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GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

GEOLOGY AND PHOSPHATE DEPOSITS OF THE
PERMIAN ROCKS IN CENTRAL WESTERN MONTANA

By Rocer W. Swanson

ABSTRACT

The central western Montana phosphate area at the north
end of the western phosphate field includes about 5,000 square
miles north of lat 46° and between long 111°30’ and 113°20° W.
It is within the northern Rocky Mountains, astride the Con-
tinental Divide. The west part is drained mostly by the Clark
Fork, the east part by the Missouri. The area is characterized by
mountain ranges, some more than 9,000 feet above sea level,
that are separated by intermontane basins 4,000 to 5,000 feet
above sea level.

The area was complexly folded and faulted during the
Laramide orogeny, and it was intruded by many plutonic rock
bodies, of which the Boulder batholith is the largest. Voleanic
rocks are extensive and bury some of the phosphate deposits.

Much of the area is underlain by phosphate-bearing Permian
rocks whose outerops, mostly at altitudes of less than 7,000 feet,
have a total length along the strike of more than 275 miles. The
area includes the most productive part of the Montana phosphate
field and contains its richest deposits. In the course of the
work on which this paper is based, Permian strata were meas-
ured, sampled, and described at 16 localities.

Permian strata that crop out in this area belong to the Phos-
phoria, Shedhorn, and Park City Formations, whose maxi-
mum aggregate thickness is a little more than 100 feet. Nearly
all the phosphate in this part of Montana is in the Retort Phos-
phatic Shale Member of the Phosphoria Formation. Most of
the phosphate is in pellet form, although in the eastern part
of the area some of it is oolitic, nodular, or structureless. The
detailed stratigraphy of the Retort Member is discussed, as are
the structures that affect its present distribution.

In areas where phosphate resources can be estimated, the
Retort Member contains more than 600 million tons of high-
grade phosphate rock (31 percent P,0;) in beds that are at
least 3 feet thick; more than half this amount is in the Garnet
Range. The Retort Member also contains nearly 2 billion tons
of rock that contain more than 24 percent P,0;, two-thirds of it
in the Flint Creek Range district, and about 2% billion tons
that contain more than 18 percent P,0,. Only about 10 percent
of the phosphate rock, however, is above entry level.

Fresh phosphorite in this part of Montana contains about 1
part uranium for each 3,000 parts of P.0s. The total amount
of uranium in phosphatic rock of all grades in the areas for
which phosphate resources are estimated may be nearly 280,000
tons; that in rock containing 31, 24, and 18 percent P,0; is
64,000, 181,000, and 224,000 tons, respectively.

Fluorine in the carbonate fluorapatite oceurs in the ratio of 1

part for every 10 parts of P,0;. Total fluorine in all phosphatic

rocks in the areas for which phosphate resources are estimated
is 83 million tons; that in rock containing 31, 24, and 18 per-
cent P.05 is 19, 54, and 71 million tons, respectively.

INTRODUCTION

The first discoveries of rock phosphate in the western
phosphate field were made at about the turn of the
century in southeastern Idaho and adjoining areas. The
first discovery in Montana was made by Gale (1911)
near Melrose in the summer of 1910. In 1911, Pardee
(1913) discovered phosphate rock at Philipsburg in the
Flint Creek Range, in the Garnet Range north of Gar-
rison, and at Elliston, and R. W. Stone found it in
Jefferson Canyon east of Cardwell. After World War
II, extensive investigations were carried out in the
entire western phosphate field. Preliminary reports of
this work were made by McKelvey (1949) and Swan-
son, McKelvey, and Sheldon (1953). Cressman and
Swanson (1964) reported on the stratigraphy and
petrology of the Permian rocks in the area south of
Butte, and Swanson (1970) reported on the mineral re-
sources in those rocks. These two papers include descrip-
tions of the methods of study, define the terminology
used during this program, and go into detail regarding
the stratigraphy, mining methods, mill treatment of
phosphate rock, and means of estimating resources. The
stratigraphic names used in this report are defined in a
report by McKelvey and others (1959). The color desig-
nations in the measured sections are those of the Mun-
sell color system as noted on the “Rock-Color Chart”
distributed by the National Research Council (God-
dard, 1948) and on a chart specially prepared for the
phosphate studies that provided more detail in the
range of colors most common to Phosphoria rocks.

This report describes the geology and mineral re-
sources of the Permian rocks at the north end of the

western phosphate field, an area north of Butte con-
sisting of nearly 5,000 square miles between lat 46° and
46°50” N. and long 111°30’ and 113°20” W. (fig. 199).
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The investigation was conducted as part of the pro-
gram of the Department of the Interior for develop-
ment of the Missouri River basin and was supported in
part by the Division of Raw Materials of the U.S.
Atomic Energy Commission.

This report includes descriptions of Permian strata
measured and sampled at 16 localities, referred to by
name or lot number. Most of the analytical data, to-
gether with brief descriptions of the stratigraphic sec-
tions, have been published by Klepper, Honkala, Payne,
and Ruppel (1953), Swanson, Cressman, Jones, and
Replogle (1953), and Swanson, Carswell, Sheldon, and
Cheney (1956). The analytical data and fuller strati-
graphic descriptions are included in this report, in
which liberal use has also been made of information in
reports by Pardee (1913,1917,1921,1936) and by Stone
and Bonine (1914).

More than half the localities where samples were
taken and sections measured were underground in mines
or prospects. This generally insured that the rock
sampled was fresh, but it also limited the thickness of
the sections accessible for measurement. Most of the
remaining sections were measured in trenches dug with
bulldozer or by hand. Descriptions of the other Permian
rocks in this area, therefore, are based on less complete
information. The methods employed in describing and
sampling the rocks, and in the treatment of samples,
were the same as those that have been applied in other
parts of the western phosphate field. (See Cressman and
Swanson, 1964.) In the laboratory all hand specimens
were examined under the binocular microscope, pow-
ders of many of the samples were examined in oils,
and thin sections of about a dozen specimens were
studied under the petrographic microscope.

In this report, as in the report on resources in Permian
rocks in southwest Montana (Swanson, 1970), the term
“phosphate” (a phosphorus compound) is used in a
chemical sense for both the raw material and the prod-
ucts made from it (not including elemental phos-
phorus) ; the term “phosphate rock” is used in an indus-
trial sense for the material mined and treated, or poten-
tial thereto; the term “phosphorite,” a lithologic term, is
used in a descriptive sense for a rock containing more
phosphate mineral than any other rock component ; and
the term “phosphatic” is used for a rock in which the
phosphate mineral represents more than 20 percent of
the total (7.8 percent P,O;) but is not the dominant
component. The phosphate rock may be almost entirely
phosphorite, as in some of the high-grade deposits of
this region, or it may be a mixture of rock types, domi-
nantly phosphorite but including mudstone, sandstone,
carbonate rock, or chert, generally interbedded with the
phosphorite.
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GEOGRAPHIC SETTING

The phosphate field of central western Montana is
within the Northern Rocky Mountains physiographic
province and is characterized by a number of more or
less distinct mountain ranges separated in part by broad
lowlands or intermontane basins that occupy less than a
fourth of the total area. These lowlands are as much as
10 miles wide and have intravalley relief ranging from a
few hundred to more than 1,000 feet ; the largest is Deer
Lodge Valley. The field is traversed from north to south
by the Continental Divide. West of the divide, the alti-
tude of the Clark Fork River within the area decreases
downstream from more than 5,000 to less than 4,000 feet ;
on the east, the altitude of the Missouri River where it
leaves the area is a little less than 4,000 feet.

Northern and southern branches of the Northern Pa-
cific Railroad pass through Helena and Butte, respec-
tively, join at Garrison near the north end of Deer Lodge
Valley, and follow the Clark Fork westward to Mis-
soula. A spur of this line extends southward from
Drummond to Philipsburg, on the west side of the
Flint Creek Range; another runs up Brock Creek to
phosphate mines in the Garnet Range. The Chicago
Milwaukee Saint Paul and Pacific Railroad follows
nearly the same route as the Northern Pacific from
Butte to Missoula. The Butte Anaconda and Pacific
connects Butte and Anaconda and extends about 5 miles
farther west up Warm Springs Creek. The Great
Northern Railroad connects Butte with Helena.

U.S. Highways 10N and 10S follow the railroad
routes and join at Garrison en route to Missoula. U.S.
Highway 10A, extending from the south end of Deer
Lodge Valley to Drummond, passes around the south
and west sides of the Flint Creek Range via Anaconda
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and Philipsburg. U.S. Highway 91 connects Butte with
Helena. Most of the other roads in the area are unsur-
faced, and many unimproved roads penetrate or cross
the mountains.

The principal phosphate areas (pl. 30) are in or near
the Flint Creek Range and the Garnet Range in the
northwestern part of the area. Most of the Flint Creek
Range is above 7,000 feet; many of its peaks rise above
9,000 feet and are glaciated. The greater part of the
Garnet Range is below 6,500 feet, and its upland slopes
are gently rounded. Both ranges are sharply incised by
canyons. The Anaconda Range, in the southwest corner
of the area, is higher than either of these and is more
rugged and strongly glaciated; many of its peaks are
above 10,000 feet. It is separated from the Flint Creek
Range by Warm Springs Creek, which flows eastward
through Anaconda into the southern part of Deer Lodge
Valley. The only Permian rocks in the Anaconda Range
are near its northern base. Between the Deer Lodge Val-
ley and the Missouri River lowlands is a broad upland
plateau, generally below 8,000 feet and rather deeply
dissected. This plateau is occupied in large part by the
Boulder batholith, but Permian rocks are exposed on
its eastern and northwestern slopes and are possibly
present beneath volcanic rocks on its western side.

The climate is typical of the Northern Rockies. Cold
winters alternate with summers mild enough for grow-
ing some crops and providing cattle feed. Annual pre-
cipitation in the valleys is only a little more than 10
inches but near the mountains it is commonly as much
as 15 inches (U.S. Department of Agriculture, 1941).
At Elliston it averaged 21 inches over an 11-year
period ; in the mountains, where it is mostly in the form
of snow, it may average considerably more.

Conifers are abundant in most of the mountainous
areas, but grassy parks are common. Many peaks are
above timberline. The valleys are generally untimbered.

The population outside the major cities is small. Most
of the inhabitants live on ranches or in small towns in
valleys. Most of those living in the mountains are en-
gaged in occupations related to mining.

GEOLOGIC SETTING

Rocks of all the geologic eras are exposed in western
Montana. The oldest are lower Precambrian crystalline
rocks of metamorphic and igneous origin that occupy
large areas in the southwestern part of the State and
also crop out in a small area in the Little Belt Moun-
tains near Neihart. The crystalline basement rocks are
unconformably overlain by the Belt Supergroup, a thick
sequence of upper Precambrian sediments which was
deposited in a shallow sea that covered the western third

of the State and in a large embayment that extended
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into the central part of the State. Paleozoic and Meso-
zoic rocks once covered the entire State, although they
are now absent in much of western Montana. The older
Mesozoic rocks are predominantly marine; the younger
ones are partly marine and partly continental and in-
clude extensive accumulations of volcanic rock. During
the Laramide orogeny at the close of the Mesozoic Era,
many of the rocks in the western half of the State were
severely deformed and were invaded by magmatic
bodies that yielded granitic and volcanic rocks and a
large variety of mineral deposits. In post-Laramide
time, the region was extensively uplifted and eroded,
thick continental deposits accumulated in the basins,
and volcanic rocks extended over much of the area.

The area of this report is apparently all underlain
by Precambrian sedimentary rocks or by plutonic rocks.
The oldest rocks exposed consist of many thousands of
feet of the younger Precambrian Belt Supergroup. The
Paleozoic rocks are more than 5,500 feet thick in the
region of the Philipsburg quadrangle (Emmons and
Calkins, 1913 ; Poulter, 1956 ; McGill, 1959), where the
stratigraphic sequence is typical of western Montana.
The Permian strata are thinner in the area of this re-
port than to the south (Swanson, 1970, fig. 172) and
are described in the following pages.

The Mesozoic rocks present some unusual features
that deserve attention. It is not known whether Triassic
seas ever covered this region. That they did might be
inferred from similarities between Triassic marine
strata to the south, in southwestern Montana, and to the
north, in southern British Columbia and Alberta. A
thin zone of rocks in an area 3 to 6 miles west of Ana-
conda has been mapped as Triassic. There, 310 feet of
limestone, shale, and sandstone are between the Permian
strata and the Kootenai Formation (Lower Cretaceous).
Mahorney (1956) assigned them to the Dinwoody For-
mation of Triassic age, because this sequence of beds
is unlike the Jurassic section on the north side of the
Flint Creek Range, described by Calkins and Emmons
(1915), but similar to sections in the Wise River and
Melrose areas to the south, described by Moore (1956)
and Fowler (1955) as Triassic. The lower brown-
weathering limestone that Mahorney described does in-
deed suggest that found in the Dinwoody elsewhere.
However, the gray-weathering limestone at the top,
which containg coarse sand, and perhaps the fine-
grained sandstone underlying it, seem more likely to
be of Jurassic age, as do also the upper parts of the
sections described by Moore and Fowler. It may be,
therefore, that both Triassic and Jurassic strata occur
near Anaconda, and that the northern limit of Triassic
rocks is north of Anaconda instead of south of it as
would be inferred by extension of the line on the maps
in the report of Cressman and Swanson (1964).
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In the Philipsburg quadrangle, Calkins (Emmons
and Calkins, 1918 ; see also Calkins and Emmons, 1915)
showed the Ellis Formation (Jurassic) underlain by
the Quadrant Formation (Pennsylvanian). The Quad-
rant shown on that map, however, included rocks later
assigned to the Amsden and Phosphoria Formations.
It may also have included some Jurassic strata. This is
suggested by relations exposed on the north side of Gird
Creek in sec. 7, T. 8 N., R. 12 W, where a prospect adit
has been driven northward along the strike of steeply
west-dipping beds of the Retort Phosphatic Shale Mem-
ber of the Phosphoria Formation. Stratigraphically
above the Retort are 35 feet of poorly exposed quartzitic
sandstone and shale and 44 feet of covered section which
is capped by the “upper quartzite” of Calkins’ Quadrant
(Emmons and Calkins, 1913, p. 70). The lower beds
of this quartzite have oscillation ripple marks on their
lower sides and, as noted by Calkins (p. 71), have out-
crop properties that differ from those of the “lower
quartzite.” McKelvey and others (1959, pl. 3) assigned
this upper quartzite bed to the upper member of the
Shedhorn Sandstone. Pardee (1936, p. 179) had earlier
called it the “equivalent of the Rex chert member.” In
1959, however, Ellis Yochelson and the writer found
poorly preserved fossil fragments that were identified
by R. W. Imlay (written commun., 1959) as belemnites
and Pentacrinus stems of Jurassic age. Imlay also said:

I think that the siliceous sandstone may be an erosional
remnant of Bajocian [lower Middle Jurassicl age. * * * Bajo-
cian ammonites have been found in reddish-brown siltstone at
the base of the Jurassic in the Drummond area. * * * gimilar
siliceous sandstone occurs locally at the base of the Jurassic
in the front ranges of the Rocky Mountains from the Sun River
northward. * * * At Swift Reservoir * * * it has furnished a
middle Bajocian ammonite. * * * the evidence suggests that
part of western Montana was covered by a middle Bajocian
sea and then was subjected to erosion during late Bajocian
and perhaps Bathonian times before most of the Sawtooth for-
mation was laid down. If so the siliceous sandstone would
correspond to the Rock Creek member of the Fernie forma-
tion * * * and the siliceous cement might have been deposited
during an interval of erosion.

Gwinn (1961) mapped the area from the north flank
of the Flint Creek Range to the south flank of the Gar-
net Range. He did not describe in detail the sub-Creta-
ceous stratigraphy or the distribution of the units, but
his table of sedimentary rocks noted 0-150 feet of Shed-
horn Sandstone above the phosphatic shale and chert.
This probably includes what Imlay regarded as Bajo-
cian sandstone. The thickness of 150 feet was probably
found on the north flank of the Flint Creek Range, and
the area in which the Shedhorn is absent may be the
Garnet Range.

There appear to be two unconformities near the base
of the Jurassic, one beneath and the other above the
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Bajocian strata. These strata are not present in the
Brock Creek area in the eastern part of the Garnet
Range.

The deep synclinal trough between the Flint Creek
and Garnet Ranges contains a very thick sequence of
Cretaceous strata, described by McLaughlin and John-
son (1955), Gwinn (1960, 1961, 1965), and Mutch
(1961). The Kootenai Formation, of Early Cretaceous
age, is more than 1,000 feet thick. It is overlain by 9,170
to 11,500 feet of rocks in the Colorado Group, consist-
ing of marine and nonmarine sandstone, siltstone, and
shale, some conglomerate and limestone, and locally in-
cluding volcanic debris which is particularly abundant
in the upper part of the section (Gwinn, 1960). The
Colorado Group is unconformably overlain by an ad-
ditional 4,000 to 8,000 feet of interlayered sediments, in-
cluding much coarse conglomerate and volcanic rocks,
of Cretaceous age, that Gwinn (1960), Mutch (1961),
and Gwinn and Mutch (1965) correlate with the Elk-
horn Mountains Volcanics on the east side of the Boul-
der batholith (Klepper and others, 1957, p. 31).

The Laramide orogeny, after the long period of Pale-
ozoic and Mesozoic sedimentation, produced compli-
cated structure in part of the central western Montana
phosphate area, and it was accompanied by extensive
igneous activity that culminated in the intrusion of
plutonic rocks. The largest pluton is the Boulder batho-
lith, in the eastern part of the area, but many smaller
ones are exposed in the Flint Creek and Anaconda
Ranges. Large blocks of the crust apparently acted as
units and controlled the major development of indi-
vidual structural features within or adjacent to them
during the stages of folding and thrusting. Subsequent
igneous intrusion modified much of the earlier pattern.
As a result, the Permian rocks, including the phosphate
deposits occur in a great variety of structural settings.

The north-trending zone of tight folding and fault-
ing in the southwest Montana synclinorium (Swanson,
1970) apparently divides northward, near Dillon, into
two branches separated by the area of the Boulder
batholith. The east branch includes the Jefferson Can-
yon structural complex and the Lombard thrust and
fold zone west and north of Three Forks (Robinson,
1959), and apparently connects through the Canyon
Ferry area at the Missouri River with the mountain-
front “Disturbed Belt” northeast of Helena (Dobbin
and Erdmann, 1955). The west branch extends north-
ward from Dillon through the Melrose area and the
Flint Creek Range (east of Philipsburg and north of
Anaconda) and terminates abruptly near the Clark
Fork at the “Lewis and Clark line” of Billingsley and
Locke (1941).

The Lewis and Clark line is a lineament that Wallace
and others (1960) suggest may have been in existence
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since early Precambrian time. It is one of the larger
elements of the tectonic framework of the northern
Rockies. It trends about N.75°-80°W. and crosses the
area described in this report between the Garnet and
Flint Creek Ranges; it is expressed as a downwarped or
synclinal zone containing strata that range in age from
Precambrian to Tertiary. Few large faults have been
recognized in it east of Drummond, partly because of
an extensive cover of Tertiary sedimentary and vol-
canic rocks. Many aspects of the geology, however, give
evidence of major tectonic significance to this line.
These include: (1) an offset in facies of some Permian
strata; (2) the unusually thick accumulation of Upper
Cretaceous rocks, containing abundant coarse clastic
debris of Belt and Paleozoic rocks, in the downwarp
between the Flint Creek and Garnet Ranges; (3) the
long belt of southeast-plunging en echelon folds along
the north side of the lineament, mostly in the Garnet
Range; (4) the marked structural discordance between
the tight north-plunging folds and associated thrust
and normal faults in the Flint Creek Range and the
more open southeast-plunging folds in the Garnet
Range; (5) east-trending faults at Elliston on which
there may have been large lateral displacement; and
(6) the blunt northward termination of the Boulder
batholith in the vicinity of this lineament.

Abrupt changes in the stratigraphy of the Retort
Phosphatic Shale Member of the Phosphoria Formation
(Permian) suggest a horizontal offset in facies along
the Lewis and Clark line of 15 miles or more, north side
eastward. This is comparable with the displacement on
the northwest-striking fault system west of Missoula.
The changes occur near Drummond between the ex-
posures in the Flint Creek Range to the south and those
in the Garnet Range to the north. At the sample locali-
ties on the north end of the Flint Creck Range, which
are in an area 5 or 6 miles across and nearly due south
of Drummond (pl. 30), this member shows little varia-
tion in thickness or lithology, or in content and distri-
bution of phosphate (compare lots 1840, 1388, and 1389
of pl. 32). Southwestward toward Philipsburg the
member thickens and is less sandy, indicating that the
western boundary of the depositional basin must have
been much farther west in that latitude. In the Garnet
Range near Drummond, only 12 miles north of the nor-
thern Flint Creek Range localities, and for 14 miles to
the east, the Retort Member is hardly recognizable.
(See Pardee, 1917, p. 223; and description of Garnet
Range sections of pl. 32 in this report.) At the Ander-
son mine, however, 15 miles east of Drummond and at
other localities still farther east (pl. 32, lots 1287 and
1402), the Retort Member strata are fairly similar to
those in the Flint Creek Range. Other explanations for
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the differences in stratigraphy are possible, but this one
is worth introducing for its potential application to the
regional structure and its practical bearing on problems
of phosphate distribution.

The major tectonic elements noted above were well
established during the Laramide orogeny and may be
regarded as dividing the area described in this report
into five major structural units: (1) the Garnet Range-
Elliston-Helena area, in the large tectonic block north
of the Lewis and Clark line; (2) the Elkhorn Moun-
tains-Three Forks area, south of that line and east of
the Boulder batholith; (3) the Boulder batholith; (4)
the Flint Creek Range, on the west branch of the south-
west Montana synclinorium ; and (5) the positive block
ecomposed of Precambrian rocks west of the Flint Creek
Range.

The Garnet Range-Elliston-Helena area extends
along the south flank of a large tectonically high block
in northwestern Montana that is occupied mostly by
the Precambrian Belt Supergroup. Crustal weakness
along the Lewis and Clark line and early uplift of the
block north of it (Mutch, 1961), appear to have been
instrumental in causing the west branch of the syncli-
norium to terminate abruptly at the north. Along the
south flank of the uplifted block, Paleozoic and Meso-
zoic formations are exposed in a series of en echelon
folds that plunge southeast; Permian strata crop out
near the middle of that band of folded strata.

In the Elkhorn Mountains-Three Forks area, the
structure is generally synclinal. Paleozoic and Meso-
zoic formations are folded and thrust faulted to form
an arcuate pattern convex to the east.

The Boulder batholith trends north-northeast from
south of Butte and is 60 to 70 miles long by 25 to 40
miles wide. Radiometric ages of the Boulder batholith
average about 70 m.y. (Jaffe and others, 1959). Per-
mian rocks are in contact with its east and north flanks
and possibly with its west flank. Most of its western
boundary is concealed by Tertiary volcanic rocks and
by Quaternary deposits in the broad Deer Lodge
Valley.

In the Flint Creek Range, the sedimentary forma-
tions in the west branch of the southwest Montana
synclinorium are tightly folded. They are cut by sev-
eral thrust faults, some of which are also folded though
not as sharply as the beds, and the deformed rocks have
been invaded by several bodies of plutonic rock.

The large area of upthrust Precambrian Belt rocks
farther west appears to form the western boundary of
the synclinorium.

Since Late Cretaceous time, the central western Mon-
tana region has remained above sea level, but the se-
quence of events has varied considerably from one area
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to another. (See especially Pardee, 1950, and Smedes,
1960.) Regional uplift was effected by broad warping
and local uplift by block faulting. In some periods, the
region was reduced to low or moderate relief; in
others, uplift resulted in intensified erosion, and the
topography became rugged. Thick deposits of clastic
sediments and volcanic flows and pyroclastic rocks ac-
cumulated in structural basins and in basins blocked by
volcanic materials.

Quaternary warping and block faulting led to the
formation of the present pattern of mountain ranges
separated by broad basins, and further accentuated the
local relief. The higher valleys were modified by alpine
glaciation.

REGIONAL STRATIGRAPHY

Permian sediments were deposited throughout cen-
tral western Montana, but the rocks have been invaded
so extensively by batholiths, or removed by erosion,
that they are now present only in areas of general down-
folding or downfaulting (pl. 80).

The Permian rocks in the western phosphate field
represent three principal stratigraphic facies: (1)
chert-mudstone-phosphorite, (2) carbonate rock, and
(3) sandstone. These facies intertongue and grade
laterally into each other and are assigned respectively
to three formations according to lithology. Rocks of the
first facies are assigned to the Phosphoria Formation,
those of the second to the Park City Formation, and
those of the third to the Shedhorn Sandstone (Me-
Kelvey and others, 1959). In this area, the stratigraphic
sequence and range in thickness of the formations and
their members are:

Shedhorn Sandstone
upper member, 0 to 40? ft
Phosphoria Formation
Tosi Chert Member, 0 to 50 (155°?) ft
Retort Phosphatic Shale Member, 4 to 30 & ft
Shedhorn Sandstone
lower member, 0 to 30 £t
Park City Formation
Franson (?) Member, 0to 75 (100?) ft

The Permian section rests unconformably on Pennsyl-
vanian rocks assigned to the Quadrant Quartzite and is
overlain unconformably by Jurassic rocks and possi-
bly in one area by Triassic rocks. In the Flint Creek
and Garnet Ranges, the Permian strata below the
Retort Member thin northward (pl. 31), probably
chiefly by overlap, which indicates that the time inter-
val represented by the disconformity at the top of the
Quadrant was longer in those areas.

The area described in this report contains more than
275 linear miles of exposed or thinly covered Permian
strata, much of it in areas so rugged that a large part
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of the phosphate rock is above entry level (the lowest
horizontal access in mining). Some of this phosphate
rock, however, has been metamorphosed by the larger
intrusive bodies. The only phosphate deposits of com-
mercial value are in the Retort Phosphatic Shale Mem-
ber of the Phosphoria Formation. The phosphate min-
eral is carbonate fluorapatite, which occurs mostly in
fine to medium-coarse pellets and oolites. The ratio of
fluorine to P,0O; is about 1 to 10; fluorine could be re-
covered as a byproduct in acid treatment of the phos-
phate rock. The rock also contains a very small amount
of uranium; many of the samples analyzed contained
more than 0.010 percent equivalent uranium (eU), but
none contained as much as 0.020 percent.

PARK CITY FORMATION

The Park City Formation consists of carbonate strata
ranging in known thickness from 0 to 75 feet and pos-
sibly as thick as 100 feet. In the Flint Creek Range
(pl. 31), its thickness on the north side of Little Gold
Creek (near the Moonlight mine, lot 1340, pl. 30) is
nearly 75 feet. At that locality it has been metamor-
phosed by the Philipsburg stock to marble containing
much tremolite and talc, but nearly all the strata below
the Retort Phosphatic Shale Member of the Phosphoria
Formation were well exposed, so the units they rep-
resent were clearly identifiable. At Flagstaff Hill in
Philipsburg, the strata between the Quadrant Quart-
zite and the Retort Member are about 100 feet thick
and include some cherty limestone (Pardee, 1936, p.
179). Pardee indicated a similar thickness on the north
side of Gird Creek, 30 feet of cherty limestone overly-
ing 70 feet of limy sandstone. The writer measured but
55 feet between the Retort and the Quadrant at lot 1387,
but only the upper part was exposed (pl. 31). At
Douglas Mountain, 2 or 8 miles farther north, Pardee
(p. 179) noted that the Quadrant and the Retort are
separated by “40 feet of hard gray limestone containing
thin bands of chert.” Bell and Moore (1965, p. 71)
noted 60 to 120 feet of Park City strata but did not
give locations. They stated that “thickness varies
erratically.”

In the Garrison and Elliston districts, a thinner car-
bonate layer, which represents a tongue of the Park
City Formation, is between the Pennsylvanian Quad-
rant Formation and the Retort Member of the Phos-
phoria Formation. At the Graveley mine in the Garnet
Range (lot 1286), 5 feet of cherty dolomite representing
the top of a tongue of the Park City Formation was
observed in the 4,900-level drift; Pardee (1936, p. 179)
reported from that area “about 20 feet of cherty-
appearing rock” between the Quadrant Formation and
the phosphate beds. In the Anderson mine (lot 1287),
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nearly 16 feet of soft to hard porous cherty siltstone,
which appears to have been cherty limestone leached of
its carbonate, is assigned to a tongue of the Park City
Formation. This is separated from the Quadrant by
a 2-foot tongue of lower Shedhorn Sandstone. Bell and,
Moore (1965, p. 71) noted in this district 18 to 41 feet
of “lenticular beds of heterogeneously mixed silt,
quartzite fragments and non-clastic chert nodules.” In
the Elliston district (lots 1397, 1398), the Retort Mem-
ber is underlain by a thin tongue of Shedhorn Sand-
stone and 2 to 4 feet of cherty carbonate rock represent-
ing a tongue of the Park City Formation. The contact
with the Quadrant is not exposed but cannot be more
than a few feet below the lowest exposure of carbonate
rock.

In the absence of beds that can be correlated with the
Meade Peak or the Rex Members of the Phosphoria
Formation, the Grandeur and the Franson Members of
the Park City Formation cannot be readily differen-
tiated. Those carbonate beds near the base of the Retort
probably represent the Franson Member, and perhaps
also most carbonate beds between the Quadrant and the
Retort in this region.

PHOSPHORIA FORMATION

The Phosphoria Formation appears to be represented
only by the Retort Phosphatic Shale Member and the
Tosi Chert Member, although the thin chert in the un-
derlying carbonate rock at Gird Creek may be a tongue
of the Rex Chert Member.

RETORT PHOSPHATIC SHALE MEMBER

The Retort Phosphatic Shale Member consists mostly
of phosphorite, but near Philipsburg this member con-
tains much mudstone, and farther north sandstone is
common near its top and bottom. The freshest appear-
ing phosphorite is generally dark gray, but most of it
is partly weathered and is medium gray to somewhat
brownish gray. That exposed near the Anaconda quarry
(lot 1337) is dark lustrous gray, and tools and clothes
used during sampling became dirty with black dust that
looked graphitic. These characteristics may be due in
part to metamorphism by nearby intrusive bodies, but
they are probably due also to shearing, inasmuch as the
phosphatic shale is in fault contact with the Quadrant
Quartzite. The basal shale beds are even more strongly
sheared and more graphitic looking than the phospho-
rite. The relatively high content of organic matter
shown by analyses of the samples makes it seem unlikely
that any true graphite was formed.

Near Melrose (lot 1366), about 20 miles south of the
area described in this report, the member is 27 feet thick
(pl. 32) ; its upper two-thirds consists chiefly of shaly
phosphorite and its lower third of phosphatic shale.
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Its thickness near Anaconda (lot 1337) is not known be-
cause of faulting, but inasmuch as Anaconda is between
the Melrose and the Dissett mine (lot 1886) sections that
have similar thicknesses, it is presumably about 25 feet
thick. In the Maxville area (lots 1340, 1388, 1389), the
member is 10 to 15 feet thick, most loss being due to
thinning of the more shaly strata ; Pardee (1921, p. 144;
1936, pl. 84, col. H) reported it to be about 16 feet thick
on the slope north of Princeton Gulch. In the eastern
Garnet Range, the Retort Member is almost as thick
as in the Maxville area, but the phosphorite in the mid-
dle part is less diluted by clastic impurities, and mud-
stone partings are fewer and thinner. In the lower and
upper parts of the member, phosphorite intergrades
with sandstone, and the member limits are sometimes
difficult to define; in most places, however, the basal and
top phosphatic sandstone beds are distinctly different
from the adjoining rocks, and the basal bed is com-
monly conglomeratic.

At most localities in this area are beds of sandy
phosphorite and phosphatic sandstone at or near the top
of the member. These range in thickness from about
an inch to nearly 5 feet, and in P,O; content from a few
percent to more than 24 percent.

The Retort was measured and sampled at 16 localities.
At many places all beds were sampled, but at some lo-
calities (lots 1285-7, 1337, 1386, and 1401) sampling was
restricted mostly to beds rich in phosphate. The aver-
ages of all samples from this member in this area
(weighted for thickness) are 23.2 percent P,Os;, 31.6
percent acid insoluble, and 9 percent combined car-
bonate and other acid-soluble components and organic
matter. As in southwest Montana (Swanson, 1970, fig.
164), the content of apatite plus acid-insoluble increases
northward (fig. 200) ; it is 85 to 93 percent in the Flint
Creek Range, 85 to 97 percent near Elliston, and 94 per-
cent or more in the Garnet Range.

The acid-insoluble components are mainly in sand-
stone, mudstone, and chert. Sandstone is particularly
common in the northern part of this area, and a sixth
of the samples are sandstone or are conspicuously
sandy; few are very cherty.

The phosphorite in the central western Montana
phosphate area consists mainly of small- to medium-
sized pellets, but it commonly contains oolites, and in
some places they are abundant. Phosphatic shell frag-
ments occur in many places but do not make up a large
part of the phosphorite. The sandy zones near the base
and top of the Retort Member are commonly nodular,
and some of the nodules are very sandy.

TOSI CHERT MEMBER

The dominantly cherty rocks above the Retort Mem-
ber represent the Tosi Chert Member of the Phosphoria
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Formation (pl. 31). At the type locality in northwest-
ern Wyoming, the chert is thin bedded. In some parts
of this region, it is also thin bedded, but in others it
is poorly bedded to massive. The thin-bedded facies
seems to be best developed near Elliston; bedding is
much less distinet in the Garnet Range.

Stone and Bonine (1914, p. 375) reported that the
phosphate in the Elliston area is overlain by 75 feet
of soft greenish-brown sandstone and shale, but the
writer found it to be overlain by 25 feet or more of
chert and quartzite (lots 1397 and 1398). Most of the
section above the chert and quartzite is probably of
Jurassic age; the contact on plate 31 has been placed
arbitrarily 10 feet above the highest measured bed at lot
1397.

Pardee (1917, p. 209) described 0 to 100 feet of “gray-
ish chert” as being exposed in an area “west of Drum-
mond,” but in the upper part of the basin of Little Bear
Creek, about 3 miles northwest of Bearmouth and 12
miles west-northwest of Drummond, scattered outcrops
of typical Shedhorn Sandstone occur in the 50- to 75-
foot interval between outcrops of Quadrant Quartzite
and the Ellis Group.

In the Flint Creek Range area, the Tosi Chert Mem-
ber apparently is not well developed. Three feet of some-
what sandy chert (probably < 20 percent sand) was

ent of Retort Phosphatic Shale Member of Phosphoria Formation.

found near Little Gold Creek (lot 1340), but at most of
the sample localities no chert was found above the Re-
tort Member.

In the area west of Anaconda, Mahorney (1956)
measured 155.5 feet of “black and dark gray massive
chert,” an unusual thickness for the Tosi Member any-
where and the more so inasmuch as only 40 feet of
sandstone was found above the Retort Member at
Anaconda quarry (lot 1337) only 3 miles away.

Most of the chert in the area of this report is
sandy, and sand is abundant in some. Some of the chert
contains sponge spicules that are clearly recognizable
in hand specimens. The chert beds are not generally as
dark as they are farther south; their lighter color is
probably due in part to extensive mid-Tertiary
weathering, but it is also believed to indicate that the
chert contains less carbonaceous matter.

SHEDHORN SANDSTONE

Tongues of both the lower and the upper members of
the Shedhorn Sandstone are present in the Flint Creek
and Garnet Ranges (pl. 31). Most of the Shedhorn
Sandstone 1s fine grained, and much of it is quartzitic.
The quartzitic character seems to be related in some
places to hydrothermal activity (lot 1402) and in other
places to mid-Tertiary weathering. The lower member
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is represented in the Flint Creek Range and most of
the Garnet Range by a thin layer of sandstone, al-
though it comprises as much as 30 feet of cherty quartz-
ite at Warm Springs Creek in the Garnet Range (lot
1402). The upper member is a little more than 40 feet
thick near Anaconda (lot 1337), where it represents the
entire Permian section above the Retort Member. The
member is also prominent at Gird Creek (lot 1387)
near Maxville, where 35 feet of quartzitic sandstone is
interbedded with soft sandy shale, and at the Graveley
mine (lot 1286) in the Garnet Range. Bell and Moore
(1965, p. 70, 71) did not recognize any Shedhorn in the
Garrison district, but they noted that a “thin but per-
sistent cherty quartzite lies at top immediately below
phosphate bed” and that the Tosi Member “becomes
quartzitic toward base * * * and beyond ‘shoreline’
becomes sandstone.” Quartzitic sandstone was seen by
the writer west of Drummond, but exposures were not
sufficient for measurement of a section. (See descrip-
tion of that area, p. 798.) Bell and Moore (1965, p.
71) stated that the phosphate bed north of the Clark
Fork (presumably near Drummond) “is overlain by
soft sandstone rather than chert or cherty quartzite.”

ECONOMIC GEOLOGY

Phosphate is the only major resource in the Permian
rocks of the central western Montana phosphate field.
Carbonate fluorapatite, however, contains fluorine in
the approximate ratio of 1 percent fluorine to each 10
percent P,O;, and uranium in the approximate ratio
of 0.001 percent uranium to each 3 percent P,O; (Alt-
schuler and others, 1958). Other elements that are pres-
ent in very small quantity in phosphatic shales (Gul-
brandsen, 1966) might also be of economic value.

PHOSPHATE

The western phosphate field is one of the largest in
the world. Its phosphorus is contained in carbonate
fluorapatite. Most of the mined phosphate rock is used
for making fertilizer by sulfuric-acid treatment of rock
containing more than 31 percent P,O; and for recov-
ering phosphorus in the elemental state by electric-
furnace treatment of rock containing about 24 percent
P,0;. The rock is generally mined at about the grade
needed for treatment, but the grade is sometimes modi-
fied by blending or beneficiation. Some of the phosphate
rock is applied directly as a fertilizer to acid soils
without being treated, and some is treated for removal
of fluorine and used as an animal-feed supplement.

The phosphate is in layers or beds mixed with other
rock materials (pl. 32). In some layers, the phosphate
mineral is the dominant component (pl. 83) ; it repre-
sents more than 95 percent of the total rock (>387.2
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percent P,0O;) in a few sampled beds. In others, the
phosphate is much diluted with mud or sand, or those
components may dominate. The various rock types are
interbedded, particularly phosphorite and mudstone,
and few layers in the phosphatic shale member any-
where are as thick as 2 feet. Mudstone and phosphorite
are commonly interlaminated.

All the phosphate rock mined in central western Mon-
tana occurs in the Retort Phosphatic Shale Member of
the Phosphoria Formation. In the eastern part of the
Garnet Range, most of the phosphate is in a single zone
of high-grade phosphate rock only 3 to 5 feet thick
(pls. 32, 33), which is separated from the underlying
lower Shedhorn tongue by a thin layer of phosphatic
conglomerate and overlain by a few feet of phosphatic
sandstone. The phosphate zone pinches out in the
western part of the range. To the east, in the Elliston
area, the phosphate rock thins and is of lower grade
because it contains more shaly partings, but the sand-
stone above it is more phosphatic and partly minable.

In the northern part of the Flint Creek Range (pl.
82), the main phosphate zone, at or near the top of the
Retort Member, has about the same thickness as in the
eastern part of the Garnet Range area, but it contains
numerous shaly partings. On top of the main phosphate
zone at the east adit of the Edgar mine is 314 feet of
sandy phosphorite containing more than 24 percent
P,0;. The area of such quality and thickness is prob-
ably small.

Near Philipsburg, the phosphate zone is thicker and
more shaly than it is in the northern part of the Flint
Creek Range, and the underlying phosphatic shale is
about 12 feet thick. The basal phosphorite is about 1 foot
thick and overlies a bed of phosphatic conglomerate.

Near Anaconda, the upper part of the Retort Member
has the same character that it has near Philipsburg;
where sampled the lower part is absent because of
faulting.

The approach to reserve classification and the use of
the terms “reserves” or “resources” have been discussed
by Swanson (1970). Phosphate zones used in tonnage
estimates are defined as follows: (1) minimum grades
are 31, 24, or 18 percent P,Os (high grade, medium
grade, and low grade, respectively) ; (2) zones must be
3 feet thick; (3) where a sequence of beds above the
given minimum grade is a little less than 3 feet thick, a
part of an adjacent bed is added to increase the total to
3 feet, provided that the combined total contains the
minimum grade; (4) the uppermost and lowermost beds
in a zone contain no less than the minimum grade for
that zone, except where the third rule is applied; (5) no
zone includes a sequence 3 feet thick of beds containing
less than the minimum grade for that zone. Tonnage
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factors for the three grades noted above are 11.0, 11.5,
and 12.0 cubic feet per ton. Computed tonnages are
rounded to the nearest 5 of the second significant figure,
and no tonnages of less than 50,000 tons are recorded.
A1l estimates are in short tons.

Estimates of tonnage and grade are based on analyses
of samples collected in this study and on data published
by Pardee (1913, 1917, 1921, and 1936) and by Stone and
Bonine (1914). They take account of the thickness of
each bed and also of its area in the plane of bedding,
all of which are recorded in the tables given in this
paper.

The bed areas were obtained by constructing maps
showing 1,000-foot structure contours at the base of the
Retort Member. The information available for construc-
tion of these contours is of widey varying quality. The
figures for tonnages above entry level, or even within
2,000 or 3,000 feet below it, seem in general to be fairly
satisfactory, but they become progressively uncertain
with increasing depth.

The central western Montana phosphate field is cal-
culated to contain about 600 million tons of high-grade,
nearly 2 billion tons of medium-grade, and more than
214 billion tons of low-grade phosphate rock (31,24, and
18 percent P,O;, respectively). These tonnages represent
23, 67, and 82 percent of the 840 million tons of P,O; in
the area. The three grades of rock are also estimated to
contain about 19, 55, and 70 million tons, respectively,
of uranium.

The Garnet Range contains more than half the high-
grade phosphate. The Flint Creek Range contains one-
third of the high-grade, two-thirds of the medium-
grade, and three-fourths of the low-grade phosphate, or
nearly three-fourths of the P,O; in the area.

Only a small part of the total phosphate resources of
this area could be recovered under present economic and
technologic conditions. Most of the phosphate of this
area is at too great a depth to be minable. Less than 10
percent of each of the three grades of rock occurs above
entry level, and less than 18 percent of the high-grade
phosphate occurs at depths less than 500 feet below this
level. Some of the deposits are too high or are too remote
from transportation to be mined in the near future.

Part of the “available” phosphate is spoiled for
mining by structural complications, especially by closely
spaced cross faults. Where these have been recognized,
they were allowed for in calculating tonnages. Some of
the phosphate near the plutonic intrusive bodies may
also be difficult to mine or to treat because of metamor-
phic effects. Other geologic factors affecting recover-
ability of phosphate include character of footwall and
hanging-wall rocks, dip, bedding, and ground-water
conditions.
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Most of the mining in the western phosphate field
had been done underground until the last few years.
Much of that in Idaho, Wyoming, and Utah is now done
by stripping, but in Montana, most phosphate is still
mined underground, although a small tonnage has been
strip mined at the Anderson mine (Mining World, 1955;
Popoff and Service, 1965, p. 80). Strip mining has the
advantage of lower costs, including smaller investment
in mine and equipment, but it can be used only where
the overburden is rather thin and easily removed. In
Montana, the phosphorite is rarely more than 5 feet
thick, and much of it is overlain by a great thickness of
relatively hard rocks.

URANIUM

All the western phosphorite contains uranium,
though always in very small quantity. Altschuler,
Clarke, and Young (1958) have discussed the geochem-
istry of uranium in phosphorite, and Sheldon (1959)
has discussed it with special reference to the Phos-
phoria Formation. The distribution of uranium in
rocks of the Phosphoria Formation of southwest Mon-
tana was described by Swanson (1970); what follows
relates especially to its occurrence in rocks of the Phos-
phoria in central western Montana.

Uranium content can be approximately estimated by
measuring radioactivity, of which uranium is the major
source, but each 2 percent of ;0 is equivalent to about
0.001 percent of eU (Swanson, 1970, fig. 194). Shales
contain, on the average, about 31/ percent K,O (Clarke,
1924, p. 30). Some of the shale beds in the Meade Peak
Member of the Phosphoria Formation at Coal Canyon,
Wyo., contain as much as 5 percent K,O, but the radio-
activity due to X,O probably does not exceed 0.002 per-
cent eU in any of the samples from the area described
in this report.

Almost all the 144 samples from this area were ana-
lyzed both chemically and radiometrically for uranium.
That the uranium and its daughter products are essen-
tially in equilibrium is indicated by the near agreement
of chemical and equivalent uranium values for most of
the samples (fig. 201). Samples collected and analyzed
before 1949 are likely to be low in chemical uranium
(Cressman and Swanson, 1964, p. 280). The samples
from lots 1285, 1286, and 1287 were collected in 1948;
most of them have lower chemical values, and of all the
samples for which the values differed by more than
0.002 percent, half were from these three localities. Be-
cause of this, the equivalent uranium values (eU) are
used in comparisons with P,Os in this report.

None of the samples contains as much as 0.020 per-
cent equivalent uranium, but 3 in 10 contain at least
0.010 percent. In general, the uranium content of the
Phosphoria strata is roughly proportional to the PO
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content (MecKelvey, 1956; Sheldon, 1959; Swanson,
1970). Figure 202 tends to bear this out, though not as
clearly as the diagrams for Wyoming given by Sheldon
(1959, figs. 13, 14, and 15) and for southwest Montana
by Swanson (1970, figs. 192, 193). The ratio is roughly
eU: P,O5=1: 3,000. Many of the points plotted in figure
202 differ considerably from this, but the differences
balance out.

In the phosphate zones of minable thickness and
grade, the eU content ranges from 0.004 to 0.015 per-
cent and averages about 0.009 percent (fig. 203). Except
for the samples collected in 1948, which are consistently
low in reported uranium and probably have an analyti-
cal bias, all zones show a difference between eU and U of
less than 0.002 percent, and 60 percent of them contain
more eU than U. In half the zones, the average eU con-
tent falls within 0.001 percent of the trend line shown
in figure 202, and in nearly half of the remainder within
0.002 percent.

The average eU contents for the zones having P,O;
cutoffs of 31, 24, and 18 percent are 0.0110, 0.0083, and
0.0082 percent, respectively. The average for all zones is
0.0089 percent.
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FIGURE 202,—P;05 and equivalent uranium in samples from central western Montana. ®, Chemical uranium, no eU report available.
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At six localities, all underground, it is believed that
leaching out of uranium or enrichment in uranium by
ground water has taken place. The evidence for leach-
ing is clearest at the Moonlight and Dissett mines (lots
1340 and 1386, fig. 204). At these localities, the four
phosphate zones have the four lowest eU values in the
Anaconda, Philipsburg, and Maxville districts (fig.
203). At the Moonlight mine, the weathered condition
of the Retort Member is apparent from its generally
light color, the friability of much of its phosphorite,
and the soft, clayey condition of its mudstones. The
mudstones are for the most part medium to light brown-
ish gray but contain thin layers of yellow, red, and
light-gray material, and those underlying the main
phosphate zone are extremely soft. The eU content of
all samples from the Moonlight mine is very low, rang-
ing from 0.003 to 0.005 percent, and shows no consistent
relation to the phosphate content. The U content is also

472-898—T73——3

low but averages about 0.001 percent higher than eU, a
fact that may indicate differential leaching of the
uraninm and its daughter products.

At the Dissett mine (lot 1386), on Red Hill at the
north side of Philipsburg, Permian rocks are preserved
in the axial part of a rather tight syncline and do not
extend far below the surface; the rest of the hill is
composed of Quadrant Quartzite. The Permian rocks
are deeply weathered, as is shown by the light color and
softness of the mudstones, the medium grays of the
phosphorites, and the heavy white phosphate “bloom”
on the joint planes of the quartzitic basal conglomerate.
The phosphate pellets disseminated through the mud-
stones are also light gray to white. The Park City For-
mation underlying the Retort Member has been leached
of much of its carbonate and is now very soft. Both the
U and the eU contents of the phosphatic samples from
the Dissett mine are very low, and they seem to bear
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little relation to the P,O; content. Varying amounts of
uranium thus appear to have been leached from these
rocks.

The samples taken from the Douglas Creek mine in
the Flint Creek Range (lot 1388) and from the Grave-
ley mine in the Garrison district (lot 1286) contain
more than normal eU. At both localities they were col-
lected at some distance underground and may be sec-
ondarily enriched. The distance of the water table below
the sampling localities is not known but is probably
small. In the samples from the Anderson and Luke
mines in the Garrison district (lots 1287 and 1285), the
eU content is a little above normal. Some of the rocks
close to the surface at the Anderson mine appear to be
weathered, but their eU content is not known. Although
the evidence for enrichment is not generally as clear
cut as that for leaching, some enrichment apparently
occurred at most of these localities.

FLUORINE

The phosphate mineral throughout the western phos-
phate field is carbonate fluorapatite, which contains
about 1 part fluorine for every 10 parts P,O;. Fluorine
can be recovered as a byproduct in the acid treatment
of phosphate rock, and in fact some has been so re-
covered for plant use at Trail, British Columbia, from
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phosphate rock mined north of Garrison (C. O. Swan-
son, oral commun., 1951).

Fluorite has been recognized at some localities in
this area. It is usually not abundant, but at Warm
Springs Creek north of Garrison (lot 1402), it is com-
mon in small veinlets that cross the phosphorite. The
somewhat vuggy fluorite forms crystals about 2 mm in
diameter, which are generally dark bluish purple where
fresh but become colorless when weathered. The phos-
phorite at this locality is hard and flinty and appears
to have been silicified; its acid-insoluble content (20
percent) is notably higher at this locality than at others
nearby. These features are apparently due to hydro-
thermal activity, the waning stages of which are re-
sponsible for the travertine terraces forming in the
valley nearby. It seems likely that much if not all this
fluorite was formed from fluorine leached from phos-
phorite at depth by ascending water, and the abundant
fluorite is probably of very local occurrence.

The F :P,0; ratio of most of the phosphorite in cen-
tral western Montana is fairly constant ; in each million
tons of phosphorite there is approximately a thousand
tons of fluorine for each 1 percent of P,0O;. The total
fluorine in rock within this report area containing 31,
24, and 18 percent P.O; would thus be 19, 54, and 71
million short tons, respectively.

GEOLOGY OF PHOSPHATE DEPOSITS

The phosphate deposits described in this report are
divided into five districts: the Anaconda, Philipsburg,
Maxville, Garrison, and Elliston. T'wo other areas that
contain resources but that have no history of mining
are described, the Pendant syncline and the Helena-
Three Forks area. These districts and areas are shown
on plate 30.

ANACONDA DISTRICT

The Anaconda district includes several small syn-
clines and fault blocks near Warm Springs Creek, in
T. 4 and 5 N, R. 12 W, (pl. 344). Permian rocks also
crop out in two areas north of Anaconda and in one on
the southeast side of the Mount Powell stock; these
areas are all near the west edge of the Deer Lodge Val-
ley. Permian rocks occur also in a syncline between the
Mount Powell, Royal, and Philipsburg stocks.

As the small fault blocks near Warm Springs Creek
are in the 8-mile gap between the Mount Powell stock
and the intrusive bodies in the Anaconda Range, they
probably make up a relatively thin pendant above a
composite intrusive body which, to judge from the large
number of dikes in this area, is not very far below the
surface. Such a condition is further indicated by the
many small variously oriented faults and by the low-
grade metamorphism common in this area.
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In the area north of Warm Springs Creek, T. 5 N.,
R. 12 W., are four small fault blocks; two are in secs.
23 and 24 (lot 1337), one in secs. 8, 16, and 17, and one
in secs. 5 and 6. At the locality identified as lot 1337
(table 1; pl. 33) furnace-grade phosphate rock at the
top of the Retort Member is about 7 feet thick and con-
tains about 6 percent combined Al.O; and Fe,O;. A near-
bedding fault in the lower part of the zone repeats part
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of the section. The shale underlying the phosphate zone
is considerably sheared, and the lower half to two-thirds
of the Retort Member plus all the Park City Forma-
tion is cut out by a large near-bedding fault. The phos-
phate in the two northwestern blocks may have been
adversely affected by heat from nearby intrusive bodies.
The total phosphate resources of this area (fig. 205)
must therefore be relatively small.

TaBLE 1.—Measured section and anaylses of Permian rocks near Anaconda quarry, Montana, lot 1337

[Section measured and described by R. W. Swanson and sampled by R. A. Zeller, August 1950, in hand trench and natural exposures on north side of Warm Springs Creek,
R.12 W., Deer Lodge County, Mont. Beds strike N. 75° E. and dip 256° N. Samples

abouta guarter of a mile east of Anaconda limostone quarry, SEY sec. 23, T. 6§ N.

analyzed for P2Os and acid insoluble by U.S. Bur. Mines and for other constituents by U.S. Geol. SBurvey. LOI, loss on ignition]
Thickness Thickness
Bed (feet) Description Bed (feet) Description
Upper Tongue of Shedhorn Sandstone, top not exposed: Retort Phosphatic Shale Tongue of Phosphoria Formation,
US?-16__ 5. 04 Covered 3418213()5%’05/041;&, but pa,le-yellowish& upper part only——-Continued
orange (2. quartzite is expose . e
some distance back from cliff. Rt—(5)-- (. 5) Phé)Spﬁlome' n?;\;lgy’ S%ﬁ‘ lto cmﬁ‘?}%’_
US-15... 3.8 Quartzite: hard, light-brownish-gray ark-gray ), finely  pelletal;
(10YR 6/1), fine- to medium-grained; sheared; equals upper part of bed 5
one bed. (sample 5893).
14.._ 28.7 Quartzite: hard, medium-gray (N 6) to | Fault, diagonal, with repetition of strata.
yellowish-gray (10YR 7/1), thick- Rt—(6)._. (1.2) Phosphorite: hard, dark-gray (N 3),
13 7.7 Qul;(tig?;g- ti;)arglas?g‘:l(féwfiis}f-gg;:}ne?i OYR laminated, finely pelletal; sheared;
7. : , -
7M), Clthin— to thick-bedded, fine- gggg%s lower part of bed 6 (sample
grained. .. .
Retort Phosphatic Shale Tongue of Phosphoria Formation, 5... 1.2 Phosphorite: muddy, medium-hard,
upper part only: grayish-black (N 2); strongly sheared;
Rt-12.__ 0.8 Quartzite: phosphatic, hard, light-brown- basal contact irregular.
ish-gray (10YR 6/1), fine-grained; 4___ 1.0 Mudstone: phosphatic, hard, black (N 2)
grades from hard brownish-gray (10YR to pale-brown (10YR 5/3); sheared:
4/1) finely pelletal sandy phosphorite may be cherty in part; basal contact
in basal 0.1 foot; one bed; basal : y I part;
contact irregular. 1rregulaf. . .
11___ .9 Phosphorite: soft, crumbly, dark-gray 3... .6  Mudstone: carbonatic, medium-hard,
(N 4), bedding indistinct, finely pel- medium-dark-gray (N 4) to medium-
letal; unit brecciated. light-gray (N 6), poorly bedded; basal
10... .9 Phosphorite: muddy, especially in upper contact sheared.
half, soft to hard, dark-gray (& 3), 2__. .6 Mudstone: carbonatic, medium-hard
0 6 P I::hin}-lbegidedl,n ﬁg‘el;é1 tﬁ c%arsel_g p(}a{lleta,l. dark-gray (N 3); contains consider-
—— . osphorite: medium-hard, ark-gray .
(N 3), thin-bedded, parfly pelletal. abga _phosplhate, basal contact sheared
8. .9 Mudstone: phosphatic, soft to hard, and Irregular. . .
black to dark-gray (N 3), finely | Fault. Lower part of Retort Member and all underlying Permian
pelletal; basal contact irregular. rocks missing,
7. .4 Mudfsttone: _p}?%sphati?zl gz;;ll%o;)/%ict h(_?), Quadrant Quartzite:
sott, grayish-brown (7. , thin- -1__. 10.0 uartzite: hard, ve ale brown Y
bedde?irgrs?;dgﬁ.fTOI?ﬁe‘}iiugl"l‘afd dark. @ 00 9 7/2) to medium-rgré)y (N 5), ((izgkeRr
ray (7 in-bedded fine elleta . :
;gnuglrdy phosphorite in ba,saji %.1 ft; upwar d, masstve, ﬁne-graxn'ed. Pt:osp_ect
basal contact irregular. pit b.elqw contgms some mineralization
6_.__ 1.8 ©Phosphorite: medium-hard to hard, and is iron stained.
grayish-black (N 2) to dark-gray (N 3),
};hix}l}-bed(éed, dﬁnef:ly pelleta 1; top 0.2
t sheared and soft to erumbly.
Chemical analyses (percent) Uranium content
Thickness (percent)
Bed Sample (feet) 3
P:05 ALO; FesO3 LOI Acid Organic oU U
insoluble = matter
Rt-12. o __ 5902-RWS_________ 0.8 18. 4 1.48 1. 41 0. 94 48.7 0.27 0.007 0. 006
) 5901-RWS_________ .9 29.0 1. 87 2.23 2. 55 6.3 .35 . 011 . 013
10 o 5900-RWS_________ .9 26. 6 4. 68 1. 02 6. 79 20. 1 .94 011 . 008
S P 5899-RWS________. .6 32.8 1.28 . 68 4. 96 10. 5 . 65 008 . 009
8 2 5898-RWS________. .9 11. 8 9.12 1.23 12,66 45.7 1. 82 007 . 005
T e e 5897-RWS_________ .4 14.0 9. 96 7.93 13. 68 30.1 1. 42 . 007 . 007
[ 5896-RWS_________ 1.8 30. 2 3.25 1. 25 7.79 11.1 .53 010 . 013
(5) o 5895-RWS. ________ (.5) 19. 2 7.30 2.80 16.52 24,7 3.12 011 . 013
6y TTITITTT 5894-RWS_________ (1.2) 306 3.60 145 10.72 10.8 1.34 011 .016
- SO 5803-RWS.______.___ 1.2 19. 3 7.92 3.35 16.36 25.6 1.45 . 009 . 008
L S 5892-RWS. ________ 1.0 10.0 10. 9 4,54 20.08 44,1 3. 52 . 008 . 005
b J R 5891-RWS____.____ .6 3.9 14. 8 7.52  20.54 46. 7 5. 44 . 004 . 006
2 e 5890-RWS_________ .6 7.2 11. 6 12.1  25.16 39.1 4. 51 . 004 . 004
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The area south of Warm Springs Creek containing
outcrops of Permian rocks (pl. 34A) was first mapped
by Calkins (Emmons and Calkins, 1913) and later
mapped in more detail by Mahorney (1956), who called
it the Garrity Hill area. It is in a structurally depressed
part of the crustal segiment between the Mount Powell
stock and the intrusive bodies of the Anaconda Range,
and it is now surrounded and partly covered by Ter-
tiary gravel, glacial deposits, and postglacial alluvium.

Permian rocks exposed in this area are on the flanks of
two anticlines that strike about north. These folds are
overturned toward the east and their limbs are steep.
The folded rocks are also broken by many faults, which
belong to at least three groups: (1) near-strike re-
verse faults dipping moderately to steeply west; (2)
near-strike east-dipping normal faults; and (3) steep
faults, generally of small displacement, about normal to
the beds.

The Permian rocks occur in four moderately small
fault blocks and a number of very small ones, some of
which are southeast of Garrity Hill and of Big Gulch
(called Lime Kiln Gulch by Mahorney), in secs. 2 and 3,
T. 4 N, R. 12 W. This part of the area is separated from
Garrity Hill by morainal deposits, across which faults
can be correlated only in part.

The valley of Warm Springs Creek where it skirts
Garrity Hill ranges in altitude from 5,600 to nearly
5,900 feet. The highest outcrops of Permian rocks on
the hill are at nearly 8,000 feet, but most of them are
below 7,500 feet. As shown in cross section by both
Calkins and Mahorney, most of the Permian rocks in
the synclines are above 5,000 feet, but they may go
considerably lower beneath the extensive cover to the
east. Most of the structural relief on the Permian is
less than 3,000 feet, therefore, and most of the Permian
is higher than Warm Springs Creek. The rocks in this
area are so much broken by faults that a considerable
part of the phosphate is probably spoiled for mining.
The steep dip and the thinness of the phosphate bed
also make it impossible to mine much of it from the
surface. Transportation of whatever can be mined is
favored, however, by nearness to the railroad serving
the lime quarry north of Warm Springs Creek. Most
of the area is under lease or prospecting permit to
the Stauffer Chemical Co.

Permian rocks are believed to underlie a considerable
area near and north of Anaconda, mostly in T. 5 N, R.
11 'W. Nichelson and Pott (1948, pl. 10) showed two
fault blocks in the northern part of the township in
which these rocks might be present. In the western
block, they mapped Lower Mississippian to Cretaceous
strata but stated that Permian rocks were not observed.
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In the eastern block, Cretaceous strata crop out over a
large area, and Permian strata must lie at considerable
depth. Wanek and Barclay (1966, pl. 1) showed Per-
mian rocks at an altitude of less than 8,500 feet in this
area. They showed no Paleozoic rocks as young as Per-
mian in the western block.

South of Lost Creek, in the southern part of this
township, rocks of Mississippian to Cretaceous age, dip-
ping east, are shown on the Montana geologic map
(Ross and others, 1955), and in T. 6 N. Cretaceous rocks
are shown, but Wanek and Barclay showed Eocene
volcanic rocks and Cretaceous sedimentary rocks in that
area. On plates 80 and 344, the area underlain by Per-
mian rocks is inferred from the State map and from
Wanek and Barclay, but it should be emphasized that
there is much uncertainty about the distribution of
Permian rocks near Anaconda. This whole area is at
the west edge of the Deer Lodge Valley ; the Eocene and
older rocks are bordered on the east by valley-fill de-
posits and on the south by intrusive rocks at the east
end of the Anaconda Range.

The area north of Warm Springs Creek is estimated
to contain 10 million tons of furnace-grade phosphate
rock but no high-grade phosphate rock (table 10). The
Garrity Hill area is estimated to contain eight to nine
times this amount. Geologic information for the re-
maining part of the Anaconda district is insuflicient to
warrant the estimation of phosphate resources. In the
area near Anaconda, if Permian rocks are actually pres-
ent and contain phosphate comparable in grade to that
at lot 1337, 4 miles to the west, they would contain a
considerable reserve.

PHILIPSBURG DISTRICT

In the Philipsburg district (T.7 N., R. 13 and 14 W,
and the west half of T. 8 N., R. 13 W.), Permian rocks
crop out over an area 13 miles long from north to south,
214 miles wide in the middle, and very narrow at both
ends. Its northern part crosses Boulder Creek about a
mile southeast of Maxville, and its south end is 2 miles
south of Philipsburg. The area is west and northwest of
the Philipsburg stock and immediately east of the
Philipsburg thrust, which bevels off the upper Paleo-
zoic strata south of the town. The northern part of the
area is bounded on the east by the Bungalow fault,
which extends north from the west edge of the Philips-
burg stock and transects the Permian strata in the axial
part of a tight syncline about half a mile north of
Boulder Creek.

The geology of this area has been studied by Emmons
and Calkins (1913), Pardee (1917, 1936), and McGill
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(1959). Field examination by the author consisted
chiefly in measuring and sampling the Permian rocks at
the Dissett mine (lot 1386).

The geologic structure in the central part of the
Philipsburg district includes four folds. From west to
east, these are the Red Hill anticline, the Wyman Gulch
syncline, the Philipsburg anticline, and the Stewart
Mountain syncline. All these folds plunge northward.
They are tight and overturned on the west side of the
area, toward the Philipsburg thrust, and progressively
more open eastward. The Philipsburg anticline dies
out northward, and the two synclines join within about
2 miles from the point where Permian rocks cross its
axis in outcrop. The Stewart Mountain syncline is cut
off on the northeast side by a large fault that extends
north from the Philipsburg stock. This fault was re-
garded by Calkins (Emmons and Calkins, 1913), and
by Pardee (1936), as the west side of a downfolded seg-
ment of the Philipsbung overthrust. MeGill (1959)
called it the Bungalow fault (so named on pl. 34) and
considered it a steep reverse fault, down on the east.

The fold called by Pardee* the Wyman Gulch syn-
cline contains Permian rocks as far south as the Dis-
sett mine, at the south end of Red Hill and just north
of Philipsburg. In its northern part this fold is bounded
on the west by a steep reverse fault (Bungalow thrust
of Pardee, Wyman Gulch fault of McGill) ; southward
the fault crosses the Red Hill anticline, next to the
west, and it may join the Philipsburg thrust north of
Philipsburg. The syncline is very tight in the southern
part, and the west limb is overturned. It plunges gently
northward to its junction with the Stewart Mountain
syncline. A little farther north, in sec. 29, T. 8 N., R.
13 W., it narrows abruptly, and continues narrow for
314 miles to the north end.

About 2 miles east of Maxville, east of the middle of
T.8 N,, R. 13 W., is a west-dipping thrust fault of mod-
erate stratigraphic displacement, shown as the George-
town(?) thrust on plate 344. Calkins (Calkins and
Emmons, 1915) mapped this thrust as the east side of
the large downfolded segment of the Philipsburg
thrust, and the fault along the northeast side of the
Philipsburg district as the western boundary of that
segment. Pardee (1936) modified that interpretation
by showing the Bungalow thrust as a steep reverse
fault that displaced the downfolded Philipsburg thrust
along a 8-mile interval near Boulder Creek. McGill

1 McGill applied this name to the eastern syncline, here called the
Stewart Mountain. Both authors may have intended to apply a single
name to the pair of synclines, however, for only one name was
proposed by each, but the placement of names on their maps is
different.
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(1959) showed displacement of the thrust along an 8-
mile interval extending south almost to the stock and
past the entire east side of the northern half of the phos-
phate area.

As shown by both Pardee and MeGill, interpreting
the block east of the Bungalow as downfaulted requires
that Permian rocks, which are cut off along the east
side of the Stewart Mountain syncline, lie beneath part
of the area of Precambrian rock between the Bunga-
low fault and the Georgetown(?) thrust, shown on
plate 344. Evidence for this interpretation does not
seem conclusive, and an alternative seems worth sug-
gesting. The Georgetown (?) thrust east of Maxville
(plate 344) can be interpreted as the northward con-
tinuation of the Georgetown thrust named by Calkins
(Emmons and Calkins, 1918) and mapped by him and
by Poulter (1956) south of Philipsburg. The George-
town thrust, as mapped by them, lies below the Philips-
burg thrust and ends at the south edge of the Philips-
burg stock. The thrust has not been identified north of
the stock, but the thrust that does extend north in the
appropriate place was identified as part of the Philips-
burg thrust. The interpretation proposed here infers
movement on the Bungalow fault to have been up on
the east, rather than down as shown by Calkins, Par-
dee, and MecGill. This direction of movement is sug-
gested both by the upturned beds west of the fault and
by the presence of slivers of Paleozoic rocks within the
fault zone. This interpretation does not negate the con-
cept of folded thrusts in this region ; such folding seems
amply demonstrated. It does, however, reduce the
amount of movement to be attributed to the Philips-
burg thrust, it allows for continuation of the George-
town thrust north of the Philipsburg stock, and it of-
fers a logical interpretation of the updragged strata
along the east side of Bungalow fault. It also suggests
that phosphate-bearing Permian rocks do not underlie
rocks of the Belt Supergroup on the east side of the
Bungalow fault.

The phosphatic shales of the Retort Member were
measured and sampled at only one locality in the
Philipsburg area, at the Dissett mine (table 2), but
Pardee’s (1917, 1936) data from several other localities
provide additional information. The sampled beds at
all these localities (pl. 33) generally contain less than
31 percent P,0;, but at many of them 3 feet or more of
beds contain more than 24 percent P,Os. A 3-foot layer
near the New Hope shaft contains 31.9 percent and a
layer 6.9 feet thick in the Dissett mine contains 25.6
percent P,O;.
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TaBLE 2.—~Measured section and analyses of Permian rocks in Dissett mine, Montana, lot 1386

[Section measured and described by R. W. Swanson and G. Abele, A

t and September 1953, in the Dissett mine, NE{ sec. 24

T. 7N., R. 14 W., Granite County, Mont.

Locality is on east limb of Wyman Gulch syncline; beds in sublevel above main drift strike about N. 40° E. and dip about 40° NW.; beds in main drift dip about 35° NW.

Beds F-1 through Rt-15 measured on east wall of main drift and in raise about 700 feet from portal; beds Rt-16 thro:
drift and 10 feet south of raise; beds Rt-24 through Rt-26 measured in sublevel 60 feet south of raise. Strata exposed in raise and main

h Rt-23 measured in sublevel about 35 feet above
drift are crumpled and faulted,

and many show effects of extensive weathering or hydrothermal alteration. Samples analyzed for P:O;5 and acid insoluble by U.S. Bur. Mines and for other constituents

by U.S. Geol. Survey. LOI, loss on ignition]

Thickness
Bed (feet) Description

Retort Phosphatic Shale Tongue of Phosphoria Formation, top
not exposed:

Thickness
Bed (feet) Description

Retort Phosphatic Shale Tongue of Phosphoria Formation, top
not exposed—Continued

Rt-26__. 1.4 Mudstone: soft, light-olive-brown (2.57 Rt-13.__. 0.5 Mudstone and phosphorite, interlami-
5/4), poorly bedded; contains laminae nated: soft; prominent shear zone at
of finely to medium-pelletal phosphate; base.
basal contact irregular. Exposed at 12_._. .6 Mudstone: soft, alternating yellowish-
back of small stope. gray (10YR 7/1) and very pale brown

25.._. 1.0 Moudstone: phosphatic, soft, yellowish- (10YR 7/3), thin-bedded.
gray (2.5Y 7/2), thin-bedded, finely to 11... 1.0 Mudstone: soft, poorly bedded to thin-
medium-pelletal; basal contact grada- bedded; poorly exposed.
tional. 10___ 2.5 Mudstone and phosphorite, interlami-
24___ .95 Mudstone: soft, very light gray (N 8), nated: soft; upper 1.5 ft complexly drag
fissile to thin-bedded; contains laminae folded and sheared.
of yellowish-gray (2.5Y 7/2) finely 9_.... 1.5 Mudstone: soft to medium-hard, thin-
pelletal phosphorite. bedded; base not exposed.
23b_. 1.4 Phosphorite: medium-hard, medium-gray 8.... 1.5 Mudstone and phosphorite(?), inter-
(N 5), fissile to thin-bedded, medium- laminated mostly concealed by mine
pelletal; contains sparse phosphate timbers.
nodules; cherty near middle; 0.03-ft 7--.-. 1.8 Mudstone, phosphatic, and muddy phos-
soft mudstone at base. phorite: soft to medium-hard, thin-
23a.. .5 Phosphorite: medium-hard light-yellow- bedded; phosphorite, yellowish-gray
ish-brown (2.5Y 6/4), thin-bedded, (10YR 7/1) to light-yellowish-brown
medium-pelletal; contains sparse phos- (10YR 6/4), medium-pelletal; unit ex-
phate nodules. posed in main drift near cave.
22_._. .5 Mudstone: thospha,tic, soft, yellowish- 6-..._. 1.0 Mudstone and phosphorite, interlami-
gray (2.5Y 7/2), thin-bedded; contains nated to thinly interbedded: soft to
0.1 ft finely pelletal phosphorite near medium-hard, brownish-gray (10YR
middle. 6/1) to yellowish-gray (10YR 8/1),
21___ .6 Phosphorite: medium-hard, light-yellow- fissile to thin-bedded; phosphorite finely
ish-brown (2.5Y 6/4) to weak-yellowish- pelletal; soft reddish-brown mudstone
orange (10YR 7/6), one bed, finely to partings at top and bottom.
medium-pelletal; rock fairly porous. 5c.__ 2  Phosphorite: muddy, medium-hard, light-
20... .45 Mudstone: soft, weak-yellowish-orange brownish-gray (10YR 6/1) to pale-
(2.5Y 8/4) to yellowish-white (2.5Y brown (10YR 5/3), fissile, finely pelletal.
9/2), poorly bedded; contains abundant 5b.__ .6 Phosphorite: hard; light-brownish-gray
fine white phosphate pellets; thickness (10YR 6/1) to pale-brown (10YR 5/3)
varies from 0.2 to 0.7 ft due to stress. to dark-brownish-gray (10YR 3/1),
19... 1.1 Phosphorite and mudstone: soft, light- thin-bedded, medium-pelletal.
yellowish-brown (2.5Y 6/4), interlami- 5a._. 2  Phosphorite: muddy, hard, weak-yellow-
nated to thinly interbedded, medium- ish-orange (10YR 8/4), fissile, finely
pelletal; more phosphatic upward; pelletal; basal contact undulating.
0.05-ft clayey mudstone at base. 4_._. 1.2 Conglomerate and phosphorite: hard
18._. :8 Phosphorite: medium-hard, pale-brown dark-gray (N 3) sandy, phosphatic
(2.5Y 5/2), one bed, medium-pelletal. chert-pebble conglomerate grading up
17.._ .45 Mudstone:1 3%51% 8mfs,t,ly wgaclii.-&%ljlo;nsh- to hard dark-gray (N 3) poorly pelletal
3mgsed(u e to str/es)s’. one bed; thickness medium-grained sandy phosphorite;
16... 1.1 Phosphorite: medium hard, light-olive- pebbles as much as 1 inch long; basal
brown (2.5Y 5/4), thin-bedded, finely contact slightly irregular.
pelletal; basal shale parting at stope 3.... .2 Mudstone:soft.
floor. . Lower tongue of Shedhorn Sandstone:
15._. 1.1 Mudstone and phosphorite, interbedded: 18-2.__. 1.3 Quartztite: hard, fine-grained; one bed.
soft, weak-yellowish-orange (2.5Y 8/4), . . R
; . Park City Formation, top bed:
more phosphatic upward; shear zone . :
near top makes thickness uncertain. PC-1..__ 4 0+ Carbonate rock: cherty, soft, white to
14._. 5 Mudstone: soft, light-brownish-gray (10 dark-gray; deeply weathered; may be
YR 6/1). 25 ft or more thick.
Chemical analyses (percent) Uranium content
Bed s ) Tlt}ckaess (percent)
e o P05 ALO; Fe:03 10T Acid  Organic eU U
insoluble  matter
Rt-25. L ___ 5923-RWS______.___ 1.0 10. 0 6.5 3. 16 2. 98 61. 2 0.54 0.004 0. 002
24 . 5922-RWS_________ .95 3.3 7.9 3. 12 2.76 75.2 . 46 . 002 . 001
23 . 5917-RWS_________ 1.9 29. 4 1.5 2. 08 1. 92 21. 6 .51 . 005 . 004

22 o ___ 5918-RWS_________ .5 10. 3 9.5 3. 80 3. 22 55. 7 .59 . 006 . 006

21 . 5919-RWS________._ .6 35. 4 1.6 1. 38 1. 92 6.9 .44 . 004 . 003

20 . 5920-RWS_________ .45 7.7 5.3 5. 52 6. 40 64. 2 .71 . 002 . 001

19 . 5921-RWS_________ 1.1 26. 0 5.1 1. 90 2. 80 22. 2 . 68 . 006 . 004

18 . 5924-RWS_________ .8 33.7 2.5 1. 62 2. 62 16. 3 . 82 . 004 . 003

17 . 5925-RWS________. .45 7.1 4.1 4, 72 4, 62 58. 5 1. 07 . 004 . 004

16 . 5926-RWS________. 1.1 20.0 4.1 1. 52 2. 22 19.0 .54 . 007 . 006

6 __ 7492-RWS________._ 1.0 146 .. 5L. 8 .65 . 008 . 007

5 S 7491-RWS________._ 1.0 27,8 e 24. 7 .78 . 006 . 006
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The general complexity of structure in the area makes
it probable that many structural features too small to
recognize on the surface will be found in mining. Some
minor faults may offset the phosphate bed ; others, about
parallel to bedding, may locally eliminate or duplicate
all or part of the phosphate zone or cause brecciation
and dilution. Near Boulder Creek, Pardee (1936, p. 183)
found breccia as much as 100 feet thick along the
Bungalow fault, which is there nearly parallel to the
bedding. In the Dissett mine, many small faults can be
observed, and crumpling and shearing of the soft middle
shaly zone of the Retort Member made measurements of
thickness uncertain. In other parts of the Philipsburg
area, however, the structure is less complex.

Effects probably due to prolonged weathering during
middle Tertiary time are very apparent in the Dissett
mine. Carbonate beds below the Retort Member have
been changed to soft rocks readily penetrated by a
geologic pick, the soft normally dark-colored shaly
beds in the Retort Member are now light-gray to tan
(Munsell value of 6 or higher), and a heavy phosphate
“bloom” has been deposited on joint surfaces of the
conglomerate bed at the base of that member. It is con-
ceivable that the rocks might have been thus altered
hydrothermally during the period in which the ores of
the Philipsburg district were being formed, but the
Dissett mine is not very near the principal area of
mineralization or of intrusive activity, so this appears
less likely.

The lowest point at which Permian rocks crop out in
the Philipsburg district is at the intersection of Boulder
Creek with the Bungalow fault, whose altitude is a little
less than 5,000 feet above sea level. The outcrops near
Philipsburg Valley are mostly near 5,500 feet, those on
the ridge west of Wyman Gulch are higher than 6,500
feet, and those on Stewart Mountain are higher than
7,000 feet. The maximum topographic relief on the
Permian rocks in this area is thus a little more than
2,000 feet; these rocks are inferred to be below 8,000
feet in altitude in the structural basin near the junc-
tion of Wyman Gulch and Stewart Mountain synclines.

A small amount of phosphate has been mined in this
area, mostly at the Dissett mine and at the Washington
Phosphate and Silver Co. mine south of Boulder Creek
near Maxville. The most recent mining was shortly
after World War II for shipment to Japan as well as
for direct application to soils in this region.

GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

MAXVILLE DISTRICT

The Maxville district (pl. 34A) includes the area
underlain by Permian rocks at the north end of the
Flint Creek Range. The economic potential of this dis-
trict may be greater than that of any of the others de-
scribed in this report. The district lies northeast of
Boulder Creek and northwest of the Royal stock, and it
contains about 60 miles of outcrop of Permian rocks,
more than half in T. 8 N., R. 12 W. The description
of the geology of this area is based primarily on the
work of Emmons and Calkins (1913), Pardee (1936),
McGill (1959), Gwinn (1961), Mutch (1961), Mutch
and Gwinn (1960), and Mutch and McGill (1962).
Field examination, chiefly of Permian strata, was con-
ducted by the author in connection with measurement
and sampling of the phosphatic beds at localities 1340,
1387, 1388, 1389, and 1399.

The Maxville district is at the north end of the west
branch of the southwest Montana synclinorium. The
exposed sedimentary rocks are mostly Paleozoic in the
southern part and Mesozoic in the northern part of the
district. These rocks have been invaded by several large
and many small bodies of plutonic and hypabyssal
igneous rock of Late Cretaceous or early Tertiary age.
In general, the structural uplift has been greatest near
the larger plutons.

Sections were measured at six localities in this dis-
trict (tables 3-8), and analyses of the phosphatic rocks
were mads of samples from five. Pardee (1936) re-
ported data from several others. The data from the six
localities show that the phosphate rock of minable thick-
ness and grade (24 percent or more P,O;) in the Max-
ville district (pl. 83) is confined to the upper part of
the Retort Phosphatic Shale Member. However, almost
every bed in the member is phosphatic, and in the north-
ern part of the district, where the member is thinner,
the averags P,O; content is 24 percent at one locality
and almost that much at others.

Five stratigraphic zones can be distinguished in the
Retort Member. (See pl. 32.) The top and bottom
zones—the upper sandy zone and the lower sandy zone
of plate 32—are generally sandy, too thin, and too poor
in phosphate to be of economic interest, though the top
zone at the Edgar mine (lot 1389) is an exception. The
middle zone, which constitutes most of the lower half
of the member at some localities in this district, is very
shaly. The upper phosphatic zone averages less than 5
feet in thickness and the lower one less than 114 feet
(table 9).
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TaBLE 3.—Measured section and analyses of Relort Phosphatic Shale Member of Phosphoria Formation in Moonlight
mine, Montana, lot 1340
[ Sec%on measured and described by R. W. Swanson and sampled by R. A. Zeller, August 1950, in the Moonlight mine, south side of Princeton Gulch, NW{ sec. 29, T. 8 N.,

W., Granite County, Mont. Locality is on west limb of west branch of Coberly syneline; beds in east drift strike N. 30° W. and dip 42° NE. Beds Rt-1 through Ri-3
measured in east drift at junction with erosscut about 400 feet from portal; beds Rt—4 through

Rt-X and Rt-11 through Rt-15 measured in stope above main drift, which is reached by rai

by U.S. Bur. Mines and for other constituents by U.S. Geol. Survey. LOI, loss on ignition]

Thickness

Bed (feet)

Retort Phosphatic Shale Tongue of Phosphoria Formation,
top not exposed:

Description

Bed
Retort Phosphatic Shale Tongue of Phosphoria Formation,
top not exposed—Continued

Rt-10 measured on south face of east drift about 500 feet from portal; beds
se about 600 feet from portal. Samples analyzed for P20 and acid insoluble

Thickness

(feet)

Description

Rt-15_._. 0.5 Sandstone: hard, pale-brown (5YR 5/2), Rt-8.... 1.3 Moudstone: phosphatic, very soft to plas-
fine-grained; contains abundant black tie, very pale brown (10YR 7/2) to
phosphate pellets as much as 1/2 mm light-brownish-gray (10YR 6/1), thin-
in diameter and some nodules of hard, bedded to laminated; contains very
dark-gray (N 3) medium-pelletal finely fine to fine phosphate pellets through-
sandy phosphorite; contains yellow out, abundant in some layers; contains
limonitic material in much of matrix; red and yellow mudstone layer 0.4 ft
sponge spicules(?) common. Exposed above base; basal contact irregular,
at back of stope. possibly sheared.

14._. 1.9 Phosphorite: medium-hard to soft and 7---- .3 Mudstone: phosphatic, plastic, mostly
locally friable, dark-gray (N 3), thick- moderate-orange-pink (10R 7/4) to
to very thick bedded, medium- to grayish-orange (10YR 7/4) but contains
coarsely pelletal; contains very fine pale-reddish-brown (10R 5/4) layers,
sand toward top; matrix locally pale thin-bedded; phosphate pellets dissem-
brown to weak yellowish brown, inated and fine, but absent in reddish

13¢.. .1 Mudstone: soft, brownish-gray (10YR layers: basal contact gradational
4/1) to light-yellowish-brown (10YR yers; & T M

M > 6.... 1.6 Mudstone: soft to plastic, light-brownish-
6/4), fissile to thin-bedded. i icht-
> . gray (10YR 6/1) with some light
13b.. .15 Phosphorite: muddy, soft to medium- vellowish-brown (10YR 6/4) layers,
g?égi’u Igggéﬁgzgl“.’wh'my (10YR 5/1), ﬂlllm-bﬁgde(‘i; cont?;ns ﬁx;)ely1 pelletal
13a.. .25 Mudstone and phosphorite, inter- p Ospt' te 11n some layers; basal contact
laminated: soft to medium-hard, light- 5 4 Mgﬁa ta 1onal. dar to Rt-6 but not
grayish-red (3R 5/2), thin-bedded, .. udstone: simiiar to ut  no
finely to medium-pelletal; phosphate PhOSPh?'tlc- .
pellets disseminated through mudstone 4_.__. 1.0 Phosphorite: muddy, medium-hard to
laminae. soft and plastic, brownish-gray (10YR

12_.. .7 Phosphorite: soft and somewhat friable, 3/1) to  moderate-yellowish-brown
dark—gra.y (N 3), thin-bedded, medium- (10YR 5/4) to light-brownish-gray
pelletal; contains mudstone laminae (10YR 6/1), fissille to thin-bedded
toward top, and yellow to red iron ’ o . . ’
stain in matrix. finely to medium-pelletal; unit more

11.__ .4 Phosphorite: soft to friable, medium- muddy and more finely pettetal upward.
dark-gray (N 4), finely pelletal; grades 3._.. .8 Phosphorite: hard, brownish-gray (10YR
up into soft light-yellowish-gray (10Y B 4/1) (pellets darker than matrix), thick-
7/1) to light-yellowish-brown (10YE bedded, finely to coarsely pelletal;
6/4)t cltayey mﬁu}cs?one fat top; basal contains hard  dark-brownish-gray
contact somewhat irregular. — )

X___ (1.1) Phosphorite: soft, friable, light-yellowish- qore A modium-pelletal tche‘;“g’.rég )
brown (2.5Y 6/4), fissile to thin-bedded, phosphate nodu'es In lower two-thircs.
finely to medium-pelletal; contains 2.... .6 Phosphorite: hard, ’pale-brown (7.5YR
0.1-ft soft clayey mudstone near base. 5/2) to dark-brownish-gray (10YR 3/1),
Equivalent to beds Rt-9 and 10. thick-bedded, medium-pelletal; contains

10... 1.4 Phoipléoréte:sloft to mediuﬁn-hard, (sl%r?,% phosphate nodules in lower part; top
what friable, brownish-gray
4/1), thin-bedded and laminated, finely 0.1 £t pale brown (10YE 5/2) and very
pelletal. muddy. )

9.... .3 Phosphorite and mudstone: soft, friable 1.___. 1.3 Sandstone: hard, yellowish-gray (10YR
pale-brown (10YR 5/2) thin-bedded 7/1), one bed, fine-grained; upper half
gﬁ%ly slgﬁletég phlozgihongtf }%il:ssildg;%;n\g phosphatic; contains many brownish-

a C a, =
(10¥R 7/4) thin'bedded mudstone con- black (10YE 2/1) sandy phosphate
taining laminae of fine phosphate nodules near top; cement is carbonatic
pellets; basal contact irregular. in places, siliceous elsewhere.
Chemical analyses (percent) Uraliﬁum t’)g)ltent
perce:

Bed Sample Th(x{celé%ess ~Add Organic

P20s AL03 Fe;03 LoI insoluble matter eU U
Rt-14- . ____. 5907-RWS_________ 1.9 35. 4 0.78 1. 69 1. 17 7.7 0.68 0.005 0. 006

18 5906-RWS_________ .5 22. 3 5. 66 5.16 2. 68 28. 5 .97 . 003 . 004

12 . 5905-RWS. ______._ .7 37.0 1. 29 1. 25 1. 22 3.8 . 50 . 003 . 004

5 5904-RWS_________ .4 26. 7 4, 86 5. 01 2. 85 18. 2 1. 06 . 003 . 003

X 5903-RWS___._._.__ 1.1 32. 8 3.11 2. 27 2. 29 10. 4 . 69 . 005 . 004

W . 5908-RWS_______._ 1.4 33.6 2. 47 1.35 1.67 9.8 .62 . 004 . 005
L 5909-RWS_________ .3 26.2 5. 54 2.25 3. 56 21.8 1.44 . 004 . 004

< S 5910-RWS_________ 1.3 13.0 9. 52 4. 06 4. 51 49. 4 1. 60 . 005 . 005

Y 5911-RWS_________ .3 8.4 10.3 5. 59 5. 11 57.3 1. 95 . 004 . 004

O 5912-RWS_________ 1.6 6.4 10.6 4. 03 3. 52 66. 2 .85 . 004 . 003

B e 5913-RWS_________ .4 1.4 114 5. 83 4. 47 79. 7 1. 25 . 004 . 002

L S 5914-RWS_________ 1.9 21. 4 7.10 4. 39 3. 95 29. 7 1.29 . 005 . 007

[ S 5915-RWS___.____._ .8 34. 2 2. 39 1. 38 1. 97 7.9 1.01 . 003 . 004

2 5916-RWS__ . ______ .6 31. 0 2. 63 1. 58 2.19 13. 0 .59 . 005 . 005

472-898—173——4
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TABLE 4.—Measured section of Permian rocks near Little Gold Creek, south of Moonlight mine, Montana, lot 1340a
[Section measured and described by R. W. Swanson and R. A. Zeller, August 1950, in hand trench and outerop nearly three-fourths of a mile southeast of Moonlight

mine (lot 1340) on north side of little Gold Creek, SW{ sec. 29, T. 8 N.,

R. 12 W., Granite County, Mont. Loecality is on west imb of west branch of Coberly syncline

about 1 mile west of Royal stock, and strata are metamorphosed; beds strike N. 40° W. and dip 25° NE. Retort Member not well exposed]

Thickness
Bed (feet) Description
Tosi Chert Tongue of Phosphoria Formation, hasal bed:

To-28___ 3.0 Chert: hard, light-brownish-gray (10YR
6/1), poorly bedded. In oil, found to
contain quartz grains, carbonate, apa-
tite, and spinel or garnet? (high index,
isotropic). Apatite looks like igneous
variety and is clearly recrystallized.
Hand specimen has appearance of fine-

grained quartzite.

Retort Phosphatic Shale Tongue of Phosphoria Formation:

Rt-27_.__ 1.0 Hornfels:  hard, light-brownish-gray
(10YR 6/1), laminated; contains some
carbonate; scratches readily with nee-
dle; originally mudstone.

Phosphorite and mudstone: hard, medi-
um-dark-gray (N 4) to brownish-
gray (10YR 4/1), thin-bedded; some
phosphate pellets recognizable, but
most of material is microcrystalline and
unidentifiable; beds sheared and not
well enough exposed to accurately
determine stratigraphic sequence and
thickness.

Phosphorite: hard, moderate-yellowish-
brown (10Y R 6/4), medium- to coarsely
pelletal and oolitic; pellets dark-gray,
oolite ecenters commonly yellowish-
gray, matrix light-yellowish-brown to
dark-yellowish-orange; one bed; prob-
ably equivalent to bed Rt-3 in Moon-
light mine.

Mudstone: hard, light-brownish-gray
(10YR 5/1), one bed.

Phosphorite: hard, medium-dark-gray
(N 4), one bed, medium-pelletal and
oolitic; iron-stained in part; contains
quartz grains toward base; basal con-
tact gradational.

Lower tongue of Shedhorn Sandstone:

Ls-22._. 2.4 Sandstone: hard, medium-dark-gray (N
4) to light-brownish-gray (10YR 6/1),
poorly bedded, fine-grained; contains
considerable phosphate at top and
tremolite near top; cement calcareous
to siliceous; basal contact somewhat
irregular.

26.__ 5.3+

25 .7

24___ .4
23._. .6

Park City Formation:

PC-21...13.0+ Marble: hard, light-gray (N 7) to yel-
lowish-white  (10YRE 9/1), poorly
bedded, finely to coarsely crystalline;
contains much tremolite, irregularly
distributed; locally cherty; weathers
to very irregular surface.

Carbonate rock: cherty, hard. light-gray
(N 7) with medium-dark-gray (N 4)
chert, poorly bedded, aphanitic; con-
tains some coarsely crystalline quartz.

Covered.

Marble: cherty, hard, light-brownish-gray
(10YR 6/1) to pale-orange (10YR 8/2),
aphanitic to medium-crystalline; con-
tains much tremolite in some layers
and many small pyrite cubes.

Marble: tremolitic, hard, yellowish-white
(10YR 9/1), finely crystalline; contains
some small recrystallized (finely sug-
ary) chert concretions.

Covered.

Marble: cherty, hard, very pale orange
(10Y R 9/2) with light-gray (N 7) chert;
chert recrystallized; contains much
tremolite.

Marble: hard, medium-light-gray (N 6);
medium-crystalline; contains much
tremolite.

20___

19.._
18._.

e
(=] ]

17... 5.3

16___
15._.

N
w >

4. .9

Thickness

Bed (feet)
Park City Formation—Continued
PC-13.._ 2.1 Marble: hard, white (N 9), aphanitic;

contains much tremolite. .

12.._9.1 Marble and chert: medium-hard pinkish-
gray (PR 8/1) thick-bedded finely
cyrstalline talcose marble containing
beds (0.2 to 0.4 ft) of medium-light-
gray recrystallized chert; calcite and
quartz occur as coarsely crystalline
veinlets; tale occurs as abundant
coarse flakes disseminated through
marble; veinlets of very coarsely
crystalline calcite, quartz, and talc
cross chert; tremolite needles and
pyrite cubes occur in 0.8-ft platy bed of
medium-hard medium-dark-gray aph-
anitic marble 0.9 ft from top of unit.

Marble and chert: hard grayish-pink
(5R 8/2) to yellowish-gray (10YR 8/1)
thin-bedded aphanitic to coarsely crys-
talline marble; contains much tremo-
lite and prominent light-brownish-gray
(10Y R 6/1) chert layers at middle and
in lower half.

Chert or quartzite: hard, yellowish-gray
(10YR 7/1), aphanitic to medium-
crystalline quartz; one bed.

Marble: hard, pinkish-gray (5YR 8/1),
thin- to thick-bedded, very finely
crystalline; contains disseminated tre-
molite needles and talc flakes; contains
recrystallized chert nodules in layers
0.2, 0.6, and 1.6 ft above base; basal
contact irregular.

Marble: cherty, hard, white (N 9) to
pinkish-gray (§YR 8/1), thick-bedded
to massive, contains tremolite and tale
and many small to large light-gray
(N 7) finely recrystallized chert nodules;
basal contact irregular.

Marble: cherty, hard, pinkish-gray (5YR
8/1), finely crystalline; one bed; con-
tains much tremolite and many small
medium-light-gray (N 6) chert nodules;
basal contact irregular.

Chert or quartzite: hard, medium-gray
(N 5), thick-bedded to massive
aphanitic to medium-crystalline; con-
tains tremolite or wollastonite and
various iron and copper sulfides.

Marble: medium-hard, pinkish-white
(5R 9/1), thick-bedded to massive,
aphanitic; contains much acicular
tremolite; contains light-gray (N 7)
aphanitic chert nodules in upper half.

Quartzite: hard, pale-brown (10YR 6/2),
very fine grained. .

Marble: medium-hard, yellowish-white
(10YR 9/1), thin-bedded, aphanitic;
contains tremolite; contains thin layers
of very light gray (N 8) fine-grained
quartzitic sandstone near middle.

Marble: medium-hard, pinkish-white
(5Y'R 9/1), thin-bedded, finely crystal-
line; contains abundant coarsely crys-
talline tremolite; basal contact ir-
regular.

Beneath bed F-2 is 0.7 ft of soft sand-
stone, conglomerate, and silt that is
believed to be due to glaciation so is
not Permian.

Quadrant Quartzite, top bed:

Q- 10. 0+ Quartzite: hard, yellowish-gray (10YR
8/1), thin-bedded at top, massive
below, fine-grained.

Description

11... 3.0

1.8

2.0

8..-98

7.... 13
6.._. 3.7
5._._.

5.3

4 . .2
3.

3.8

(o))
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TaBLE 5.—Measured section and analyses of Permian rocks on west limb of Douglas Mountain anticline near Gird Creek,
Montana, lot 1387

[Bection measured and described by R. W. Swanson, September 1953, on west limb of Douglas Mountain anticline in sec. 7, T. 8 N., R. 12 W., Granite County, Mont. Beds

strike N, 10° W. and dip 85° W. Beds Rt-8 through Rt-16 measured

are poorly ex
by U.8. Geol. Survey. LOI, loss on ignition]

Thickness
Bed (feet)
Jurassic rocks, undifferentiated:
J-27._.. 72.5 Quartzite: hard, vitreous, light-brownish-
gray (10YR 6/1) to pale-brown (10YR
5/2), thick-bedded to massive, fine-
to medium-grained; contains many
small and large limonite spots, some in
fossil molds (?); contains poorly
preserved fossils identified as Jurassic
belemnites and Pentacrinus stems
(R. W. Imlay, written commun., 1959).
Unit forms ridge.
J?-26__._ 43.9 Covered
Upper tongue of Shedhorn Sandstone:
US-2 2.0 Sandstone: mostly hard, locally soft,
brownish-gray (10Y R 4/1), fine-grained;
shattered and poorly exposed.

Description

24._. .5 Sandstone: soft, brownish-gray, fine-
grained.

23..- 9.5 Sandstone: hard, quartzitic, light-
brownish-gray, massive, fine- to me-
dium-grained.

22... 1.4 BSandstone: soft to medium-hard, fine-
grained; quartzitic in uppermost 0.2 ft;
poorly exposed.

US?-21.. .5 Mudstone: soft, tan, thin-bedded.

20.__ 7.5 Covered.

19_... 1.5 Mudstone: medium-hard, pale-brown;
brecciated and not certain if in place.

18_._ 2.0 Mudstone: soft, tan, thin-bedded.

US-17... 9.6 Sandstone: hard, quartzitic, light-
brownish-gray, thick-bedded, fine- to
medium-grained.

16..- .9 Quartzite: cherty, hard, light-brownish-
gray (10YR 5/1), fine- to medium-
grained; one bed; basal contact
irregular.

Retort Phosphatic Shale Tongue of Phosphoria Formation:

{ : d in hand trench about 1,000 fest north of Gird Creek; beds Q-1 through PC-5 and US-17 through US-25
sed strata east and west of adit on north side of Gird Creek. Samples analyzed for P20s and acid insoluble by U.S. Bur. Mines and for other constituents

Thickness
Bed (feet) Description

Retort Phosphatic Shale Tongue of Phosphoria Formation—Con.
Rt-12._. 1.4 Phosphorite: hard, dark-gray (N 4),
thin-bedded, me(iium-pel.letal.

11___ 1.2 Phosphorite: muddy, soft, weak-
yellowish-orange (2.5Y 7/4), thin-
bedded, medium-pelletal; basal con-
tact gradational.

Mudstone: phosphatic, soft, light-
yellowish-brown  (2.5Y 6/4), thin-
bedded; phosphate occurs in thin
finely pelletal layers; basal contact
gradational.

Phosphorite and mudstone, interbedded:
soft to friable, light-yellowish-brown
(2.5Y 6/4), fissile to thin-bedded, finely
pelletal.

Phosphorite: hard, medium-dark-gray (N
4), one bed, finely to medium-pelletal;
contains phosphate nodules.

Mudstone and phosphorite, inter-
laminated: soft, weak-yellowish-orange
(2.5Y 7/4), finely pelletal; contains
hard phosphate nodules near middle.

Phosphorite: soft, dark-gray (N 3) to very
pale brown (10YR 7/2), fissile to thin-
bedded, medium-pelletal; contains hard
phosphate nodules near base.

Phosphorite: sandy, hard, medium-dark-
gray (N 4), medium-pelletal; basal
contact gradational.

Sandstone: phosphatic (?), hard, dark-
gray (N 3), medium-grained; basal
contact not well exposed.

10... 1.8

9___-. L35

8._.. .45

7o..- .35

7a__. .55

6b__-
6a.__ 1.4

Park City Formation:
P

Rt-15... .1 Salt'ldﬁii;;?nel:l ph(ﬁ%hatic, (Sl(())flt/'Rtg . i)riaﬁble, "5__. 6.0 Carbonate rock: cherty, hard, gray.
ight-yellowish-brown , fine~ .
grained; phosphate medium-pelletal; 4 .. 3.2 Che;tose%nd quartzite: hard, poorly
basal contact irregular. exp ’
14_._ .9 Phosphorite: hard, dark-gray (N 3), 3.... 2.3 Carbonate rock: cherty, hard; poorly
thin-bedded, very finely pelletal. exposed.
13.__ .75 Phosphorite: soft, light-yellowish-brown PC?-2__ 42.0 Covered.
(10YR 6/4) to dark-gray (N 4), thin . .
bedded, finely pelletal; upper part Quadrant Quartzite, upper part: .
muddy. Q-1 . 1004+ Quartzite: forms prominent ridge.
Chemical analyses (percent) Uranium content
(percent)
Thickness Acid Organic
Bed Sample (feet) P:0s ALOs FexO3 LOI insoluble  matter eU U
Rt-156._ . __ 5935-RWS_________ 0.1 10. 6 2.7 3. 56 1. 86 66. 7 0.61 0.003 0. 002
14 5934-RWS_________ .9 29. 6 1.3 . 88 1. 40 9.4 .19 . 010 . 009
18 . 5933-RWS_________ .75 26. 8 5 8 3. 88 3. 50 16. 8 . 85 . 008 . 008
120 5932-RWS_________ 1.4 34.0 2.2 .96 2. 10 9.3 .25 . 010 . 010
i S 5931-RWS_________ 1.2 18. 6 8.7 1. 78 3.76 37. 8 .97 . 009 . 008
1000 . 5930-RWS_________ 1.8 9.1 1.5 2. 44 3. 96 55.0 .91 . 007 . 005
2 5929-RWS_________ 1. 35 16. 5 9.0 1. 92 3. 88 41. 6 . 51 . 007 . 005
- 5928-RWS_________ .45 28. 4 2.0 1. 32 2. 20 10. 3 .39 . 008 . 007
T e e 5927-RWS._ ________ .9 23. 8 5.4 2. 14 2. 90 28. 5 .49 . 007 . 006
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TABLE 6.—Measured section and analyses of Retort Phosphatic Shale Member of Phosphoria Formation in Douglas Creek No. 3 North
mane, Montana, lot 1388

[Section measured and described by R. W. Swanson, September 1953, at end of adit level about 1,650 feet north of portal in Douglas Creek No. 3 North mine, sec. 31, T. 9 N.,

R. 12 W., Granite Counhyg, Mont. Locality is on east limb of Douglas Mountain anticline; beds strike N. 5°

insoluble by U.S. Bur.
LOI, loss on ignition]

Thickness
Bed (fect) Description
Retort Phosphatic Shale Tongue of Phosphoria Formation:
Rt-20___ 1.4 Quartzite: cherty, hard, light-brownish-
gray (10YR 5/1), one bed, fine-grained;
contains phosphate pellets and oolites;
basal contact irregular.

Phosphorite: hard, medium-dark-gray
(N4), thick-bedded, medium- to coarse-
ly pelletal and oolitic; contains phos-
phate nodules; uppermost part sandy,
more nodular, and contains some peb-
bles of phosphatic sandstone; a persis-
tent shale parting is 0.2 ft above base;
basal contact sheared.

Phosphorite: medium-hard, medium-dark-
gray (N4), medium-pelletal; contains
considerable carbonate as matrix and
in fractures; basal contact irregular.

Phosphorite: muddy, soft to medium-
hard, dark-gray (N3) to light-olive-
brown (2.5Y 5/4), thin-bedded, medium-
pelletal; top 0.05 £t sheared and gougy;
lower half contains mudstone laminae;
basal contact irregular.

Phosphorite: medium-hard, medium-~
light-gray (dark-gray pellets in light-
gray matrix), fissile to thick-bedded,
medium-pelletal ; basal contact
irregular.

Limestone: cherty, soft to hard, light-
yellowish-brown (10YR 6/4), thin-
bedded, aphanitic; gougy and sheared,
locally vuggy; basal contact somewhat
irregular, locally a shear plane.

Phosphorite: soft to medium-hard,
medium-dark-gray (N 4), fissle to thin-
bedded, medium pelletal.

Phosphorite: muddy, medium-hard,
medium-dark-gray (N 4), finely pel-
letal; contains 0.1-ft medium-hard
pale-brown (10YR 5/3) mudstone just
below middle.

Mudstone: medium-hard, brownish-gray
(LOYR 4/1) to grayish-brown (10YR
4/2), laminated to thin-bedded; con-
tains pelletal phosphate in laminae at
top and bottom; basal contact grada-
tional.

Mudstone: phosphatic, medium-hard,
dark-gray (N 3), thin-bedded, finely to
;r‘led&nn-pelletal; basal contact grada-
ional.

19... .8

18... .5

7. .3

16... .5

15... .4

14 __ 1.45

3. .7

12... .45

... .7

. and dip about 50° E, Samples analyzed for P20 and acid

nes and for other constituents by U.S. Geol. Survey. Sources for additional analyses of samples 5944 and 5946 are cited by Gulbrandsen (1966).

Thickness
Bed (feet) Description

Retort Phosphatic Shale Tongue of Phosphoria Formation—Con.

Rt-10... 0.8 Mudstone; phosphatic, medium-hard,
light-brownish-gray (10YRE 5/1) and
pale-brown (10YR 5/2) to medium-
dark-gray (N 4), fissile to thin-bedded,
finely pelletal; phosphate occurs in
laminae; basal contact gradational.

Phosphorite: muddy, hard, dark-gray (N3),
fissile to thin-bedded, medium-pelletal.

Phosporite: hard, dark-gray (N 3), finely
to medium-pelletal and oolitic: nodular
near base; basal contact irregular.

Mudstone: soft to medium-hard, pale-
brown (10YR 5/3), thin-bedded.

Phosphorite: muddy, soft to medium-
hard, medium-gray (N 5), finely lami-
nated, finely to medium-pelletal; nod-
ular in upper part; soft mudstone
parting at base.

Phosphorite: sandy, hard, medium-dark-
gray (N 4), one bed, finely to medium-
oolitic; phosphatic sandstone at base.

Sandstone: hard, light-brownish-gray
(10YR 5/1); one bed, fine- to medium-
grained; contains carbonate in joints
and matrix.

Conglomerate: composed of limestone,
spicular chert, and phosphorite peb-
bles in matrix of fine- to medium-
grained quartz and chert sand, hard,
light-brownish-gray (10YR 5/1) to
pale-brown (10YR 6/2), one bed; phos-
phate occurs as pellets, broken nodules,
and shell fragments.

Park City Formation, upper part:

PC- . Carbonate rock: hard, light-brownish;
gray (10YR 5/1), one bed, aphanitic-
contains numerous quartz and chert
grains, some phosphate pellets, and a
few pebbles of fine-grained sandstone;
basal contact irregular.

Conglomerate: hard; composed of light-
yellowish-brown (10YR 6/4) carbonate
and pale-brown (10YR 5/2) chert peb-
bles in light-yellowish-brown aphanitic
carbonate matrix; one bed; chert con-
tains spicules, quartz grains, and dolo-
mite rhombs; basal contact irregular.

Limestone: hard, pale-brown (10YR 5/2),
aphanitic; lowest bed exposed in drift.

9_..- .9
8.... .b

7o_.. .3
... .3

6.._. .3

L T §

2.... .6

1.___ .8
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TABLE 6.— Measured section and analyses of Retort Phosphatic Shale Member of Phosphoria Formation in Douglas Creek No. 3

North mine,

ontena, lot 1388—Continued

Chemical analyses (percent) Uranium content

Bed ) Thickness (percent)
¢ Sample (feet) P:0s Al,03 Fe03 LOI Acid Organic eU u

insoluble  matter _

0.8 32. 8 1.0 0. 96 1. 88 15. 3 0.20 0.009 0. 00&

.5 35. 7 1.3 .72 2. 66 4.7 .41 . 012 . 012

.3 19. 6 9.2 2.78 4 14 36. 1 . 40 . 012 . 01¢

.5 35. 5 1.6 . 64 2. 48 6.9 . hS . 012 . 010

.4 5 8 4.5 11. 2 28. 42 10. 2 1. 20 . 003 . 003

1. 45 31.9 2.5 1. 16 2. 58 14. 7 .53 . 012 . 011

L7 16. 8 8. 4 2, 04 3. 94 41. 0 .25 . 011 . 009

. 45 3.1 12. 8 3. 36 414 69. 6 .55 . 007 . 004

L7 13.7 10. 1 2. 62 4 32 47. 2 .95 . 011 . 009

.8 9.7 11. 2 2. 34 3. 94 57. 4 1. 07 . 009 . 007

. 95 20. 6 7.4 1.72 3. 74 32. 6 1. 13 . 012 . 010

s 34.5 1.5 . 68 2. 66 9.5 .67 . 009 . 008

.6 11. 4 9.2 3.48 4. 18 53.5 1. 31 . 006 . 004

.3 31. 4 1.0 2. 40 2. 80 17. 6 . 68 . 009 . 009

0.6
.15 .13
-- <.00001  <.00001
. 008 . 004
-- <.005 <. 005
.03 .01
. 0001 <. 00005
- <.005 <. 005
<.001 <. 001

2 %rgangcc matter by partial combustion. Loss of weight, in percent, between 230°C
and 500°C.

8944~-RWS 5946-RWS
Sl 0. 001 0. 0015

b Oil by distillation at about 500°C, distillate weighed.

TaBLE 7.—Measured section and analyses of Retort Phosphatic Shale Member of Phosphoria Formation in east adit of Edgar mine,
Montana, lot 1389

[Section measured and described by R. W. Swanson, September 1953, about 85 feet from portal in east adit of Edgar mine in NW{ sec. 36, T. 9 N., R. 13 W., Granite County
Mont. Locality is on east limb of Princeton antxcfme; beds strike N. 25° W. and dip 30° NE. Samples analyzed for P205 and acid insoluble by U.S. Bur. Mines and for other
constituents by U.8. Geol. Survey. Sources for additional analyses of samples 5956 and 5958 are cited by Gulbrandsen (1966). LOI, loss on ignition]

Thickness
Bed (feet) Deseription

Upper tongue of Shedhorn Sandstone, basal bed:

US-13... 0.1 Sandstone: calcareous, hard, light-brown-
ish-gray (10YR 6/1), fine-grained;
basal contact irregular.

Retort Phosphatic Shale Tongue of Phosphoria Formation:

Rt-12.__. .5 Phosphorite: sandy, medium-dark-gray

(N 4), one bed, very finely to medium-
pelletal and nodular (nodules pelletal
to oolitic); more sandy upward; basal
contact irregular.

Phosphorite: sandy, hard, brownish-gray
(10YR 4/1) to light-brownish-gray
(10YR 5/1), one bed, finely to medium-
pelletal and oolitic; sand very fine to
fine; contains shell fragments; soft
shaly parting at base up to 0.2 ft thick.

Phosphorite: hard, brownish-gray (10YR
4/1), thin- to thick-bedded, finely to
medium-pelletal; mudstone parting 0.6
ft above base.

Phosphorite: soft to hard, brownish-gray
(10YR 4/1), fissile to thick-bedded,
medium-pelletal; contains several soft
light-yellowish-brown (10YR 6/4) fis-
sile to thin-bedded phosphatic mud-
stone layers and some interlaminated
phosphorite and mudstone.

Phosphorite: medium-hard, brownish-
gray (10YR 3/1), thin-bedded, finely
to medium-pelletal; contains mudstone
partings in lower part.

11 29

10... 2.1

9._. 13

8..-

Thickncss
Bed (feet) Description
Retort Phosphatic Shale Tongue of Phosphoria Formation—Con.
Rt-7__._. 0.8 Phosphorite and mudstone, interlami-
nated: soft to medium-hard, medium-
dark-gray (N 4) to grayish-brown
(10YR 4/2) and light-yellowish-brown
(10YR 6/4), fissile, finely pelletal.

Mudstone: soft to medium-hard, light-
brown (7.5YR 5/4), fissile to thin-
bedded; contains laminae of fine
pellets in lower one-third.

Phosphorite and mudstone, interlaminated:
softtomedium-hard, dark-gray (N3) and
yellowish-gray (2.5Y 8/1), fissile to thin~
bedded, very finely to finely pelletal.

Mudstone: soft to medium-hard, pale-
brown (10Y R 5/3) to weak-yellowish-
orange (10YR 7/6), thin-bedded; con-
tains laminae of fine pellets.

Phosphorite and mudstone, interlami-
nated: soft to medium-hard, yellowish-
gray (10YR 7/1) to light-yellowish-
brown (10YR 6/4) and dark-gray (I 3),
fissile to thin-bedded, finely pelletal;
0.15-ft soft mudstone at base.

Phosphorite: medium-hard to hard, me-
dium-dark-gray (N 4), fissile to thin-
bedded, medium-pelletal, contains very
pale brown (10YR 7/2) mudstone
laminae in top part and nodules and
fine quartz sand with cherty matrix
in lower part; basal contact irregular.

6e._. .65

.75

6b___

6a._. .3

5. L4

4 .. .6
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TABLE 7.—Measured section and analyses of Retort Phosphatic Shale Member of Phosphoria Formation in east adit of Edgar mine,

Montana, lot 1
Retort Phosphatic Shale Tongue of Phosphoria Formation—Con.

389—Continued
Retort Phosphatic Shale Tongue of Phosphoria Formation—Con.

Thickness Thickness
Bed (feet) Description Bed (feet) Description
Rt-3b... 0.6 Mudstone: medium-hard, light-yellowish- Rt-2.._. 0.6 Conglomerate: phosphatic, hard, one bed;
brown (10YR 6/4), thin-bedded. pebbles of brownish-gray (10YR 4/1)
3a_.. .5 Phosphorite and mudstone, interbedded: spicular chert as much as 0.1 ft long in
soft to medium-hard medium-gray phosphatic, quartzitic fine- to medium-
(N 5) fissile to thin-bedded finely grained sand matrix with limestone
pelletal to nodular phosphorite and pebbles at base and nodular medium-
soft light-yellowish-brown (10YR 6/4) pelletal sandy phosphorite in top 0.05
mudstone; basal contact irregular. ft; exposed in pit dug in adit floor.
1____ .1 Conglomerate: pebbles of spicular chert,
limestone, and sandstone; top of bed.
Chemical analyses (percent) Uranium content
Thickness (percent)
Bed Sample (feet)
P20s AlLO; Fes O3 LOT Acid eU U
insoluble
5960-RSW__ . ______ 0.5 24,1 1.8 2.72 1.92 33. 3 0. 006 0. 006
5959-RWS_________ 2.9 24. 5 1.2 1. 02 2. 28 34. 2 . 007 . 007
59058-RWS1________ 2,1 36. 2 1.1 . 56 2. 50 50 . 012 . 011
5957T-RWS________. 1.3 30. 1 4.5 1. 88 3. 50 16. 4 . 010 . 009
5956-RWS 1 _______ .7 32. 5 2.2 1. 48 2. 82 12,2 . 012 . 011
5955-RWS._________ .8 19. 2 8. 4 2. 58 4. 48 35. 4 . 010 . 010
.7 11.0 10. 2 3.76 4. 80 54. 2 . 006 . 005
.4 15. 7 9.1 3. 82 5. 00 41.3 . 007 . 006
.6 29,7 2.5 1. 00 3.32 17. 6 . 007 . 007
.1 13. 1 7.9 3. 58 4.12 50.5 . 006 . 004
.6 140 .. 61. 3 . 005 . 005
5958~ 5968~ 5968~ 5958
RWS RWS RWS RWS
7.8 0.03 0. 0005
.09 0.3 . 001 .001
49.9 .10 <.001 . 0003
. <. 00001 .03 .03
. . 006 .01 .01
. <. 005 <. 0005 .1
<.05 .03 .03 . 003
. <. 00006 . 003 <.008
1,59 <. 006 <.001 .003
3.50 <.001
s Organic matter by partial combustion. Loss of weight, in percent, between b Oil by distillation at about 500°C, distillate weighed.

230°C and 500°C.

TABLE 8.—Measured section and analyses of Permian rock

s on east limb of Douglas Mountain anticline near Gird Creek,

Montana, lot 1399

[Section measured by R. W. Swanson, July 1954, in Montana Phosphate Products Co

. bulldozer trench about 1,500 feet north of Gird Creek in NE see. 7, T.8 N., R, 12W,,

Granite County, Mont. Beds strike north and dip 63° E. Samples analyzed for P2Os and acid insoluble by U.S. Bur. Mines and for uranium by U.8. Geol. Survey]

Thickness

Bed (feet) Description

Tosi Chert Tongue of Phosphoria Formation, basal bed:

To-13 5.3  Chert: sandy, hard, light-gray (N 7) to
light-brownish-gray (10YR 6/1), very
thick bedded; grades from bed below
through 0.2 ft of grayish-brown (10YR
4/2) fine- to medium-grained cherty
quartzite.

Retort Phosphatic Shale Tongue of Phosphoria Formation:

Rt-12b__ .25 Quartzite: hard, light-brownish-gray

(10YR 5/1), fine- to medium-grained;
basal contact gradational.

Phosphorite: hard, medium-dark-gray
(N 4), medium-pelletal; basal contact
irregular and gradational.

Phosphorite: hard, medium-dark-gray
(N 4) to light-brownish-gray (10YR
5/1), thin- to thick-bedded, medium-
to coarsely pelletal.

Phosphorite: interbedded hard medium-
dark-gray (N 4) to pale-brown (10YR
6/2) thin- to thick-bedded medium-
pelletal phosphorite and soft light-
yellowish-brown (10YR 6/4) to very
pale brown (10YR 7/3) thin-bedded
muddy phosphorite; basal 0.15 ft
gougy.

Phosphorite: medium-hard to hard, me-
dium-dark-gray (N 4), thin-bedded,
medium-pelletal.

Mudstone: phosphatic, medium-hard,
pale-brown (10Y R 5/2), fissile to thin-
bedded; phosphate occurs in very finely
to medium-pelletal thin beds and
laminae.

12a.. .35

11... .85

10... .85

9._. 125

8. .

Bed Th(zfcelzz)ess Description
Retort Phosphatic Shale Tongue of Phosphoria Formation—Con.
Rt-7.... 0.5 Mudstone: phosphatic, medium-hard to
hard, grayish-brown (10YR 4/2) and
light-yellowish-brown (10YR 6/4) to
moderate-yellowish-brown (10Y R 5/6),
fissile to thin-bedded; phosphate occurs
in very finely to finely pelletal laminae.

Mudstone: phosphatie, very soft to me-
dium-hard, light-brownish-gray (10YR
5/1) to light-yellowish-brown (10YR
6/4), fissile to thin-bedded; phosphate
is very finely to finely pelletal.

Mudstone: phosphatic, medium-hard,
pale-brown (10YR 5/3); thin- to thick-
bedded phosphate occurs in very finely
pelletal laminae.

Phosphorite: muddy, soft to hard, pale-
brown (10YR 5/3), fissile to thin-
bedded, finely to medium-pelletal.

Phosphorite: muddy, soft to hard, me-
dium-dark-gray (N 4) to pale-brown
(10YR 5/3), fissile to thick-bedded,
medium-pelletal.

Phosphorite: hard, medium-dark-gray
(N 4), thin-bedded, medium pelletal.

Sandstone: phosphatic, hard, brownish~
gray (10YR 4/1), fine-grained; basal
contact irregular and gradational.

Lower tongue of Shedhorn Sandstone, top bed:
LS-1.... 2.0 Sandstone: hard, pale-brown (10YR 6/2)
to medium-dark-gray (N 4), one bed,
fine-grained; top 0.1 ft phosphatic.

6..__

5._.-

4____

3. .9

2b...

2a.__
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TaBLE 8.—Measured section and analyses of Permian rocks on east limb of Douglas Mountain anticline near Gird Creek,
Montana, lot 1399—Continued

Chemical analyses (percent) Uranium content (percent)

Bed Sample Thickness P10s Acid-insoluble eU U
(feet)

Rt-12__________________ 7503-RWS___________ 0.6 20. 2 46. 6 0. 005 0. 005
3 7502-RWS___________ . 85 38. 7 2. 66 . 009 . 009
10 . 7501-RWS___________ . 85 29. 2 16. 9 . 008 007
O 7500-RWS__ . ________ 1. 25 33.0 12.0 . 010 . 009
8 i 7499-RWS__ . ________ 6 17. 4 44. 9 . 009 . 006
e 7498-RWS_.__________ 5 8. 10 67.7 . 006 . 004
O .. 7497-RWS___________ 4 13. 2 49.5 . 009 . 007
B e 7496-RWS___________ 7 9. 15 62. 0 . 006 . 004
4 7495-RWS_. __________ 5 21.0 36. 8 . 009 . 008
. SR 7T494-RWS_ _________. 95 28. 6 20. 9 . 007 . 006
2 e 7493-RWS____ . __ 5 26. 7 32. . 006 . 007

TasLe 9.—Average chemical composition of zones in Retort Phosphatic Shale Member of Phosphoria Formation in the Mazville district
and in combined Anaconda, Philipsburg, and Mazville disiricis, Moniana

{Weighted for thickness of sampled beds]

Apatite t
Loss on Acid Organic plus acid
Zone Thickness P05 Al;03 Fe03 ignition insoluble matter insoluble
A. Maxville district

Uppersandy 2 _______________ 1.4 18 4 2. 00 2. 42 2.04 49. 1 0. 61 96. 2
Upper phosphatic.___ . __________ 3.8 32.1 2. 50 1. 76 2.98 11.2 .53 93. 4
Middle shaly__ - ... 3.9 13. 6 8. 81 3. 05 418 48.3 97 83.0
Lower phosphatic_ ... ______________ 1.4 25. 8 4. 36 2. 06 2. 98 25. 2 74 91. 3
Lowersandy 2 . ______________ .6 14.0 . 61.3 . ___ 97.1
Average or total_ . ____________ 11. 1 20. 8 4. 42 2.32 3. 04 39.0 71 92. 2

B. Average for three districts
Upper sandy 2 - .- 1.4 16. 1 3.16 2. 34 1. 97 52.8 0. 46 94. 0
Upper phosphatic. ... ____________ 4.6 30. 4 2. 99 1. 86 3. 81 14. 4 .62 92. 2
Middle shaly 2 ___ . _______________ 3.8 13. 3 9.18 3. 63 7.29 46. 5 1. 55 80. 4
Lower phosphatic?____ . _________.__. 1.4 26. 1 4. 36 2. 06 2. 98 25.1 .74 91. 9
Lowersandy 2. __________ .6 14.0 .. 61.3 ________. 97. 1
Average or total_______________ 11. 8 20.0 4. 92 2. 47 4.01 40. 0 84 91. 1

i Apatite=P305X2.56.

The upper phosphatic zone contains several distinct
beds of high-grade phosphorite, separated by thin beds
or partings of shale; although most of the shaly ma-
terial is more than half phosphate, it lowers the overall
percentage of P,Oj5 to about 30 (table 9). In addition to
phosphate, the shaly beds consists chiefly of acid-
insoluble material, which is dominantly quartz, plus
-about 414 percent of combined Al,O; and Fe,O; in a
ratio of about 3 to 2 (see McKelvey and others, 1953, p.
3). The carbonate content of the Retort Member, espe-
«cially the upper phosphatic zone, is generally low in the
weathered rocks, though doubtless higher below the zone
of weathering.

2 Information incomplete; data based on information available.

The lower phosphatic zone is not thick enough or
rich enough to be worth mining by itself. It contains
half again as much alumina and ferric oxide as the up-
per zone because it is more shaly. The middle shaly zone
contains about 9 percent alumina and 3 percent ferric
oxide. The average content of these oxides in the whole
member is nearly 7 percent in a ratio of about 2 to 1.

For purposes of estimating phosphate resources, the
Maxville district has been divided into the geologic
blocks shown in figure 205; the tonnages in them are
noted in table 10.
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TaBLE 10.—Phosphate resources in the Retort Phosphatic Shale Member of the Phosphoria Formation, Anaconda, Philipsburg, and
Maazville districts, Montana

{Phosphate resources given in millions of short tons]

Basic Retort Member data Rock containing >31 percent P20s

Area (millions of sq ft in plane

of bedding)
Resource block First Average Tonnage
Ahove 100 ft Total Average grade Total Thick- Grade -
entry below block thickness (percent P:0;5 ness (percent Above First 100 Total
level entry (ft) P1205) ({t) P203) entry ft below block
level level entry level
Area north ¢f Warm Springs Creek.._._. 9.0 0.2 17 20.0 18.0
Garrity Hillarea .. ... - 314 4.3 137 20.0 18.0
Philipsburg area__._ - 53.9 1.1 294 21.0 13.0
Gird Creek syncline..... - 10.9 2.4 140 13.0 22.0
Douglas Creek syncline. - 50.0 8.0 513 12.0 22.0
Coberly syncline._.__.._ - 90.1 15.5 1,062 1.0 20.0
Gold Creek syncline___.... - 17.8 3.4 834 10.0 20.0
Totals and averages...._._....__._ 266. 1 4.9 2,997 12.7 19.6
Rock containing >24 percent P;05 Rock containing >18 percent P;0s
Resouree block Tonnage Tounage
Thickness Grade Above First 100 Total Thickness Grade Above First 100 Total
(ft) (percent entry it below block (it) (percent entry {t below block
P20s5) level entry level P2 0s5) level entry level

Area north of Warm Springs Creek_..___ 6.5 28.0 5.0 0.1 10 7.5 25.0 6.0 0.1 10

Garrity Hillarea..c._..._......._.. . 6.5 28.0 20.0 2.5 80 7.5 25.0 20.0 2.5 90

Philipsburg area_ ... 6.5 26.0 30.0 6.5 150 6.5 26,0 30.0 6.5 150

Gird Creek syncline. ___ 5.0 29.0 5.0 1.0 60 8.0 28.0 7.5 1.5 95

Dyuglas Creek syncline 5.0 20.0 20,0 3.5 200 8.0 26.6 30.0 5.6 350

Coberly syncline.... 5.0 28.0 40.0 7.0 450 8.0 24.0 65.0 10.0 750

Gold Creek syncline 5.0 26.0 8.0 15 350 8.0 24.0 10.0 2.5 600

Totals and averages__..._.._.._.._.. 5.2 27.6 128.0 2.1 1,300 7.8 24.9 168. 5 28.6 2,045

The structure in this area is a major factor in assess-
ing the economic potential of this district. It consists of
a series of nearly isoclinal folds that lean westward,
plunge gently northward, and are displaced by near-
strike faults. Many of the faults dip east and are down-
thrown on the east. McGill (1959) regarded them as
steep reverse faults that were overturned. Mutch and
Gwinn (1960), however, believed that the folds and
thrust faults were overturned by compression from the
east and then displaced by east-dipping normal faults.

The west side of the Maxville district is bounded by 2
large thrust fault that was regarded by Calkins as a
downfolded segment of the Philipsburg thrust, but the
writer believes that this may be a segment of the George-
town thrust extending northward from the Philipsburg
stock (see p.'7196).

The fold pattern in this area is dominated, from west
to east, by the Princeton, Douglas Moutain, and Dunkle-
berg Ridge anticlines. These anticlines separate the four
major synclines containing Permian rocks, from west to
east, the Gird Greek, Douglas Creek, Coberly, and Gold
Creek synclines, each of which contains faults and
smaller folds.

The Permian rocks in the southern part of the Max-
ville district are preserved only in the synclines, so the
phosphate resources of the entire area are calculated and
are discussed in terms of the synclinal blocks, a synclinal
block being regarded as extending from one anticlinal

axis to the next (fig. 205). How far northward down the
plunge of these folds the thickness and grade of the
phosphate rock remain essentially constant is of course
uncertain. Asno comparable phosphorite beds have been
found in the nearest part of the Garnet Range, projec-
tion of estimates across the Clark Fork valley would not
be justified; however, the general persistence of strati-
graphic units, as indicated by measurements in the Max-
ville area, seems to warrant their being projected at least
to the north boundary of T. 9 N., which, therefore, has
been selected arbitrarily as limiting the area for which
phosphate resources are estimated.

GIRD CREEK SYNCLINE

The Gird Creck syncline is truncated on the west by
a thrust fault, here interpreted (pl. 34A) as the north-
ward continuation of the Georgetown thrust. Its east
limb is interrupted by a small anticline regarded by
Pardee (1936) as a west branch of the Princeton an-
ticline. Between Gird and Douglas Creeks are two fault
blocks that have been variously interpreted as down-
folded or down-faulted segments of the Philipsburg
thrust, but from the data presented on published maps,
it appears likely that they are fault slices resulting from
imbrication of the Georgetown(?) thrust.

The Retort Member was not measured or sampled
within the Gird Creek syncline, but at the nearby East
Edgar adit (lot 1389), which is on the east limb of the
Princeton anticline a few hundred feet south of the
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northernmost exposure of Permian rocks, the member is
nearly 14 feet thick and is estimated to contain an aver-
age of 23 percent P,O; (pl. 33). It includes 7.5 feet of
rock containing 29.5 percent P,O;, 4 feet of which con-
tains 33.6 percent P,O;. At its base is a bed of phos-
phatic conglomerate 0.6 foot thick, but its most striking
feature at this locality is a 3.4-foot bed, at its top, of
sandy phosphorite containing 24.4 percent P,Q;. This
represents the upper sandy zone (see pl. 32), which is
elsewhere much thinner and less phosphatic. The rocks
at this locality are rather light colored and appear to be
considerably weathered, so the proportion of phosphate
probably decreases downward.

At the West Edgar mine, which is on the east edge
of the Gird Creek syncline block, the phosphate beds are
steeply dipping to overturned and are reached by a
crosscut from the west; the mine produced little phos-
phate. The shallow workings were too much caved to
be explored; but it was noted that some of the strata
were considerably sheared.

DOUGLAS CREEK SYNCLINE

The Douglas Creek syncline, between the Princeton
and Douglas Mountain anticlines, is crossed diagonally
by Douglas Creek in the southern part of T. 9 N., Rs.
12 and 13 W. Its axis plunges north about 10°. The
fold is rather tight; the east limb is overturned and
the west limb 1is steep.

This syncline is broken by two longitudinal faunlts.
One is near its axis at the south end, and the other is on
its east flank. The latter, called the Douglas Mountain
fault, has the greater displacement and causes the Per-
mian outcrop to be repeated for a distance of 5 miles.
Although these faults dip steeply east and cause down-
throw on the east, the writer believes them to be reverse
faults that originally dipped steeply west but were
later overturned, together with the axial planes of the
folds. If this interpretation is correct, the faults can be
be expected to steepen downward and finally to reverse
their direction of dip.

Phosphatic beds of the Retort Member have been ex-
plored extensively along the flanks of the Douglas Creek
syncline. Much exploration was by adits less than 200
feet long; none are known to have been productive. In-
formation on the thickness and P,O; content of the
phosphorite is available for most of the localities (pl.
33). At two, lots 1387 and 1389, the full thickness of the
Retort Member was measured and sampled. At most
localities, the upper phosphatic zone includes at least 3
feet of rock containing more than 24 percent P.O;, and,
as already noted, the zone contains more than 31 percent
at the East Edgar mine (lot 1389). At two localities, the
lower phosphatic zone averages more than 18 percent
P.0; in a thickness of 3 feet. As the exposed strata are
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generally weathered, the phosphate content probably
decreases somewhat downward.

COBERLY SYNCLINE

The Coberly syncline occupies most of the west half
of T. 8 and 9 N., R. 12 W., and extends southward into
the narrow zone between the Philipsburg and Royal
stocks, where it is less than 2 miles wide. In the northern
part of T. 9 N., it is about 4 miles wide. Southward, it
is split longitudinally by a sharp anticline, called by
Pardee (1921) the Royal anticline. Permian rocks crop
out on the limbs of this anticline for about 4 miles, and
also on the outer limbs of the syncline for a distance of
as much as 10 miles.

The eastern branch of the Coberly syncline is very
narrow, and it appears to join the western branch in the
southern part of T. 9 N., where the Royal anticline
apparently dies out by a combination of steeper plunge
and strike faulting. In the southern part of T. 8 N.,
the Royal stock has cut out about a mile of Permian
rocks from the east flank of this syncline. The strata
near the stock are also sharply overturned and bent west-
ward.

The western branch of the Coberly syncline is very
narrow south of Princeton Gulch (middle of T. 8 N.)
but gradually widens northward. West of its axis, in the
southern part of T. 9 N., it is cut by several strike faults,
regarded by Gwinn (1961) as east-dipping reverse
faults; they have caused multiple repetition of the
strata near the top of the Kootenai Formation. A fault
at the east side of this group, called by McGill (1959)
the Mount Princeton fault, has been traced for more
than 5 miles. It was regarded by McGill as a reverse
fault dipping west, but by Gwinn as a normal fault
dipping east; in either case the downthrow is on the
east, being thus opposed to that of the other faults in
the group. In the south-central part of T. 9 N., near the
axis of the Dunkleberg Ridge anticline, Gwinn has
mapped two normal faults alternating with two reverse
faults, all dipping steeply east. The easternmost, the
Dunkleberg Creek fault, is normal and has been traced
across most of T. 9 N. All the faults trend a little to
the left of the fold axisand extend northward into the
eastern half of the Coberly syncline.

Gwinn (1961) and Mutch (1961) mapped diorite sills
in the area between the axial parts of the Coberly and
the Gold Creek synclines. These sills are chiefly in the
upper (post-Kootenai) part of the Lower Cretaceous
section and in some places are fairly thick. They are
locally but not everywhere conformable with the strata
and are similarly folded and faulted. They have pro-
duced little metamorphism in the enclosing sedimentary
rocks.



808

Gwinn recorded much overturning of the strata to-
ward the west in the vicinity of the Coberly syncline.
All these structural features occur in the rather in-
competent Cretaceous rocks; they are one thousand to
several thousand feet above the Permian, which is near
the top of 2 more competent sequence, and it is uncertain
how closely the structure at the surface reflects that of
the underlying Permian rocks. The structure can be ex-
pected to die out in some degree with depth; the struc-
ture contours on plate 34A indicate that it does so, but
they must be considered as generalized. On plate 34A,
faults and fold axes are plotted in terms of surface lo-
cation. This has been necessary because the dips of the
faults and axial planes cannot be projected reliably to
the depth of the Permian rocks. The contouring is thus
slightly distorted, but on the scale of the map it is still
useful for depicting the major structure, which is basic
to estimation of phosphate resources.

The Retort Member has been explored at many places
on the west flank of the Coberly syncline (pl. 83), but
no information is available on the thickness or char-
acter of the phosphatic strata in other parts of this
structure. At all the localities examined (lots 1388,
1399, 1340, and Little Gold Creek, the upper phosphatic
zone includes 3 feet or more of rock that contains more
than furnace grade, and at two of those localities it con-
tains rock of acid grade. The lower phosphatic zone in-
cludes thin but fairly high-grade phosphorite beds, and
generally contains as much as 18 percent P.O; for a
thickness of 3 feet. At some localities the entire phos-
phatic shale member, which is about 10 feet thick, con-
tains more than 24 percent P,Os.

Though all this information is from the west limb
of the Coberly syncline, the general persistence of strata
over this part of the Flint Creek Range (see pl. 82)
malkes it reasonable to expect comparable thickness and
grade in most other parts of that fold. Some significant
local variations are suggested by an apparent thinning
of the strata southward in the Moonlight mine and by
the relative thinness of the section measured in a recon-
naissance north of Little Gold Creek (lot 1340). At the
latter place, however, the beds are not well exposed, and
at both places they may have been thinned by shearing.

Of perhaps greater concern from the mining stand-
point is the proximity of the southern part of the
syncline, especially the east branch, to the Royal stock,
which has doubtless metamorphosed the phosporite as
well as the other rocks. At Little Gold Creek, about a
mile from the intrusive contact, the carbonate beds be-
low the Retort Member are in fact altered to tremolitic
marble, and although there is no conspicuous metamor-
phism within the Retort Member itself at that locality,
the phosphorite closer to the contact may be more in-
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tensely metamorphosed. Pardee (1918b) reported that
the gastropod-bearing limestone of the Kootenai For-
mation is altered to hornfels at the Wasa mine, on the
crest of the Dunkleberg Ridge anticline in sec. 34, T.
9 N.,, R. 12 W., from which he infers that “intrusive
granitic rock is present not far below the surface.”

Some of the phosphate rock in the Coberly syncline
moreover, has undoubtedly been spoiled by shearing in
places where beds are faulted and tightly folded ; shear-
ing has been noted at some sample localities, and num-
erous minor faults are likely to be found in mining. In
most of the area, however, these structural complica-
tions are not likely to be troublesome.

Deep middle Tertiary weathering has had consider-
able effect on the physical condition of the phosphatic
shales in some parts of the area; at the Moonlight mine,
for example, the phosphorite layers are friable and the
mudstones soft and clayey. The rock is easily broken,
therefore, but the footwall is so soft that it is difficult
to avoid dilution, Weathering has resulted, on the other
hand, in some removal of soluble constituents, and it
has facilitated treatment by loosening the bonds be-
tween grains.

The phosphatic beds have been explored underground
at the Moonlight mine on the south side of Princeton
Gulch, and a small tonnage of phosphate rock was
mined. The beds were also explored on both sides of
Douglas Creek by the International Minerals and
Chemical Corp. The main adit, on the east limb of the
Douglas Mountain anticline and north of Douglas
Creek, was driven about 1,650 feet along the strike in
194445 and was connected by several stopes to a much
shorter adit about 175 feet higher. The phosphate rock
was put through a small experimental mill (since dis-
mantled) on the rail spur at Sherryl, near the mouth
of Douglas Creek. No information is available on the
tonnage and grade of the rock mined or the results of
the mill tests.

The lease on the Douglas Creek mine area is now
held by the Montana Phosphate Products Co.; several
adits have been developed on the limbs of the Douglas
Mountain anticline and a 300,000 tons-per-year capac-
ity flotation plant has been constructed. The concen-
trates are shipped to fertilizer plants in Canada.

GOLD CREEK SYNCLINE

The Gold Creck syncline is east of the Dunkleberg
Ridge anticline and north of the Royal stock, at the
northeast corner of the Flint Creek Range, in T. 8 and 9
N, R. 11 and 12 W. It is about 4 miles long and has a
very blunt southern terminus against the stock. On its
east side the Mesozoic strata are turned np abruptly and
underlie upper Paleozoic strata in an east-dipping im-
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bricated thrust zone (Mutch, 1961). The thrust slices,
have been folded into a northeast-plunging syncline,
presumably due to uplift resulting from forceful em-
placement of the stock. The surficial deposits of the
Deer Lodge and Clark Fork Valleys overlap this syn-
cline on the east and northeast and completely conceal
the bedrock geology for several miles in those directions.

The geologic structure is most complex in the south-
west corner of the Gold Creek synclinal area, which in-
cludes several miles of outcrop of Permian rocks; much
of the Permian rock is well above entry level. The geol-
ogy of this area has been mapped by Calkins (Calkins
and Emmons, 1915), by McGill (1959), and by Mutch
(1961). The broad picture is basically similar on their
three maps, but the details differ. Mutch and McGill
(1962), in a reinterpretation of the geology of this area
(pl. 34A), show both east- and west-dipping reverse
faults near the axis of the Dunkleberg Ridge anticline,
east-trending fold axes on the east flank of the anticline
immediately north of the Royal stock, and a normal
fault transecting these minor folds half a mile to a mile
east of the main axis.

Across the blunt south end of the Gold Creek syn-
cline, Permian rocks occur very near the north edge of
the Royal stock. At its southeast corner, Permian and
associated strata were cut off by the east-dipping im-
bricated thrnst zone, which in turn was cut off by the
Royal stock, and Mutch and McGill (1962) believed
that forceful intrusion of the stock caused plastic de-
formation, which has affected both the folds and the
faults.

Metamorphism was noted by Pardee (1918b) near
the Wasa mine, and Mutch and McGill (1962, p. 1542)
have described an aureole of contact-metamorphosed
sedimentary rocks near the Royal stock. Within half a
mile of the contact, these rocks are of the albite-epidote
hornfels facies, and within a few hundred feet of it,
rocks of the hornblende hornfels facies occur in dis-
continuous zones.

Information is not available regarding the thickness
or quality of the phosphate in the Retort Member in
the Gold Creek syncline, from which no phosphate has
been mined, but it seems likely, on the basis of informa-
tion from localities on the west flank of the Coberly
syncline, 2 or 3 miles to the west, that the Gold Creek
syncline contains a minable thickness of phosphate rock
well above furnace grade, and that some may be of acid
grade. However, the Permian rocks in the imbricated
fault zone on the east are likely to be strongly sheared,
and so may those in the thrust-faulted east flank of the
Dunkleberg Ridge anticline. Near the Royal stock,
moreover, the phosphatic shales of the Retort Member
may be so altered that they would be hard to mine, and
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the phosphate rock so indurated that it would be hard
to treat in the mill. The strata may also be offset by
small cross faults.

PENDANT SYNCLINE

The Pendant syncline, so named because it projects
downward between the Mount Powell, Philipsburg, and
Royal stocks, extends along the west side of the Mount
Powell stock from the northeastern part of T. 7 N. to
the southwestern part of T. 6 N,, R. 12 W. It is con-
sidered to be of potential economic interest for phos-
phate, and for that reason it is described here as a sep-
arate area. The syncline as a whole is 2 miles wide near
the north end, less than a quarter of a mile wide near
the middle, and about half a mile wide near the south
end. Permian rocks underlie an area almost 11 miles
long.

The topographic relief on the Permian outcrops
within the syncline is about 2,500 feet, the altitudes of
outcrops being less than 7,000 feet at Racetrack Creek
and more than 9,000 feet on Racetrack Peak and Goat
Mountain. Two miles south of Racetrack Creek these
rocks cross the ridge east of Twin Peaks at about 9,000
feet, and near the south end of the syncline they are
7,700 to 8,500 feet above sea level.

Detailed examination of the rocks in this area was
not included in this study; this description is based
largely on the mapping by Calkins (Emmons and
Calkins, 1913, pl. 1). The Pendant syncline is split at
the north end into two branches by a small but sharp
south-plunging anticline. Both branches are asym-
metric, the west limbs being steep and partly over-
turned. This composite synclinal structure is bounded
on the east by the Mount Powell stock and on the west
for most of its length by a westward-dipping reverse
fault. The south end of the syncline is broken by two
cross faults and one longitudinal fault.

No direct information is available on the quality of
the phosphate in this area, but the nearest sample locali-
ties (lot 1337 to the south, lot 1340 to the northwest, and
lot 1386 to the west) contain minable thicknesses of at
least furnace-grade rock. Although phosphorite was
seen in float and on old prospect dumps near the top
of the ridge south of the Powell mine, west of Racetrack
Peak, exposures suitable for measurement and descrip-
tion of stratigraphy were not found ; the rocks have been
altered to hornfels but have the characteristic phosphate
bloom on weathered surfaces. Metamorphism has prob-
ably not had much effect on the chemical composition
of the phosphate rock, but it has made the rock so hard
that mining, and perhaps treatment, might be difficult.
It seems probable that this syncline contains much
furnace-grade phosphate rock of minable thickness
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above entry level. Transportation to the nearest rail-
way would be long, however, and the winters would be
severe.

GARRISON DISTRICT

The Garrison district lies entirely within the Garnet
Range and includes the Avon district of Pardee (1936).
(See pl. 34B). The district includes the area underlain
by Permian rocks and is in T. 9to 11 N, R. 9 to 14 W.
The Garnet Range, which trends west-northwest, is
separated from the north-trending Flint Creek Range
by the synclinal depression that coincides with the val-
ley of the Clark Fork. It is bordered on the east by the
broad Avon Valley in which Permian rocks are
concealed.

The Garnet Range, in contrast to the high rugged
Flint Creek Range, is a rolling upland having few peaks
above 7,000 feet and none above 7,500 feet. The phos-
phate deposits are almost all on the south side, and
their outerops are mostly less than 2,000 feet above the
Clark Fork. The range contains no natural lakes; most
of the phosphate area is well drained by short deeply
incised streams that lead to the Little Blackfoot River
or Clark Fork.

The Garrison district is at the northwest corner of
that part of Montana that contains Permian rocks. Al-
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though the Permian seas and the sediments that accumu-
lated in them doubtless extended much farther, much
of the area west and north of the district has been so
deeply eroded that the only rocks now exposed are those
of the Precambrian Belt Supergroup. Paleozoic forma-
tions in the Garnet Range have a regional dip to the
south and crop out as a zone generally less than 12 miles
wide along the southern border of a large area of Beltian
rocks. They are truncated westward by erosion and ex-
tend only a few miles west of the district. They are
overlain by a thick sequence of Mesozoic rocks that fills
the Clark Fork synclinal trough. Sills and small stock-
like bodies, mostly consisting of diorite or quartz di-
orite (Gwinn, 1961), occur along the south flank of the
Garnet Range. Volcanic rocks make up part of the
thick Cretaceous sequence, and middle Tertiary vol-
canic rocks unconformably overlie the older formations
in the central part of the range, overlapping the Permi-
an beds in some places.

STRATIGRAPHY OF PERMIAN ROCKS
The general stratigraphy of the Permian rocks of the
Garnet Range is similar to that of the Flint Creek
Range, but there are some noteworthy differences. Sec-
tions were measured and sampled at four locations (ta-
bles 11-14). The Permian is thinner there than in the

TABLE 11.—Measured sections and analyses of Retort Phosphatic Shale Member of Phosphoria Formation in Luke mine, Montana,

lot 1
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[Section measured and sampled by M. R. Klepper, September 1948, on 5300 level of Luke mine, sec. 15, T. 10 N., R. 9 W.i Powell County, Mont. Locality is on southwest

limb of Luke-Graveley syncline; beds strike about N. 40° W. and di%45° NE. Locality A is in southeast heading; local

for P2Os and acid-insoluble by U.S. Bur. Mines and for uranium by

ity B is in northwest heading. Samples analyzed

S. Geol. Survey. Field notes and hand specimens lost]

Chemical analyses (percent) Uranium content (percent)

Bed Deseription Thickness Sample
(feet) P20s Acid eU g
inscluhle
LOCALITY A
Retort Phosphatic Shale Member of Phosphoria Fermatior
Rt-7_ . ____ Quartzite, cherty_ .. ___________ 4.0 e e eedf i e
[ lay . . 02 o o e i e
5 S Phosphorite. - _________ 1.6 305-MRK___.__ 34.0 9.3 0. 012 0. 009
4 . __._ Ao .. 1.6 304-MRK______ 35. 5 5.8 . 012 010
[ S, (037 2 PO PP
Lower tongue of Shedhorn Sandstone
LS-2. . Quartzite - - _____________ 2. 0 L e et e e
_________________ QO S U
LOCALITY B
Retort Phosphatic Shale Member of Phosphoria Formation
Rt—6. . Quartzite - ______
L5 S, Phosphorite. . __________
[« [ T
- Quartzite__________
____________ Conglomerate
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TABLE 12.—Measured sections and analyses of Permian rocks in Graveley mine, Montana, lot 1286

{Sections at localities A and B measured in Graveley mine on northeast limb of Luke-Graveley syncline, sec. 2, T. 10 N., R. 9 W., Powell County, Mont., by M. R. Klepper
September 1948; beds strike about N. 70° W. and dip 50° SW. Locality A is in 4906 stope; locality B is in 5101 west heading. Samples analyzed for P20 and acid insoluble
by U.S. Bur. Mines, for uranium by U.8. Geol. Survey, and for other constituents by sources cited by Gulbrandsen (1966). Section at locality C measured and desecribed by
R. W. Swanson, August 1955, on 4900 level; beds PC-1 through Rt-6 in drift 635 feet northwest of winze, and beds Rt-6 through J-9 in crosscut at winze. Field notes
and hand specimens for localities A and B lost]

Chemical analyses (percent) Uranium content (percent)
Thickness

Bed Description (feet) Sample
P:05 Acid eU U
insoluble
LOCALITY A
Retort Phosphatic Shale Member of Phosphoria Formation
Rt-7 . Chert o o o o e e e e e
6. Clay . - - e 0.05 e e e e e
5 S Phosphorite . . _ o ______ 1.3 299-MRK__.___ 35.0 10. 2 0. 016 0.010
S A0 oo 1.0 298-MRK_.____ 37.5 8 4 015 . 010
S dol 1.25 297-MRK_.____ 37. 4 4.6 014 010
2 Clay. 3 S
) B QUATZIbe - - e e e emmmmmee mmemmmmmm mmmmmmmem mmmemema
LOCALITY B
Reiort Phosphatic Shale Member of Phosphoria Formation
Rt-9o Chert o v o o o e e e e e
< Clay._ . 0.05 o e e e e
T e Phosphorite_.__ . ________ 1.2 303-MRK__.._. 36. 8 6.2 0. 016 0.014
R Ao 1.0 302-MRK__.___ 37.5 3.9 014 . 015
D el ool QO 8 301-MRK. ___. 344 4.1 015 . 010
: S Clay oo e 05 e e mmmm e em mmmmmmmm mmmmmeeem
F S Conglomerate_- ... __________ 1.0 300-MRK.__.___ 5.4 81.2 L Lo
Lower tongue of Shedhorn Sandstone, top beds
L8-2 .. Sandstone . _ - oo ) D P
| DS Quartzite - ___________. 175 4+ VR SRS U
1 Other constituents:
297- 299~ 297~ 299- 297~ 299~ 299-
MRK MRK MRKE MRK MRK  MRE MRE
8102 mccmcnane 5.4 10.9 CO2em . .91 .88 Bewmccaanas <.00005 <.00006 <.001
AlOs-—___C 1.2 7% 803 . (2B oee Cd_.__.._.. <005 <.005 .001
FerOscoemmmen 1.3 I 3.78 3. 50 COimicmoaee <.001  <.001 .001
MgO_e . Organic Cro_ ... 03 .001
[©;: 10 S 50.0 46.5 matters_... .2 .3 (o7 V. 001 001 - 0003
NagOoooooonoe 19 20 Ofl boeeoooe .18 .12 GAceoamaee <.001  <.001 '8:;’
<10 JURNNUNNN 31 28 Ago . <.00001  .0001 ) 7 03 03 3
H>0 total._.. 84 1.0 <.001  <.001 Mnooooioo. 001 001 ‘003
H0 — . .2 .2 .. <.005 <.005 JU s P . 003 003 <. 008
Ti0geccamaaaen .09 .06 .03 .01 Nd ool .03 .03 . .003
» Organic matter by partial combustion. Loss of weight, in percent, between b Oil by distillation at about 500° C of distillate weighed.
230° C and 500° C.
LOCALITY C
Thickness Thickness
Bed (feet) Description Bed (feet) Description
Jurassic rocks, basal bed: Retort Phosphatic Shale Member of Phosporia Formation—Con.
J-9_ . Shale, dark-gray; basal contact fairly Rt-6..__ 2.6 Sandstone and phosphorite: hard me-
smooth. dium-gray (N 5§ medium-pelletal sandy
Upper tongue of Shedhorn Sandstone: phosphorite grades up into hard
US-8._.- 22.0 Quartzite and chert: quartzite: hard, yellowish-gray (10YR 7/1) fine- to
light-brownish-gray (10YR 6/1) to medium-grained phosphatic sandstone;
pale-brown (10YR 6/2), thick- to very one bed; locally cherty. )
thick bedded, fine-grained. Chert: e .2 Mudstpne: calcareous phosphatic,
sandy. hard.  dark-sra (N 4) to medium-hard, very paie brown (10YR
1 Yy, h o 0Y1§T 8y1 . 7/3); contains 0.02—ft layer of very fine
yellowish-gray ( t 8/1); occurs as grained sandstone in middle.
layers and as matrix .aﬂd irregular 4___._ 3.0 Phosphorite: hard to medium-hard, dark-
masses in quartzite; spicular at base; gray (N 4) to medium-gray (N 5),
at top, darker and contains fine pyrite; thick- to very thick bedded, medium-
basal contact irregular. pelletal to oolitic; contains some car-
Retort Phosphatic Shale Member of Phosphoria Formation: bonate and some fine quartz sand; clay
Rt-7_._. 1.1 Mudstone: medium-hard, moderate- 3 4 Coi;agllf)l nal'grl;ﬁ‘?' composed of chert and
brown (5YR 4/4) o very p?,le orange T quartzite pebbles (up to 2 cm) in bard
(7.5YR 8/2), fissile to thin-bedded; licht-b :

: . X ght-brownish-gray (10YR 6/1) to
contains thly\'\ beds of hard. very paie medium-dark-gray (N4) fine- to me-
brown (10YR 7/2) fine-grained sand- dium-grained phosphatic sandstone and
stone. sandy phosphorite.




812 GEOLOGY OF PERMIAN ROCKS IN THE WESTERN PHOSPHATE FIELD

TaBLE 12.—Measured sections and analyses of Permian rocks in Graveley mine, Montana, lot 1286—Continued
LOCALITY C~Continued

Thickness Thickness
Bed (feet) Description Bed (feet) Description
Lower tongue of Shedhorn Sandstone: Tongue of Park City Formation, top bed:

LS-2.... 3.3 Sandstone: hard, pale-brown (2.5Y 6/2, PC-1._._ 5.0 Carbonate rock: hard, pale-brown (2.5Y
7.5YR 6/2), locally medium-gray (N5), 6/2, 10YR 6/2), thick- to very thick
very thick bedded, fine- to medium- bedded, (0.2 to 2 ft); aphanitic; con-
grained; contains fine chert grit at tains fine chert -grit and some cher-
base; basal contact gradational. nodules near top, locally silty.

TaBLE 13.—Measured sections and analyses of Permian r ocks in Anderson mine, Montana, lot 1287

[Sections at localities A and B measured on 4800 level of Anderson mine on southwest limb of Garrison anticline, secs. 2 and 3, T. 10 N., R. 10 W., Powell County, Mont., by
M. R. Klepper, October 1948; beds strike about N. 80° W. and dip 80° SW. Locality A is 100 feet south of north heading; locality B is 150 feet south of crosscut from shaft.
Samples analyzed for P205 and acid insoluble by U.S. Bur. Mines, and for other constituents by U.S. Geol. Survey and the sources cited by Gulbrandsen (1966). Section
at locality C was measured and deseribed by E. W. Swanson, June and August 1954; beds Q-1 through Rt-15 from 5852-A crosscut, beds Rt-16 through Rt-21 from 5200
drift 10 feet southeast of crosseut, and beds Rt-22 through J-25 from 5200 crosscut. Field notes and hand specimens for localities A and B lost]

Chemical analyses (percent) Uranium content (percent)

Bed Description Thickness Sample
(feet) Acid
Py0s insoluble eU U
LOCALITY A
Retort Phosphatic Shale Member of Phosphoria Formation
Rt-12____________ Quartzite .. __________________ 1.0 o e e emeied oo
B S Conglomerate. .. ___________ B U
10, __________ Clay oo 02 o e e em e e
9 . Phosphorite, muddy.____._______ .75 313-MRK._____ 27.8 25. 6 0. 010 0. 008
8. Phosphorite 1 _____ . ______ .7 312-MRK.______ 37.5 4.5 012 . 010
T . A0 5 3l11-MREK_____. 36. 4 7.3 012 . 010
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