudstone RWS-41-47 2.5 0,6 -- 84,0 9.55 6,26
16 | Chert and mudstone RWS-40-47 4.45 0,7 -- 78.0 14. 00 9,137
15 | Mudstone RWS-39-47 0,55 03 -- 75.4 14,55 10,08
14 | Phosphate rock, cherty RWS-38-47 0,25 23.5 2.05 31,4 14, 80 15.96
13 | Limestone, argillaceous RWS-37-47 1,0 0.5 -~ 37.6 15,80 16.46
12 | Chert and mudstone RWS-36-47 4,55 0.5 -- 50, 6 20.35 1874
11 | Chert and mudstone . RWS-35-47 4.45 0.7 -- 82,1 24.80 21,85
10 | Chert and mudstone RWS-34-47 4.5 0.7 - 82.4 29, 30 25.00
9 | Chert and mudstone RWS-33-47 2.25 0.5 -~ 84,9 31.55 26.12
8 | Phosphate rock RWS-32-47 1.6 31.0 3,0 11.8 33,15 75.82
7 | Phosphate rock RWS-31-47 0,3 26.9 2,97 18.0 33,45 83,80
6 | Mudstone RWS-30-47 0.45 1.4 -- 72.3 33.90 84.42
5 | Limestone RWS-29-47 0.83 0.7 -- 15.4 34,73 85,01
4 | Mudstone, calcareous RWS-28-47 0.7 3.7 - 56,7 35,43 87.60
3 | Phosphate rock and mudstone RWS-27-47 .6 14.6 1.52 37.0 36,03 96. 36
2 | Phosphate rock and phosphatic sandstone RWS-26-47 0.55 213 et 38.9 36,58 108.07
! | Sandstone RWS-25-47 0.8 1.6 - 92.9 37,38 199, 35%=*

* Cumulative data incomplete due to missing information.

** Note incompleteness of cumulative data.
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SHELL CANYON, MONTANA. LOT NO, 1214,

Phosphoria formation measured and phosphatic shale member sampled in hand trench and outcrop on north side of Shell Creek canyon,
SWiNE} sec. 33, T. 6 5., R. | E., Madison County, Montana, near crest of small dome at west side of Madison Range syncline. Beds strike N. 5°
W. and dip 12° W. Section measured by R. W. Swanson and sampled by J. A. Mann and J. G. Evans in August 1947. Samples analyzed by U. S.

Bureau of Mines Laboratory, Albany, Oregon,

Chemical analyses (percent) Cumulative Thickness x
- Rock description T e & ~ Acid thickness percent P,O
- 2°s insoluble (feet) (cumulatiVe;
Dinwoody formation
Td-1 Limestone - 25.0 -- -- - 25,0 --
Phosphoria formation
:: Sandstone, calcareous, cherty -- 0.75 o oo < 0.75 --
41 Sandstone, calcareous, cherty -- 6.0 i s o 6.75 -
40 Chert and sandstone -- 3.4 = L ie 10,15 -
3q | Quartzite -- 2.8 - -e - 12.95 --
9 | Limestone, cherty - 1,45 o 2 = 14. 40 -=
38 | Chert and quartzite : =3 4.3 -- -- -- 18. 70 -
32 Quartzite and chert - 7.4 - -- - 26.10 3
a8 Chert and quartzite -- 5.8 -- - - 31.90 --
3 Quartzite - 2.9 .- wt - 34. 80 --
4 | Quartzite and chert -- 11.3 -- -- -- 46. 10 -
;3 Quartzite - 5.2 - - -- 51,30 4
3;! Sandstone and chert - 3,3 - - - 54. 60 o
30 Chert, contains sandstone lenses -- 3.0 - o - 57. 60 --
2 Sandstone, quartzitic -- 5.3 - - - 62.90 --
9 | Sandstone, quartzitic, cherty -- 3.1 -- -- -- 64, 60 -~
gg Chert and quartzitic sandstone -= 4.6 - e = 69.20 =
: Chert and quartzite RWS-24-47 0.7 1.6 = 90,2 69.90 - 1.12%
26 Chert RWS-23-47 3.2 0.6 - - 86,7 73. 10 3.04
33 | Chert, contains thin mudstone partings RWS-22-47 4.15 0.8 = 84.7 77.25 6.36
4 | Chert, contains thin mudstone partings RWS-21-47 5.0 0.5 - 85.0 82.25 8.86
§3 Chert, contains thin mudstone partings RWS-20-47 5.2 0.6 =, 82.1 87.45 11,98
zf Chert, contains thin mudstone partings RWS-19-47 5.1 0.9 -- 82,3 92. 55 16.57
20 Mudstone, calcareous RWS-18-47 | P8 - 73 ¥ 93,75 17.89
lg | Phosphate rock, cherty RWS-17-47 0.55 19.2 -- 43.9 94. 30 28.45
Mudstone, calcareous RWS-16-47 1,35 0.8 -- 50.0 95.45 29.37
{3 Mudstone, calcareous RWS-15-47 3.7 0.9 - 74.9 99.15 32.70
7 | Mudstone, cherty, calcareous RWS-14-47 0.75 0.6 -~ 72,0 99.90 33,15

* Cumulative data incomplete due to missing information.




Chemical analyses (percent) Cumulative Thickness x
e Rock description b SR g v e - Acid thickness percent P,0;
- 245 _insoluble (feet) (cumulatiVe;
16 | Mudstone RWS-13-47 2.05 0.1 e 80,5 101,95 33.36
15 | Phosphate rock, argillaceous RWS-12-47 0.75 23.6 2.48 30.2 102,70 51,06
14 | Phosphate rock RWS-11-47 0.5 32,4 3,43 8.1 103,20 67.26
13 | Phosphate rock RWS-10-47 1.9 32,5 3.44 8.4 104. 70 116.01
12 | Mudstone RWS- 9-47 0.5 3.7 -- 70.6 105, 20 117.86
11 | Limestone, argillaceous RWS- 8-47 1.2 0.5 - 20,0 106. 40 118,46
10 | Mudstone, calcareous RWS- 7-47 0.8 3.6 = 55.2 107.20 121,34
9 | Mudstone, calcareous RWS- 6-47 0.45 6,0 0,79 47.3 107, 65 124.04
8 | Mudstone and phosphate rock RWS- 5-47 0,65 14,9 1,58 40.4 108, 30 133,72
7 | Sandstone, quartzitic, phosphatic and chert RWS- 4-47 1.0 9.5 - 70.5 109,30 143,22
6 | Sandstone, quartzitic RWS- 3-47 129 (€ = 90,1 111,20 145,31
5 |Sandstone, quartzitic RWS- 2-47 0.85 1.0 - 73 112,05 146, 16
4 | Sandstone, quartzitic RWS- 1-47 0.7 0.8 e 92.2 112,75 146, 79%=
3 | Sandstone, quartzitic -- 5.55 -- -- -- 118,30 --
2 |Chert - 3.75 e et - 122,05 -
1 | Sandstone, quartzitic and chert - 2.5 - - o 124,55 -—-
Quadrant formation
Cq-1| Limestone, che - 3.0 - -= - 3.0 --
Cq-2|Sandstone, quartzitic -- 10 -- -- - 13.0 S

** Note incompleteness of cumulative data.




WEST FORK OF GALLATIN RIVER, MONTANA. LOT NO. 1216,

Part of Phosphoria formation sampled in hand trench and outcrops on slope north of West Fork of Gallatin River, NWiSEL sec, 32,
T. 6 5., R. 4 E., Gallatin County, Montana, from strata dragged up beneath Gardiner thrust fault. Beds strike N. 35° W. and dip 45-50°
SW. Section measured by R. W. Swanson and sampled by J. A. Mann and J. G. Evans in September 1947, Samples analyzed by U. S.
Bureau of Mines Laboratory, Albany, Oregon.

Chemical analyses g s
Cumulative Thickness x
Bedl Sample Thickness (percent) !
no, Rock description = (feet) ey At thx;:kness percent P 05
29 |insoluble (feet) (cumulat
Phosphoria formation—lower part only
25 | Sandstone, quartzitic and chert = 10.5 i s 10,5 -
24 | Quarizite, contains chert concretions -- 2,0 -- -- 12,5 o
23 | Limestone, contains chert concretions -—- 0.7 .= = 13,2 .
22 | Chert and quartzite -- 5.8 - s 18.7 P
21 | Chert, quartzite, and mudstone RWS-63-47 8.85 0.8 90. 1 27.55 7.08%
20 | Quartzite RWS-62-47 0.65 2.0 89,2 28,20 8.38
19 | Chert and mudstone RWS-61-47 5. 715 0.7 84.8 33,95 12.41
18 | Chert and mudstone RWS-60-47 3.4 0.6 90.7 37.35 14.45
17 | Chert and mudstone - RWS-59-47 4.45 0.7 91.0 41.80 17.56
16 | Mudstone, phosphatic RWS-58-47 0.3 14.9 56.3 42.10 22,03
15 | Mudstone RWS-57-47 1.35 0.9 81,1 43.45 23,25
14 | Mudstone RWS-56-47 1.8 0.8 88,1 45,25 24.69
13 | Mudstone RWS-55-47 0.85 0.8 81.1 46,10 25,37
12 | Mudstone RWS-54-47 2.5 1.1 84,2 48, 60 28.12
11 | Phosphate rock, argillaceous RWS-53-47 0.45 22.2 39.4 49,05 38,11
10 | Phosphate rock, argillaceous RWS-52-47 0.7 26.2 27,0 49.75 56.45
9 | Sandstone, phosphatic RWS-51-47 1.5 8.3 70,2 51,25 68,90
8 | Sandstone RWS-50-47 1.6 0.6 88,1 52.85 69.86
7 | Mudstone, contains quartzitic sandstone
concretions RWS-49-47 3 ) g ! 81,3 54,15 . 71.29
6 | Chert, calcareous mudstone, and quartzite RWS-48-47 1,35 1.5 55.0 55.50 _ 73.31
5 | Quartzite, cherty RWS-47-47 2,2 1.4 91.9 57,70 76. 39
4 | Mudstone, sandy, contains quartzitic
concretions RWS-46-47 L 15 2.2 87.2 58, 85 78.92
3 | Mudstone, calcareous and guartzite : RWS-45-47 1.05 0.9 7.1 59.90 79, 37“
2 | Sandstone, quarizitic RWS~-44-47 1.2 0.8 95.2 61.10 80,83
1 | Quartzite - 4.3 - - 65. 40 -
Quadrant formation
Cq-1| Chert -- 1.8 -- - ;,tl; o
Cg2| Chert and sandstone ¥ .3 e 5 .
* Cumulative data incomplete due to missing information.
*%* Note incompleteness of cumulative data.
o S




PORCUPINE CREEK, MONTANA, LOT NO, 1217,

Part of Phosphoria formation sampled in hand trench and outcrops on slope 13 miles north of Porcupine Creek, NE{SEZ sec, 10,
T. 78., R, 4 E,, Gallatin County, Montana, from strata dragged up beneath Gardiner thrust fault. Beds strike N, 40° W, and dip 75°
SW. Section measured by R. W. Swanson and sampled by J. A. Mann and J. G. Evans in September 1947. Samples analyzed by U. S.

Bureau of Mines Laboratory, Albany, Oregon.

d[ Chemical analyses
Cumulative Thickness x
s Rock description Sample THieknans (percent) thickness percent P,O
no, no. (feet) ) Acid (feet 5
2% |insoluble eet) (cumulatfve;
Phosphoria formation—lower part only
20 | Sandstone - 6.0 -- - 6.0 --
19 | Chert, contains sandstone lenses -~ 2,6 - == 8.6 -
18 | Sandstone -- 4.8 -- - 13.4 -
17 | Sandstone, quartzitic RWS-79-47 0.6 1.6 93.4 14.0 0.96%
16 | Chert, contains mudstone partings RWS-78-47 4.6 0.8 82,1 18. 6 4.64
15 | Chert, contains mudstone partings RWS-77-47 < o 0.4 86.0 22.5 6,20
14 | Chert, contains mudstone partings RWS-76-47 3.6 0.9 84.8 26.1 9.44
13 | Chert, contains mudstone partings RWS-75-47 1,55 3.3 87.0 27.65 14, 56
12 | Chert, contains mudstone partings J RWS-74-47 1.0 0.8 87.4 28, 65 15.36
11 | Chert, contains mudstone partings RWS-73-47 0.95 0.6 86.0 29.60 15,93
10 | Chert, contains mudstone partings RWS-72-47 1,65 1.1 87.4 31.25 17.75
9 | Sandstone RWS-71-47 0.6 6.9 76.6 3i.85 21.89
8 | Mudstone, calcareous RWS-70-47 0.8 1.4 60.8 32.65 23.01
7 | Limestone, argillaceous RWS-69-47 0.7 0.4 45.5 33,35 23,29
6 | Mudstone RWS-68-47 2.9 1.6 81.8 36.25 27.9%
5 | Phosphate rock and mudstone RWS-67-47 1.0 22.9 L 37.25 50,83
4 | Limestone, contains sandstone concretions RWS-66-47 1. 25 0.8 59.3 38.50 51,83
3 | Mudstone, contains sandstone concretions RWS-65-47 0.6 1.8 78.5 39.10 52.91
2 | Sandstone, quartzitic RWS-64-47 0.67 2.6 86.7 39.77 54, 65%*
1 | Sandstone -- 2.5 - - 49,27 -
Quadrant formation
Cq-1| Sandstone .- 1.5 o i 1.5 =
Cq-2| Sandstone and chert -- 11.4 - g 12.9 B
Cq-3| Sandstone . - 10.0 - -- 22,9 -

* Cumulative data incomplete due to missing information,
*% Note incompleteness of cumulative data,

(A}
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DALY'S SPUR, MONTANA. LOT NOS, 1222 AND 1223,

Phosphoria formation sampled near Daly' s Spur, west side of Beaverhead River; A, B, C, and E members, lot no, 1223, sampled i
trench and natural exposures, SWiSW} sec. 36; and D member, lot no. 1222, in hand trench, NW{SW4 sec. 36, T. 8 S., R. 10 W., i N i
County, Montana. Beds strike north to N. 30° E. and dip 30-40° W, Section measured by W. R. Lowell and sampled by D. A. Bostwick, R. L. Parker,

and E, T. Ruppel in July 1937, Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon.

icl Chemical analyses (percent) Cumulative Thickne
Bne: Rock description Sa:,ple 'n'(l‘e.t) e P.O F ~ Acid thickness perocem 555
; 2-s insoluble (feet) (cumuht&e,s
Dinwoody formation—base not exposed
E member of Phosphoria formation, lot no. 1223 —top not exposed
Dinwoody-Phosphoria contact concealed by
basalt flow, estimated thickness of
covered E member - 20,0 o - - 20.0 ==
g-:o Quartzite WRL-286-47| 23.7 %3 -- 89.4 43.7 52, 14%
E- 9 | Chert WRL. -285-47 12.5 | % A 91.0 56.2 70.89
- 8 | Quartzite, chert, and sandstone WRL-284-47 9.8 2:2 - 89.5 66, 0 92.45
= 7| Chert, sandy WRL-283-47 20.4 1.5 -- 90,1 86.4 123,05
E- 6 | Chert, sandy WRL-282-47 | 22.3 1.6 -- 89.6 108, 7 158, 73
E- 5| Chert WRL-281-47 7.4 2.5 - 87.3 116, 1 177.23
E- 4 Chert, sandy WRL.-280-47 14,7 ) % 4 - 89.1 130.8 202.22
E' 3 | Mudstone, contains gypsum WRL-279-47 0.5 2.2 -~ 78,3 131.3 203.32
= 2 | Chert WRL-278-47 3.6 2.6 e 86,3 134.9 212,68
E- 1 | Quartzite, cherty, phosphatic WRL-277-47 ;2 16,6 -- 50.6 136, 1 *e 232.60%%
== | Chert WRL- 46-47 -- 5.9 -- 78.5 03 e
WRL~-46-47 is correlative with WRL-277-47 but occurs in same trench as D member.
D member of Phosphoria formation, lot no. 1222
3-45 Mudstone WRL- 45-47 1.0 3.5 -- 80,0 1.0 3.50
D-“ Mudstone WRL- 44-47 55 ) 38 -- 78.5 Z3 7. 66
0'13 Mudstone WRL- 43-47 1.4 1.8 -- 66.7 3.7 10,18
D"‘Z Phosphate rock, argillaceous WRL- 42-47 0.8 2513 2.44 30.1 4.5 30.42
~41 | Mudstone, phosphatic WRL- 41-47 0.7 13.7 317 51,1 5.2 40.01
3‘40 Phosphate rock, argillaceous WRL- 40-47 0.3 28.6 -- 22.2 5.5 48.59
D'39 Mudstone, phosphatic WRL- 39-47 1.2 17.0 1. 60 45.1 6.7 68,99
D'38 Phosphate rock and phosphatic mudstone WRL- 38-47 1.5 22.1 - 32.8 8.2 102. 14
D'37 Mudstone, calcareous WRL~- 37-47 0.9 6.1 - 45.5 9.1 107,63
~36 | Phosphate rock, argillaceous WRL- 36-47 0.5 22.2 -- 32,0 9.7 120.95

* Cumulative data incomplete due to missing information,

** Note incompleteness of cumulative data.




S

: Chemical analyses (percent) Cumulative Thickness x

an: Rock description Sn::le ‘I’h(xf?;)ess P.O F i Acid thickness percent P 05

275 insoluble {feet) (cumulau%e,
D-35| Mudstone, phosphatic WRL- 35-47 0.5 10,1 - 53.8 10, 2 126, 00
D-34 | Mudstone WRL- 34-47 0.4 4.8 0.41 71.5 10. 6 127.92
D-33 | Phosphate rock, argillaceous WRL- 33-47 0.4 22.4 g 23,5 11.0 136,88
D-32 | Mudstone, calcareous WRL- 32-47 0.3 2.9 -- 55,8 11.3 137.75
D-31| Phosphate rock, argillaceous WRL- 31-47 0.3 19.0 -- 33,0 11,6 143,45
D-30 | Mudstone, calcareous WRL- 30-47 4.0 4,2 ol 42.6 15.6 160,25
D-29 | Mudstone, calcareous WRL- 29-47 5.0 2.9 -- 49.9 20.6 174,75
D-28 | Mudstone, calcareous WRL- 28-47 0.8 &7 e 61,3 21.4 176,91
D-27 Mudstone, calcareous WRL- 27-47 2.1 0.6 s 65.9 23.5 178,17
D-26 | Mudstone, calcareous WRL- 26-47 .6 1.6 == 67.9 25.1 180.73
D-25 | Mudstone, calcareous WRL- 25-47 4 2.0 = 63.3 27.8 186,13
D-24 | Mudstone, calcareous WRL- 24-47 1:2 1.6 -- 65.5 29.0 188,05
D-23 | Mudstone, calcareous WRL- 23-47 1,2 0.6 g 63.6 30.2 188,77
D-22 | Mudstone, calcareous WRL- 22-47 1.6 1.2 -- 35,0 31.8 190. 53
D-21 | Mudstone, calcareous WRL- 21-47 0.8 1.2 e 69.4 32.6 191.49
D-20 | Mudstone WRL- 20-47 .7 1.8 -- 71.5 34,3 194, 55
D-19 | Mudstone, calcareous WRL- 19-47 §5% 2.9 -- 50, 2 35.5 198.03
D-18 | Phosphate rock WRL- 18-47 0.3 27.4 3.8 19,3 35,8 206, 25
D-17 Mudstone, calcareous WRL- 17-47 0.8 4.4 - 6‘_’. 6 36.6 209,77
D-16 | Phosphate rock WRL- 16-47 of 33,1 4.1 6.7 37.8 249,79
D-15 | Mudstone, calcareous WRL- 15-47 1.4 6.8 -- 52.3 39.2 259.01
D-14 Phosphate rock, argillaceous WRL- 14-47 5% § 22.6 - 24,62 40.9 297.43
D-13 | Limestone WRL- 13-47 0.9 3.9 -- 18,6 41.8 300. 94
D-12 | Mudstone, phosphatic WRL- 12-47 0.8 10.0 -- 49.1 42.6 308,94
D-11| Phosphate rock and mudstone WRL- 11-47| 0.5 22.8 -- 21,3 43.1 320,34
D-10 | Mudstone and phosphate rock WRL- 10-47 1.3 11,0 -- 48,3 44,4 334,64
D- 9| Phosphate .-oc:, :x?‘ﬂlaceous WRL- 9-47 1.3 24.4 2.48 24.7 45,7 366. 36
D- 8| Mudstone, calcareous WRL- 8-47 0.5 0.2 -- 68,3 46,2 366,46
D- 7 Mudstone and phosphate rock WRL- 7-47 1.5 4.7 1.28 48,2 47.7 . 388, 51
D- ¢ | Mudstone WRL- 6-47 1.0 S5 0. 68 1.2 48.7 393.81
g’ 2 ! Phosphate rock, argillaceous WRL- 5-47 1.6 17.2 poag 35.9 50.3 421.33

. P
I‘I;:t‘lnh::. rock, argillacecus, contains e . A id 20. 3 i 21.5 51.7 449,75
D- 3 | Mudstone, phosphatic, contains gypsum WRL- 3-47 0.9 8.8 - 62.1 52,6 457,67
D- 2 Mudstone WRL- 2-47 0.8 3.3 - - 75.8 53.4 460,31
D- 1 | Mudstone, phosphatic WRL- 1-47 iR 13.8 1.33 45.9 54. 6 476.87
member of Phosphoria formation, lot no. 1223

C-11 | sandstone WRL-276-47| 2.2 15.1 1.39 56. 1 2.2 33,22
C~10 | Sandstone and chert WRL-275-47| 2.7 3.9 P 7.2 4.9 43,75




C- 9 | Sandstone, calcareous WRL-274-47 8.7 0.8
! 2 -- 46.9 1
C- 8 | Sandstone WRL-273-47| 11,0 1.3 -- 90.8 zi': e
C- 7| Chert and sandstone WRL-272-47 9.0 0.2 5 95,1 33.6 66.81
C- 6 | Sandstone and cherty mudstone WRL-271-47 | 14,5 0.5 - 92.8 481 74,06
C- 5| Sandstone and chert WRL-270-47| 2.8 1.3 - 91.3 50,9 77.70
C- 4 | Sandstone WRL-269-47 7.4 2,5 78 :
- § 2 - .2 58,3
C- 3 | Sandstone, cherty WRL-268-47 [ 9.2 5.4 0.71 80.0 67.5 ,22'23
- 2 | Sandstone and chert WRL=-267-47| 11,0 1.9 - 87.6 78.5 166,78
C- 1| Sandstone and chert WRL-266-47 12,1 1.1 - 92.5 90.6 uo'oq
member of Phosphoria formation, lot no, 1223
B- 5| Mudstone WRL-265-47 . %) 6.7 0, 68 67,0
\= s . - . - 3. |
B- 4| Mudstone WRL-264-47| 0.8 6,0 o 69.6 3.9 g
= 3 | Phosphate rock WRL-263-47 0.4 35.7 3.56 6.4 4.3 39.85
s 2 | Mudstone WRL-262-47 0.3 4.5 - 76.5 4.6 41,20
1 | Phosphate rock WRL-261-47 0.7 36.4 3,57 5.2 5.3 66, 68
member of Phosphoria formation, lot no. 1223
A-10 | Sandstone WRL-260-47 2.4 4.4 8
-260~ A E - 4.4 2.4
:' 9 | Sandstone and mudstone WRL-259-47 3.3 0.5 a 8z,0 5.7 ig;?
ré 8 | Sandstone, cherty WRL-258=47 1.4 0.8 -- 90.5 7.1 13.33
A~ 7| Mudstone WRL-257=47 4,2 0.6 e 80.0 11,3 15.85
- 6 | Sandstone, calcareous WRL=-256-47 3.0 0.1 -- 76.6 14.3 16,15
:- 5 | Limestone WRL-255-47 2.8 0,2 == 18,9 17.1 16.71
A' 4 | Mudstone WRL.-254-47 0.7 0.5 .- 79.3 17.8 17.06
A: 3 | Limestone WRL-253-47 3.5 0.0 - 2,6 21.3 17.06
g 2 | Mudstone WRL-252-47 1.5 0.4 -- 80.6 22.8 17. 66
1 | Limestone WRL-251-47 6.7 0.3 - 1.9 29.5 19,67

Quadrant formation

Thickness of Quadrant formation

exposed in cliff

400 -
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Sman, O, A, Payne

SHEEP CREEK, MONTANA. LOT NO. 1234,

s Phosphoria formation sampled in two bulldozer trenches near Sheep Creek Canyon, NWiSW{ sec. 23, T.9 5., R. 9 W., Beaverhead County
ontana, on west side of Small Horn Canyon anticline. Beds strike N, 23-41* E. and dip 30-45° NW. Section measured by L. A. Thomas, E. R. Cres-

and Cressman in June 1948, Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon.

, V. E. McKelvey, D. A. Bostwick, F. S, Honkala, and J, E. Smedley and sampled by W, H. Wilson, Payne, R. L. Konizeski, Thomas,

Bed Chemical analyses (percent) Cumulative Thi
. Rock description SI:;PIG Th(i;;:::;ss 0. 1810 lre.0 Loss on Acid thickness percz:tne;‘(:
. 2o 2-3|""2"3| ignition | insoluble (feet) (cumula e,s
Dinwoody formation
Td-1| Mudstone, calcareous DAB- 80 - .o| 8.1] 4.0 10,0 71.4 v 4
E member of Phosphoria formation
£.1} | Sandstone; fos. col. no, 48-KPM-43" DAB- 79 1.9 L7{ 25| 46 1.8 87.9 1.9 3.23
B 0 | Mudstone and chert LAT- 78 10.2 1°6 1 5. 1] .30 2.3 87.3 12,1 19. 55
B. 9 | Chert and mudstone LAT- 77 137 2.1 4.4 | 3.4 1.8 88,9 25.8 48,32
8 | Sandstone, chert, and mudstone; fos. col.
E. no, 48-KPM- 42 LAT- 76 13.5 o e A RS 1.5 88.6 39.3 71.27
7 | Sandstone and chert ERC- 75 14,0 N e A R 1.0 86.9 53,3 104,87
g: 6 | Sandstone and chert ERC- 74 ¥l 2.6 | 2.9| 2.8 1.3 88, 1 70. 4 149,33
E. . | Sandstone ERC- 73 13.6 2.7| 1.0 40 1.0 87,0 84,0 186,05
&, * | Mudstone and chert DAB- 72 10.5 TR e e 1.2 86,5 94,5 220,70
&, 3 | Mudstone DAB- 71 10.8 1.6 | 4.8 2.3 2.8 88,3 105, 3 237.98
2 | Sandatons and chart DAB- 70 4.1 W W R 0.8 87.9 109.4 250, 28
=1 Sandstone, phosphatic; fos. col, no.
—__| 48-KPM-41 DAB- 69 AR A e 2.8 51,1 110.15 263,18
D member of Phosphoria formation
g::‘ Mudstone, phosphatic VEM- 1 0.9 16,2 7.4 3.6 8.0 43.6 0.9 14,58
qu Mudstone; fos, col. no, 48-KPM-40 VEM- 2 1.3 AT 902 1 2 9,7 64,6 2.2 24,20
Mudstone, phosphatic; fos, col. no,
D-4 48-KPM-39 VEM- 3 2.3 12.5 8.7 2.3 10,0 51.9 4.5 52.95
D-4; | Mudstone; fos. col. no, 48-KPM-38 VEM- 4 1.3 L1} M2 ) 19 9.3 79.0 5.8 55.16
4 | Mudstone JES - 5 2.2 3210909 4.3 13.4 70. 4 8.0 62. 20
g::: it JES - 6 0.5 1.6| 88| 2.0 11,8 76.3 8.5 63.00
b-32 | Mudstone, phosphatic JES - 7 1.6 15:%. 183 ] 2.8 11,1 45.9 10,1 87.96 °
D_:l Mudstone, phosphatic JES - 8 1.4 92| -9.0) 3.3 14,2 54,4 1.5 100. 84
~40 | Phosphate rock, argillaceous OAP- 9 0.5 22 ) VRt aa 7.5 34,5 12.0 111,89
Mudstone and phosphate rock OAP-385 (0.3) 393 a1l 4 6,9 28.7 -~ -
OAP-385 represents the same bed as OAP-9 but was collected from a more weathered zone.
D-
D3y | Mudstone OAP- 10 0.4 3.8 12,2 3.1 | 16,8 67.0 12.4 113.41
Phosphate rock, argillaceous OAP- 11 0.3 18.3| 7.0 2.4 14,0 34,4 12.7 118,90
@ o T
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D-37 | Mudstone OAP- 12 0.3 6.7 ] 10.3 | 3.6 12.8 60.7 13.0 120.91
D-36 | Phosphate rock, argillaceous OAP- 13 1.9 V6o |6, 821 1552 36.3 14,9 164,35
D-35 | Phosphate rock, argillaceous LAT- 14 0.5 25.8 2.9 1.9 6.8 28,1 15.4 167, 25
s Phosphate rock, argillaceous LAT-386 (0.5) 25.4 2.8 1.0 9.3 27 -- o
LAT-386 represents the same bed as LAT-14 but was sampled where the unit appeared to contain more argillaceous material.
D-34 | Phosphate rock, argillaceous FSH- 15 0,8 20,2048 orie 9.0 3727 16.2 183,41
D-33 | Mudstone and phosphate rock FSH- 16 0.85 20,2 5.8 2.1 10.5 35.6 17.05 200,58
D-32 | Mudstone FSH- 17 0.8 .41 9.61:2.5 14.1 60.9 17.85 205,70
D-31 | Phosphate rock, argillaceous FSH- 18 0,8 26.0.17-3,9 | 148 8.9 25,5 18, 65 226.50
D-30 | Mudstone FSH- 19 2,7 5,2 10,2 | 3.2 18.4 60.5 21,35 240, 54
D-29 | Mudstone ERC- 20 1.0 1.4 10.7 | 2.9 20,8 72.7 22,35 241.94
|
g~§g Mudstone LAT- 21 2@ 3.5| 10,0 | 3.4 | 16.4 64.2 24,55 249. 64
- Mudstone, calcareous, fos. col. no.
48-KPM-37 % LAT- 22 1.5 2.4] 9.2 3.7 30, 1 53,3 26.05 253, 24
D-26 | Mudstone LAT- 23 0.9 1.6 9.8 4.1 30,5 54,2 26,95 254,58
D-25 | Mudstone, calcareous LAT- 24 2.8 1.4 | 10,9 | 3.7 21,1 63,2 29,75 258,60
D-24 | Mudstone, calcareous ERC- 25 0.9 4.5 11,1 | 4.7 20.9 64.3 30, 65 262,65
== | Mudstone ERC-387 (0,85) 2.7 98 | 3.5 2221 63.4 s o
ERC-387 represents the same bed as ERC-25 but was sampled where the unit appeared to contain more argiliaceous material.
D~23 | Mudstone, ealcareous ERC- 26 1.9 1.6 10,6 | 4.1 30.6 56.7 32.55 265, 69
D-22 | Mudstone, calcareous ERC- 27 0.8 2.2| 9.0 2.8 26.2 63.6 33,35 267. 45
3-21 Mudstone, calcareous ERC- 28 0,75 3.8 ( 10,0 | 1.9 30,0 58,0 34, 10 270,30
=20 | Phosphate rock fos. col.
o e e as LAT- 29 1.05 | 26.2| 5.6 2.9 14.3 24,0 35,15 297.81
D-19 | Phosphate rock LAT- 30 0.65 | 31,9 39| 1.9 8.1 13,8 35,80 318. 54
D-13 Phosphate rock, argillaceous LAT- 31 1.55 24,0 5.6 1,5 16.8 21.2 37.35 355,74
D-17 | Phosphate rock and mudstone DAB- 32 0.85 | 21.3| 6.8 1.7 20,0 23,7 38. 20 373.85
g~:g Phosphate rock and mudstone DAB- 33 1y 1" e 0T 19,6 35,0 39,53 395. 66
~15 | Pho . col.
T oaiathin, fou, Bo. DAB- 34 g Liasl 2.9 26 19.0 | 39.0 40,69 412.60
D-14 | Mudst 8.8 | 2,5 22.5 39.1 41.89 429.40
one, phosphatic ERC- 35 1.2 14,0 g . ;
g‘:3 Mudstone tﬁd pll:ocphne rock ERC- 36 A 14.7| 8.3} 2.2 19.8 39.8 43.09 447.04
=12 | Phosphat . col,
m."ia-ip’ﬂi'ét" s AR R ERC- 37 17 18.8| 6,0 | 2.0 25.5 23.7 44,79 479,00
g-:; Phosphate rock DAB- 38 0.5¢ |32.3| 2.6 L0 7.1 11.9 45.33 496.44
oY Phosphate rock and mudstone, fos. col. : E
no.":a-m-ss s DAB- 39 ) 15,5 7.3 | 2.9 17,0 40.2 47.53 530. 54
D- g 3.6 8.0 72.8 48,03 533,79
Mudstone DAB- 40 0.5 6.5 10.2 . » 5 A
g‘ 8 | Phosphate rock and mudstone DAB- 41 2.4 12.3| 9.5 | 2.6 14,2 50. 7 50,43 563,31
" 7 | Phosphate rock, argillaceous DAB- 42 1.3 15.9 | 10,5 | 2.7 17.6 37.4 51,73 583,98
D-.¢ Mudstone and pftocphate rock DAB- 43 1,75 25,7 6.3 ey 10.5 32.6 53.48 621,96

} Fossil collection made by K. P. McLaughlin, Paleontology and Stratig: aphy Branch, U. S. Geological Survey.
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Chemical analyses (percent) Cumulative Thickness x
l::g Rock description Sa::,ple Th(i;::f” P.O. | Al.O. |[Fe.0,| L©5s on Acid thickness percent P,O,
" 2V5 273|" 23| ignition | insoluble (feet) {cumulatiVej
D- 5 | Mudstone, phosphatic ERC- 44 1.5 10.4{ 9.7 | 3.8 14.5 56,8 54,98 637.56
D- 4 Mudstone : ERC- 45 2.4 6.0 1.1 3.5 16.0 65,7 57.38 651,96
D- 3 | Mudstone ERC- 46 0.8 6.6 | 1.9 | 4.4 10,4 69,5 58,18 657,24
g‘ 2 | Mudstone and phosphate rock DAB- 47 i 15,0 8,0| 7.1 5.6 46,2 59.38 675.24
= 1 | Phosphate rock and mudstone, fos, col.
no. 48-KPM-32 DAB- 48 0.5 27.0 2.0 1.7 2.4 28.7 59,88 6388, 74
C member of Phosphoria formation
g‘“ Sandstone, argillaceous DAB- 49 2.9 sS4t 2.7 1..2.9 25 85.9 2.9 9.86
=13 | Sandstone ERC- 50 2.3 oy 5 - W T LV 9.4 68. 6 5.2 18,14
= Sample of mudstone nodules within
c bed C-13 ERC-388 - 5.1 4.3 2.6 5,7 70.0 - -
=12 | sandstone, cherty, fos. col. no.
c 48-KPM-31 ERC- 51 7.2 3.2 3.0 oD 1.6 88,1 12,4 41.18
11 | Chert and sandstone ERC- 52 5.5 P & U B 1.3 89,2 17.9 56.03
g'm Chert and sandstone LAT- 53 15.0 0.6 - 2.4 1.4 94.1 32.9 65.03
= 9 | Chert and sandstone LAT- 54 20,5 0.9 4.1 2.9 2:3 91.3 53.4 83,48
e Mudstone LAT-391 - 1.8 | 11,0 4.9 9.0 71.4 - .
~° | Mudstone, calcareous ‘LAT-390 -- 2.0 |1 14,3 | 4.8 11.8 66.9 - --
© | Mudstone, calcareous LAT-389 -- 5.2 113,51 6.0 12.4 58.2 - --
Lat-391, LAT-390, and LAT-389 represent three thin clay layers within bed C-9.
g' 8 | Limestone, argillaceous LAT- 55 8.4 1.2 2,0 1.9 29.7 32,2 61.8 93.56
¢. | | Sandstone and limestone, cherty ERC- 56 9.2 0.5 1.3 | 3.4 16.0 58.8 71,0 98. 16
c. & | Limestone, sandy ERC- 57 21.0 0.6, 1.2 1.1 34,3 23.3 92,0 110,76
¢. 3 | Limestone, sandy, cherty ERC- 58 6.8 31| 3.0/ 1.8 26.0 35.6 98.8 131.84
* 4 | Sandstone, cherty DAB- 59 4.9 5.9 R R 159 78.3 103.7 160, 75
"" | Sandstone, cherty DAB-392 - 3.7 }0.9 ) 28 1.0 90.3 - -~
DAB-392 was a grab sample of less weathered rock in bed C-4.
C. 3 M
udst > é
C GO-Kﬁ-‘;‘: e i DAB- 60 8.7 0.6 2.5 4.2 1.3 90.7 112.4 165.97
¢. 2 | Chert and sandstone DAB- 61 9.6 G e T A 1.3 91.8 122,0 173,65
" 1| Chert LAT- 62 17.0 AT Y e 1.6 89,1 139.0 211,05
B member of Phosphoria formation
B. ¢ 85.0 2.00 4.40
Mudstone, sand RLP-393 2.0 2.2 9.5] 3.3 4.1 5. - X
5" 5 | Mudstone and Phy“mu o RLP- 63 1,45 | 14.5( 7.2| 3.2 4.3 51,2 3.45 25.42
B- ; Mudstone RLP-395 5.9 0.0 |85l 29 l3. 6 gg.; 13' :g g.fg
© 3 | Mudst RLP-394 0.7 0.8 ) 4.2 1139 7.2 E § .
= ¢ uudltz‘ i x5 RLP- 64 7.4 0.3 2.8 2.6 1.5 93.0 17.45 32.34
s Mudstone LAT- 65 6.5 0.4 et 2.5 1.3 89.0 23.95 33.64



-- | Mudstone, calcareous LAT-396 | ) f 0.4 | 16.3] 3.5 146 61.2 5 =
LAT-396 represents a 0.2 foot layer containing quartz crystals in bed B~1.
A member of Phosphoria formation
:- 2 | Mudstone, calcareous DAB- 66 6.7 0.3 4.6 | 2.3 17.9 60,7 6.7 2.01
= 1 | Limestone, ceous; fos, col. nos,
_ | 48-KPM-27 and 48-KPM-28 DAB- 67 10.5 ey leacrirey 24.9 47.5 17,2 5.16
Quadrant formation
Cq-1 | Sandstone DAB- 68 b n.il 25| 20 1.8 98.5 = =l
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OIL SHALE ANALYSES —SHEEP CREEK, MONTANA. LOT NO. 1234,

Oil shale analyses of samples of the D member of the Phosphoria formation, Sheep Creek, Montana (see immediately
pages for location of section, thickness and description of strata, and chemical analyses of samples), made by
U. 8. Bureau of Mines Petroleum and Oil-Shale Experiment Station, Laramie, Wyoming, by the modified Fischer-Retort
method. None of the samples showed a tendency to coke.

Properties of

Yield of products spent shale

Bed s.mpl. no, specmc 8“"“7 Percent of
no. 2 e 9 5 2% of oil at 60°/60°F, original shale

eight rcent ons pe Loss on

(01 Water ‘E:ent shale[Gas + loss Oil “Water ignition Ash
D-48 VEM- 1 -- 3.8 95,1 1.1 - 9.1 e 3.6 91.5
D-47 VEM- 2 s 4.2 94,0 1.8 -- 10,1 -- 4.3 89, 7
D-46 VEM~- 3 - 4.6 93.2 2.2 - 11,0 - 4.2 89,0
D-45 VEM- 4 .- 4.0 94,4 1.6 -- 9.6 - 4.9 89,5
D-44 JES- 5 X 6,5 91,3 2.2 - 15,6 - 5.3 86.0
D-43 JES- 6 - 4.8 93,3 1.9 * 11.5 - 5.5 87.8
D-42 JES- 7 - 5.4 92.9 1.7 - 12.9 -= 5.0 87.9
D-41 JES- 8 0.5 5.8 91,6 2.1 1.3 13.9 - 6.8 84.8
D-40 OAP- 9 - 3.5 95.7 0.8 -- 8.4 - 3.5 92.2
- OAP-385 -~ 3.2 95.7 1.1 - 7.7 -- 3.5 92.2
D-39 | OAP- 10 1.0 6.4 90. 1 2.5 2.6] 15.3 -- 7.3 | 82.8
D-38 OAP- 11 0.7 5.0 91.7 2.6 = 12.0 -- 6.4 85,3
D-37 OAP- 12 - 6.2 91.9 1.9 -- 14.9 -- 6.2 85.7
D-36 OAP~ 13 - 5.2 92,5 3.3 -- 12.5 - 6.3 86.2
D-35 LAT- 14 - 3.1 96. 1 0.8 - 7.4 - 4.8 91.3
-- LAT-386 0.4 3.4 94.8 1.4 0.9' 8.1 e 4.7 90.1
D-34 FSH- 15 s 3.8 94.1 2.1 - 9.1 -- 4.3 £9,.8
D-33 FSH- 16 - 4.5 93.9 1.6 .- 10,8 -- 4.1 89,8
D-32 FSH- 17 - 5.5 92,1 2.4 - 13.2 - 6.4 85.7
D-31 FSH~ 18 - 3.4 95,1 1.5 -- 8.1 -- 4.2 90,9
D-30 FSH- 19 - 7.5 89.4 R - 18,0 o 7.9 81.5
D-29 FSH- 20 2. 5.6 88,9 2.6 7.0 13.4 0.986 9.9 79.0
D-28 ERC- 21 - 7.0 89.6 3.4 - 16.8 - 7.8 81.8
D-27 LAT- 22 8.2 5.2 82.7 3.9 20,0 12,5 0.989 12.5 70,2
D-26 LAT- 23 7.8 6.0 82.9 3.3 18,8 14.4 0.990 14.8 68.1
D-25 LAT- 24 5.3 4.4 87.8 2.5 12.8, 10.5 0.990 10.1 77.7
D-24 ERC- 25 1.9 7.7 87.3 3.1 4.7, 18.6 - 10.4 76.9
- ERC-387 2.6 6.5 85.7 5.2 6.6 15.6 .- 10.7 75.0
D-23 ERC- 26 9.7 4.3 82.7 3.3 23.6 10.3 0.989 14.2 68,5
D-22 ERC- 27 3.2 7.2 85.8 3.8 7.8 17.3 0.990 11.9 73.9

: Estimated
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Properties of

Yield of products spent-dhale

Bed Specific gravity Percent of
o Sample no. ) of oil at 60°/60° F. original shale

Weight (percent Gallons per ton SO OR T

0Oil ater 'g;nt shale| Gas+ loss Oil Water ignition Ash
D-21 ERC- 28 7.8 5.6 81.3 5.3 18.9 13.4 0,991 13.0 68.3
D-20 LAT=- 29 - .5 91.1 1.4 -- 18,0 -- 6.1 85,0
D-19 LAT~ 30 .- 4.2 94,4 1.4 =iy 10,2 - 6.0 88.4
D-18 LAT=- 31 1.9 5.3 89.8 3,0 4.8 327 - B0 8.8
D-17 DAB- 32 3.2 5.0 89.0 2.8 7.6 12,0 1,002 7.8 81,2
D-16 | DAB- 33 3.3 5.0 88.8 2.9 8.4 12,0 - %2 | 9.6
D-15 DAB- 34 37 4.8 88.8 .7 4.9 11,5 0,994 9.0 79.8
D-14 ERC- 35 4.3 5.6 87.0 - B 10.4 13.4 0.990 9.4 77.6
D-13 ERC- 36 3:7 - P 87.7 3.4 8.9 12.5 0.986 9.8 77.9
D-12 ERC- 37 5.5 5.0 86.6 2.9 13.4 12.0 0.990 9.0 77.6
D-11 DAB~- 38 - 3.0 96.7 0.3 A 7.2 . 3.4 93.3
D-10 DAB- 39 &5 5.4 89.9 2.2 6.4l e -= 8,0 81.9
D-9 DAB- 40 0.8 5.7 92.6 0.9 1.9 3.7 - 3.4 89.2
D- 8 DAB- 41 -- 4.8 94.8 0.4 - 11.4 - 6.4 88.4
D-7 DAB- 42 - 8.5 921.1 0.4 o 20.4 7.2 83.9
D- 6 DAB- 43 - 5. 5. 93,1 1.4 - 13.2 = 5.1 88.0
D- 5 ERC- 44 .- 7.5 89.7 2.8 - 18,0 - 8.0 81.7
D- 4 ERC- 45 - 8.0 88,6 3.2 .- 192 -- 7.6 81,2
D- 3 ERC~ 46 - 5.5 94.2 0.3 - 192 - 3.8 90.4
D- 2 DAB- 47 - 3.8 96.5 0.3 - To - 2.2 94.3
D-1 DAB- 48 | - 1.5 98.5 0.0 -~ 3.6 - 1.6 96.9

s Estimated




Montana, on eastern limb of a sync

CEDAR CREEK, MONTANA. LOT NO. 1256,

D member of Phosphoria formation sampled in bulldozer trench near Cedar Creek, sec. 26, T. 9 5., R. 11 W., Beaverhead County,

in August 1948, Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon.

line, Beds strike north and dip 61° W. Section measured by E. T. Ruppel ~nd sampled by J. A. Kelleher

Chemical analyses
Cumulative Thickness x
g Rock description Snnpls Zhckness {perceat) thickness percent PO
no. no, (feet) P.O Acid (t 5
295 | insoluble eet) (cumula
E member of Phosphoria formation—basal bed only
E- 1 | Chert ETR-585 5.0 T 2,3 78.5 5.0 11,50
D member of Phosphoria formation—~base not exposed

D-43 | Mudstone ETR-584 11,5 1.0 74.0 11.5 11,50
D-42 | Mudstone ETR-583 10.0 1.1 82,3 21.5 22,50
D-41 | Phosphate rock, cherty, calcareous ETR-582 0.8 15.4 34,2 22.3 34,82
D-40 | Limestone, phosphatic, argillaceous ETR-581 0.3 11,4 22.7 22.6 38.24
D-39 | Mudstone ETR~-580 1.5 4,6 62.6 24,1 45,14
D-35 | Mudstone, calcareous, phosphatic ETR-579 0.3 9.2 42.2 24.4 47.90
D-37 | Mudstone ETR~578 3.0 2.0 77.6 27.4 53.90
D-3¢ ! Mudstone and calcareous phosphate rock ETR-577 1.0 9.6 51.0 28.4 63,50
D-35 | Mudstone, calcareous and phosphate rock ETR~576 0,7 6,3 42,8 29.1 67.91
D-34 | Limestone ETR~575 1.2 1.8 48.3 30.3 70,07
U-33 | Mudstone, calcareous ETR-574 i.& 7.6 12.7 3L.5 79.19
D-32 | Phosphate rock, calcareous ETR-573 1.0 17,4 19.6 32.5 96. 59
D-31 | Phosphate rock, calcareous ETR-572 0.8 21,0 2.6 33.3 113,39
D-30 | Mudstone ETR-571 0.9 1.4 72.0 34,2 114,65
D-29 | Phosphate rock, argillaceous ETR-570 0.15 18.9 33,5 34,35 117.49
D-26 | Phosphate rock; fos, col. no. 48-KPM-48" ETR-569 0.77 32.6 25,0 35, 05 140, 31
D~27 | Phosphate rock, argillaceous ETR-568 0.3 23,5 26.8 35.35 147,36
D-26 | Mudstone ETR-567 0.7 5,7 64,7 36,05 151,35
D-25 | Phosphate rock, argillaceous ETR-566 0.1 20.9 33.0 36,15 153. 44
D-24 | Phosphate rock, argillaceous ETR-565 0.3 17.5 35.8 36.45 158.69
D-23 | Phosphate rock, argillaceous ETR-564 0.4 22,1 24,3 36.85 167.53
D-22 | Limestone, argillaceous ETR-563 0.5 3,5 39,1 37.35 169,28
D-2! | Mudstone, calcareous, phosphatic ETR-562 0.5 9.8 41.4 37.85 174,18
D-20 | Mudstone, phosphatic ETR-561 0.4 8.9 58,3 38. 25 177,74
D~-19 | Phosphate rock and calcareous mudstone;

fos, col. no, 48-KPM-47 ETR-560 0.5 24.8 20,3 38,75 190, 14
D-18 | Phosphate rock, argillaceous ETR-559 0.6 22,8 27,0 39.35 203,82

‘Foun collection made by K. P. McLaughlin, Paleontology and Stratigraphy Branch, U, S. Geological Survey,
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Chemical analyses

Cumulative Thickness x
ek Rock description s s S o o (percent) thickness percent P,0y
r P,05 - |insoluble (feet) (cumulative)

D-17 | Phosphate rock, argillaceous, and

calcareous mudstone ETR-558 0.9 20,3 26.6 40.25 222,09
D-16 | Mudstone, phosphatic ETR-557 0.25 10,1 55.0 40,50 224.61
D-15 | Mudstone, calcareous ETR-556 0.9 2.9 L1 41,40 227,22
D-14 | Phosphate rock, calcareous; fos, col.

no. 48-KPM-46 ETR-555 0.3 25:1 17.6 41,70 234,75
D-13 | Mudstone, phosphatic ETR-554 0.3 9.9 56.1 42,00 237,72
D-12 | Mudstone, phosphatic ETR-553 0.6 12,4 52,1 42,60 245.16
D-11 | Phosphate rock and limestone ETR-552 0.9 16.8 3.8 43,50 260,28
D-10 | Phosphate rock, calcareous ETR-551 0.4 20.8 197 43,90 268.60
D- 9 | Mudstone, phosphatic ETR-550 0.25 14,1 46.5 44,15 272.12
D- 8 | Phosphate rock, argillaceous ETR-549 0,33 19.7 30.2 44.48 278,62
D- 7 | Phosphate rock, argillaceous ETR-548 0,2 21.5 30,6 44,68 282.92
D- 6 Iludapt:;c, calgreofls ETR-547 0.6 6.6 49,8 45,28 286.88
D- 5 | Mudstone ETR-546 0.5 1.7 79.4 45,78 287.73
D- 4 | Mudstone, calcareous ETR-545 0.6 6,7 62.0 46,38 293,75
D- 3 | Phosphate rock and mudstone ETR-544 7% 16.5 40,3 47.48 309,90
D- 2 | Mudstone, phosphatic ETR-543 0.35 8.2 51,1 47,83 212.77
D- 1| P K T

::?ﬂn-%ﬁi& s 05 ETR-542 3.0 26.3 28.6 50. 83 291.67

Stratigraphic interval of 286 feet between D-1 and approximate base of C member, includes few exposures of chert

and limestone or dolomite.

Stratigraphic interval of 123 feet between approximate base of C member and approximate top of Quadrant

sandstone, strata concealed.




Snowcrest anticline. Beds at top of section strike N. 5° W, and dip 75* W,

v SAWTOOTH PEAK, MONTANA. LOT NO. 1241,

C and E members and part of A member of Phosphoria formation measured in natural exposures, and B and D members sampled
from hand trenches on Sawtooth Peak, NE{SW sec. 10, T. 12 S., R. 5 W., Beaverhead County, Montana, on overturned east limb of

Beds at base of section strike N, 40° E. and dip 64° SE,

Section measured by F. S. Honkala and O. A. Payne and sampled by Payne in August 1948, Samples analyzed by U. S. Bureau of Mines
Laboratory, Albany, Oregon.

Chemical analyses

Cumulative Thickness x
nn.: Rock description s‘::“ Th(ltce:c#)”s (pemen%cid thickness percant ¥.0,
P205 | insoluble (feet) (cumulative;
Dinwoody formation
Td-2 | Not described; fos. col. no. 43-](.?]‘-771 - -- -- -- -- s
Td-1 | Mudstone, guartzitic - 5.0 -- -- 5.0 e
E member of Phosphoria formation
E-15 | Quartzite 5 2.4 “e -- 2.4 o
E-14 | Sandstone -- 4.3 -- me 6.7 e
E-13 | Quartzite -- 5.0 -- -- 11,7 o
E-12 | Quartzite . - 5.0 -- - 16.7 e
E-11 | Sandstone e 2.8 -- -- 19.5 B
E-10 | Sandstone -- 5.0 - - 24.5 -
E- 9 | Sandstone v 5.0 == -- 29.5 -
E- 8| Quartzite - 3.4 .- - 32,9 --
E- 7| Quartzite -- 5.0 b - 37.9 .-
E- 6 | Quartzite -- 5.0 -- - 42.9 -~
E- 5| Sandstone, quartzitic - 5.0 -- -- 47.9 —
E- 4| Quartzite s 3.8 - - 51,7 s
E- 3 | Sandstone, quartzitic -- 5.0 -- - 82,1 --
E- 2 | Sandstone, quartzitic - 5.0 - -- 61.7 -
E- 1 | Conglomerate and quartzite - 5.0 - - 66.7 -
D member of Phosphoria formation
D-14 | Phosphate rock and quartzite FSH-438 . ) 7.4 At 3.5 25.90
D-13 | Phosphate rock and mudstone FSH-437 2,8 14,7 51. 7 6.3 67.06
D-12 | Mudstone FSH-436 4.6 4.7 63.1 10.9 88,68
D-11 Phosphate rock and mudstone FSH-435 2.5 20.9 27.5 13.4 140.93
D-10 | Mudstone, phosphatic, calcareous FSH-434 5.0 7.9 50.7 is. 4 180,43
D- 9 | Mudstone and hate rock, argillaceous,
calcareous . - A FSH-433 5.0 16.3 33.8 23.4 261,93

. Fossil collection made by K. P. McLaughlin, Paleontology and Stratigraphy Branch, U. S. Geological Survey, from bed

16. 3 feet above base of formation,

&q m




Chemiin nonlyses Cumulative Thickness x

Rock description Sl:;p - Th(l;.:nh:;sa (percen‘t‘)eid thickness percent P,O
- P,0 - (feet) (cumulaﬁ‘es
259 insoluble )
8 te rock and mudstone FSH-432 2.3 16.9 35.4 25.7 300, 80
7 | Limestone; fos. col, no, 48-KPM-76 FSH-431 2.9 6.9 18,7 28,6 320.81
6 | Mudstone FSH-430 3.2 0.2 85.7 31.8 321.45
5 | Mudstone FSH-429 5.0 0.3 84.9 36.8 322,95
4 | Mudstone FSH-428 5.0 0.4 83.7 41.8 324.95
3 | Mudstone FSH-427 5.0 0.3 87.3 46,8 326.45
2 | Mudstone FSH-426 5.0 0.4 83.3 51,8 328.45
1 | Mudstone FSH-425 5.0 0.2 86.3 56.8 329.45
C member of Phosphoria formation
Chert - 2.3 " - 2.3 -1
Sandstone - 4.3 -- - 6.6 -
Sandstone - 5.0 -- -- 11.6 --
Sandstone -- 2.0 - == 13.6 -
Sandstone FSH-424 1.8 3.6 86.7 15.4 =
Sandstone, quartzitic e 3.3 - - 18,7 .-
Quartzite < - 3.2 - -- 21.9 -
Chert and mudstone - | -- -~ 24.6 =
Conglomerate, cherty e 0.6 s - 25.2 --
Chert - 4.0 -- - 29.2 -
Covered interval, float strongly suggests
limestone e - 11.0 - - 40,2 e
Limestone - 5.0 (o e 45.2 -
Limestone - 5.0 - - 50,2 -
Limestone - 5.0 - - 55,2 -
Limestone -- 5.0 - - 60, 2 o
Limestone - 2:5 - - 62,7 -
Limestone -- 5.0 -- - 67.7 -
Limestone - 2.6 -- - 70.3 --
Limestone; fos. col. no. 48-KPM-75 -- 5.0 - o 75,3 =
Limestone -- 5.0 -- e 80,3 -
Limestone - 5.0 e s 85.3 ot
Limestone - 5.0 -— - 90.3 -
Limestone and dolomite -- 5.0 s o 95.3 —
Chert - - - 96.4 -
Dolomite -- 3.5 - - 99.9 -
Dolomite - 5.0 -- e 104.9 -
Dolomite - 5.0 -- .- 109.9 -




48-KPM-72

e
—
C-34 | Dolomite - 1.6 -— - 111.5 -
C-33 | Limestone; fos. col. no. 48-KPM-74 - 4,2 - -- 115.7 otio
C-32 | Limestone and chert e 5.0 - -- 120.7 -
C-31 | Limestone and chert -- 5.0 - - 125.7 -
C=-30 | Limestone and chert - 5.0 -- -— 130, 7 .
C-29 | Limestone - 3.0 -- - 133.7 -
C-28 | Limestone - 5.0 -- -= 138,7 =
C-27 | Limestone -~ 5.0 - - 143,7 -
C-26 | Limestone - 5.0 - - 148, 7 P
C-25 | Limestone - 5.0 - -- 153.7 -
C-24 | Limestone - L - - 158,7 .
C-23 | Limestone, sandy -- 5.0 > - 163.7 .-
C-22 | Limestone, sandy -- 3.4 e S 167,1 --
C-21 | Limestone, dolomitic, sandy? -- : = = 170.8 o
C~20 | Chert .- 3.5 -- - 174.3 --
C-19 | Sandstone, calcarecus - 1.4 . o d 175,79 --
C-18 | Chert, sandy, calcareous - 1.8 = e 177.5 -=
C=-17 | Chert, sandy - 4.4 “e e 181.9 --
C=16 | Chert, sandy -- 5.0 - o 186.9 -
C-15 | Chert, sandy =2 5.0 R 2 191.9 -
C-14 | Chert, sandy - 5.0 -- e 196.9 -
C-13 | Chert, sandy -- 5.0 - e 201.9 =
C-12 | Chert, sandy -- 5.0 = R 206.9 -—
C=~11 | Chert, sandy -- 5.0 - - 211.9 -
C-10 | Chert, sandy - 5.0 -- -- 216.9 -
C- 9 | Chert - 5.0 - - 221.9 --
C- 8 | Chert - 4.8 -- -- 226.7 .-
C- 7 | Sandstone and chert o= 4.0 . o 230.7 e
C- 6 | Chert - 3.8 -- -- 234.5 =
C- 5 | Chert -- 5.0 = -y 239.5 2
C- 4 | Chert - 5.0 - - 244.5 -
C- 3 | Chert -- 5.0 i i 249.5 bt
C= 2 | Chert - 5,0 = e 254.5 oy
C- 1 | Chert, argillaceous -- 5.0 | o s 259.5 3
member of Phosphoria formation
]
B- 6 | Mudstone and phosphate rock FSH-423 | 3.1 ‘ 4.0 80. 8 3.1 12.40
B- 5 | Mudstone and phosphate rock FSH-422 3.6 ' 5.2 73.6 6.7 31,12
B- 4 | Mudstone FSH-421 A TR 60. 1 9.5 50. 72
B- 3 | Phosphate rock FSH-420 2.7 | 21.6 12,7 12,2 125,24
B- 2 | Limestone, phosphatic, sandy: fos. col.
no. 48-KPM-73 FSH-419 I 10.2 24.0 13.4 137.48
B- 1 | Phosphate ; , no.
P rock, sandy; fos. col, o YoR418 5.3 21.5 303 16.2 203,28
|

b




-

Chemical analyses

Bed Sample Thickness {percent Cumulative Thickness x
no, Rock description 25 (feet) e s e%.z:xd thickness percent P OS
2% |insoluble (feet) (cumulative]
A member of Phospharia formation—base not exposed
A-16 | Chert - 1.8 - - 1.8 %
A-15 | Dolomite, argillaceous; fos. col.
no. 48-KPM-71 -- 4,2 - -- 6.0 =
A-14 | Mudstone and sandstone, calcareous - 4.6 - - 10.6 St
A-13 | Sandstone, calcareous, argillaceous - 2.6 - -- 13.2 oasS
A-12 | Sandstone, calcareous, argillaceous - 5.0 = - 18.2 --
A-11 | Sandstone, calcareous -- 5,0 -- -- 23.2 &
A-10 | Sandstone, calcareous i 5.0 s s 28,2 --
A- 9 | Sandstone, calcareous - 5.0 o - 33,2 .
A- 8 | Sandstone, calcareous -- 5.0 - - 38,2 =
A- 7 | Sandstone, calcareous, argillaceous o 3.7 e o 41.9 -
A- 6 | Dolomite, argillaceous ks 5.0 i = 46.9 -
A- 5 | Dolomite, argillaceous -- 5.0 -= - 51,9 -
A- 4 | Dolomite, sandy - 5.0 - - 56.9 -
A~ 3 | Dolomite, sandy - 5.0 - -- 61,9 e
A- 2 | Dolomite, san : 5.0 - = 66,9 --
A- 1 | Dolomite, sandy -- 5.0 o i o 71.9 -




HIDDEN PASTURE CREEK, MUDDY CREEK, AND BIG SHEEP CANYON, MONTANA. LOT NOS, 1224, 1225, 1226 and 1227.

horia formation sampled in hand trenches and natural expos

ures on east limb of Dixon Mountain syncline; D and E members, lot no, 1224,

Phosp!
sampled in NE{SW} sec., 26; B and C members, lot no, 1225, in SE{SW4 sec. 35: and upper part of A member, lot no, 1226, in NEANW4 sec. 35, T. 13 5.,
R. 10 W.; lower part of A member, lot no. 1227, sampled in NW§NW} sec. 11, T. 14 S., R. 10 W., Beaverhead County, Montana, Beds strike northwest
W. R. Lowell and sampled by D. A. Bostwick, E. T. Ruppel, and R. L. Parker in August 1947, Samples analyzed

and dip 30~40° SW. Section measured

by U. S, Bureau of Mines Laboratory, Albany, Oregon.
; hemical analyses (percent) Cumulative | Thickness x
Bed Sample | Thickness - :
Rock description Loss on Acid thickness | percent P,0,
o ol no. (feet) | P,0; | Al,Oy) Fe,04 V,05 | F | iomition | insoluble|  (feet) (cumulative;
Dinwoody formation—not measured
—
E member of Phosphoria formation, lot no. 1224

E-34 | Mudstone - 25.0 e | == | om- e | - - -- 25,0 -
E-33 | Mudstone, cherty WRL-222-47 3.9 L8 == g o b e 78.9 28.5 5.25
E-32 | Mudstone, cherty WRL-221-47| 4.0 13 = | =~ | = | -- -- 71,7 32.5 10,45
E-31 | Mudstone, cherty WRL-220-47| 5.0 o EP B B B - 74,6 37.5 16.95
E-30 | Mudstone, cherty WRL-219-47| 4.2 18] == ) o= | -] == -- 74.6 41,7 24.51
E-29 | Mudstone, cher WRL-218-47| 4.2 N R R T L -- 75.5 45.9 29.55
E-28 | Mudstone, st WRL-217-47 0.8 0.9 | == | -- - | - - 66.6 46.7 30.27
E-27| Mudstone, calcareous WRL-216-47| 1.3 L9 | -- - | == | - - 75.3 48,0 32.74
E-26 | Quartzite WRL-215-47| 4.6 L2) - | = = | .- -- 76.1 52.6 38 26
E-25 | Chert WRL-214-47| 5.0 v g PR SRR AR - 80.9 57.6 41,26
E-24 | Chert WRL-213-47| 5.0 .o - | -- -- -- - 80,3 62.6 46.26
E-23 | Chert and mudstone WRL-212-47( 4.7 Trm T L R - 80.3 67.3 51.90
g.22 | Chert waL-21147[ sio | 18 - | = | = | =] = | 789 72,3 59. 40
E-21 | Chert WRL-210-47 1.2 1.4 -- -- - -- - 85.0 74.0 61,78
E-20 Chert WRL-209-47 4.4 2.2 — - -- —-— -- 77.8 78.4 71.46
E-19! Limestone WRL-208-47| 0.8 08| =~ |t~ | - 3.0 79.2 71.86
E"la Chert WRL-207~47 4.9 1.3 - -- -— - - 74.3 84.1 78,23
E‘l? Chert WRL-206-47 4.5 1.6 - -- - - - 75.5 88.6 85.43
E'lé Chert WRL-205-47 1.9 1.3 -- - B S -- 85.7 90.5 87.90

-15 Lm'm “L_z“_“, l.o o_s - - - —e — l.‘ 91.5 8..40
E-14 | Che " - -~ - = 76.4 93.7 91.70

rt WRL-203-47 2.2 .5 - _

f_.“3 Chert WRL-202-47 5.0 Lé| == | = o 2 s 78.7 98.17 98. 70
E-12 | Chert WRL-201-47] 2.2 g% 108 il ISRl SRR el - 6.7 100, 9 102. 00
g1 | Chert and limestone WRL-200-47| 2.5 0.9 | = | == | = | .~ o 75.5 103, 4 104. 25

~10 | Chert WRL-199-47 - 18 1.4 - - - - - 80.4 106. 1 108,03
E- 9 S (SR SRR S - 78.4 11,1 114.03

- 7 | Mudstone WRL~107-47| 5.0 L2 | - . .
& 8| Chert WRL-106-47| 5.0 16| == | == | - | -- -- 8.9 116.1 122.03
E. | | Mudstone WRL-105-47| 5.0 Le| == | == | - | -- -- 80.2 121.1 3
E. ° | Mudstone WRL-104-47| 5.0 1.3 -- - | == | - - 77.4 126.1 136.

" 5 | Mudstone WRL-103-47 5.0 3| == | = | -] - -- 80.3 131.1 143,03




Bed Sample | Thickness Chemical analyses (percent) Cumulative | Thickness
Rock description P : . T : Y3
no. g feet P.O F Loss on Acid thickness rcent P,O
(feet) . | PO, | A1,05Fe, 051 V205 | F | ignition | insoluble|  (feet) . | (cummiatie]
E- 4 | Mudstone WRL-102-47| 5.0 1.3
v - - : -- -- -- - -- 79.4 136.1 149,
£ J | Mudstone WRL-101-47| 4.2 La| == | = | - | -- -- 82.6 140.3 195 41
E. . | Mudstone WRL-100-47 5.0 1.3 ] -- - -- - -- 8.1 145,3 161,91
Mudstone WRL- 99-47 3.3 51 = -- - - - 66,1 148.6 173.46
D member of Phosphoria formation, lot no, 1224
D-51 { Mudstone
D. WRL- 98-47 5.0 58| -- -- -- | 0,47 -- 50.3 5.0 19, 00
D-:'o Mudstone WRL- 97-47 5.0 5.6 | -- -- -- -- -- 50,5 10.0 57.00
D“9 Mudstone WRL~- 96-47 5.0 7.8 - -- - e -- 46.3 15.0 96. 00
D-.B Limestone, argillaceous WRL- 95-47 1.3 Belivl e " o . - 40.8 16,3 104, 84
7 | Limestone WRL- 94-47 4,1 1.8 - -- -= -- - 19.2 20.4 112,22
b-%6 | Limestone, argillaceous WRL- 93-47| 5.0 5.7 == | = | - | - -- 36,7 25.4 140, 72
D_d Limestone, argillaceous WRL- 92-47 1,2 6.8 - o e o m— 38.1 26.6 148,88
D-43 | Phosphate rock WRL- 91-47| 2.5 26,8 -- - | = |2.72 -- 12.3 29.1 215.88
3 l(m, calcareous and
i p te rock WRL- 90-47 0.7 8.8 | -- -~ - - - 49.4 29.8 222,04
D-42 | Phosphate rock, calcareous WRL- 89-47 1.5 22,5 | -- -= -- -- -- 41.7 31.3 255, 79
D-4) M
3 udstone WRL- 88-47 3.0 $.9 | <ip= - ra < e 56.9 34.3 276.49
D-40 Pho‘:ﬁl;ata rock, calcareous,
D- ar, ceous WRL- 87-47 2:3 16.7 .- b - ps e 23.7 36.6 314.90
39 | Phosphate rock and argillaceous
D-3q | (limestone WRL- 86-47 P 21,7 -= -- - - - 13,5 EY 338,77
Limestone, phosphatic,
De3; | [Argillaceous WRL- 85-47 0.6 12,9 | -- -- -- - -- 32,3 38.3 346,51
Dolomite, argillaceous WRL-~ 84-47 0.7 L -5 b e = 34,1 39,0 350.29
D~
3 | Phosphate rock, argillaceous,
D-35 calcareous WRL- 83-47 1.7 13.8 -- -- -- - - 33,2 40,7 373.75
D-34 Limestone, argillaceous WRL- 82-47 0.5 5.1 - - - 0.47 - 39:% 41.2 376.30
Phosphate rock, argillaceous
D-3; | [ANd limestone WRL- 81-47 2.9 14,9 | -- - -- | 1,55 -- 3347 44.1 419.51
D-3, | Limestone, argillaceous WRL- 80-47 2.9 49| -- -- - -- - 26.3 47.0 433,72
Mudstone, calcareous,
phosphatic WRL- 79-47 1.3 8.5 | =-- - = e T 4l.9 48.3 444,77
D.
D-39 | Limestone and phosphate rock WRL- 78-47| 1.8 Y o BRSO B e B L [ 1% 0.4 T
Mudstone, calcareous,
D.,q | Phosphatic WRL- 77-47 1.2 9.1 | -- -- -- -- B 46,0 51,3 465.23
D-2g Limestone WRL~- 76-47 1.6 6.6 | =-- .- -- - == 18.3 52.9 475,17
Mudstone, calcareous,
D~z | [Phosphatic WRL- 75-47 0.6 10,0 | -- -~ -~ o o 42.6 53.5 481.79
Limestone WRL- 74-47 0,7 3.8 - - -- -- e 15.2 54.2 484.45
D-2
6 Mudstone, calcareous,
D-;5 | Phosphatic WRL- 73-47 1.4 9.2 -- Sy i = - 46.1 55.6 497.33
Limestone, argillaceous WRL- 72-47 Nz 4.0 | -- - - e e 22.6 56.8 502.13




D-24 | Mudstone, caicareous WRL- 71-47 0.6 7.1 - -- -- == 50.6 57. 4
D-23 Phosphate rock, argillaceous, 3 306.39
D calcareous WRL- 70-47 1.5 18.0 | == - -- - 26.5 58.9 533,39
b.22 | Mudstone, phosphatic, calcareous |WRL- 69-47| 0.7 1122 | - | —= | -- | -- 41.2 59. 6 541.93
D-Zl Mudstone, calcareous ) WRL~ 68-47 1,7 3oy - -- - e 64.8 61.3 547,54
20 | Mudstone, phosphatic, calcareous |WRL- 67-47 0.3 12,7 | -- -- B - 40,0 61.6 551,35
D-19 | Mudstone WRL- 66-47| 0.8 3.4 = | == | == | = 69.7 62.4 554,07
p.18 | Mudstone and phosphate rock WRL- 65-47 1.3 5.2 | -- - -- -- 61.8 63.7 560, 83
“17 | Phosphate rock, argillaceous,
D calcareous WRL- 64-47 0.5 15,3 | -- -- ) 36,0 64,2 568, 48
b.1é | Mudstone WRL- 63-47 2.5 2.3 | -- -- - -- 72.3 66,7 574,23
~15 | Mudstone, phosphatic WRL- 62-47 0.5 14.5 | -- - -- - 41,7 67.2 581.48
D-14 | Mudstone, phosphatic WRL- 61-47] 0.9 SR W 53.9 68. 1 588, 77
p..3 | Phosphate rock WRL- 60-47 0.9 24.0 | -- == -~ |2.74 18,3 69.0 610,37
D_ll Mudstone, calcareous WRL- 59-47 0.4 0.9 | -- -- - -- 59.7 69.4 610. 73
1 | Phosphate rock, argillaceous,
5 calcareous WRL- 58-47 0.4 15.0 -- -- - 1.70 36.4 69.8 616,73
~10 | Mudstone WRL- 57-47 1.4 L9 | -- -- - -= 75.9 71.2 619, 39
g: 9 | Mudstone, calcareous, phosphatic | WRL- 56-47 1.7 40,5 | == == 2 i 44.9 72.9 637.24
8 | Phosphate rock, argillaceous,
D. calcareous WRL- 55-47 1.5 15.7 | -- -- -- - 30.6 74.4 660. 79
7 | Phosphate rock, calcareous,
D- argillaceous WRL- 54-47 3.3 16.0 - - .- - 34.3 5.7 681,59
Do 6 | Limestone WRL~ 53-47 1,2 0.9 | -- - - -- 17.9 76.9 682,67
5 | Phosphate rock, argillaceous,
calcareous WRL- 52-47 1.3 14.6 | -- -- -- -- 32.7 78.2 701. 65
D- 4 | Phosphate rock, argillaceous,
D- calcareous WRL~- 51-47 1.5 15.9 o - e =¥ 29.1 9.7 725. 50
D. 3 | Mudstone, phosphatic, calcareous | WRL- 50-47 0.6 11,2 -- .- v e 43.9 80.3 722.22
p. 2 | Limestone WRL- 49-47 0.8 0.8 | -- - -- - 19.5 8.1 732. 86
| | Mudstone, calcareous, phosphatic | WRL- 48-47| 1.8 O T R e 42.7 82.9 748, 70
C member of Phosphoria formation, lot no. 1224 —top bed only
. I
C. )y Sandstone, phosphatic WRL- 47-47 (1.7) l 13.3 I - | s :Y W I by 55.4 -~ -—
~—_| WRL-47-47, lot no. 1224, logged as equivalent to upper 1.7 feet of WRL-198-47, lot no. 1225,
oo C member of Phosphoria formation, lot no. 1225
C-3] ' | L1001 | 6.5 32.6 12.0 12. 00
i Limestone, sandy WRL-198-47 12,0 1.0 0.5 ’ A ~ . . = -
o35 | Sandetons, caleatwous WRL-197-47| 8.3 ol| 3.5 | 2.2 (001 ] -- 8.4 73.1 20.3 20. 30
c.14 | Chert, caleareous WRL-196-47 7.4 0.7 § a8 st e 9.8 73.1 21.7 25.48
k- WRL-195-47 9.9 0.5 | 43| 3.7]001 | -- 8,0 75.1 37.6 30,43

1 Chert, calcareous




Chemical analyses (percent) Cumulative | Thickness x
Bed Sample | Thickness .
.Rock description Loss on Acid thickness percent P,O
ooy o (fout) 3 PROG| M0 ¥6,040 Y205 | ¥ 1 iguition | insoluble] = (fest) (cumulatie?
C-32 | Chert and limestone WRL-194-47] 11.0 0.5 1.3)s51 |o01] - 12.1 63.2 48,6 35.93
C-31 | Chert and limestone WRL-193-47 7.2 0.3 3.2 26 |0,01] -- 13.8 62.3 55.8 38,09
C-30 | Mudstone, calcareous WRL-192-47| 5.0 Li| 6.2 24 |001]| -- 14.1 59.0 60.8 43,59
€-29 | Limestone, cherty WRL-191-47| 4.4 0.5 0.3]35 |0.01]| - 17.6 52.9 65.2 45.79
C-28 | Limestone, sandy WRL-190-47| 4.3 0.4{ 41|17 [o0.01) -- 22.8 43.2 69. 5 47.51
C-27 | Sandstone, calcareous WRL-189-47| 3.1 0.6 1.1] 2.7 o001 - 14.5 62.7 72,6 49.37
C-26 | Limestone, sandy WRL-188-47| 3.2 0.7] o.5f{ 1.1 feon| - | 274 36.0 75.8 51. 61
C-25 | Sandstone and limestone WRL-187-47 7.8 0.6 | 0.6) 1.6 | 0.01 £ 19.9 51,3 83. 6 56. 29
C-24 | Limestone, sandy WRL-186-47| 2.5 0.8| 0.6 1.7 |0.01 ]| -- 23,2 44,6 86. 1 58, 29
C-23 Limestone, sandy WRL-185-47 2.7 0,6 0.8 (1.2 |[0,01] =~ 35.0 20,5 88,8 59.91
C-22 | Sandstone -184-47 58 LR 1T .37 0.6l -- 16,1 58,6 94. 6 70. 35
C-21 | Limestone e:-l:;;em' gﬁt-u:-u 7.3 0.8| 0.7] 1.6 |o0,01]| -- 26,3 37.0 1019 76. 19
C-20 | Limestone, cherty WRL-182-47 7.8 0.3| 0,5} 2.6 | 0,01 ] -=-- 22,2 43,1 109. 7 78.53
C-19 | Chert, calcarecus WRL-181-47 3.7 0.3 5R3laz |eoz] == 13.5 63.8 e 79. 64
C-18 Limestone, sandy WRL-180-47 1.4 0,8| 0.6 2,04 0,02 -- 21.5 47.4 114, 8 80. 76
C-17 | Limestone L-179-47| 4.5 0.7] 0.6] 1.6 |0.02| -- 25.4 40.6 119.3 83.91
C-16 | Sandstone in:lmugesm ggl.—ns-u 12,3 0.7{ 0.2| 1.9 |0.02| -- 1.5 55. 4 131, 6 92.52
C-15 | Limestone, sandy WRL-177-47| 2.4 0.6 | 0.9 1.2 |o.01] -- 34.5 21.3 134.0 93.96
C-14 | Sandstone, calcareous WRL-176-47| 5.4 | 15| 0.4]| 0.9 [0.02] -- 14.7 62.2 139, 4 102, 06
€-13 | Limestone WRL-175-47 1.3 0.2] 0.5 1.1 |o0.01| -- 40,7 9.1 140.7 102,32
C-12 Ml -174-47] 6.2 1.9| 03|07 jo.01 | -- 37.5 10,4 146.9 114.10
C-11 | gaaet o2 o8 Lt 5 S el Ly { ot |- =1 e | o2 156. 4 127.40
C-10 | Chert, sandy WRL-172-47| 4.2 0.5 0.3] 2.9 o001 ] - 0.3 | 94.3 160, 6 129. 50
& 9| Chert’ WRL-171-47| 2.0 0.3| 1.0]29 |001} -- 1.0 92.8 162.6 130,10
C- 8| Chert WRL-170-47| 3.2 o8| 1.3} &7 |oloz] -- 2.2 88. 1 165. 8 131,38
C-7 0.01 | -- 2.6 89,4 170, 8 132,88
e - .0 0.3} 1129 |o.
C- 6 | Chert WRL-168-47] 5.0 0.4| 1.6 |44 002 -- 3.4 | 859 175. 8 134. 88
G- 5| Chert WRL-167-47| 5.0 0.5| 1.9 |49 [0.01| -- 5.7 79.7 180, 8 137, 38
C- 4| Chert WRL-166-47| 5.0 0.4 | 2.1 | 4.8 {001 -- 6.9 | 782 185.8 139,38
C- 3| Chert WRL-165-47 5.0 0.5 | 1.7]4.7 |0.02] -- 7.2 771 190. 8 141.88
C-2 - 13.9 63.4 195.8 143,88
c calcareous -164-47| 5.0 0.4 | 1.8 |40 |[o0.01 y )
£ c::? 32’,:-}23-27 4.0 0.s| 2,032 |0.02] -- 2.2 89,7 199, 8 145,88
B member of Phosphoria formation, lot no. 1225
B-30 [ an. ‘ [ 91| - 8.2 79.9 1.4 1.40
M -162-47] 14 Y RTEEE T -
g"" nﬁ-’i&‘:.“""“" gt-::f-n 1.5 Let 6e fa.7 Joos] = 9.7 74.3 2.9 3.50
"% | Limestone, argillaceous WRL-160-47| 0.6 04| L2f0.8 |0.02] - | 351 22.8 3.5 3.7

. 4-la v
\-\_—____ TVt R TR gt g b Ll B SR T B e kol S L



4

B-27| Limestone, argillaceous and : :
phosphate rock WRL-159-47 0.8 7.5 | 2.2 1.5 |o.02 | -- 24.9 27.3 4.3 9.74
B-26 | Mudstone WRL-158-47 1.8 3,2| 6.8 |31 o004 | ~-- 9.6 68.7 6.1 15,50
B-25| Mudstone, phosphatic, calcareous | WRL-157-47 2.3 1.7 | 1.8 {17 |0,02] =-- 11.4 43.0 8.4 42.41
B-24 | Chert and mudstone WRL-156-47 5.4 0.9 | 2.7 (3.5 |0,02| -- 3.5 83,7 13.8 47,27
B-23 | Mudstone, cherty WRL-155-47 3.2 0.3 | 5.8 1329 [002]| — 5.0 79.0 17.0 48,23
g'zz Mudstone, cherty WRL-154-47 2.8 0.2 ]| 6.8 3.5 |0.03 | - 3.4 86.6 19.8 48,79
B'll Chert WRL-153-47 3.3 290 2.9 1 506-:10.03 - 8,4 70.7 23.1 58, 36
B*ZO Chert, calcareous and mudstone |WRL-152-47 2.3 Z 3T 4 S 003 | 15,0 56.3 25.4 63.65
~19 | Phosphate rock, calcareous,
ar, WRL-151-47, 1.0 18,1 | 3,4 |1.9 [0.06 | =-- 11.6 25.6 26.4 81.75
B~18 | Mudstone WRL~150-47 1.3 1.5 7.9 | 3.6 |0.47 | -- 13,1 66.1 21.7 83, 70
g"" Limestone, argillaceous WRL-149-47 0.8 0.3| 5.8 |3.4 |0.08 | -- 19.9 48,0 28,5 88.94
8‘16 Mudstone, calcareous, phosphatic |WRL-148-47 1.5 9.5 | %2 |29 0.2 | = 10.6 50.0 30.0 98,19
B‘IS Mudstone, calcareous WRL-147-47 2.4 2.0 6.2 | 2,7 0.03 - 19.4 45.4 32.4 102,99
5714 | Mudstone, phosphatic WRL-146-47 0.5 14.6 | 5.3 (2.2 0,03 | ~-- 10.0 39.4 32.9 110, 29
~13 | Mudstone, calcareous WRL-145-47 3. X 1,4 6.9 {2.8 |0,03| ~-- 16.1 54,0 34,6 112.67
g"ll Limestone, argillaceous WRL-144-47 3.3 5.8 6.0 '2.6 0,04 - 26,0 35.7 37.9 131,81
n. 1| Phosphate rock, calcareous WRL-143-47 2,6 19.8 | 2.3 1.4 [0.24 | ~-- 20,8 12,0 40.5 183, 29
5.0 Limestone, argillacecus WRL-142-47 1.3 4.8 | 5.4 |21 1009 | == 33.8 27.8 41,8 189, 53
n. | | Limestone, argillaceous WRL-141-47 1.0 3.6| 5.2 )23 (0.1 - 37.3 27.3 42.8 193.13
" 8| Limestone, argillaceous WRL~-140-47 1.5 33| 5,2 2.2 |0.07 ]| -- 36,3 21.9 44,3 198,08
B- 7 :
Limestone, phosphati
g argillaceous - WRL-139-47 1.2 8.0| 3.8 /1,6 |oO,.l1 -~ 31.0 20.8 45,5 207.68
L Mudstone, calcareous and
B. calcareous phosphate rock WRL~-138-47 1.8 16.6 | 3.1 1.9 |01 ] «- 24.7 15.2 47.3 237,56
B : Phosphate rock, calcareous WRL-137-47 1.2 22,1 2.4 | 1.0 0.07 12.5 i5.2 48.5 264,08
Phosphate rock, calcareous and
B calcareous mudstone WRL-136-47 1.5 20,5 | 2.3 |1.2 [0.09 | -- 18,3 14,2 50,0 294.83
3| Limestone, argillaceous WRL-135-47 52 3.3 | 4.9 |1.8 [0.11 | -- 23.7 41,1 51.2 298.79
=3
3 Phosphate rock WRL=134-47 1.2 16.8 $.0-112% 0.2 -- 22,1 19.3 52.4 318.95
R\'j pho.Sﬁu rock WRL-133-47 2.0 29.4 | 0.8 |0.8 |0.008 3,16 6.4 8.8 54,4 377.75
A member of Phosphoria formation, lot nos. 1226 and 1227
R TS
Lot no, 1226
Af:’ Limestone WRL-132-47 5.0 0.2 | -- - e 3 3 4.9 5.9 1,00
A-3; | Mudstone, calcareous WRL-131-47| 2.3 W et B S A = 60,7 =3 L84
A-3, | Limestone WRL-130-47( 4.7 R T gl e o 5ot = 1%y e g
A-qs | Limestone WRL-129-47| 4.9 A e N e B R = 3.3 16.9 g
7 | Mudstone, calcareous WRL-128-47| 4.8 T LA NI R e o 63.3 21.7 9.24
A.
A.:t Mudstone, calcareous WRL-127-47 5.0 0.3 | -- -- = — e 62.6 26.7 :‘l‘ Z*
A-4¢ Mudstone, calcareous WRL-126-47 5.0 0.1 - - = - & 64.8 3.7 .24
| Mudstone, calcareous WRL-125-47 5.0 1,2 | == - -- b ol 72.9 36.7 17.24

|
See additional analyses at end of table.




Chemical snalyses (percent) Cumulative | Thickness x
Bed Sample Thickness
Rock de tion . Loss on Acid thickness |[percent P,O,
no, scrip no, (feet) | P,0O; | Al,04/Fe,0,| V, 05 | F ignition | insoluble (feet) (cumulat ?
A-45 | Mudstone, calcareous WRL-124-47 5.0 0.1 | -- - -- - - 72.0 41,7 17.74
A~44 | Mudstone, calcareous WRL-123-47| 2.3 e e B R B o - 71.4 4.0 17.97
A-43 | Mudstone, calcareous WRL-122-47 5.0 L3 =~ -- -- - - 70,8 49.0 24.47
A-42 | Mudstone, calcareous WRL-121-47 5.0 1.3 - -- - -- - 72,1 54,0 30.97
A-41 | Mudstone, calcareous WRL-120-47, 5.0 L3 | == | == | == | == -- 71.4 59.0 37,47
A-40 | Mudstone, calcareous WRL-119-47| 5.0 0,1 ]| == | -- - -- e 70,9 64.0 37.97
A~39 | Sandstone, calcareous WRL-118-47| 2.5 0.0 me | | S - 77.9 66.5 38,22
A-38 | Mudstone, calcareous WRL-117-47| 3,7 0.1 = [ -- - -- - 73.2 70.2 38, 59
A-37 | Mudstone, calcareous WRL-116-47] 5.0 0d | == | —= | - | -- - 68.9 75.2 39, 09
A-36 | Mudstone, calcareous WRL-115-47| 5.0 1,3 == == | == | = -- 65.5 80.2 45, 59
A-35 | Mudstone, calcareous WRL-114-47| 5.0 01 | =~ | == | = | == -- 65,4 85,2 46.09
A-34 | Mudstone, calcareous WRL-113-47| 5.0 0.4 ] < [ e oo - 65.6 90.2 46,59
A-33 | Mudstone, calcarecus WRL-112-47| 5.0 La| == | == | == | - -- 65.0 95.2 53. 59
4732 | Mudstone, calcareous WRL-111-47| 5.0 L2 | == | == | = | - -- 58.6 100, 2 59.59
“31 | Mudstone, calcareous and .
calcareous sandstone WRL~-110-47 4.5 1.2 - - £ - i 9.3 104, 7 64,99
:'“ Mudstone, calcareous WRL~-109-47| 2.8 WA e WG 1 w80 e e 65.2 107.5 65.55
=29 Sandstone, calcareous and 3 70,2 111,1 66,63
mudstone WRL-108-47 3.6 0.3} -- - - - - : A :
A-28 | Limestone, cherty WRL-250~47| 2.3 L F LR ey Sl i = g iy < 1. 78
427 | Limestone and sandstone WRL-249-47/ 2.4 RS R Sl A = 48.4 115.8 68. 50
"% | Phosphate rock WRL-248-47 1.0 [3%A4 | -- | = | == fo=- o 12.0 116.8 99.90
A-25 | Limé | = | - | = | -= -- 34,1 119.4 101. 20
stone, che WRL-247-47 2,6 0.5
A-24 | Limestone and c’fln WRL-246-47 3.5 0.3 | -- - g s B 29.1 122.9 102,25
A-23 | Limestone WRL-245-47 1.8 0,1 | == = = il = 9.9 124.7 102,43
Lot no, 1227
ﬁ:i; Limestone, sandy WRL-244-47| 5.6 W R AR BT G e - 4t 4 130.3 102,43
Limestone and sandstone, o 68.3 149.5 104, 35
A- calcareous WRL-243-47| 19.2 0,17 == - o oy e S s tox 12
4.9 | Limestone, sandy WRL-242-47| 7.7 0.1 | == | == | - = S 5.4 i (o i
A:P Limestone WRL-241-47| 25.6 1.3 - == v == & b 188.6 140,72
® | Chert and limestone WRL-240-47| 5.8 - {8 it SRR BRARES e - : 7 3
::{7 Limestone WRL-239-47| 12,4 3 e if, = e e % ;;: ig;-g {:::g:
A% | Limestone, argillaceous WRL-238-47 1,2 0.4 | == = 2 5 40 & 209. 2 146, 48
AL5 | Limestone, argiliaceous WRL-237-47 4.0 0.4 | == o o e = - . e o
14 | Mudstone | WRL-236-47| 2.3 o0 TR S L - 76.3 211.5 .
4°13 | Sundstone WRL-235-47| 17.8 Y P e (e = 89.2 229.3 1y
::}2 Limestone, sandy, cherty WRL-234-47| 11,0 0.3 | -- -- - & B 32,2 Z:g-: :;;::
A<ig " calcareous WRL-233-47| 7.5 gl (3o A Sy e W PO, 5 6.8 247 .
1 | Mudstone, calcareous WRL-232-47| 2.3 TR T T S - 1.6 250.1 156. 16




A- 9 | Limestone, argillaceous WRL-231-47| 17.1 0.2 | -- -- -- -- - 4.1 267.2 159. 58
A~ 8 | Chert and limestone float, T
bedrock not exposed -- 15,8 - s o b - -- - 283,0 -
A~ 7 | Chert, calcareous, sandy WRL=229-47| 5.4 0.1 | =-- | -- -- - - 66.7 288.4 0. 54+
A- 6 | Chert and limestone WRL-228-47 5.4 1.3 | ~-- - -- - - 54,8 293.8 7.56
A~ 5 | Chert, calcareous, and limestone |WRL-227-47{ 10,7 L3l - | - | - | - - 58.7 304.5 21,47
:“ 4 | Sandstone, calcareous WRL-226-47 6.8 L3 | -- - -- - - 75.6 311.3 30.31
A 3 | Limestone, cherty, sandy WRL-225-47 6.5 I4) = e e o " 25.7 317.8 39.41
it 2 | Limestone WRL-224-47| 16,1 0.1 -- -- -- - - 7.0 333,9 41,02
= 1 | Limestone WRL-223-47| 13.3 1.2 | -- - - -- -- (9 347.2 56, 98%%
Quadrant formation—not measured
\
* Cumulative data incomplete due to missing information. Computations start from zero after interruption.
** Note incompleteness of cumulative data.
Additional analyses of sample WRL-150-47"
Bed
=, Sl:]:h P,0, V,0, F S10, TiO, CaO MgO Na,O K,0 MnO
B-18 | wRL-150-47 2.81 0,56 5 60. 60 0.48 4,02 2.34 0.17 3.15 0.028
Organic
Ni Cr,0, Co Zn Cu Pb Ag MoO3 w e
~ il 0,022 0.02 0.004 0.003 0.011 0.006 0. 0001 0,006 <0.005 6.66>

i Analyses made by the U. S. Geological Survey, Geochemistry and Petrology Branch.
(.‘0z and 8 reported present,




WADHAM SPRINGS, MONTANA. LOT NOS. -1246 and 1247,

Phosphoria formation sampled in bulldozer trenches near Wadham Springs on southeast limb of anticline, Upper part of i i
lot no, 1246, sampled in north trench, SE{SW$ sec, 22; and lower part of formation, lot no. 1247, in south trench, Spﬁnﬁ sec, ;;.muon'
T. 13 8S,, R. 7 W., Beaverhead County, Montana, Beds strike N. 30° E, and dip 70-80° SE. Section measured by D. A. Bostwick,

E. R. Cre and L, A, Thomas and sampled by Bostwick, Cressman, Thomas, and W. H. Wilson in August 1948, Samples analyzed
by U. 8. Bureau of Mines Laboratory, Albany, Oregon.
Chemical analyses X
Bed Sample Thickness (percent) Cumulative Thickness x
no. Rock description no. (feet) P.O Acid thi;:kness percont ':&25
29 |insoluble (feet) (cumulative;
Dinwoody formation
Wd-1| Mudstone ERC-157 g 1.3 83.1 -- e
E member of Phosphoria formation, lot no. 1247
E-12 | Mudstone and chert ERC-156 3.6 L4 | 78.5 | 3.6 5.04
E-11 | Siltstone and sandstone ERC-155 5.8 1,3 78.2 9.4 12,58
E-10 | Mudstone, chert, and sandstone DAB-154 9.4 1.4 88,1 18,8 25.74
E- 9| Mudstone and chert DAB-153 11,2 1.4 89,1 30.0 41,42
E- 8| Sandstone and chert DAR-152 2l ) % 86.3 32.1 4,15
E- 7| Mudstone and chert ERC-151 14,5 1.4 89.7 46.6 64.45
E- 6 | Chert ERC-150 8.1 L7 90.5 54,7 78,22
E- 5| Mudstone and chert ERC-149 12,3 1.1 89.9 67.0 91.75
E- 4 | Mudstone and chert; fos.
col, no, 48-KPM-69 DAB-148 9.3 1.4 92,0 76.3 104,77
E- 3| Mudstone and chert DAB-147 18,0 1.0 92.5 94.3 122,77
E- 2 | Mudstone and chert; fos. col. no.
48-KPM-69 DAB- 146 14,8 i s ¢ 93.1 109.1 139.05
E- 1] Chert, phosphatic ERC-145 0.8 16.9 53,2 109.9 152.57
D member of Phosphoria formation, lot no. 1247
D-23 | Mudstone, phosphatic ] ERC-144 3.5 17,0 51.2 1.5 25.50
D-22 | Phosphate rock, argillaceous ERC-143 2,05 28.5 20.2 3.55 83.92
D-21 | Phosphate rock, argillaceous DAB-142 [ ] 21,6 31,7 4.05 94,72
D-20 | Mudstone, phosphatic DAB-141 0.8 9.9 59. 6 4.85 102, 64
D-19 | Mudstone; fos, col. no. 48-KPM-68 DAB-140 553 3.9 75.9 8.15 115,51
D-18 | Mudstone and phosphate rock ERC-139 3.5 14,2 48,0 11,65 165, 21
D-17 | Mudstone p- 2 ERC-138 32 3.6 72.9 12,85 169, 53
D-16 | Mudstone and phosphate rock ERC-137 0.7 10,5 52.0 13,55 176,88
D-15 | Mudstone DAB-136 1.8 4.4 71.3 15,35 184, 80
D-14 | Mudstone, phosphatic DAB-135 1.5 11,4 53.3 16,85 201,90
D-13 | Phosphate rock, argillaceous DAB-134 0.6 17,9 44.3 17.45 212, 64
D-12 | Mudstone, phosphatic DAB-133 1.0 9.7 55.8 18,45 222,34
)
A =00
_X_"_ - h! .




D-11| Mudstone and phosphate rock DAB-132 0.8 14.3
) . . 46.1 19,
g-ng Mudstone DAB-131 1.0 6.2 66,0 20,25 239.98
D- 9| Mudstone ERC-130 1.9 6.4 65,8 22.15 252,14
5 - Mudstone, phosphatic ERC-129 1.1 8.5 52.5 23,25 261.49
- 7| Mudstone ERC-128 1. d 6.3 63.0 24.45 269,05
D- 6| Mudstone and phosphate rock ERC-127 3,7 17.1 40.3
. " > 28,15
D- 5 | Mudstone ERC-126 0.8 5.3 75. 7 28.95 326,26
D: 4 | Mudstone, phosphatic ERC-125 & 14,3 45.1 31.25 369‘15
a 3 | Phosphate rock, argillaceous DAB-124 0.8 16.2 41.3 32.05 382-41
- 2| Mudstone and phosphate rock DAB-123 3.6 9.7 59,0 35.65 417,33
D- 1| Mudstone and phosphate rock DAB-122 2.3 7.2 61.7 37.95 433.89
29 feet below D~-1 not exposed though trenched by bulldozer and hand to depth of 24 feet., Interval probably chiefly D member.
C member of Phosphoria formation, lot nos. 1246 and 1247
Lot no, 1247
C-18 | Limestone; fos, col. no, 48 -KPM-67 ERC-121 21,8 0.7 11,3
. . No, = . . 21.8 15,
C-17 | Limestone; fos. col. no, 48-KPM-66 DAB-120 22.5 1.2 16.5 44.3 42, i:
C-16 | Limestone; fos. col. no. 48-KPM-65 DAB-119 15,0 0.8 11,3 59.3 54.26
g- 15| Limestone; fos. col. no. 48-KPM-64 DAB-118 18,4 0.6 16.0 77.7 65.30
=14 | Mudstone, calcareous ERC-117 17.7 0.6 53.3 95.4 75.92
C-13 | Mudstone, calcareous ! ERC-116 20.3 0.4 73.4 115.7
. % . . 84,04
g'lz Mudstone, calcareous ERC-115 12.2 0.7 57.0 127.9 92.58
=11 Umntm DAB-114 N 0.3 18,9 130.5 . 93,36
C-10 | Limestone; fos. col, no, 48-KPM-63 DAB-113 19.8 0,3 6.8 150.3 99.30
C- 9| Limestone; fos. col. no. 48-KPM-62 DAB-112 13,3 0.3 5.8 163.6 103.29
g- 8 | Limestone DAB-111 14,9 0.3 12.6 178,5 107.76
C- 7 | Limestone DAB-110 13,6 0.2 12,5 192.1 110.48
C- 6 | Limestone DAB-109 7.3 0.2 2.9 199.4 111.94
C- 5 | Limestone, argillaceous DAB-108 8.2 0.3 2i.3 207,.6 114,40
~ 4 | Sandstone, calcareous DAB-107 ] 1.3 56.5 208.8 115,96
C- 3| Chert DAB-106 14.8 0.2 87.7 223.6 118,92
Lot no, 1246
g- 2 | Chert, sandstone and mudstone LAT-105 17,7 0.7 93.9 241.3 131,31
= 1 | Mudstone and chert DAB-104 13.6 0.65 93.3 254.9 140,15
B member of Phosphoria formation, lot no. 1246
B- 8 | Mudstone; fos. col. nos. 48-KPM-61 and
48-KPM-60 DAB-103 13,2 2,2 87,2 13,2 29,04
== | Mudstone, phosphatic LAT-264 (1.3) 10,7 70.0 -- -
LAT-264 represents upper 1.3 feet of DAB-103.

1
Fossil collection by K. P, McLaughlin, Paleontology and Stratigraphy Branch, U. S. Geological Survey.




Chemical analyses
Cumulative Thickne
B“m_ Rock description s.:,;? 1 (le::; 2 (p"“"}%c{d thickness percent ;sox

P05 |, soluble (feet) (cumulat
B- 7 | Chert and mudstone DAB-102 4.6 0.35 95.3 17.8 30,65
B- 6 | Mudstone and chert ERC-101 - N 4 0,60 3353 23.5 34,07
B- 5| Mudstone, cherty ERC-100 14.3 0.3 94.0 37.8 38.36
B- 4 | Phosphate rock, sandy ERC- 99 0.9 26.1 29.5 38.7 61,85
B- 3 | Mudstone; fos, col. no. 48-KPM-59 LAT- 98 8,2 4.6 74.0 46,9 99,57
B- 2 | Phosphate rock, argillaceous LAT-263 0.8 26.3 22.4 47.7 120.61
B- 1 | Phosphate rock, argillaceous LAT-262 4.3 23.2 23.6 52,0 220,37

A member of Phosphoria formation, lot no, 1246
A-15 | Mudstone, calcareous LAT- 96 6.8 0.6 76.0 6.8 4,08
A-14 | Mudstone and limestone ERC- 95 3.8 0.6 51,6 10.6 6.36
A-13 | Limestone ERC- 94 2.0 0,2 6.5 12,6 6.76
A-12 | Mudstone, calcareous ERC- 93 32 0.4 67.6 15.8 8,04
A-11 | Limestone DAB- 92 3.3 0.2 10.2 19.1 8,70
A-10 | Mudstone, calcareous DAB- 91 329 0.25 70.1 21.0 95.18
A- 9 | Limestone; fos, col. no, 48-KPM- 58 DAB- 90 L 053 6.7 26.4 10.80
A- 8 | Mudstone, calcareous LAT- 89 12,7 0.1 50,0 39.1 12,06
A- 7 | Mudstone, calcareous LAT- 88 12.7 0, 1 57.0 51.8 13,34
A- 6 u‘lldllonl, calcareous LAT- 87 11,6 0,25 66.6 53.4 16. 24
A- 5| Mudstore, calcareous, che ERC- 86 9.4 0.4 72.8 2.8 20.00
A- 4 | Mudstone and limestone o ERC- 85 6.1 0.4 32.4 80.9 23,24
A- 3 | Mudstone and chert; fos. col. no, 48-KPM-57 | ERC- 84 11.6 0.3 56. 6 92.5 26.72
A- 2 | Limestone DAB- 83 18,2 0,2 4.6 110.7 30.36
A- 1| Mudstone, calcareous and sandstone DAB- 82 12.4 0.5 85,5 123.1 36.56
Quadrant formation
Cq -1 | Sandstone DAB- 81 18,0 0.2 97.6 g ==
Cam
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CENTENNIAL RANGE TRENCH NO. 4, MONTANA. LOT NO. 1251,

B membe r of Phosphoria formation sampled in hand trench at Centennial Range locality no. 4 along south side of east fork of
:f corner sec. 6, T. 15 S,, R. 1 W., Beaverhead County, Montana, on southward-dipping homocline. Beds strike N, 70° W. ...5 dip ?:flé,cns:c"ao:’"
easured by F. S. Honkala and sampled by O. A. Payne in August 1948, Samples analyzed by U. S. Bureau of Mines Laboratory, Albany, Oregon.

Bed Chemical analyses (percent) Cumulative Thickne
no, Rock description S.:ple 'l‘h(i'ﬁ,eu P.O. | ALLO.|Fe.O " Loss on Acid thickness percent l:'(;
; : 05| AL;0; Ve, 04 ignition |insoluble (feet) (cumulatibe;
—— C member of Phosphoria formation— not measured
e B member of Phosphoria formation

E_lih«phm rock FSH-261 6.2 31.3 | 0.97 | 0.81 | 3.16 | 3.90 10.9 6.2 2
A member of Phosphoria formation—not measured

e ————
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ODELL CREEK, MONTANA. LOT NO. 1252.

U part of Phosphoria formation sampled and lower part of Dinwoody formation measured in hand trench on west side of Odell
cm.«sae:oe. l.cfr. 15 g., R.2 W, Beavcrhcid County, Montana, on southward-dipping homocline. Beds strike N. 82° E. and dip 30° S,
Section measured by F, S, Honkala and O. A. Payne and sampled by Payne and J, A. Kelleher in 1948, Samples analyzed by U. S. Bureau

of Mines Laboratory, Albany, Oregon.

Chemical analyses
Sample Thickness Cumulative Thickness x
g:: Rock description no. (feet) (percent) thickness percent P,0,

Acid
P205 | insoluble (feet) (cumulat¥e;

Lower part of Dinwoody formation

-
.

Td-30 | Limestone --
Bd-29 | Limestone --
Bd-28 | Mudstone --
Bd-27 | Limestone --
Td-26 | Limestone and dolomite =5
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Td-25 | Limestone --
Td-24 | Mudstone, calcareous -
Td-22 | Limestone and calcareous mudstone =
Bd-22 | Dolomite . e
T®d-21 | Dolomite and calcareous mudstone cic
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Bd-20 | Dolomite --
Fd-19 | Dolomite --
#d-18 | Dolomite et
Td-17 | Dolomite and calcareous mudstone —ie
Td-16 | Dolomite -
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Fd-15 | Limestone vty
Td-14 | Dolomite and limestone -
‘#d-13 | Mudstone and dolomite e
®d-12 | Dolomite and mudstone 2
d-11 | Dolomite -

Td-10 | Dolomite e
Td- 9 | Dolomite -
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E member of Phosphoria formation—upper part only

E-16 | Mudstone, calcareous FSH-416 2.6 0.4 57.1 2.6 1,04
E-15 | Mudstone, calcareous and limestone FSH-415 1.8 0.3 49.2 4.4 1.58
E-14 | Limestone, argillaceous FSH-414 1.8 0.4 45.0 5.9 z.18
E-13 | Limestone FSH-413 0.8 0.7 15.6 6.7 2,74
E-12 | Mudstone, calcareous FSH-412 0.2 0.5 50,6 6.9 2.84
E-11 | Limestone FSH-411 1.0 0.7 11,6 7.9 3.54
E-10 | Limestone, argillaceous FSH -410 0.3 0.75 29.6 8.2 3.76
E- 9 | Limestone, argillaceous FSH -409 1.3 0.4 38.5 9.5 4,28
E- 8 | Mudstone, calcareous FSH -408 0.6 0.2 70.0 10.1 4.40
E- 7 | Mudstone FSH -407 0.9 [ ) 78.9 11,0 5.21
E- 6 | Chert FSH -406 1.4 1.8 86.7 12.4 73
E- 5 | Mudstone QAP-405 4.5 1.5 84.0 16.9 14,48
E- 4 | Chert OAP-404 1.5 1.05 90.6 18.4 16,06
E~- 3 | Mudstone and sandstone OAP-403 0.7 1.3 89,3 19,1 16.97
E- 2 | Sandsione OAP-402 DT 4.6 82.9 19.8 20.19
E- 1 | Chert OAP-401 2.6 0.4 94.8 22.4 21.23




CENTENNIAL RANGE TRENCH NO, 1, MONTANA. LOT NO, 1253,

D, E, and part of C members of Phosphoria formation sampled in hand trench at Centennial Range locality no. 1 near crest of
range, NW corner sec. 33, T. 14 S., R. 1 W,, Beaverhead County, Montana, on southward-dipping homocline. Beds strike east and dip
20° S, Section measured by F. S. Honkala and O. A. Payne and sampled by J. A. Kelleher in July 1948. Samples analyzed by U. S. Bureau

of Mines Laboratory, Albany, Oregon.

Chemical analyses
Cumulative Thickness x
oy, Rock description Sa::le T‘?&:’S - = éperce"}l) 1q thi;:lmess percent P,0,
295  |insoluble (teet) (cumulative;
Dinwoody formation
d-1 | Mudstone OAP-496 | 0.7 [ 0.8 79.7 rE =
E member of Phosphoria formation
E-21 | Mudstone, calcareous OAP-495 2.8 e | 58.8 2.8 3.64
E-20 | Mudstone, calcareous OAP-494 2.5 1.4 75.7 5.3 7.14
E-19 | Mudstone, calcareous OAP-493 3.4 1.3 74. 6 8.7 11.56
E-18 | Mudstone, calcareous OAP-492 2.0 1.3 75,0 10,7 14,16
E-17 | Chert OAP-491 1.5 1,0 .7 12,2 15, 66
E-16 | Chert OAP-490 3.5 0.3 95,3 15.7 16.71
E-15 | Chert OAP-489 4.1 0.5 83,3 19,8 18,76
E-14 | Chert OAP-488 3,2 0.7 90.2 23,0 21,00
E-13 | Chert OAP-487 2.9 0.5 93.5 25.9 22.45
E-12 | Chert FSH -486 5.0 0.6 93.3 30.9 25.45
E-11 | Chert FSH-485 5.0 0.6 88.0 35,9 28,45
E-10 | Chert FSH -484 5.0 0.5 86,7 40,9 30,95
E- 9 | Chert FSH-483 5.0 0.5 86,7 45.9 33,45
E- 8 | Chert FSH -482 5.0 0.5 85.2 50.9 35,95
E- 7 | Dolomite and calcareous mudstone FSH -481 3,2 0.3 50,7 54, 1 36.91
E- 6 [ Chert FSH -480 4.3 0.5 84.3 58, 4 39,06
E- 5 | Chert FSH -479 5.0 0.6 82.3 835 42,06
E- 4 | Chert, calcareous and mudstone FSH-478 5.0 0.5 77.0 68.4 44.56
E- 3 | Mudstone and limestone FSH -477 3.5 0.5 76.2 71,9 46.31
E- 2 | Mudstone and chert FSH-476 5.0 0.6 81.7 76.9 49,31
E- 1 | Mudstone, calcareous and chert FSH-475 5.0 0.8 17.3 81.9 53,31
D member of Phosphoria formation
D-12 | Mudstone OAP-474 g 1.0 76.0 5.5 3.3 |
D-11 | Mudstone OAP-473 2.2 0.9 77.5 5.5 5.28 ‘
D-10 | Mudstone OAP-472 1.2 1.5 74.7 6.7 7.08
D- 9 | Mudstone OAP-471 4.6 0.6 69.0 11,3 9.84 |

Beds D-9 through D-12 are slumped and thicknesses may not be correct,




8 | Mudstone OAP-470 2.0 2.2 70,7 13,3 14,24
7 | Mudstone, calcareous OAP-469 L7 "33 67.9 15,0 19.85
6 | Mudstone OAP-468 0.4 7.6 53,5 15. 4 22.89
5 | Phosphate rock OAP-467 0.8 33.6 6.4 16. 2 49,77
4 | Mudstone OAP-466 0.9 7.5 45. 7 17.1 56.52
3 | Mudstone, phosphatic OAP-465 2.1 8.0 51.5 18.2 65,32
2 | Phosphate rock OAP-464 9 - 29.3 15,2 19.3 97.55
1 | Mudstone OAP-463 1.0 6.6 66,0 20.3 104.15
C member of Phosphoria formation

Sandstone FSH -462 2.8 2.8 90.7 2.8 7.84

Sandstone FSH -461 5.0 21 92.9 7.8 18,34

Sandstone FSH -460 4.2 1.7 92.6 12.0 25.48

Sandstone FSH -459 5.0 1.7 91,8 17.0 33,98

Sandstone FSH-458 5.0 1.7 92,7 22.0 42,48

Sandstone FSH -457 2.6 2.1 91.0 24.6 47.94
9 | Sandstone FSH -456 5.0 2,2 90.7 29.6 58,94
8 | Sandstone FSH -455 1,2 7.6 74.2 30,7 67.30
7 | Sandstone FSH -454 3.9 s 83,8 34,6 76.66
6 | Chert FSH -453 4.0 1.6 80,3 38.6 T
5 | Quartzite FSH -452 1.2 2.0 89,0 39.8 85.46
4 | Dolomite, argillaceous 2 FSH -451 3.0 1.7 36.0 42.8 90, 56
3 | Limestone, sandy FSH-450 3.5 0.2 32,2 46.3 91,26
2 | Limestone FSH -449 5.0 0.0 16.3 51.3 91,26
1 | Dolomite and calcareous sandstone FSH -448 4,8 0,1 62.5 56,1 91,74

It is doubtful that the full thickness of the C member was exposed at this locality.




CENTENNIAL RANGE TR HES NOS. 2 AND 3, MONTANA-IDAHO. LOT NOS. 1254 AND 1255.

Phosphoria formation
trench no. 2, NW4 sec, 12, T. 14 N.,, R. 40 E,, C
lot no, 1254, sampled in trench no. 3, near N} corne

sampled in Cente

22° 8.

1 Range hand trenches nos. 2 and 3,

c. 2, T. 158, R. 1 W., Beaverhead County, Montana, at crest of rang

Upper part of formation, lot no, 1255, sampled in
County, Idaho. Beds strike N. 65° W, and dip 14° SW. Lower part of formation,

e on

Section measured by F. S. Honkala and O. A. Payne and sampled by

Southward-dipping homocline. Beds strike N. 70° W.
J. A. Kelleher and R. L, Konizeski in July 1948, Samples ed by U. 8. Bureau of Mines Laboratory, Albany, Oregon.
Chemical analyses -
Cumulative Thickness x
— Rock description coone pgy %' {percent) thickness percent P,0,
P205 |insoluble (teet) (cumulatie;
Dinwoody formation
¥d-2 | Mudstone, calcareous, sandy - 0.5 n ~m 0.5 —
Td-1| Mudstone and limestone FSH -540 0.8 0.65 77.5 1.3 0.52
E member of Phosphoria formation, lot no. 1255
E-12 | Mudstone, sandy FSH-539 5.0 1.0 8l.1 5.0 5.00
E-11 | Mudstone FSH -538 5.0 1.1 81.5 10.0 10. 50
E-10 | Mudstone, sandy, calcareous FSH-537 5.0 1.2 74,4 15. 0 16. 50
E- 9| Mudstone and chert FSH -536 0.9 1.3 89.0 15.9 17.67
E- 8| Chert FSH -535 0.6 0.4 93.0 16.5 17.91
E- 7| Chert, argillaceous FSH-534 2.2 0.4 92.5 18,7 18.79
E- 6| Chert, argillaceous FSH-533 1.3 0,4 87.4 20.0 19,31
E- 5| Chert, argillaceous FSH -532 3.8 0.6 89.5 23,8 21.59
E- 4| Chert, argillaceous FSH -531 a7 0.6 90,2 26.5 23,21
E- 3| Chert and mudstone FSH-530 4.0 0.6 90, 1 30.5 25,61
E- 2| Mudst FSH -529 1.8 0.65 81,6 32,3 26.78
E- 1 ludu::: FSH -528 1.7 0.80 82,4 34.0 28.14
D member of Phosphoria formation, lot no. 1255
D-12 | Mudstone OAP-527 0.9 0.8 86.5 0.9 0.72
D-11 | Mudstone OAP-526 1.6 1.0 81.5 2.5 2,32
D-10 | Mudstone OAP-525 3,0 1,05 80,7 5.5 5.47
Possible fault at top of D-9 indicated by gouge and breccia zone. No displacement apparent.
D-9 /M OAP-524 3.2 1.6 80.3 8.7 10.59
D- 8 u:&‘:::: OAP-523 2.2 .1 77.1 10.9 13,01
D- 7 | Mudstone, calca OAP-522 5,0 1.7 70.6 15.9 21,51
D- 6 | Phosphate rock OAP-521 1.5 3.4 10.0 17.4 68,61
D- 5 | Mudstone OAP-520 0.7 5.4 66.0 18,1 72.39
D- 4 Mudstone, calcareous and phosphate rock OAP-519 1.4 9.65 52.3 19.5 85,90
D- 3 | Phosphate rock OAP-518 0.7 34,5 4.3 20.2 110,05

i e




/

e

D- 2 | Mudstone OAP-517 A e o TN 74.4 21.9 114.81
D- 1| Phosphate rock, argillaceous OAP-516 0.9 19.8 35.2 22.8 132,63
C member of Phosphoria formation, lot nos, 1255 and 1254
Lot no, 1255
C~10 | Sandstone FSH-515 1.6 3.¢ 87.1 1.6 5,12
C- 9 | Sandstone FSH-514 3.0 1.7 92.9 4.6 10.22
C- 8 | Sandstone, calcareous FSH-513 2.6 1.3 76.2 7.2 13.60
C- 7 | Sandstone FSH-512 5.0 1.7 85.7 12,2 22,10
C- 6 | Sandstone FSH-511 5.0 2.8 85,3 17.2 36,10
C- 5 | Sandstone FSH -510 1 5.0 80, 2 19.3 46.60
C- 4 | Sandstone FSH -509 5.0 3.2 77.0 24,3 65.10
C- 3 | Sandstone, phosphatic FSH -508 1.1 12.8 52.6 25.4 79.18
C- 2 | Sandstone, calcareous FSH-507 4.3 7.5 45.2 29.7 111,43
There is probably a gap of 10 feet or more between the lowest bed of lot no. 1255 and the highest bed of lot no. 1254.
Lot no. 1254
C- 1 | Chert OAP-541 1,0 0.4 93.2 1.0 0, 4+
B member of Phosphoria formation, lot no. 1254
B- 2 | Phosphate rock, argillaceous OAP-506 11 22.8 34.1 38,76
B~ 1 Pho-::tc o Bt OAP-505' 46 32.4 8.4 6.3 187.80
A member of Phosphoria formation, lot no. 1254
A- 7 | Limestone and conglomerate OAP-504 r 95 4 2.7 35,2 37 7.29
A- 6 | Limestone, ugiii.:'cem OAP-503 4.8 1.5 47.2 7.5 14.49
A- 5 | Limestone, sandy, and calcareous sandstone | FSH -502 5.0 0.1 60. 3 12.5 14.99
A~ 4 | Sandstone, calcareous FSH -501 5.0 0.1 68. 6 17.5 15.49
A- 3 | Limestone, sandy, and calcareous sandstone FSH -500 4.6 0.4 68.7 22.1 17.33
A- 2 | Sandstone, calcareous FSH -499 5.0 0,0 64.5 27.1 17.33
A- 1 | conglomerate, calcareous FSH -498 2.1 0.2 56.0 29.2 17.75
Quadrant formation
Cq-1 | Sandstone, calcarecus FSH -497 4.4 M ¢ 4.4 B
* 2
information.

Cumulative data incomplete due to missing

! See additional analyses at end of table.




Additional analyses of sample OAP-505

2

Sample

'

no, g PZOS v 305 F SiOz TiOz CaO MgO Nazo KZO MnO
B-1 OAP-505 33,93 0,03 3.63 4,83 0,008 49,84 0.11 1.18 0.22 0. 008
c
Ni Cr‘,'()3 Co Zn Cu Pb Ag Mc.vo3 Ci saniter
0,005 0,07 0,000 0.012 0,001 0,002 0.00004 0,002 0.008 0.24 3

; Analyses made by the U. S. Geological Survey, Geochemistry and Petrology Branch.

Co, and § reported present.
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