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Figure 1.  Outcrops of the Phosphoria formation in Montana and localities sampled.
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INTRODUCTION

Since 1947, the U. S. Geological Survey has meas­ 
ured and sampled phosphatic parts of the Phosphoria 
formation of Permian age and its partial Stratigraphic 
correlatives at many localities in Montana, Idaho, Wyo­ 
ming, and Utah. Preliminary data on the thickness of 
the beds and their composition at localities sampled 
before 1952 have been published in U. S. Geological 
Survey Circulars 208-211; 260; 262; 301-307; and 
324-327. This report presents similar data on the 
localities sampled in 1953-54 (figs. 1, 2, and 3). 
The field and laboratory procedures adopted in these 
investigations are described in a previous report 
(McKelvey and others, 1953a).

Many people have taken part in this investigation. 
E. T. Ruppel, G. Abele, R. Hughes, J. A. Peterson, 
and Z. S. Altschuler participated in the description of 
the strata and the collection of samples referred to in 
this report. The laboratory preparation of samples 
for chemical analysis was done in Denver, Colo., 
under the direction of L. F. Rader, Jr. The

Pa05 and acid-insoluble analyses were made for the 
Survey by the U. S. Bureau of Mines at the Northwest 
Electrodevelopment laboratory, Albany, Oreg., under 
the direction of S. M. Shelton and M. L. Wright. The 
AlaOs, Fe2 0 3, and loss-on-ignition analyses were 
made in the laboratory of the Geological Survey in 
Washington, D. C., under the direction of Irving May, 
by chemists I. Barlow, B. Ingram, R. Smith, and 
W. Tucker.

ACKNOWLEDGMENTS

Special thanks are due V. E. McKelvey and 
A. E. Weissenborn, who gave much advice and help !n 
carrying out the field program. The cost of the field 
and laboratory investigations has been borne in part 
by the Department of the Interior program for develop­ 
ment of the Missouri River basin and in part by the 
Atomic Energy Commission. It is a pleasure to ac­ 
knowledge the fine cooperation extended to the field 
parties by the local residents, property owners, and 
operating phosphate companies who furnished infor­ 
mation and services and gave access to property.
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Figure 2.  Outcrops of the Phosphoria formation in Idaho and localities sampled.
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PERCENT DESCRIPTION

FEET Dinwoody formation 

Muds tone: calcareous, soft, pale-yellow, thin-bedded

PHOSPHORIA FORMATION
Member E 

Sandstone: hard, pale, yellowish-orange, thick-bedded

Chert: hard, light-gray, thick-bedded chert interbedded with medium-hard, pale 
yellowish-orange, thick-bedded chert

Sandstone and chert: medium-hard, light-gray, thick-bedded sandstone containing 
some interbeds of hard, light-gray chert

31
Sandstone and chert: medium-hard, brownish-gray, thick-bedded sandstone 

interbedded with hard, light-gray, thick-bedded chert

14
Sandstone: medium-hard, yellowish-brown, thick-bedded sandstone interbedded 

with hard, brownish-gray sandstone

Chert: medium-hard, dusky yellowish-orange, to medium-brown, thick-bedded

Mudatone: medium-hard, light-gray to yellowish-brown, thick-bedded

Sandatone: hard, light-gray to yellowish-brown, thick-bedded; lowermost 0.73 
foot phosphatic

19 12

Member D 

Mud stone: phosphatic, soft, brownish-black, thin-bedded

15 Mud stone: soft, brownish-black to black, fiasile

25 Phosphate rock: oolitic, soft, dark-brown, thin-bedded

22 14
Phosphate rock and mudatone: oolitic, medium-hard, brownish-gray, phosphate 

rock, interbedded with medium-hard, brownish-gray mudstone

12
Member C 

Sandstone: soft, dusky yellowish-orange, thick-bedded

41 Sandstone and chert: medium-hard, light brownish-gray, masaive sandstone 
interbedded with hard, yellowish-gray, massive chert

45
Dolomite: sandy, medium-hard, medium- to light-gray; contains lenses and 

nodules of chert

Sandstone: soft, dusky yellow, thin-bedded; contains many lenaes and nodules 
of chert

35
Chert: hard, medium-gray to yellowish-brown, thick-bedded; contains some 

interbeds of mudstone and sandstone

Member B

Mudstone: medium-hard, medium yellowish-brown, thin-bedded; contains several 
small lenses of oolitic phosphate rock

14 Phosphate rock and mudstone: soft, brownish-gray, oolitic phosphate rock 
interbedded with soft, pale yellowish-brown mudstone

20 Mudstone: medium-hard, medium yellowish-brown, thin-bedded

Member A 

Mudstone: dolomitic, soft, light-gray, chin-bedded

10
Dolomite: medium-hard, pale yellowish-orange, thin-bedded; contains some 

interbedded cherry mudstone

Quadrant formation 

Sandstone: medium-hard, light-gray, thin-bedded

Figure 4. -Generalized section of Phosphoria formation at Sheep Creek, Montana (lot 1234).
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31

Upper shale member (aot exposed)

Rex chert member (top rot exposed) 

Chert: hard, black, thin-bedded

Mudstone: hard, black, thin-bedded

Chert: hard, brittle, dark-gray to pinkish-gray, thick-bedded

Chert and limestone: 60 percent hard, black, thin-bedded chert; 20 percent hard, 
dark-gray, massive limestone

Phospbatic shale member

Phosphate rock: oolitic, nodular, medium-hard, light brownish-gray; contains 
omphalotrochue gastropods

Mudstone: medium-hard, brownish-gray, thin-bedded

Phosphnte rock: argillaceous, oolitic, pisalitic, medium-hard, brownish-gray to 
blnck, thin-bedded; contains a few limestone concretions

Mudstone and phosphate rock: soft, brownish-black, thin-bedded mudstone, in- 
terbedded with oolitic, soft, brownish-black, thin-bedded phosphate rock; con- 
taina many limestone lenses near base

Mudstone: medium-hard, brownish-gray, thin-bedded; 2-foot limestone bed nt top; 
contains phosphntic nodules in middle 12 feet

Mudstone: phosphatic, oolitic, bard, grayish-brown, thin-bedded

Mudstone; bnrd, brownish-gray, thick-bedded

Mudstone: phosphatic, oolitic, medium-hard, brownish-gray, thin-bedded

Mudstone: nodular, bard, brownish-gray, thick-bedded; yellow-brown stain on 
joints

Mudstone: phosphntic, nodular, oolitic, medium-hard, brownish-gray to blrck, 
thin-bedded

Mudstone: nodular, hard, brownish-gray, thick-bedded

Mudstone: phosphntic, oolitic, soft, brownish-black to black, thin-bedded; con­ 
tains many limestone leases

Limestone: hard, medium-gray, massive; contains black chert layers at base

Mudstone: soft, brownish-black, thin-bedded mudstone interbedded with phos­ 
phatic, oolitic, soft, brownish-black, thin-bedded mudstone

Limestone: hard, pale-brown massive

Mudstone: phosphatic, oolitic, soft, brownish-black, thin-bedded; contains a 
few limestone lenses

Limestone: hard, pale-brown massive

Mudstone: phosphatic, oolitic, nodular, soft, brownish-black, thin-bedded

Limestone: hard, brownish-gray, massive. 'False cap" limestoae

Phosphate rock: argillaceous oolitic, soft, brownish-gray to brownish-black, 
fissile

Phosphate rock: oolitic, medium-hard, brownish-black, thin-bedded

Mudstone: medium-hard, dark-brown, thin-bedded

Phosphate rock: oolitic, hard, black, thin-bedded. Lower 0.5 foot contains whitr 
(tabular) fossil fragments

Wells formation

Figure 5. Generalized section of Phosphoria formation at Trail Canyon, Idaho (lot 1206).



STRATIGRAPHY OF THE PHOSPHORLA FORMATION 
IN MONTANA

In southwestern Montana the Phosphoria formation 
has been divided into five members: two phosphatic 
shale members, provisionally termed the B and D mem­ 
bers, and three hard members, provisionally termed 
the A, Cj and E members (fig. 4). The lower two 
hard members, A and C, are dominated by limestone 
and the top, E member, by chert and sandstone or 
quartzite. Most of the members can be identified over 
a large part of the area of outcrop, though member cor­ 
relation toward the northeast is more difficult. The 
formation ranges in thickness from less than 100 to 
more than 800 feet.

The A member is most complete toward the west 
and southwest and consists of limestone or dolomite, 
sandstone, mudstone, and chert. It has a maximum 
thickness of nearly 350 feet, overlies the Quadrant 
formation of Pennsylvanian age, and probably is partly 
equivalent to the upper part 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 25-50 feet thick; it 
thins markedly to the north and east and pinches out 
a few miles north of Dillon. In the Centennial Moun­ 
tains this member contains a rich bed of minable phos­ 
phate.

The C member consists of 40-200 feet of limestone, 
chert, and sandstone. The upper phosphatic shale or 
D member is similar to and much more uniform and 
widespread than the B member, though it contains 
minable phosphate only toward the north end of the area 
where in places the full thickness of the phosphatic 
zone consists of a single 3- to 5-foot bed of high-grade 
phosphate rock.

The E_ member is the most widespread and uni­ 
form; it averages about 100 feet in thickness and consists 
chiefly of siliceous rocks  quartzitic sandstone, chert, 
and siltstone. In the greater part of the area it is over­ 
lain by the Dinwoody formation of Triassic age, but to­ 
ward the north and northeast it is unconformably over­ 
lain by the Ellis group of Jurassic age,

STRATIGRAPHY OF THE PHOSPHORLA FORMATION 
IN IDAHO AND NORTHERN UTAH

At its type locality in southeastern Idaho (Richards 
and Mansfield, 1912), the Phosphoria formation consists 
of a lower member, the phosphatic shale, about 180 feet 
thick and an upper member, the Rex chert, about 240 feet 
thick (fig. 5). The upper 80 feet of the Rex consists of 
cherty mudstone and black shale (McKelvey, 1949); al­ 
though it varies in thickness it is recognizable over most 
of southeastern Idaho and westernmost Wyoming. The 
phosphatic shale member thins progressively northward 
to a thickness of about 60 feet in the Caribou Range 
(lots 1338 and 1353).

The stratigraphy of the Phosphoria formation in 
the Crawford Mountains at the northeastern corner of 
Utah, near the Idaho-Wyoming corner (Smith and 
others, 1953), is similar to that in the adjacent states. 
It consists of the phosphatic shale member, about 
210 feet thick, and the Rex chert member, about

220 feet thick. The upper shale member, present in the 
adjacent region to the north, is not well defined in this 
area. Farther south in Utah the middle shale member 
of the Park City formation probably is equivalent in major 
part to the phosphatic shale member of the Phosphoria 
formation in Idaho, and the upper limestone member is 
probably equivalent to the Rex chert member of the 
Phosphoria formation to the north (McKelvey, 1949).

In southeastern Idaho most of the phosphatic beds 
are in the phosphatic shale member, and it is on this 
member that most of the studies have been focused. 
It consists of many thin layers, some of which persist 
over the whole area, including northern Utah and west­ 
ernmost Wyoming. They may be grouped into several 
broad units, as shown in figure 5.

In southeastern Idaho and northern Utah, the 
Phosphoria formation overlies the Wells formation of 
Pennsylvanian age, the upper part of which consists 
chiefly of cherty gray fossiliferous limestone that con­ 
tains some thin phosphatic layers and may be the par­ 
tial' correlative of the lowermost member A_ member) 
of the Phosphoria formation in Montana and the lower 
limestone member of the Park City formation in Utah 
(McKelvey, 1949). The Phosphoria is overlain in this 
region by the Din woody formation of Triassic age, consist­ 
ing of limestone, calcareous siltstone, and sandstone.

More detailed correlations of the strata within 
individual states as well as over the entire area of the 
western phosphate field will be discussed in subsequent 
publications.

STRATIGRAPHIC SECTIONS

Analytical data and abstracts of stratigraphic 
sections measured at 18 localities plus additional in­ 
formation at three previously reported localities follow. 
Their locations as well as the locations of sections 
previously reported in these states are shown in fig­ 
ures 1, 2, and 3.
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