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STRATIGRAPHIC SECTIONS OF THE PHOSPHORIA FORMATION

IN MONTANA, 1947-48

INTRODUCTION

The U. S. Geological Survey has recently meas­ 
ured 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, will be published as pre­ 
liminary reports as they are assembled. This report, 
which contains abstracts of many of the sections meas­ 
ured in southwestern Montana (pi. 1), is one of this 
series. The field and laboratory procedures adopted 
in these investigations are described rather fully in a 
companion report (McKelvey and others, 1953).

Many people have taken part in this investigation. 
The program of which this work is a part was organized 
by V. E. McKelvey. J. G. Evans, F. S. Honkala, R. L. 
Konizeski, J. A. Mann, R. L. Parker, O. A. Payne, 
E. T. Ruppel, J. E. Smedley, L. A. Thomas, andW. H. 
Wilson participated in the description of strata and 
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 W. P. 
Huleatt.

The chemical analyses were made for the Survey 
by the U. S. Bureau of Mines at the Northwest Electro- 
development Laboratory, Albany, Oreg., under the 
direction of S. M. Shelton and M. L. Wright. The spec- 
trographic analyses were made by D. M. Mortimer, of 
the Bureau of Mines in Albany, and the oil-shale anal­ 
yses were made by the Bureau of Mines Petroleum and 
Oil-Shale Experiment Station at Laramie, Wyo.

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

Acknowledgments

Special thanks are due A. E. Weissenborn, who 
gave much advice and help in carrying out the field pro­ 
gram. The cost of the field and laboratory investigations 
has been borne partly by the Missouri River Basin 
Division of the Bureau of Reclamation and the Division 
of Raw Materials of the Atomic Energy Commission. 
Their support is gratefully acknowledged. It is a pleasure 
to acknowledge the fine cooperation extended to the field 
parties by the local residents and property owners who 
furnished information and services and gave access to 
property.

STRATIGRAPHY OF THE PHOSPHORIA FORMATION 
IN MONTANA

The Phosphoria formation in southwestern 
Montana consists in general of five members, twophos- 
phatic shale members and three hard members (fig. 1). The

first description of these members (Klepper and others, 
1948) was presented in a paper read at the Northwest 
Science meetings in Spokane, Wash., but the first pub­ 
lished description was by Klepper (1950). 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 large part of the area 
of outcrop, 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 lime­ 
stone or dolomite, sandstone, mudstone, and chert, 
with a maximum thickness of nearly 350 feet. It over­ 
lies the Pennsylvanian Quadrant formation and is proba­ 
bly equivalent to the upper member of the Wells form­ 
ation of southeastern Idaho and adjacent Wyoming and 
Utah (McKelvey, 1949).

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

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 rather similar 
to and much more uniform and widespread than the 
B member, though minable 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 wide­ 
spread and uniform, averaging about 100 feet in thick­ 
ness and consisting chifely of siliceous rocks silt- 
stone, che.rt, and quartzitic sandstone. It is overlain 
by the Triassic Dinwoody formation in the greater part 
of the area and by the Jurassic Ellis group toward the 
north and northeast.

STRATIGRAPHIC SECTIONS

Analytical data and abstracts of stratigraphic 
sections measured at eight localities follow. Their lo­ 
cations as well as the locations of other sections to be 
reported later are shown in plate 1.

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



30 

FEET

PERCENT 

20
10'

THICK­ 
NESS 

IN FEET

AVERAGE
P2 VN
PERCENT DESCRIPTION

Dinwoody formation 

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

SO

100

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 iaterbeds 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

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

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

Sandstone: hard, light-gray to yellowish-brown, thick-bedded; lowermost 0.75 
foot phosphatic

19 12

Member D 

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

15 Mndstone: soft, brownish-black to black, fissile

150

2OO

250

3OO

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

22 14
Phosphate rock and mods too*: 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-grsy, massive 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 lenses and nodules 
of chert

35 Chert: hard, medium-grny to yellowish-brown, thick-bedded; contains some 
interbeds of mudstone and sandstone

Member B

Mud atone: medium-hard, medium yellowish-brown, thin-bedded; contains several 
small lenses of oolitic phosphate rode

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, thin-bedded

349 10
Dolomite: medium-hard, pale yellowish-orange, thin-bedded; contains some 

interbedded cherty mudstone

Quadrant formation 

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

Figure 1.  Generalized section of Phosphoria formation at Sheep Creek, Montana
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