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STRATIGRAPHIC SECTIONS OF THE PHOSPHCRIA FORMATION IN MONTANA, 1951
by J. A, Peterson, R, F, Gosman, and R. W. Swanson
INTRODUCTION

The U, S. Geological Survey has recently measured and sampled the
Phosphoria formation at many localities in Montana and other western
states, These data will not be fully synthesized and analyzed for
several years, but segments of the data, accompanied by little or no
interpretation, are published as preliminary reports as they are assembled.
This report, which contains-abstracts of the sections measured in
southwestern Montana (fig. 1) during 1951, is the fifth Montana report
of this series. The field and laboratory procedures adopted in these
investigations are described in a previous report (McKelvey and others,
1953).

. Many people have taken part in this investigation. Crushing
and splitting of the samples in the field were done by T. K. Righy.
The laboratory preparation of samples for chemical analysis was done
in Denver, Colo., under the direction of W. P, Huleatt,

The P205 and acid insoluble analyses werebﬁade for the Survey
by the U, S. Bureau of Mines at the Northwest Electrodevelopment Laboratory,

Albany, Oreg., under the direction of S. M. Sheldon.and M. L. Wright.
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The A1203, F9203, and loss-on-ignition analyses were made in the Trace
Elements Section laboratory of the Survey in Washington, D. C., under
the direction of J. C. Rabbitt, by chemists H, Alberty, T. Farley,
C. Hoy, and M. Landers. The radiocactivity analyses were made in the
Trace Elements Section 1aborato?y in ngver,'Coloo, under the direction
of L, F, Rader, by S. P, Furman, The chemical uranium analyses were
made in the Denver laboratory by G. W. Boyes, G. T. Burrow, W, Mountjoy,
and J. S. Wahlberg,

The data were compiled by K. S. Bergman and Anita Wise organized

most of the tabular data,
Acknowledgments
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help in carrying out the field program. The cost of the field and
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STRATIGRAPHY OF THE PHOSPHCRIA FCRMATICN IN MONTANA

The Phosphoria formation in southwestern Montana consists in
general of five members, two phosphatip shale members and three hard
members (fig. 2). The lower two hard members are dominated by limestone
and the top by chert and sandstone or quartzite. Most of the members
can be identified over a iarge part of the area of outecrop, though member
correlation toward the east and northeast is much more difficult.

The formation ranges in thickness from less than 100 feet to more than
800 feet.

The lowermost or A member-is best developed toward the west
and southwest and consists of limestone or'doiomitg,sandstone, mudstone,
and chert with a maximum thickness of nearly 350 feet. It overlies the
Pennsylvanian Quadrant formation and is probably equivalent to the upper
member of the Wells formation of southeastern Idaho and adjacent
Wyoming and Utah (McKelvey, 1949).

Near the southwest corner of the state the lower phosphatic shale
or B member is about 50 feet thick, buE it thins markedly to the north
and east where in some areas it cannot be recognized., In the Centennial
Range it contains a rich bed of minable phosphate.

The middle or C member consists of as much as 200 feet of
limestone and/or chert and sandstone., The upper phosphatic shale or

D member is similar to and much more unifofm and widespread than the



THICK- AVERAGE
el NESS o DESCRIPTION
30 20 10 0 LITHOLOGY IN FEET PERCENT
e N S - . .
FEET e g ey Dinwoody formation
Sl
R Mudstone: calcareous, soft, pale-yellow, thin-bedded
o) L
PHOSPHORIA FORMATION
Member E
2 2 | Sandstone: hard, pale, yellowish-orange, thick-bedded
Chert: hard, light-gray, thick-bedded chert interbedded with medium-hard, pale
24 | 2 yellowish-orange, thick-bedded chert
Sandstone and chert: medium-hard, light-gray, thick-bedded sandstone containing
14 | 2 some interbeds of hard, light-gray chert
P 2 Sandstone and chert: medium-hard, brownish-gray, thick-bedded sandstone
31 interbedded with hard, light-gray, thick-bedded chert
14 3 Sandstone: medium~hard, yellowish-brown, thick-bedded sandstone interbedded
with hard, brownish-gray sandstone
10 3 | Chert: medium-hard, dusky yellowish-orange, to medium-brown, thick-bedded
11 | 2 | Mudstone: medium-hard, light-gray to yellowish-brown, thick-bedded
100 Sandstone: hard, light-gray to yellowish-brown, thick-bedded; lowermost 0.75
5 5 foot phosphatic
Member D
19 | 12 | Mudstone: phosphatic, soft, brownish-black, thin-bedded
15 | 2 | Mudstone: soft, brownish-black to black, fissile
150+ e 4 | 25 | Phosphate rock: oolitic, soft, dark-brown, thin-bedded
e Phosphate rock and inudstone: oolitic, medium-hard, brownish-gray, phosphate
22 | 14 rock, interbedded with medium-hard, brownish-gray mudstone
Member C
12 | 3 Sandstone: soft, dusky yellowish-orange, thick-bedded
2007 41 | 1 |Sandstone and chert: medium-hard, light brownish-gray, massive sandstone
interbedded with hard, yellowish-gray, massive chert
""""""""""" 45 | 1 Dolomite: sandy, medium-hard, medium- to light-gray; contains lenses and
nodules of chert
5 | 6 |Sandstone: soft, dusky yellow, thin-bedded; contains many lenses and nodules
of chert
2501 : 3 s .
35| 1 Ch_ert: hard, medium-gray to yellowish-brown, thick-bedded; contains sgme
interbeds of mudstone and sandstone
Member B
2 2 Mudstone: medium-hard, medium yellowish-brown, thin-bedded; contains several
small lenses of oolitic phosphate rock
300} 1 14 Phosphate rock and mudstone: soft, brownish-gray, oolitic phosphate rock
interbedded with soft, pale yellowish-brown mudstone
: : : 20 | O |Mudstone: medium-hard, medium yellowish-brown, thin-bedded
Member A
7 O | Mudstone: dolomitic, soft, light-gray, thin-bedded
= Dolomite:  medium-hard, pale yellowish-orange, thin-bedded; contains some
349} = 10| 0 interbedded cherty mudstone
Quadrant formation
Sandstone: medium-hard, light-gray, thin-bedded

Figure 2. -- Generalized section of Phosphoria formation at Sheep Creek, Montana (lot no. 1234)

51159
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B member, though mineble phosphate is present only toward the north end
of the field where the full thickness of the phosphatic zone may consist
of a single 3- to 5= foot bed of high-grade phosphate rock,

The uppermost or E member is the most widespread and uniform,
averaging about 100 feet in thickness and consisting chiefly of siliceous
rocks-~-siltstone, chert, and quartzitic sandstone. In the greater part of
the area it is overlain by the Triassic Dinwoody formation and toward the

north and northeast by the Jurassic Ellis group.
STRATIGRAPHIC SECTIONS

Abstract of stratigraphic sections measured at fourteen localities
and analytical data are presented on the following pages. Their locations
as well as the locations of other sections previously reported (Swanson
and others, 1953a and b, Klepper and others, 1953, Cressman and others,

1953) and sections to be reported later are shown in figure 1,
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North Boulder Creek, Mont., lot 1364

Phosphoria formation measured and sampled in natural exposure on north side of road in NE} sec. 4, T. 2 N., R. 2 W., Jefferson Samples analyzed for eU and chem.
County, Mont. Beds strike N, 20°* W. and dip 45° NE. Section measured by R. F. Gosman and sampled by J. A. Peterson in U by the U. S. Geological Survey
August 1951, Samples analyzed by U. S, Bureau of Mines laboratory, Albany, Oreg. laboratory, Geochemistry and
Petrology Branch.
Chemical analyses g
3 Cumulative Uranium content
Bed Rock description Patnple Thicketas (percent) thickness (percent)
no. no. (feet) P.O Acid (feet)
: 2™s insoluble eU' | Chem.U
Ellis formation—basal beds only
Je-2 Sandstone ----eeemcccmcmcm e -- 15,0 - - 15.0 - 53
Je-1 Conglomerate ==-==eeeememcacomaccacaaaaaan -- 1.8 -- - 16.8 - -
Phosphoria formation
P-30 Quartzite - 0.8 - - 0.8 -- --
P-29 Chert ---- -- 7.2 - - 8.0 -- -
P-28 Chert, sandy --- - o o - - 8.9 - -
P-27 Mudstone, cherty =--=----cecececccancacnuaax -- 1.4 -- - 10.3 - -
P-26 Chert ====ecem e e -- 2.8 - - 13.1 -- -
P-25 Quartzite =--e---cmcecccecoo-o ———m—mm———— - oF - - 13.8 - -
P-24 Mudstone, cherty -------- - 1.2 - - 15.0 - -
P-23 Chert and cherty mudstone - 5.8 -- -- 20.8 - -
P-22 Chert, phosphatic ~======- 5533-RFG .8 16.4 $2.5 21.6 0.003 -
P-21 Mudstone, cherty =--====-sccccocccacaaanan -- .8 - - 22.4 -- --
P-20 Chert, phosphatic ==-==c-eccccccecacaananan 5532-RFG .4 14.1 59.0 22.8 . 001 -
P-19 Mudstone, cherty -- -- 2.0 - - 24.8 - -
P-18 Chert ~=-=ceceeceax 5531-RFG i3 4.3 83.4 25,1 . 001 --
P-17 Covered interval --- -- 19.0 -- - 44,1 - -
P-16 Quartzite ==--=-c=cmcmme e -- 5.4 - - 49.5 - -
P-15 | Chert and quartzite -----===-mcecemocmeeaax == 6.3 i = 55.8 % o
P-14 Quartzite, cherty -- -- 5.6 -- -- 61.4 - -
P-13 Chert, sandy ========- -- 5.0 - - 66.4 -- -
P-12 Sandstone, argillaceous - .= 20,0 -- - 86.4 -- --
P-11 Carbonate rock, sandy =-=-==-==--cccec-ca- -- s | - - 89.1 - -
P-10 Mudstone =-==-e-eccecmmc e -- .6 -- - 89.7 - -
P-9 Sandstone, argillaceous, carbonatic - - -- .4 - - 90,1 - -
P- 8 Mudstone, sandy ---==-===ccec-ccceux - -- 1.6 -- - 91.7 - -
P- 7 Sandstone, carbonatic - - -- 4.3 -- - 96.0 - -
P- 6 Mudstone and sandstone - -- 4.7 - - 100.7 -- --
P-5 Sandstone ------ccemmmme el eeeeeeen -- ot - - 101.4 - ——
P-4 Quartzite ------cecceccmcccecccccmccaee -- 2.3 -- - 103.7 - -

¢ Equivalent uranium.

Lot 1364 51 - Montana - p. 1



North Boulder Creek—Continued
Chemical analyses +
A Cumulative Uranium content
Rock description Sample Thickness (percent) thickness (percent)
no. (feet) P.O Acid (teet)
2-'8 insoluble eU Chem. U

Mudstone, sandy and carbonatic sandstone --- - 3.2 -- - 106.9 -- -

Quartzite and carbonatic sandstone ----- -- 2.0 -- -- 108,9 - -

Mudstone, carbonatic -----ccecccccacacaoao -- 6.3 - - 115.2 - o

-\ Quadrant formation—top bed only
.

€q-1 Quartzite ---e-eececccccceccccecmccaccceeao -- 2.5 -- ] -- 2.5 -- T --

Lot 1364

51 - Montana - p. 2



Three Forks, Mont., lot 1356

Phosphoria formation measured and sampled in natural exposure at north end of Milligan Canyon about 300 feet east of Willow Creek road, Samples analyzed for eU and chem.

sec. 24, T. 2 N., R. 1 W,, Jefferson County, Mont. Beds strike N. 80° E. and dip 25°* N. Section measured by J. A. Peterson U by the U. S. Geological Survey
and sampled by R. F. Gosman in June 1951, Samples analyzed by U. S. Bureau of Mines laboratory, Albany, Oreg. laboratory, Geochemistry and
Petrology Branch.
Chemical analyses Cumulative Ukentite conte
: nt
Bed Rock description Sample Thiskuess (percent) thickness (percent)
no. no. (feet) P.O Acid (feet)
& 8 insoluble eU l Chem. U
Ellis formation—basal bed only
Je-1 Conglomerate; fos. col. no. 126'981 ---------- -- - -- I - - I - I -
Phosphoria formation

P-29 Quartzite ~--eccecccc e e -- 1.0 - - 1.0 - -
P-28 Mudstone, cherty ----- - -- 6.2 - -- b {0 - -~
P-27 Phosphate rock, cherty 5405-JAP 4 18.8 44,7 7.4 0,005 0,004
P-26 | Chert --=----co-eeeuc- -- 2.3 -- -- 9.7 - --
P-25 Mudstone, phosphatic - --cceocomccacmcaaeo -- 0| - = 9.8 o e
P-24 Carbonate rock - .9 -- - 10,7 - -
P-23 Chert =--ececcmcmmemmcmccmcccmccmcc e -- i -- -- 11.0 -- --
P-22 Phosphate rock, argillaceous -----=--------- 5404-JAP 3 20.2 44,7 11.3 . 006 006
P-21 Mudstone, cherty --------cc-emmmmccooanao- -- P -- -- 12.0 - --
P-20 Chert, phosphatic, sandy --=-===-ccce-ce--- 5403-JAP &8 18.9 43.4 12.3 007 005
P-19 Chert and carbonate rock -<---=--ccocecec-- -- 7.0 -- - 19.3 -- --
P-18 Chert =-==----- -- 1.0 -- -- 20.3 -- -
P-17 Chert -—-=-eecccacccaao—o - 1.5 - - 21.8 - -
P-16 Chert and carbonate rock - -- o -- -- 25.3 - -
P-15 Chert, phosphatic ====-c=-cmceccemcncacanax 5402-JAP Fe 10.9 64.0 25.8 .003 ==
P-14 Phosphate rock, argillaceous 5401-JAP .5 23.7 35.7 26.3 . 009 . 008
P-13 Carbonate rock ------=------- - 2.5 - - 28.8 - -
P-12 Chert ~===e-e-u- -- 7.3 -- -- 36.1 -- -
P-11 Chert, phosphatic - 5400-JAP 1.6 16.3 50.0 37.7 . 005 . 005
P-10 Carbonate rock ==-=--=se-cccocccmcacanaanx - 1.5 - -- 39.2 -- --
P-9 Sandstone and carbonate rock = 3.5 - —- 42.7 -- --
P-'8 Carbonate rock and chert --------- -- 26.3 - - 69.0 - --
P=7 Sandstone and quartzite --- -- 4,3 - -= 13.3 i --
P- 6 Carbonate rock and chert - -= 2F.3 - -- 94.6 -- 2
P-5 Carbonate rock, cherty --------ceeceecacaon -- 7.0 -- - 101.6 -- -
P-4 Quartzite —---------cemc e cceeeaaee -- B ) - - 103.1 - -
P- 3 Carbonate rock -----=---eececcmcccccncaoo - 2.3 - -- 105.4 -- -

. Fossil collection made by J. A. Peterson.

lot 1356 51 - Montana - p. 3
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Three Forks—Continued

Chemical analyses

Uranium content

Cumulative
Bed Rock description Sample Thickness (percent) thickness (percent)
no. no. (feet) P.O ~ Acid (feet)
2%5 insoluble eU Chem. U
P- 2 Quartzite -----e---- -- 0.9 - -- 106, 3 .o -
P-1 Mudstone, carbonatic -~ 1.7 - - 108.0 - -

Quadrant formation— not measured

Cq-1 [ Quartzite ------ o o o o e e

Lot 1356

51 - Montana - p. 4



Logan, Mont., lot 1367

Phosphoria formation measured and sampled along ridge on east side of road about 1 mile northwest of Logan, sec. 26, T. 2 N., R. 2 E.,
Section measured by R, W. Swanson and J. A. Peterson and

Gallatin County, Mont.
sampled by Swanson in September 1951,

Beds strike N. 70° E. and dip 20°* N.
Samples analyzed by U. S. Bureau of Mines laboratory, Albany, Oreg.

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

Chemical analyses

v Cumulative Uranium content
Bed Reok description Sample Thickness (percent) p 4 (percent)
no. no. (feet) P.O Acid (teet)
2% insoluble eU | Chem.U
Ellis formation—not measured
Je-1 Conglomerate «-ee-meemcecccmceccccceaaeaan -- I -- -- ] - ~ - l —
3 Phosphoria formation—top contact approximately located

P-23 Sandstone, quartzitic --------e-ccccaccaoaan -- 17.0 - - 17.0 -- -
P-22 Quartzite —----ccmccce e -- 4.6 -- - 21.6 -- -
P-21 Quartzite ~m--eccmmccccccccc e - 13.2 -- - 34.8 - -
P-20 Sandstone, quartzitic ----------ccccccacaaan - 6.0 -- - 40.8 - -
P-19 Carbonate rock, chert, and sandstone ------- -- 2.5 -- - 43.3 - -
P-18 Chert and mudstone =---=---c-cccmccccccnaan - 2.0 - - 45.3 - -
P=17 Carbonate rock and chert --------cccccocnao -- 2,0 - —- 47.3 - -
P-16 Mudstone and chert -------cemoccccccccanan 5593-RWS 1.5 1.4 72,7 48.8 0.001 -
P~15 Chert and carbonatic mudstone ------==----- 5592-RWS 1.9 D 68.8 50,7 000 -
P-14 Mudstone and chert ------ce-ecocommcaoaoao 5591-RWS ) ¢ i 1.8 62.4 52.4 001 --
P-13 QuUAartzite ----cmcemec e ccceeaas -- 142 - - 53.6 - —
P-12 Chert and carbonate rock ----=---=-cce-eo-- -- 5.8 - - 59.4 B =
P-11 Quartzite, phosphatic ~=====m=cccmmcmcancaan -- 1.1 - - 60.5 - -
P-10 Carbonate rock and quartzite -------e-ceuaae -- 1.1 -- -- 61.6 - --
P- 9 Chert and quartzite -------coccccccamnaaaao - 1.6 —— - 63.2 - -
P- 8 Chert and quartzite =-----c-ec--mcccccmcacan- , == .9 -- - 64.1 - -
P-7 Mudstone, carbonatic =-=-=-==cecccccaccnaaas -- 33 -- -- 65.2 - -
P- 6 Carbonate rock, argillaceous -----=ceceauaax -- §F -- - 65.9 -- -
¥rb Mudstone, carbonatic =----=---ccccmccaaaaoo -- 1.0 -- - 66.9 - -
P- 4 Carbonate rock, argillaceous ------cccaecac- - 3o - - 68.2 -- -
P~3 Carbonate rock, cherty ----=----a- - 1.3 - -~ 69.5 P e
P- 2 Quartzite, cherty; fos. col. no. 1269 -- 1.5 - - 71.0 = e
P-1 Sandstone, carbonatic, quartzitic ---eeeaea-- - 2.9 -- - 73.9 - g

: Fossil collection made by J. A. Peterson.

Lot 1367
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Jefferson Canyon, Mont., lot 1355

Samples analyzed for eU and chem.
U by the U. S. Geological Survey
laboratory, Geochemistry and

Phosphoria formation measured and sampled in natural exposure and hand trench about 200 feet above river on west side of Jefterson
Canyon, SE4 sec. 13, 'T. 1 R. 3 W., Madison County, Mont. Beds strike N. 45° E. and dip 45°* NW. Section measured by
J. A. Peterson and sampled by R. F. Gosman in June 1951. Samples analyzed by U. S. Bureau of Mines laboratory, Albany,

Oreg. Petrology Branch.
Bed Sample Thickness Chenzxcx;l :na;)ly nos Cumulative Thickness x Uranium content Thickness x
i Rock description nop (feet) peEs nAcm thick percent P,0, (percent) percent eU
* * P,05 | insoluble (feet) (cumuhﬁee)s U l Chem. U (cumulative)
& Ellis formation— basal bed only
)
Je-1 | Sandstone, conglomeratic-==-==ececccaacax - - I 5.0 I -- I -- 5.0 - - l - -
- Phosphoria formation
P-31| Chert e -- 1.5 -- -- 1.5 -- - - --
- P-30| Quartzite and chert -- 10.5 - - 12.0 - - - --
P-29| Chert and quartzite --- -- 1.9 -- -- 13.9 -- -- -—- -
P-28| Chert and mudstone --- -- 1.2 - - 15.1 - - - o
P-27| Chert ~==-c=c-- cmmeemeeea B e L -- 7.8 -- - 22.9 -- -- - -
P-26| Quartzite -=-ceecccccaiacaaaaan B T -- 1.0 - - 23.9 - - - --
P-25| Chert -- == 2.0 - -- 25.9 - Pt g --
P-24| Quartzite and phosphatic quartzite -- 3.6 - -- 29.5 -—- - - --
: P-23| Chert, sandy -----=-eeceemeceaaox -- .5 - -- 30,0 - - -- -
P-22| Quartzite -----c-cesccccccccccccecccnaa- -- 2.8 -- - 32.8 - - i -
o P-21 | Quartzite and chert --=---=--ecceceaconnn -- 7.1 - - 39.9 - - -- --
| P-20| Sandstone, phosphatic - - 5384-JAP w3 18.6 48.4 40.2 -- 0,003 - --
5 P-19| Chert ~==-==evccccccncan - -- 2.9 -~ - 43,1 .- - - -
P-18| Phosphate rock, cherty -- = 5383-JAP +8 18,2 45.0 43,6 - . 003 - -
P-17| Chert ====-scececcccemccncccccccccccannx -- 1.8 -- - 45.4 - - - -
P-16 | Chert, phosphatic -- - 5382-JAP S 15.5 53.6 45.9 - . 002 - -
P-15| Chert ~==cccccccuan - - 9 { - - 46.6 - - - --
P-14| Chert, phosphatic =======-=- - 5381-JAP .6 17.5 46.8 47.2 e . 004 - -
P-13 Carbonate rock and chert -------- - - LY -- - 48.9 - - - -
P-12 | Chert and cherty carbonate rock -~----===-= -- 10.4 - - 59.3 - - - -
P-11 | Mudstone, argillaceous ~===-==ve=eecca--- 5380-JAP 5 8.9 64. 59.8 4.45 .003 - .002
P-10| Chert, argillaceous =====--== -- 5379-JAP 3.6 2.0 75.0 63.4 11.65 .002 -- .009
P- 9| Phosphate rock, argillaceous -- -- 5378-JAP 9 22.1 31.9 64.3 31,54 . 005 0. 006 .013
P- 8| Mudstone, cherty, carbonatic - - 5377-JAP 3.5 1.1 64.0 67.8 35.39 . 002 -- . 020
P- 7| Phosphate rock, argillaceous - - 5376-JAP = | 24.7 32.4 68.7 57.62 . 009 . 009 . 028
P- 6| Mudstone ----==-- ———ee—- emeccecceenean 5315-JAP .4 1.7 72.1 69.1 58,30 . 003 - .030
P- 5| Chert ~===-cccecccccncacax : i 6.3 - - 75.4 -- == - -
P- 4| Quartzite; fos. col, no, 12693" -=-----cceuo 5314 JAP 1.3 7.3 77.9 76.7 -- .003 - =

Lot 1355
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P- 3| Mudstone ----cceccmcococmcccccmmccacaaaa b » 5 T e 77.2 e T Ry s
P- 2| Sandstone, conglomeratic, phosphatic ------ -- it | -~ e 1.7 kg i = =0
P- 1| Sandstone, chert, and conglomerate ------- - 13,5 - - 91.2 o = - =g
Quadrant formation— top beds only
Cq-1| Carbonate rock -===w-ecccccmcmmmenccanaax gy i 2 7 == =7 o | iy 3
Cq-2| Quartzite, carbonatic =---===e--ceccccaao-- e o s i =5 I i o T3
1

Fossil collection made by J. A. Peterson.

Lot 1355
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Phosphoria formation measured and sampled in natural exposure along ridge on east side of Jefferson River in sec. 25, T.1 N., R. 2 W.,

Sappington Canyon, Mont., lot 1357

Gallatin County, Mont. Beds strike N. 80° W. and dip 44° N. Section measured by J. A. Peterson and sampled by R. F. Gosman

in July 1951.

Samples analyzed by U. S. Bureau of Mines laboratory, Albany, Oreg.

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

Chemical Atislyses Cumulative Thickness x Uranium con i
tent Thickness x
Bneod Rock description SA:,ple Th(i;:r:;sa (percen%) =1 thicl percent P, 0, (percent) percent eU
. . PZOS theoltble (teet) (el.unulatiae)5 U l Chem. U (cumulative)
Ellis formation—basal beds only
Je-2 Cnrbonate rock, argillaceous, sandy ....... - 4.2 - - 4.2 - - - --
Je-1 FERPDOIRIC! . s a e s pntm s b de -- 1.8 -- -- 5.3 - -- -- -
Phosphoria formation
P41l QuUartsite -l e ncn s sce e - 0.9 - -- 0.9 . - e s
P-40| Sandstone, carbonatic, conglomeratic @ -- 3.0 - - 3.9 - - o e
P-39| Chert cccccccccnceaaa. - -- 6.5 - - 10.4 - - - e
P-38| Quartzite, carbonatic - Sl - 1.3 - - 11,7 - - - g
P-37| Chert and sandstone --eccccccccacacaaa i -- 6.9 - - 18.6 - - .= -
P-36| Quartzite, carbonatic -- 1.6 - -- 20,2 - -- - -
Pedll DRErt foli i e ileiivonnentnsnnss -- 2.4 - - 22.6 s £ - 5|
P-34| Quartzite, carbonatic -- 3.5 -- - 26,1 - - - -
P-33| Sandstone, carbonatic; fos. col. no. 12691 (r! -- 6.2 - - 32.3 - = o L
P-32| Sandstone, carbonatic -ceeeccccccccaaa- - -- 9.3 - .- 41.6 - ] - -
P=31] Chert ecaccccucacccccccscacs -- 16.0 - - 57.6 - wa . e
P-30| Carbonate rock, argillaceous -- 1.3 - -- 58.9 - - -- -
P-29| Carbonate rock, argillaceous and chert .... -- 6.9 - - 65.8 -- -- - --
Pl CDBEt o e e s e ma S 2.7 - - 68.5 - - -
P-27| Phosphate rock argillaceous cccecececncaa= 5483-JAP .2 23.0 34.9 68.7 -- 0. 005 0.007 --
P-26| Chert and mudstone ---e--.- G i i At =HE -- 3.0 - -- 7.7 -- - -- --
P-25| Mudstone, phosphatic —ccaccacaa-. ----| 5482-JAP -2 16.1 47.3 1.9 -- 004 - -—-
P-24| Mudstone and chert -..- e -- 8.0 - - 79.9 = == - S
P-23| Mudstone ---oco--. -| 5481-JAP 1.8 2.0 73.6 81.7 3.60 . 002 - 0.004
P-22| Phosphate rock, argillaceous ..... --=a| 5480-JAP .5 25.3 30.8 82.2 16.25 . 007 .008 . 007
P2l T CRIDOREIN FOCK 5isovarann s o se s 5479-JAP 3.2 2.2 6.0 83.4 17,69 . 000 - . 007
P-20| Phosphate rock, argillaceous and mudstone .| 5478-JAP o3 17.4 30.7 83.7 22,91 . 004 - . 008
P-19| Phosphate rock, argillaceous -aco-cocoo-.. 5477-JAP o2 29.1 18.8 83.9 28,73 . 007 . 006 .010
P-18| Mudstone, phosphatic -cecec-c-- --| 5476-JAP .3 8.3 48.7 84,2 31.22 . 004 - A .011
P-17| Phosphate rock, argillaceous ---eco-ococo-- 5475-JAP 1.1 26.8 18.3 85.3 60,70 . 007 . 007 .019
P-16| Mudstone, phosphatic, carbonatic --c-oe--- 5474-JAP .5 11.4 30.3 85.8 66,40 . 002 - . 020
P-15| Mudstone 5473-JAP .4 6.8 57.7 86.2 69.12 . 004 - . 021
P-14| Mudstone -- 5472-JAP e § 4.6 64.7 86.9 72.34 . 002 - .023

Lot 1357
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P-13| Phosphate rock, argillaceous «-ccaccacaao-- 5471-JAP o | 18.3 38.9 87.2 77.83 . 006 . 005 . 024
P-12| Mudstone -ecececamcccccacaa 5470-JAP 2.3 3.5 72.3 89.5 81.28 002 - 029
P-11| Mudstone, phosphatic --- 5469-JAP 5 11,5 59.0 90.0 87.03 . 004 - .031
P-10| Carbonate rock --c-cee-- -- .9 -- - 90,9 -- - ~—. o
P-9] CABIt s ccssticimmmarsnernnisnsuaneoncsns -- .7 - - 91.6 aw - -k ol
P- 8] Quartzite, carbonatic weec-cccccacaccaaaas - 3.0 - - 94.6 - - e o
P- 7| Chert and carbonate rock --cccccccccacaa-o -- 9.5 - - 104.1 - - - -
P- 6| Carbonate rock, sandy -------cceooeaaoo -- 1.3 - - 105. 4 -- — -~ <%
P- 5| Chert and carbonatic quartzite -—--cceeeao-o -- 6.5 - - 111.9 -- - e N
P- 4| Carbonate rock, argillaceous -e-ccecccaoao - 6.9 - - 118.8 - - - -
P- 3| Carbonate rock, conglomeratic —coccacoo__ -- .5 - - 119.3 -a - e =
P- 2| Carbonate rock and chert —ceecceccmcccaaan -- b Wit ] - - 130.5 - - al -
P- 1| Sandstone, carbonatic -----c-- e I 0 o - 16.0 - - 146.5 —— Py - o
Quadrant formation— top beds only
Cq-1| Sandstone, carbonatic, cherty -ccccaacao... - 6.0 - - 6.0 - —- - i,
Cq-2 | Quartzite, carbonatic --cceccocacaaooo - 14.0 - - 20.0 = N et oL
Cq-3 | Sandstone, carbonatic and chert - 5.0 - -- - 25.0 - .- - -

X Fossil collection made by J. A. Peterson.

Lot 1357
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South Boulder Creek, Mont., lot 1365

Phosphoria formation measured and sampled in hand trench and natural exposure about 200 feet above and west of Jack Creek in Nwi Samples analyzed for eU and chem.
sec. 10, T. 1 S., R. 3 W., Madison County, Mont. Beds strike east-west and dip 35° N. Secwon measured by J. A. Peterson U by the U. S. Geological Survey
and sampled by R. F. Gosman in August 1951. Samples analyzed by U. S. Bureau of Mines laboratory, Albany, Oreg. laboratory, Geochemistry and

Petrology Branch.
Shemical analyses Cumulative Thickness x Uranium content Thickness x

Bn? Rock description Salx:)ple Th(.ig::()es (percentA) < thickness percent PGO)S (percent) percent eU

P,0; | insoluble (feet) (cumulatiVe U I Chem. U (cumulative)
Ellis formation—basal beds only

Je=5 | Carbonate Yotk -cecec-ccsccmmabnesnasmses -- (?) - -- - -- -- -- -

Je-4 | Covered interval ------ -- 15.0 -- -_— 15.0 - - - -

Je-3 | Sandstone, carbonatic -- 1.0 -- -- 16.0 - -- -- -

Je-2 | Covered interval ------ -- 3.0 - - 19.0 -- - - -

Je-1 | Sandstone, calcareous s 3.0 5 iy iy 22.0 - - @ =

Phosphoria formation
P-25| Covered interval; (sandstone float in
) A T T L L el 7.0 -- - 7.0 -- -- - -

P-24| Chert -~---cccccmccccccmccce e - 8.3 - - 15.3 - - - i

P-23 | Quartzite, carbonatic, phosphatic -- - 1.0 -- -- 16.3 -- - -- --

P-22| Chert ---cceccccccccccccccacnaaa- -- 11,0 - -- 27.3 - - - -

P-21| Mudstone, phosphatic 5569-JAP .4 14.4 59.9 &7, 7 -—- 0,001 -- -

P-20| Mudstone, carbonatic =---e-ececceccaaaaan -- 1,6 - - 29.3 .- - - -

P-19 | Chert, phosphatic ---- 5568-JAP .4 16.6 52.5 29.7 - . 003 - -

P-18| Chert ------ ———————— - o - - 30.4 - - - -

P-17 | Mudstone, phosphatic - 5567-JAP .5 18.3 47.3 30.9 - .003 -- --

P-16 | Carbonate rock =-=-=-ceecccccmmcaacaanaa - 3.0 -- - 33.9 - - e -

P-15 | Phosphate rock, argillaceous ------- «===- | 5566-JAP .5 18.6 45.5 34.4 -- .004 - e

P-14 | Chert ==---=cceccccnmmmcnaaaaan -- .2 - - 41.6 -- - -- -

P-13 | Mudstone, carbonatic 5540-JAP 5.5 e 68,06 47.1 6.05 .001 - 0.006

P-12 | Mudstone -------ceccccacao 5539-JAP 5.5 2.2 74.3 52.6 18,15 . 002 - .016

P-11 | Phosphate rock, cherty -eeece-cececcacaaax 5538-JAP .6 25.8 30.26 53.2 33.63 . 006 0. 005 .020

P-10 | Mudstone, carbonatic ---e---- . 5537-JAP e 1.8 71.06 54.9 36.69 .003 - . 025
Below bed P-10 occurs a much-weathered

porphyry sill 3. 6 feet thick.

P- 9| Mudstone -----ceecaaao P 5536-JAP .6 2.2 70.0 55.5 38,01 .002 - . 026

P- 8| Phosphate rock, argillaceous - 5535-JAP o 3 26.2 29.5 56.2 56.35 . 007 . 006 .031

P- 17 -- 7.6 -- - 63.8 -- -- - -

P- 6 5534-JAP 3 30,5 11.9 64.1 - .010 . 007 -

Lot 1365 51- Montana, p. 10
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P- 5| Quartzite ---ceccccmccccccccccccccaeas - 5.3 - - 69.4 . o o ik
P- 4| Chert and quartzite --- - - 5.7 - - 75.1 B e e e
P- 3| Conglomerate =--=c-ceccccecccccccccaaa. - 1.0 - - 76.1 e o i i
P- 2| Quartzite, carbonatic ------cecececaaaoo - 4.0 -- -- 80,1 - v A0 -
P- 1| Conglomerate, carbonatic -=---c=e-eee-- -- 1.0 - - 81.1 - e i e,
Quadrant formation— top beds only
Cq-5| Carbonate rock and carbonatic sandstone - -—- 6.5 - -- 6.5 - -- =0 =
Cq-4| Carbonate rock and carbonatic sandstone - - 15.0 -- - 21.5 - -- - e
Cq-3| Sandstone, carbonatic - 2.0 - - 23.5 - O e e
Cq-2| Carbonate rock ------- - 7.0 -- - 30.5 - - - -
Cq-1| Sandstone, carbonatic -- (?) -- -- -- -- - -- -
Lot 1365 51 - Montana - p, 11
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La Marche Gulch, Mont., lot 1366

Phosphoria formation measured and sampled in hand trench and natural exposure near La Marche Gulch on west side of Big Hole River in sec. 32, T. 1 S,, Samples analyzed for eU and chem.
W., Beaverhead County, Mont, Beds strike N, 40° W. and dip 45°* SW. Section measured by R. F. Gosman and sampled by J. A. Peterson U by the U. S. Geological Survey

in August 1951, Samples analyzed by U. S. Bureau of Mines laboratory, Albany, Oreg. laboratory, Geochemistry and
.y Petrology Branch.

. 215 Chemical analyses (percent) Cumulative Thickness x Uranium content Thickness x
] Sai h

Bn%d Rock description zple T (‘teet) P.O. |AlLO IFe ) Losson Acid thickness percent P, 0, rcent percent eU

¥ % 275 237 "273| ignition | insoluble (feet) (cumulati%e)5 € em. (cumulative)

E member of Phosphoria formation— not measured

E- 1 [ Quartzite ..o IR e e el - - T - - | gl ] o

D member of Phosphoria formation

(44

D=16 | Phosphats TOEK worvcncnnecmcosnnsmonanns 5585-RFG 0.5 28.4 -- -- - 13.4 0.5 14,20 0.009 0.007 0.004
D-15 | Mudstone 5584-RFG .4 3.9 -- -- -- 68.3 0.9 15.76 . 002 -- . 005
D-14 | Carbonate rock —ccceeeooaoo 5583-RFG 1.0 4.3 -- -- - 16T 1.9 20.06 . 004 - . 009
D-13 | Phosphate rock, argillaceous 5582-RFG .6 22.4 1.49] 2.19 14,02 12,1 2:5 33.50 .003 - .011
D-12 | Phosphate rock and mudstone -- 5581-RFG 1.5 27.0 | 4.24| 2.60 4.18 22.2 4.0 74.00 . 006 . 005 . 020
D-11 | Mudstone, carbonatic =------c--ecccacaa-o 5580-RFG 1.2 .9 2,93} 1.38 5,27 3.1 5.2 75.08 .003 - .024
D-10 | Phosphate rock, argillaceous and ;
carbonate rock -------eeccccccccccaaoao 5579-RFG 2.1 24.0 2.26| 1.12 17.63 2.9 73 125.48 . 006 . 004 .036
D- 9 | Phosphate rock, argillaceous and
mudstone ----=---cccemocooecmcceeao 5578-RFG 1.2 22.8 |13.6 | 2.72 5.44 27.8 8.5 152,84 .008 . 006 . 046
D- 8 | Phosphate rock, argillaceous and
mudstone ==-=-=--cescemmecccceceeeo 5577-RFG 3.0 23.2 5.20| 2.83 6.40 29.4 11,5 222,44 . 009 .009 .073
D- 7 | Phosphate rock, argillaceous 5576-RFG 2.7 18.7 7.02| 3.15 6.94 37.17 14.2 272.93 .008 . 007 . 094
D- 6 | Phosphate rock, argillaceous and
: mudstone =--===-ecccecccccmmccamaaanan 5575-RFG 4.0 22,7 5.72| 2.83 5.70 31.0 18.2 363.73 . 007 . 009 122
% D- 5 | Mudstone, phosphatic =------- 5574-RFG 2.1 15.4 -- -- - 44.4 20.3 396.07 .003 - . 129 A
D- 4 | Carbonate rock, argillaceous 5573-RFG 1.1 .8 - -- - 21.8 21.4 396.95 . 001 - . 130 &
D- 3 | Mudstone, phosphatic and phosphate rock --| 5572-RFG 1.1 15.8 -- -- - 44.7 22,5 414.33 . 004 - .134 i
D- 2 | Mudstone, phosphatic and phosphate rock -- | 5571-RFG 303 16. 7 -- -- - 43.8 25,8 469.44 . 006 .004 . 154
S D- 1 | Mudstone, phosphatic and phosphate rock -- | 5570-RFG 1.0 13.4 -- - - 50,7 26.8 482,84 . 004 -- .158
Lower part of Phosphoria formation
P-19 | Carbonate rock; fos. col. no. 126'~)6l ------ - 13,0 - - -- - - 13.0 - - - -
P-18 | Sandstone, carbonatic -========c-- - .- .8 - - - - -- 13.8 - - - -
P-17 | Carbonate rock ------ - -- 4,1 -- - -- -- - 17.9 - - - -
P-16 | Mudstone, sandy -- - -- 1.0 -- - -- -- -- 18.9 - - - -
P-15 | Carbonate rock =--=--===cccccmcacencacax -- 9.3 -- - - - -- 28.2 - - - -
P-14 | Carbonate rock and mudstone --------- --- .- 11.0 - et - - -- 39.2 - = bl -
P-13 | Carbonate rock and mudstone ---===-==--- -- 4.2 - -- - - -- 43.4 - - - -

Lot 1366 51 - Montana - p. 12



P-12 | Carbonate rock -ccececacccaccccccnaaaaa. -- 7.5 -- -- - -- -- 50.9 - - e -
P-11 | Carbonate rock, sandy and chert --- -- 18.0 - - - - - 68.9 - - s an
P-10 | Quartzite, carbonatic -ceccceeaoaaao - 3.0 - - - - - 71.9 - s - du
P- 9 | Chert and sandstone ---ececeecceaa-- -- 3.2 - - - - - 75.1 — e s e
P- 8 | Carbonate rock, sandy, cherty ----------- - 3.0 -— - - - - 78.1 - - e e
P- 7 | Quartzite, carbonatic --cceecmccccccaaa. -- 6.5 -- - - -- - 84.6 - e - e
P- 6 | Carbonate rock, cherty - 18,0 - - - -- -- 102.6 - - - o
P- 5 | Carbonate rock, cherty -- 14,6 -- - - - -- 117, 2 - - P o
P- 4 | Sandstone, cherty ----- -- 2.0 -- -- -- - - 119.2 -- - - -
P- 3 | Carbonate rock, sandy - 5.5 - - - -- - 124, 7 -- - =5 .
P- 2 | Sandstone -~=---cccmccmc e SRy -- .8 -- - - - - 125.5 - - - o
P- 1 | Carbonate rock ----cecececcccccmacaaaas -- 2.2 -- - - -- - 132.7 an - - P
Quadrant formation—top beds only
Cq-1 | Quartzite, carbonatic =-=eeeecccecacaaaax -- 4.0 -- -- - - - 4.0 e e B o
Cqg-2 | Carbonate rock, argillaceous -- - - 7.8 -- -- - -- - 11.8 - - e -
Cqg-3 | Quartzite -----ccccccocaoaaaa- - -- 5.0 -- -- -- - -- 16.8 -- -- .- -
Cq-4 | Quartzite -eemcecccccmmm e - 3.0 -- -- -- - - 19.8 -- - - .-
1

Fossil collection made by J. A. Peterson.

€2
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Canyon Creek no. 3, Mont., lot 1359

Phosphoria formation measured and sampled in hand trench and natural exposure about 1,500 feet northeast of Canyon Creek road on north- Samples analyzed for eU and chem.

P

east limb of broad syncline in NW4 sec. 13, T. 2 S., R. 10 W., Beaverhead County, Mont. Beds strike N. 25° W. and dip 38° SW. U by the U. S. Geological Survey
Section measured by J. A. Peterson and sampled by R. F. Gosman in July 1951. Samples analyzed by U. S. Bureau of Mines laboratory, Geochemistry and
laboratory, Albany, Oreg. Petrology Branch.
Chemical analyses 2 v
Cumulative Thickness x Uranium tent Thick x
Bne: Rock description Sa:);zle Th(itcel:gss EGeas = thickness percent P,O (percent) percent eU
P,05 | incoluble (feet) (cumulati%e)s U l Chem. U (cumulative)
Dinwoody formation— not measured
E member of Phosphoria formation
E- 7| Quartzite, carbonatic -~ - 8.0 - - 8.0 - - - e
E- 6 | Covered interval ----- - 12.0 - = 20.0 - S e -
E- 5| Quartzite ----cececcaa - 12,0 - - 32.0 -- - - P
E- 4| Chert, sandy -------- -- 25.0 -- -- 57.0 - 5 s o
E- 3 | Quartzite and chert ----- eecmcccomccceaaan - 5.0 -- - 62.0 - - = Fe
B- 21 Chert -~-===smcrscmaccn oo ccean oo lL - 12.0 -- - 74.0 -- - - =
E- 1| Chert, sandy =-=--cc-cecccccccccanacanan -- 2.0 - -- 76.0 - -- - -
D member of Phosphoria formation
D-13 | Phosphate rock -------cccmmaammcaaaa- --- 5424-JAP 0.9 31.5 15.8 0.9 28,35 0. 006 0,006 0.005
D-12 | Carbonate rock ------ 5423-JAP 9 1.2 16.1 1.8 29.43 . 001 - . 006
D-11 | Mudstone, carbonatic 5422-JAP .4 ol 64,9 2.2 29.71 .002 -- . 007
D-10 | Phosphate rock ---=--= 5421-JAP 9 29.0 L8 31 55,81 . 006 .005 .012
D- 9 | Mudstone =-=----eccccccccccccmccnacaanax 5420-JAP V3 3.6 59.3 3.4 56.89 . 004 - .014
D- 8 | Phosphate rock =--===c-ecommeccaccaaaaax 5419-JAP .4 27.3 5.3 3.8 67.81 . 007 . 007 .016
D- 7 | Phosphate rock, argillaceous -- 5418-JAP 2.2 20.6 22.9 6.0 113,13 . 007 . 004 .032
D- 6 | Mudstone, phosphatic -------- 5417-JAP 1.5 13.6 47.2 7.5 133.53 ©. 006 . 004 . 041
D- 5| Phosphate rock, argillaceous - 5416-JAP 3.0 23.7 24.5 10.5 204.30 . 006 . 005 . 059
D- 4 | Mudstone ==--===-meecccmmmcccmcanaaaan 5415-JAP 35 4.5 64.5 14.0 220.38 . 004 - .073
D- 3 | Mudstone, phosphatic -- - 5414-JAP 2.0 10.5 54,1 16.0 241,38 . 005 . 002 . 083
D- 2 | Mudstone, phosphatic - 5413-JAP 1.2 13.6 38.3 17.2 257.70 . 005 .003 . 089
D- 1| Sandstone, phosphatic =----==---ccececcuax 5412-JAP L ¥59 45.3 o L 268.83 . 005 .003 . 092
g C member of Phosphoria formation
C- 5| Carbonate rock; fos. col. no, 12694" ------ T 4.5 L 22 4.5 - - - =
C- 4| Quartzite, carbonatic -------c--o -- -- 6.0 - - 10.5 - - - -
C- 3| Carbonate rock ==-=-eeccmccccccmaaccanaao -- 12,7 -- - 23.2 - - -- -
C- 2| Carbonate rock and chert ------cceceeua-o -- 18.0 - -- 41.2 - - - -
C- 1| Carbonate rock, sandy =--=c---ececccccaan -- 5.0 - - 46.2 - — - -
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B member of Phosphoria formation
B- 1 | Covered interval ~=-ccececccancrcccacccaas - 16.5 -- - 16.5 -- o o P-4
Covered interval forms gentle slope
between resistant limestone units.
~ A member of Phosphoria formation
A-10 | Carbonate rock and chert --- - -- 2.0 - - 2.0 — e i v
A- 9 | Carbonate rock w=—eeee--- - - - 7.4 - - 9.4 -- - == -
A- 8| Carbonate rock ---- - - 5. % - - 15.1 - =9 s -
A- 7 | Covered interval - - 7.0 - — 22.1 e e s o
A- 6 | Carbonate rock -=-eeeeeecoccmcccmmce———— -- 3,0 - -- 25,1 - - s b
A- 5| Covered interval ~eeeeecccecccmccmcccaaax -- 7.0 -- - 32.1 - e e Se
A- 4 | Carbonate rock, cherty - - - 7.0 - - 39.1 - N T .
A- 3 | Covered interval ------ -- -- 6.3 -- - 45.4 - e ot oL
A- 2 | Quartzite, cherty - - - - -- 46.9 e - e S
A- 1 | Carbonate rock ------ememoccmommomnaaen -- 6.0 - -- 52.9 - - - -
Quadrant formation— not measured
Cqg-1 | Quartzite —==cecmcmc e - - | - I — - s - s S

A Fossil collection made by J. A. Peterson.

lot 1359
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North Big Hole Canyon, Mont., lot 1358

A, B, D, and E members of Phosphoria formation measured and sampled in hand trenches and natural exposures on north side of Big Hole Samples analyzed for eU and chem.

River in NE% sec. 3, T. 58S., R. 8 W., Madison County, Mont., on northwest limb of asymmetrical anticline. Bed nos. A-4 through U by the U. S. Geological Survey
A-9 measured in lower trench, bed nos. B-1 through B-7 in middle trench, and bed nos. D-1 through D-38 in upper trench. Re- laboratory, Geochemistry and
mainder of beds measured in natural exposure. Beds strike N. 70°® E. and dip 20* N. Section measured by J. A. Peterson and Petrology Branch.
sampled by Peterson and R. F. Gosman in June and July 1951, Samples analyzed by U. S. Bureau of Mines laboratory, Albany,
Oreg.
Chemical analyses & : A ’
Cumulative Thickness x Uranium content Thickness x
Bnid Rock description Sa::’ple Th(x&l:;ass (percen%li thick percent P,O (percent) percent eU
3 ¥ P05 | insoluble (feet) (cumulati e)5 U [ Chem. U (cumulative)
Dinwoody formation— not meas.ured
Contact between Phosphoria and Dinwoody
formations in covered interval at bottom
of dip slope on uppermost beds of
Phosphoria formation. S sk oo - o i 299 i il
E member of Phosphoria formation— top not exposed
E- 8 -- 4.6 -- - 4.6 -- -- -- -
E-17 - 9.0 - - 13.6 -- -- -- -
E- 6 i 2.0 - - 15.6 - -- - -
E- 5 L 8.2 - s 23.8 - - -- -
E- 4 -- 2.0 - -- 25.8 -- -- -- -
E- 3 -- 2.0 -- -- 27.8 - - - -
E- 2 == 21.6 e o= 49.4 .- - - .-
E- 1 -- 26.5 -- -- 75.9 hake: e o =
D member of Phosphoria formation
D-38 | Chert —emececccccccccccccccccccmcc e 5461-JAP 0.6 4.5 82.4 0.6 2.70 0.002 - 0,001
D-37 | Mudstone - - | 5460-JAP 1.0 2.4 71.3 1.6 5.10 .003 - . 004
D-36 | Mudstone -~ - | 5459-JAP 1.0 4,5 66.4 2.6 9.60 .002 -- . 006
D-35 | Mudstone, phosphatic -- - | 5458-JAP 2.2 13,3 45.4 4.8 38.86 . 006 0.003 .019
D-34 | Phosphate rock, carbonatic ----=ececcaaa- 5457-JAP .6 15.9 12.4 5.4 48.40 . 005 . 004 . 022
D-33 | Mudstone, carbonatic 5456-JAP 5 4.8 58.6 5.9 50, 80 . 005 . 005 . 025
D-32 | Mudstone 5455-JAP .8 4.7 60.7 6.7 54,56 . 004 - .028
D-31 | Phosphate rock - 5454-JAP .6 23.9 10.9 7.3 68.90 . 007 . 007 .032
D-30 | Phosphate rock, argillaceous -- 5453-JAP = 4 16.4 31.3 8.0 80.38 .008 . 006 .038
D-29 | Mudstone, phosphatic 5452-JAP .6 11.7 42.3 8.6 87.40 . 007 . 005 . . 042
D-28 | Phosphate rock =--=---ceccccccccommacann 5451-JAP 1.3 28.7 9.9 9.9 118.21 . 007 . 006 . 051
D-27 | Mudstone, carbonatic - 5450-JAP +5 7.7 49.7 10.4 122.06 . 005 . 003 . 054
D-26 | Phosphate rock =----- ——————— B 5449-JAP 1.8 24.3 10,0 12.2 165.80 . 006 .005 . 064

Lot 1358 51 - Montana - p. 16
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D-25 | Carbonate rock, phosphatic ~--=--ececcca-- 5448-JAP .8 12.0 8.0 13.0 175.40 .003 -- . 067
D-24 | Phosphate rock, argillaceous - --=--| 5447-JAP .6 19.4 21.3 13,6 187.04 . 007 . 006 . 071
D-23 | Phosphate rock, argillaceous - -| 5446-JAP «8 21.9 20.9 14.4 204, 56 . 007 . 007 .077
D-22 | Phosphate rock, argillaceous - -| 5445-JAP { A 26.3 15.0 16.1 249.27 .008 . 009 .090
D-21 | Phosphate rock, argillaceous -===========-= 5444-JAP 1.7 17.0 32.6 17.8 278.17 .007 . 005 .102
D-20 | Mudstone - -ccccccceccmcceccccccmcnmcncaa- 5443-JAP .4 6.3 59.5 18.2 280.69 . 005 .002 .104
D-19 | Phosphate rock, argillaceous - 5442-JAP 1.4 16.3 31.7 19.6 303,51 008 . 006 .115
D-18 | Phosphate rock, 5441-JAP 1.4 20.6 22.7 21.0 332.35 .008 .008 127
D-17 | Mudstone, phosphatic - 5440-JAP 2.3 14,0 38.5 23.3 364.55 . 006 . 004 . 140
D-16 | Carbonate rock 5439-JAP .4 2.3 5.0 23.7 365.47 . 002 - . 141
D-15 | Carbonate rock 5438-JAP +T 2.5 5.8 24.4 367.22 .001 - . 142
D-14 | Carbonate rock 5437-JAP .4 3.4 .7 24.8 368.58 002 - . 143
D-13 | Phosphate rock, argillaceous - 5436-JAP o 17.6 28.5 25.9 377.38 008 . 006 . 147
D-12 | Carbonate rock 5435-JAP .6 5.1 9.9 25.9 380.44 .003 - 148
D-11 | Mudstone, phosphatic, carbonatic -- 5434-JAP 1.1 9.8 39.3 27.0 391.22 . 005 . 005 .154
D-10 | Carbonate rock --ceeeeccomcmcmcmcmcaeenae 5433-JAP ) % 3.5 6.1 28.1 395.07 .002 -- .156
D- 9| Mudstone, carbonatic c=- 5432-JAP 7 8 %9 48.9 28.8 400. 60 . 006 . 003 . 160
D- 8| Mudstone, phosphatic, carbonatic--- 5431-JAP .4 11.5 38.4 29.2 405. 20 .008 . 006 .164
D- 7| Carbonate rock =--eececcecaccmcacacaan 5430-JAP 2 3.3 6.1 29.9 407.51 . 001 == .164
D- 6| Phosphate rock, argillaceous, carbonatic --| 5429-JAP o5 14,7 27.2 30.4 414.86 . 006 . 005 . 167
D- 5| Carbonate rock =-==--eemecceaan 5428-JAP 1.4 2.2 5.5 31.8 417.94 .001 - .169
D- 4| Phosphate rock, argillaceous ---- 5427-JAP 1.5 9.8 27.5 33.3 447.19 . 006 . 005 .178
D- 3| Mudstone, phosphatic --=-cccee- 5426-JAP 1.5 13.8 38.5 34,8 467.89 .004 - .184
D- 2| Phosphate rock, argillaceous --- 5425-JAP v 23.2 36.0 35.3 479.49 .011 . 007 . 189
D- 1| Mudstone, sandy ---=-ececcaccccccccanoaoo - .5 -- - 35.8 - - - -
C member of Phosphoria formation— not described
B member of Phosphoria formation

B- 7| Mudstone 5411-JAP 1.2 0.6 85.3 1.2 0.72 0.002 - 0.002
B- 6| Mudstone 5410-JAP .8 | 86.3 2.0 1.12 .003 - . 005
B- 5| Phosphate 5409-JAP .6 34,0 10.0 2.6 21.52 .007 006 . 009
B- 4| Mudstone, carbonatic - 5408-JAP 9 .8 68.3 3.8 28.72 .003 - .011
B- 3| Sandstone, carbonatiC ~---=cecmmceccmaaaao 5407-JAP 2.0 0.3 69.0 5.5 34.72 .002 - .016
B- 2| Carbonate rock, sandy, and sandy mudstone - - ‘3.3 - - 8.8 - - - -
B- 1| Carbonate rock, sandy, and sandy ---------

Mudstone ---ee-meemccemeciecceeaaoaaa - 4,2 - -- 13.0 o~ o S -

A member of Phosphoria formation
Approximately 50 feet of upper A member

not measured. Complete A member

measured at South Big Hole Canyon no. 1,

lot no. 1354.
A- 9| Carbonate rock, argillaceous ---ececemceca- 5390-JAP 1,5 0.3 27.3 1.5 0.45 0.002 e 0.003

Lot 1358
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North Big Hole Canyon—Continued

Chemical analyses " 4 g %
Cumulative Thickness x Uranium content Thickness x
Bneod Rock description Sa::)ple Th(ifcel:;ass (percen;) oI thickness percent PZO (percent) percent eU
& P,0, insoluble (feet) (cumulative °U Chem. U (cumulative)
A- 8| Carbonate rock, argillaceous ~--==«==ccc-w-| 5389-JAP 2.2 0.6 37.0 .1 1.77 0.003 - 0.010
A- 7| Mudstone, argillaceous ----=----cce-cocnod 5388-JAP 3.4 .6 48,2 7.1 3.81 . 003 - . 020
A- 6| Carbonate rock, argillaceous; fos. col.
no. 12692----- mmmmmeememcmccecccmeeeao 5387-JAP 1.9 «d 35.3 9.0 4,38 .003 - .026
A- 5| Mudstone, carbonatic ~====--~ 5386-JAP 1.5 b 50.2 10,5 4,53 . 004 - .032
A- 4| Phosphate rock, argillaceous 5385-JAP 835 <.1 19.4 12,0 4.68 . 000 o= .032
A- 3| Limestone ~=----cccmccmmccmccmccccccaanas -- 1.1 -- == 13.1 -- -- -- -
A- 2| Dolomite =====c-ccecmeacan -- 3.6 - - 16.7 - - e -
A- 1| Limestone and chert ~==---- - 12.9 - - 29.6 -- - -- --
Quadrant formation— top bed only
Cq-1| Quartzite ~===-==cececmcececaax —memeceeean l -- = I = I - L] e l - | == e

. Fossil collection made by J. A. Peterson.

Lot 1358
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South Big Hole Canyon, Mont., lot 1354

A, C, and D members of Phosphoria formation measured and sampled in natural exposure and hand trench near top of ridge on south side Samples analyzed for eU and chem.
of Big Hole River in SE% sec. 3, T. 5 8., R. 8 W., Beaverhead County, Mont., on northwest limb of faulted anticline. Beds strike U by the U. S. Geological Survey
N. 60* E. and dip 20* NW. Section measured by J. A. Peterson and sampled by R, F. Gosman in June 1951. Samples analyzed by laboratory, Geochemistry and
U. S. Bureau of Mines laboratory, Albany, Oreg. Petrology Branch.
Chemical analyses g
Cumulative Thickness x Uranium content Thickness x
Bn‘;d Rock description Sa:)ple Th(if‘;‘::?ss (perceng =T thickness percent P, 0, (percent) percent eU
> n P,05 | insoluble (feet) (cumulatiVe oU l Chem. U (cumulative)
D member of Phosphoria formation— lower part only
D- 8 | Mudstone, phosphatic 5468-JAP 1.0 12,6 49.1 1.0 12.60 0.006 0.002 0. 006
D- 7| Phosphate rock, argillaceous--- 5467-JAP 1.6 25.4 22.4 2.6 53.24 .008 .008 .019
D- 6 | Phosphate rock, argillaceous--- 5466-JAP 3.0 20.3 29.5 5.6 114,14 . 008 . 007 .043
D- 5| Carbonate rock --=-========= 5465-JAP I | b 7 | 4.1 6.7 115,35 .001 - . 044
D- 4 | Mudstone, phosphatic 5464-JAP 1:3 16.2 39.1 8.0 136.41 . 006 . 006 .052
D- 3 | Carbonate rock, argillaceous----ceccacooaeo 5463-JAP 1.4 1.8 40,2 9.4 138.93 . 005 . 004 . 059
D- 2 | Mudstone, phosphatic-- --| 5462-JAP 1.8 17.3 42.5 1.2 170.07 . 006 . 006 .070
De 1] Mudatons . cncicvireavssncnnencnsvepsone s - 4.0 - - 15.2 ol we =5 P
C member of Phosphoria formation
C= 5] Carbontte rock ----sccenciscassnsascssncas - 3.3 - - 3.3 e oy g, -
C- 4 | Carbonate rock, cherty, sandy - - 12,5 - - 15.8 -- - - -
C- 3| Carbonate rock, cherty ----- - -- 20.3 - - 36.1 -- - - -
C- 2| Carbonate rock - -- 29.0 -- - 65.1 - - - -
€ 1 Chett il ilicuerswubysnsdebbum e winseas -- 6.6 -- - 7.7 - = - -
B member apparently lenses out at this
locality. Mudstones of B member at North
Big Hole Canyon, lotno. 1358, may be
represented by upper part of bed A-5 here.
A member of Phosphoria formation
A- 5| Chert and carbonate rock ---coceccccacacan - 19.0 - - 19.0 -- - - -
A- 4 | Carbonate rock and chert - - 39.4 -- - 58.4 - - - -
A- 3| Carbonate rock ----eco--- - 14.0 - - 72.4 - = i A
A- 2| Carbonate rock -- - 6.7 -- - 79.1 -- - - -
A=-"1{] Carbonate rock ~c-c-cesiccnmmmsramrassnns - 10.0 . - 89.1 R L o s
Quadrant formation—not measured
Cq-1 | Quartzite =-e-cecmcmcccmcceccccaieao - - l - | - | - - I — I - [ e
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South Big Hole Canyon no. 2, Mont., lot 1354

B member of Phosphoria formation measured and sampled in hand trench along ridge about 1 mile south of Big Hole River in SE} sec. 9, T.5S., R. 8 W., Samples analyzed for eU and chem.
Beaverhead County, Mont. Section measured by J. A. Peterson and sampled by R. F. Gosman in June 1951. Samples analyzed by U. S. Bureau of U by the U. S. Geological Survey
Mines laboratory, Albany, Oreg. laboratory, Geochemistry and
Petrology Branch.

Chemical analyses (percent) Cumulative Thickhess x Uranium content Thickness x
Loss on Acid thickness percent P, O rcent percent eU
A1203| Fe,0, P

Bed e Sample Thickness
o Rock description ) (teet) P,05

ignition | insoluble (feet) (cumulati e em. (cumulative)

C member of Phosphoria formation—basal bed only
20 TS, S S LT N I R T T R U R

B member of Phosphoria formation

B-8| Mudstone---=e==c-cccmeccmcccacerccncanan 5399-JAP 2,7 1.7 - -- -- 79.7 2.7 4.59 0,002 - 0,005
B-7| Mudstone---- - 5398-JAP 1.4 6.7 -- -- -- 68.0 4.1 13.97 .003 - .010
5406-JAP is sample of thin bed of phos-
phate rock contained in bed B-7 near the
middle.
== | Phosphate rock -ececeeecccccmccmccccccaaaa. 5406-JAP (.2) 30.1 4.80| 1.45 2.04 18.3 -- - . 009 0.009 -- 8
B-6| Phosphate -| 5397-JAP o3 33.0 | 3.89| .68 2,67 10.7 4.4 23,87 . 009 .010 .012
B-5] Phosphate rock ---wccescancccacccanamaaaa 5396-JAP oS 34.4 1.80| 1,99 2.61 7.3 4.9 41.07 .011 .010 .018
B-4| Phosphate rock --cccccoccmaomaaaooo_ 5395-JAP 1.0 37.6 1.16 .64 2.74 2.8 5.9 78.67 . 009 . 009 . 027
B-3| Phosphate 5394-JAP +5 20.5 1.19] 2.54 2.25 39.2 6.4 88.92 . 006 . 006 . 030
B-2| Mudstone, carbonatic, sandy -- 5393-JAP 1.2 .4 -- - -- 69.9 7.6 93.72 . 001 - .031
B-1| Mudstone, sandy, carbonatic -----c-ao-o-- 5392-JAP 5.2 2 - -— - 69.9 12.8 94.76 . 001 -- .036
A member of Phosphoria formation—top bed only

A-1] Carbonate rock and chert —eeccccecaecao-o -- 17.3 I -- l - | - I - - —[ 17.3 -- l - l - I -
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Indian Creek, Mont., lot 1362

Phosphoria formation measured and sampled at natural exposure on north side of Indian Creek in sec. 20, T. 8 S., R. 2 E., Madlson Samples analyzed for eU and chem.
County, Mont. Section measured by R. F. Gosman and sampled by J. A. Peterson in August 1951. Samples analyzed by U. S. U by the U. S. Geological Survey
Bureau of Mines laboratory, Albany, Oreg. laboratory, Geochemistry and

Petrclogy Branch.
Bed Sambl Thickness Chen(;icalc:nf)lyses Cumulative Thickness x Uranium tent Thick X
20, Rock description l;:)p 8 (feet) et uil < thickness percent P, 0, (percent) percent eU
8 " P,05 | incoluble (feet) (m.u:mllatx%e)5 U I Chem. U (cumulative)
Dinwoody formation—basal beds only
Td-1 | Carbonate rock -ceceeueaa-- -- ? -- - -- - - - o
Td-2 | Sandstone, carbonatic -- 0.5 e -- 0.5 s -- - -
Phosphoria formation

P-16 | Quartzite -cecemcmccmceccccmcaccicccaea -- 78.0 - - 78.0 - - - --

P-15 |Chert -=-cecccacccmcecacaccanccaaccacaaax -- 39.0 - - 117.0 .- - - —-

P-14 | Phosphate rock, argillaceous and

mudstone --- 5497-RFG +3 23,9 32:.3 117.3 T.17 0.008 0.007 0.002

P-13 | Carbonate rock 5496-RFG .4 1.7 10.3 1177 7.85 . 001 - . 003

P-12 | Phosphate rock, argillaceous, and

phosphatic mudstone --ececccccccacaaaaa 5495-RFG 2.0 23.9 16.3 119.7 55,65 . 008 . 007 .019

P-11 | Phosphate rock ---cececcccmcccccmccancoaao 5494-RFG 1.1 31.9 3% 120.8 90.74 .010 - .030

P-10 | Mudstone, carbonatic - 5493-RFG 1.0 3.8 63.3 121.8 94.54 . 004 - .034

P- 9 |Carbonate rock ------ 5492-RFG .4 1.6 8.1 122.2 95.18 . 001 - .034

P- 8 | Mudstone and argillaceous phosphate tock-- 5491-RFG i 4 19.5 26.5 122.9 108,83 . 009 . 008 . 040

P- 7 | Mudstone, phosphatiC --=--cecemcmccanaaax 5490-RFG .6 15.0 47.5 123.5 117,83 .009 .007 . 046

P- 6 | Quartzite, carbonatic ~==ceeccccccccacaao -- 5.7 -- - 129.2 -- - -- -

P- 5 | Mudstone, carbonatic and quartzite -- 4.5 - - 133.7 - - -- -

P- 4 | Quartzite =-=-c-cocomccemccao oo -- 6.5 - -- 140, 2 - - " -

P- 3 | Mudstone, sandy, carbonatic ------ i 3.4 - A 143.6 -- - -- -

P- 2 | Sandstone and sandy carbonate rock - 8.7 -- - 152.3 -- - - -

P- 1 | Sandstone, carbonatiC ----eececccmccanaan - . - - 152.6 -- - - -

Quadrant formation—top beds only
Cqg-1 | Sandstone, carbonatic -- 17.0 -- e 17.0 - - - --
Cqg-2 | Sandstone, carbonatic and chert -- -- 10,5 -- - 27.8 - - -- -

Lot 1362
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Cinnabar Mountain, Mont., lot 1363

Phosphoria formation measured and sampled in natural exposure on east side of Cinnabar Mountain, sec. 31, T. 8 S., R. 8 E., Park Samples analyzed for eU and chem.
County, Montana. Beds strike N. 50° W. and dip 75° SW. Section measured by J. A. Peterson and sampled by R. F. Gosman U by the U. S. Geological Survey
in August 1951. Samples analyzed by U. S. Bureau of Mines laboratory, Albany, Oreg. laboratory, Geochemistry and

Petrology Branch.
Bed COE Thickness Chem(iis;l‘:::?)lyses Cumulative Thickness x Uranium content Thickness x
Ho Rock description nop (feet) P HeTd thickness percent P,0 (percent) percent eU
PZOS ] Sndciable (feet) (cumulatlée)5 U l Chem. U (cumulative)
Dinwoody formation—basal beds only

Td-3 | Carbonate rock, argillaceous -cececeecamcn- - 1.5 -- - 1.5 = - = e

Trd-2 | Carbonate rock -cececcecccmanax 1 Ny -- 2.0 - - 3.5 - e o -

Td-1 | Carbonate rock; fos. col. no. 12695 --ce... -- 4.8 - -- 8.3 - =5 e =5

Phosphoria formation

P-17 | Quartzite, carbonatiC -eeeecececcmcncaaaan -- 6.5 - - 6.5 - - - -

P-16 | Chert and carbonate rock - e -- 11.8 - - 18.3 -- -- -- -

P-15| Quartzite -cccccccacaaaao. s - 7.2 - - 25.5 -- - - .

P-14 | Carbonate rock —ecccecccaoccccacccccaaa. -- 2.5 - - 28.0 -- - -- -—-

P-13 | Quartzite, cherty, carbonatic -cececooo.o -- 8.0 - -- 36,0 -- - -- e

P-12 | Quartzite, cherty-ceceeccccccnccccccacaaa. - 7.0 - -- 43.0 -- -- -- -

P-11 | Chert and mudstone - --| 5530-JAP £s3 2.1 2.7 44.3 2.73 0,000 -- 0.000

P-10 | Chert, argillaceous ------ e 5529-JAP 2.0 3.4 1.9 46.3 9.53 . 001 - . 002

P- 9| Mudstone, contains gypsum -- o 5528-JAP .8 4.9 64.5 47,1 13.45 . 001 - . 003

P- 8| Phosphate rock, argillaceous --ccceeoecoo- 5527-JAP 2.3 199 35.8 49.4 59.22 .002 - . 007

P- 7| Carbonate rock, phosphatic -- 5526-JAP 1.0 8.3 9.3 50.4 67.52 . 001 -- .008

P- 6 | Phosphate rock, argillaceous - 5519-JAP 2.2 21.6 23.03 52.6 115,04 . 004 -- .017

P- 5| Phosphate rock, argillaceous ----.. 5518-JAP 1T 21.3 23.7 54,3 151,25 .003 - . 022

P- 4| Phosphate rock, argillaceous ------ 5517-JAP 155 23.4 17.5 55.8 186,35 .002 - . 025

P- 3 | Mudstone, carbonatic, phosphatic 5516-JAP 1.4 12.6 32.5 57,2 203,99 . 004 - .031

P- 2 | Phosphate rock, argillaceous —----cceaco-- 5499-JAP o1 16.8 36.3 57.9 215,75 . 003 - .033

P- 1 | Conglomerate, phosphatic ---cccoaa 5498-JAP 1.0 12.4 49.6 58,9 228,15 . 003 - .036

Quadrant formation—top beds only

Cq-1 | Sandstone, carbonatic, argillaceous ------- - 3.0 - -- 3.0 - - - -

Cq-2 | Quartzite -c-cemmccccccc e cmecmacaans - 50.0 -- - 53.0 - - -- -

1 Fossil collection made by J. A. Peterson.
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Landon Ridge, Mont., lot 1361

B member of Phosphoria formation measured and sampled in bulldozer trench in SW% sec. 27, T. 12 S., R. 2 W., Beaverhead County,

Mont.
in August 1951.

Beds strike east-west and dip 25° S. Section measured by J. A. Peterson and sampled by Peterson and R. F. Gosman
Samples analyzed by U. S. Bureau of Mines laboratory, Albany, Oreg.

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

Chemical analyses . . S
s Cumulative Thickness x Uranium tent Th x
Bnid Rock description Sa:;ple Th(x;:el;rtn)ess Jpercent = thickness percent P,0, (percent) percent eU
P,04 ii.nsoluble (feet) (cumulativVe U l Chem. U (cumulative)
C member of Phosphoria formation—basal bed only
Cc-1 I Quartzite, phosphatic ~~---=====ceccccncccas e 3.0 I = l e 3.0 e I fret I iy -
B member of Phosphoria formation
B-6 | Phosphate rock, sandy---cce-e-- B R 5489-JAP 0.2 19.3 41.5 0,2 3.86 0.003 - 0,001
B-5 | Chert, phosphatic 5488-JAP .4 18,7 46.4 .6 11,34 . 004 - . 002
B-4 | Phosphate rock, argillaceous - 5487-JAP 1.1 28.8 18.0 1.7 43,02 . 005 0. 005 . 008
B-3 | Phosphate rock, sandy 5486-JAP 1.4 27.6 20.5 3.1 81.66 . 004 - .013
B-2 | Phosphate rock, argillaceous 5485-JAP ] 28.7 18.3 4.2 113,23 . 005 . 005 .019
B-1 | Phosphate rock, cherty ------cceccmcccanaaa- 5484-JAP 1.2 26.3 20.6 5.4 144,79 . 005 . 006 .025 “
A member of Phosphoria formation—top bed only
A-1'| Chert, carbonatiCc -===cccccccccaccmcaaaaao - 0.6 | - I - 0.6 o l o I i it
Lot 1361 INT.-DUP. SEC., WASH., D.C!50973
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