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AN OCCURRENCE OF PERMIAN MANGANESE NODULES
NEAR DILLON, MONTANA

By R. A. GULBRANDSEN and D. W. REESER,
Menlo Park, Calif., Hawaii Volcano National Park

Abstract.—Concentrically ringed manganese nodules, similar
in form to many found on modern ocean and sea floors, occur in
a very fine grained argillaceous ssndstone bed of the Permian
Park City Formation near Dillon, Mont. They are enricbed in
many rare elements and contain as much as 2.5 percent zinc,
1.3 percent nickel, and 0.22 percent cobalt. The manganese
minerals are chalcophanite and todorokite. The nodules probably
formed in a shallow marine oxidizing environment on the western
side of the Permian sedimentary basin. The occurrence of an
appreciable amount of fluorite in the bed suggests that the water
was saline.

A review of manganese-iron accumulations in the
marine environment by Manheim (1965) shows that
they are widely distributed on modern ocean and sea
floors, are of great variety in form, and contain unusual
amounts of many rare elements in large-abundance
ranges. It is the concentrically ringed nodules that
have received the most attention, probably due largely
to Mero’s (1960) stimulating assessment of the economic
potential of the nodules and such associated elements
as nickel, cobalt, and copper. Present-day abundance
of the nodules is a puzzling contrast to their apparent
rarity in the geologic column. The only well-documented
occurrence is in the Cretaceous rocks of parts of
Indonesia (Molengraaff, 1916, 1921; Audley-Charles,
1965). The nodules described here in Permian rock of
Montana are considered to represent another ancient
occurrence.

The Permian manganese nodules (iron-poor) that
occur in the Park City Formation represent a mode of
rare-element enrichment in the Permian rocks of the
northern Rocky Mountains not previously described.
Only one other occurrence of rare-element enrichment
associated with manganese (non-nodular) is known. This
is in a thin mudstone near the base of the Meade Peak
Phosphatic Shale Member of the Phosphoria Formation
at Trail Canyon, Idaho (McKelvey and others, 1953,
p- 29, bed P-3), shown by X-ray spectrographic analysis

to contain approximately 2 percent manganese, 1
percent zinc, and 0.3 percent nickel. Zinc and nickel,
the most abundant rare elements in the manganese
nodules, are among those elements enriched in the
vanadiferous zone of the Meade Peak in western
Wyoming and southeastern Idaho (Love, 1961;
McKelvey, 1950; Davidson and Lakin, 1961). The
organic-matter- and sulfide-rich vanadiferous mudstone
represents a depositional environment, however, that
contrasts sharply with the strongly oxidizing one
required for the formation of the manganese nodules.
Although many rare elements are enriched in both
modes of occurrence, some of their magnitudes of
enrichment are markedly different.

GEOLOGIC SETTING

The Permian manganese nodules occur in a very
fine grained argillaceous sandstone bed of the Franson
Tongue of the Park City Formation at Sheep Creek,
about 15 miles southwest of Dillon, Mont. (see index
map, fig. 1). The Permian section at Sheep Creek was
measured, described, and sampled by members of the
U.S. Geological Survey as part of an investigation of
the Permian phosphate deposits in the Western States,
and a spectrographic analysis of a group of the man-
ganese nodules was reported by Swanson and others
(1953, sample ERC-388, p. 18). The Franson Tongue
is 100.4 feet thick at Sheep Creek, where it consists of
interbedded chert, dolomite, and sandstone (Cressman
and Swanson, 1964, p. 434-436). The nodule-bearing
bed, 2.3 feet thick, occurs near the top of the Franson
(fig. 2). The black nodules are enclosed by a dusky-
yellowish-orange sandstone matrix that is similar in
appearance to both overlying and underlying sandstone
beds. About 3 feet above the nodule-bearing bed lies
the base of the Retort Phosphatic Shale Member of
the Phosphoria Formation. This unit is not only rich

U.S. GEOL. SURVEY PROF. PAPER 650-C, PAGES C49-C57

C49



113° 1120 e
-——______'_______‘ I
age f{ ! |DButte ELKHORN MOUNTAINS _
‘.. MONTANA ‘ &
] : &
LN Maparea | S
<&
/ TOBACCO ROOT OBozeman
& o MOUNTAINS §
& & £
&S
& S,
S K
® @
RS
<
M 0@
Q>
[
SHEEP.
CREEK
o A
45 %, o
%
8,
N~ 1,
& 3 -
\ Y
12 -
¥ L s, 0
D
53 f \ S % 1\{[
[2] - -
& 7 IDAHDO \I N
! G
o0 25 50 MILES i
[ | | |
' L 1

Ficure 1.—Index map showing location of Sheep Creek
manganese nodule occurrence.

in phosphate but contains much oil—one bed as much
as 9.7 percent oil (Swanson and others, 1953, p. 23).

The manganese nodules exposed in a bulldozer trench
at Sheep Creek have not been recognized at any other
locality; the nearest locality containing the interval
exposed at Sheep Creek is about 5 miles to the west.
Cressman and Swanson (1964), in a detailed study of
the origin of the Permian rocks in southwestern Mon-
tana, show the Sheep Oreek section to be located on
the western side of the sedimentation basin but on the
eastern edge of the sand facies whose constituents were
derived from a northwestern source. They conclude
that during deposition of the Franson, which was
characterized by the formation of dolomite, the sea
was warmer and more saline than normal. The sand of
the Franson is considered to have accumulated at
depths of less than 50 meters.

Weaver (1955), in a petrographic study of some of
the Permian rocks below the Retort Phosphatic Shale
Member, including those of the Franson at Sheep
Creek, considers the source of the detritus to be chiefly
older sediments. He found that kaolinite was the princi-
pal clay mineral in the detrital rocks at Sheep Creek, and
at another locality about 30 miles to the south, con-
stituting as much as 20 percent of some rocks. At a
locality about 25 miles northwest of Sheep Creek,
however, illite is more abundant than kaolinite.
Weaver found two occurrences of montmorillonite, one
in an insoluble residue of carbonate rock at a locality
south of Sheep Creek, the other in some small veins
in dolomite at Sheep Creek near the base of the Franson
Tongue. Three clay layers described by Swanson and
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Ficure 2.—Part of Permian stratigraphic
section at Sheep Creek, Mont. Data from
Cressman and Swanson (1964, p. 434-436).

others (1953, p. 18) within a chert bed about 50 feet
below the top of the Franson at Sheep Creek appear
to contain significantly more montmorillonite than
kaolinite. Semiquantitative spectrographic analyses
(Swanson and others, 1953, p. 21, 22) indicate also
that the layers may be enriched in manganese, nickel,
and zinc. It is possible that these layers are partly of
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value given by Lakin and others, but still represent an
appreciable concentration over the 0.01-ppm value
given for average clays and shales by Vinogradov
(1962).

SIGNIFICANCE OF FLUORITE

The presence of a significant amount of fluorite in
the nodule bed is of particular interest. Hewett and
Fleischer (1960, p. 6) note that fluorite is generally
considered to be of hydrothermal and hypogene origin
in its association with many manganese deposits. Few
data of the occurrence here can be interpreted to sup-
port this mode of origin. On the other hand, Kazakov
and Sokolova (1950) cite many occurrences of sedi-
mentary fluorite in evaporitic sequences of dolomite,
dolomitized limestones, and gypsum and anhydrite;
and their experimental work supports this mode of
origin. Occurrences in the Permian rocks of the northern
Rocky Mountain region provide additional examples
of sedimentary origins.

Fluorite is widespread in very small amounts in some
phosphorites of the Phosphoria Formation, but it is
secondary in these occurrences and apparently is the
product of a diagenetic reorganization of apatite. Rare
occurrences in Permian carbonate rocks of Wyoming
have been noted by Sheldon (1963, p. 144) and Gul-
brandsen (1960, p. 114). Of most significance, however,
is a remarkable occurrence in a Permian carbonate rock
sequence in the northern part of the Big Horn Basin of
Wyoming that is reported by DeKoster (1960, p. 53-55).
He found 12-15 percent fluorite in a dolomitic limestone.
Of special importance is the facies change he shows
eastward from the carbonate sequence to one within 20
miles that is dominated by gypsum. A possible inter-
pretation of this spatial relationship of fluorite and
gypsum is that the fluorite was precipitated from saline
waters at a stage of evaporation shortly preceding that
at which gypsum is formed. If this were so, the position
within an evaporite sequence for the formation of
fluorite, as predicted by Kazakov and Sokolova (1950)
on the basis of experimental work, is further affirmed.
Their data indicate that this could occur at a stage
where sea water was concentrated 3 to 4 times. Fluorite
could precipitate at an earlier stage of sea-water con-
centration if an extra supply of fluorine were possible,
such as from the dissolution of pyroclastic material in
in sea water or from volcanic gases. Mansfield (1940),
of course, indicated Permian volcanism as an extra
source for fluorine as an aid in forming apatite of the
Phosphoria Formation. An association of volcanism and
phosphorite formation does appear to exist (Gulbrand-
sen, 1969), but its significance is not yet clear.

A primary sedimentary origin for the fluorite in the
nodule bed is considered plausible and is not inconsist-
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ent with any other features. It probably indicates,
however, a more saline environment for the formation
of manganese nodules than any known so far.

SUMMARY

The manganese nodules described here are considered
to have formed virtually syngenetically with their en-
closing sediments in a shallow marine environment. The
features of this single occurrence in Permian rock in
Montana are not identical in all aspects with any
known occurrence on the modern sea or ocean floors,
but none of the many and broadly ranging characteris-
tics of modern deposits appear to uniquely define a
marine origin. An epigenetic hypogene origin in which
manganese and associated elements would have been
transported by hydrothermal solutions laterally along
bedding into this depositional site cannot be disproved,
but it is an origin for which positive evidence is meager.

Features of this deposit that appear particularly
significant in a concept of marine origin are thefollowing::

1. Both manganese minerals, chalcophanite and todoro-
kite, appear to be of primary formation in this
oceurrence.

2. The high nickel content of one of these nodules
(analysis 1 of table 2) is especially characteristic,
although not unique, of many nodules of marine
origin.

3. The occurrence of manganese in the form of discrete
nodules that tend to a spherical shape and show
concentric growth rings is a common feature of
marine deposits and not characteristic of deposits
of other origins.

The features of this occurrence of manganese nodules
do not provide any conclusive information as to the
source of the manganese and associated elements. An
association with Permian volcanism is possible, but
the wide distribution of modern nodules, as shown by
Manheim (1965), including areas remote from any
possible volcanic effects, indicates that the ocean itself,
and the supply of elements from the continents, is a
sufficient source. The deposition of manganese, there-
fore, seems to be principally dependent upon a special
environment, one that is strongly oxidizing and can
can raise Mn*2 to higher valent forms that are precipi-
tated as oxides. Most of the many elements associated
with the manganese are probably adsorbed by the
manganese oxides by processes that are poorly
understood.

The presence of fluorite in the nodule bed places
definite restraints upon a marine origin for the nodules
as it requires a marked concentration of sea water
beyond that indicated by any other characteristics of
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the Permian rocks in the region. The presence of dolo-
mite is compatible in this respect, but probably does
not require highly saline waters for its formation. If
the Permian sea were somehow enriched in fluorine,
a lesser degree of concentration would be required for
the formation of fluorite. The subsequent formation of
large amounts of apatite in this sea is consistent with
a, condition of fluorine enrichment, though not required.

It is possible, however, that the conditions under
which the manganese nodules were formed are barely
perceived at our present state of knowledge of the
marine environment. This is forcefully illustrated by
the recent discoveries of sedimentary iron and heavy-
metal deposits in the Red Sea that appear to be de-
rived from existing hot brines of heretofore unknown
compositions (Miller and others, 1966).
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