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TIIE BELT SERIES IN MONTANA
By CLYDE P. Ross
ABSTRACT

Problems related to the Belt series have been discussed for
nearly a hundred years, but the amount of detailed mapping and
other quantitative data available, even now, is not commensurate with the importance of the problem. The present paper
is an attempt to summarize existing data in the light of recent
fieldwork by the writer and his associates. While the report
deals mainly with the rocks in Montana, where the series was
first recognized, it necessarily includes consideration of the
series in Idaho and parts of Canada as well as of related rocks
in more distant areas.
Throughout the Rocky Mountain region great thicknesses of
dominantly sedimentary rocks intervene in many localities between the basal complex and strata of indisputably Cambrian
age. In a number of places these pre-Paleozoic sedimentary
rocks are divisible into at least two major subdivisions. Hinds
has proposed calling the lower one Uncompahgran and the
upper one Beltian, recognizing that the Belt series is one of its
principal representatives. He and others, realizing that the
boundary at the top of the Belt series and kindred rocks is
indefinite in many places, suggest regarding all these rocks
as Paleozoic although older than Cambrian. There are serious
objections to this and similar juggling with long-established
nomenclature, and they have not received general acceptance.
In the Rocky Mountain region strata that may be allied to
the Belt series include the Bannock volcanic formation of Anderson (1928) and Pocatello formation of Ludlum (1942) in
southern Idaho, the Big Cottonwood formation, Mineral Fork
tillite, Mutual formation and possibly others in Utah, perhaps
some in Wyoming, the Grand Canyon series and Apache group
in Arizona, presumably the upper part of the Precambrian
sequence in southern Nevada and nearby parts of California,
as well as a few units in other regions. Nomenclature and
correlation in the part of the stratigraphic column that includes
the Belt series are in a state of flux, pending further data.
The principal previous correlations of the Belt series are
reviewed, including some involving related units in Canada.
Walcott's original correlation is essentially similar to that offered in the present paper, a fact that is not obvious from the
form in which it was tabulated. Correlations by Calkins, Daly,
Schofield, Drysdale, Wilson and his coworkers, Sampson, and
Clapp and Deiss differ among themselves in various details, but
those of the American geologists agree in that they are based
on the attempt to correlate carbonate-rich units throughout
Montana and northern Idaho. Relatively recent work by
Walker, Little, Okulitch, and other geologists of the Canadian
Survey has raised queries as to their Windermere series, originally supposed to be of Precambrian age. Much of that series
is now regarded as _early Cambrian, whereas the lower part
remains assigned to the Precambrian, with no recognized unconformity intervening. Part or all of the Windermere may be
equivalent to the upper part of the Belt series in Montana and
Idaho, but direct correlation of formational units is not practicable at present.

A general stratigraphic scheme is set up for the Belt series
in Montana. The names employed in this scheme are in use,
but the definitions have been modified. The oldest formations
in the Belt series, not yet satisfactorily intercorrelated, are
not included in named groups, but all others are. These groups
are the Ravalli, Piegan, and Missoula, in ascending order, and
the North Boulder group, which is distinguished because of its
exceptionally coarse character. Much of the North Boulder
group is probably equivalent to part of the Missoula group but
some may be older. The formation names differ from place to
place, in part merely because of local custom, in part because
lateral variations are an outstanding characteristic of the series.
This characteristic is among the reasons why attempts at longdistance stratigraphic correlations without adequate mapping
have introduced errors.
Throughout the investigation attempts were made to find
quantitative distinctions among the various units that make
up the Belt series. Lithologic, petrographic, and chemical
criteria are all potentially useful in this connection and some
are so used at present. Stromatolites are useful as local horizon
markers and may eventually aid in regional stratigraphic work.
The present report points out the need for quantitative work
and points out some of the sorts of data that would be useful.
The data now at hand are so limited that attempts to use them
can be only partially successful.
The Belt series, on the whole, is a monotonous assemblage of
very thick units composed mainly of rather somber-hued, finegrained elastic rocks, with subordinate carbonate rock. Nearly
all contacts are gradational. Broad similarities throughout the
Belt basin in Montana and adjacent regions are sufficient to
imply essential unity. On the other hand, variations in details
are numerous so that careful study permits subdivisions to be
recognized and mapped. Many such subdivisions are of more
limited extent than has been appreciated hitherto. The series
was laid down in a wide basin whose floor and borders are
nowhere well enough exposed so that its shape can be determined with accuracy. A small segment of the shore in southwestern Montana may be an old fault line. Most of the series
has features that indicate deposition in shallow water, in part
so shallow that exposures of parts of the sediment to the air
were frequent. In such a basin local fluctuations can be assumed
to have been frequent and lateral variations in stratigraphic
details should be expected to have been commonplace. The
character of these minor variations have only begun to be
worked out.
The sediments composing the series are inferred to have been
derived mainly from areas of gneiss and schist. They are
thought to have been carried into the Belt basin by streams of
low gradient in a fairly arid climate. Erosion in the basin at
intervals during Belt time may have contributed material to
later Belt deposits. Deposition within the basin was more
nearly of marine than of lacustrine character but the extreme
shallowness of the water made some of the deposits not typical
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of either environment. The carbonate rocks, which are more
plentiful than has been fully realized in the past, were derived
mainly, directly or indirectly, from organisms, including algae.
These rocks are not dominantly chemical precipitates. Thus
the carbonate rocks are not fundamentally different in origin
from similar rocks of post-Belt age.
Most of the series is so little metamorphosed that its sedimentary character is obvious. Some exposures of metamorphic
rocks formerly regarded as of pre-Belt age, largely on this account, are now, with varying degrees of confidence, correlated
with the Belt series.
Rocks similar in various ways to the Belt series in Montana
are present in many places from Alaska to northern Mexico. Too
little is known to warrant positive correlations but the Belt
basin may have had connections northward to the Arctic Ocean
or to an embayment west of the modern Hudson Bay. Southward there may have been connections with the ocean in the
vicinity of southern California and northern Mexico. This support is afforded for the concept that a geosynclinal basin may
have extended in Belt time from Alaska as far south as Mexico. Perhaps at times this basin was occupied by a continuous
body of water but it is equally possible that at times there was
a series of basins of deposition, with or without interconnections. Here as in similar situations throughout the world the
relations between very thick accumulations of sedimentary rocks
of Precambrian age and overlying Cambrian deposits are so far
from being clear cut as to imply absence of any intervening major orogenic event. In Montana, in particular, unconformities
at the top of rocks assigned to the Belt series are known at several localities but at other localities the contact with later rocks
is conformable or nearly so. Perhaps some of the unfossiliferous rocks now assigned to the Belt series were laid down concomitantly with fossiliferous Lower Cambrian rocks elsewhere.
Such a concept brings the Belt series in harmony with a worldwide pattern for similar rocks.

INTRODUCTION
PURPOSE AND SCOPE OF THE REPORT

The Belt series (Precambrian) is widespread in Montana, Idaho, Washington, and in adjacent areas in Canada. It has been studied and discussed for nearly a
hundred years, but the amount of detailed mapping and
quantitative study accomplished so far is not commensurate with the significance and intricacy of the problems involved in its study. The present paper attempts
to summarize existing data, utilizing the writer's studies
of the Belt series in Montana from 1946 through 1951,
together with Rezak's studies of the fossils from 1951
through 1953 (Rezak, 1957) and work of Nelson and
Dobell near Missoula (Nelson, 1959; Nelson and Dobell,
1959 ; Nelson and Dobell, 1961). A background is afforded by the writer's work in Idaho intermittently
since 1923. The Belt series was first recognized in Montana, and the present report deals primarily with the
rocks in that State, but necessarily involves consideration of the series in Idaho and parts of Canada as well
as of related beds in more distant areas.
Although many papers have been published on the

Belt series, much of the fieldwork has been rapid
reconnaissance or incidental to study of mineral deposits in small districts. Some of the discussions have
failed to consider these limitations. As a result, broad
correlations and interpretations have been offered on
the basis of few facts. We still lack enough facts and
the series is so extensive that this will continue to be
true for many years. Recently the writer, and his
assistants, mapped six 30-minute quadrangles in and
near Glacier National Park (Ross, 1959). This work
was speeded and enhanced by the use of much hitherto
unpublished data gathered in 1911 to 1914 by parties
under M. R. Campbell, U.S. Geological Survey. Other
less detailed studies were made by the writer and his
associates near Helena, Missoula, Neihart, Whitehall,
and southwest of Dillon. The mapping in these areas
was needed in compiling a geologic map of the State
(Ross, Andrews, and Witkind, 1955), and was one of
the incentives that led to the present report.
In addition to the mapping just mentioned, key areas
in Idaho were visited at various times since 1948. The
value of visits to the Coeur d'Alene region, Idaho, was
greatly enhanced by guidance in the field by P. J.
Shenon, S. Warren Hobbs, Montis Klepper, and others
who have worked there. In 1954 and 1955 Willis H.
Nelson, assisted by J. P. Dobell, mapped an area close
to Missoula, Mont., that is of vital significance in connection with the Belt problem (Nelson, 1959; Nelson
and Dobell, 1959, 1961). Similarly recent studies from
near Superior westward have been used in the present
report (Wallace and Hosterman, 1956 ; Campbell,
1960).
After all available data relative to the Belt series are
assembled and considered many aspects remain problematical. Suggestions and provisional conclusions in
regard to various components of the problem of the
series are presented below. However, the present paper is to be regarded as a progress report, not a final
solution.
In the present report a general stratigraphic scheme
is proposed for the Belt series in Montana. The stratigraphic names defined and used herein are not new but
many have not been formally defined hitherto. An attempt is made to coordinate, and modify the usage of the
names of major subdivisions in such a way that they
will not only be of value in presenting facts now available but will continue to be useful with further growth
of knowledge. Units are defined primarily on the basis
of their utility in mapping rather than of distinctions
detectable in measured sections. The present investigation has shown lateral variations to be so prevalent that
distinctions seen along any particular line of traverse
can be expected to be difficult to reconcile with those
elsewhere.
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Plate 1 summarizes present knowledge as to the
distribution of the components of the series in Montana. The large areas showing only group designations emphasize the many gaps in our knowledge.
Plate 1 includes many data used for the geologic map
of the State (Ross, Andrews, and Witkind, 1955) but
is a new compilation by Betty A. L. Skipp showing
all presently mapped subdivisions of the Belt series.
It also incorporates much information not available
at the time the State map was compiled.
Table 1 shows the revised nomenclature adopted in
the present paper for units in northwestern Montana.
Present information does not permit correlation
among formations of the Missoula or Ravalli groups
so that the spacing of these names in the table is correct
only in the most general way. Studies now in progress
by members of the U.S. Geological Survey will overcome this deficiency in part. The North Boulder
group, prominent farther south, is not known in northwestern Montana and is, therefore, not shown on table
1. Much of this group is stratigraphically equivalent
to parts of the Missoula group but the North Boulder
group may include equivalents of parts of older groups
as well, as is indicated in plate 1.
The main subdivisions, four of which are named
groups, and many of the formations comprising the

Belt series within Montana are now fairly well established. Detailed correlations and further subdivision
of units now recognized in many parts of the State
remain for the future and may lead to modifications of
the established groups. Possibly the North Boulder
group in southwestern Montana (not included in table
1) (Ross, 1949, p. 111, 113) will eventually be abandoned after the relations between it and other groups
become better known. Correlation with neighboring
regions has been attempted but must remain tentative,
especially in respect to Canada.
Stratigraphic correlation between distant regions is
difficult and uncertain in the absence of satisfactory
maps for the intervening country, particularly for
rocks like the Belt series. Past correlations between
widely separated areas have necessarily been based on
different geologists' personal field impressions of such
features as color, texture, and composition. Identifications on such a basis are of doubtful validity unless
checked by field mapping. When attempted through
interpretation of printed descriptions of nonquantitative items, such as color, the result may have little
value. These considerations led those concerned in
the present investigation to seek quantitative criteria
wherever possible, but with incomplete success.

TABLE 1.--Correlation chart for the Belt series in northwestern Montana
[Correlations between formations are implied only where horizontal lines are drawn]
Formations
Group

Vicinity of Libby

Top eroded

Top eroded

Libby formation

Mostly undivided but
includes units that have
been called Kintla,
Hoosville, Mount Howe,
Miller Peak, Shepard,
and unnamed subdivisions
and, near the base, the
Purcell basalt

Missoula group of Clapp
and [kiss (revised)
Striped Peak formation

Piegan group of Fenton
and Fenton (revised)

Glacier National Park

Wallace formation

Vicinity of Missoula
including Philipsburg
area

Vicinity of Helena including
Big and Little Belt
Mountains

Pilcher quartzite
Garnet Range quartzite
Bonner quartzite
McNamara argillite
Miller Peak argillite
with the Hellgate
quartzite member locally

Greenhorn Mountain quartzite
of Knopf
Marsh shale
Helena limestone
Empire shale
Spokane shale
Greyson shale

Siyeh limestone

Newland limestone

Grinnell formation

Grinnell formation

Appekunny formation
Altyn limestone
Base not exposed

Appekunny formation

Newland limestone

St. Regis formation

Ravalli group of Calkins
(revised)

Pre-Ravalli rocks

Revett quartzite
Burke formation

Prichard formation
Base not exposed

Hocks of pre-Belt age

Relation to Prichard formation unknown.

Prichard formation
Base not exposed

Nelhart quartzite'

Gneiss
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Most components of the Belt series have broad
similarities. Clearly definable and positively recognizable horizons marked by fossils or similarly useful
features are rare. Thus essentially qualitative diagnostic features are now used and must be used in the
future. Richard Rezak and, in an earlier stage of the
investigation, Stephen Nordeng have shown during the
present study that algal fossils (stromatolites) are
widespread. In certain localities they are reliable
horizon markers. They may prove similarly useful
elsewhere when adequately studied and mapped. The
stromatolites have been intensively studied only in and
close to Glacier National Park. Clues to the environmental conditions during the growth of the algae
obtained there are of interest in respect to the origin
of the Belt series. The stromatolites are the only
fossil remains known to be useful although other fossils
probably exist. The incomplete petrographic and
chemical data available are also summarized because
of their potential value in regional correlations of
formations and groups, and in ecologic studies. The
areas underlain by the Belt series are so large and
available information on many of them is so scanty
that the application of quantitative criteria such as
those just mentioned has barely begun.
PREVIOUS WORK

It is impractical to list all the numerous reports in
which the Belt series is mentioned or discussed. A
large proportion of the papers on mining geology in
Idaho, western Montana, British Columbia, and
Alberta refer to these rocks. In addition, many papers
discuss in one way or another, the stratigraphy of the
series. Nearly every discussion of the stratigraphic
correlation contains ideas opposed to earlier ones. The
present report is no exception. The comments and
citations below are by no means exhaustive but are
intended to outline the history of the Belt problem and
to show the principal steps in investigations by many
geologists that have led to current concepts.
The Belt series attracted attention as soon as
geologists started to explore Montana and nearby
parts of Canada. The rocks of the series were observed
by Hayden as early as 1860 (Hayden, 1869), by Peale
in 1872 (Peale, 1873), and were studied by Peale and
others throughout the last quarter of the 19th century.
Most of this work was exploratory and happened not
to include those parts of Montana where the most complete exposures of the Belt series occur.
In 1884 rocks near the mouth of East Gallatin River
now regarded as belonging to the Belt series were
provisionally called "East Gallatin group" by Peale
(Hayden, 1885, p. 50; 1888, p. 86). He later renamed

these rocks the Belt formation (Peale, 1893, p. 12-20)
because in the meantime Davis (1886, p. 691-703) had
noted the presence of related rocks of greater
aggregate thickness in the Big Belt Mountains.
At about the same time Dawson and his coworkers
(Dawson, 1875) observed rocks now regarded as equivalents of the Belt series. Bauerman (1885, p. 5-32B)
traversed the country near the 49th parallel in 18591861 and described, among others, rocks now known to
belong to the Belt series (as that term is used in the
United States). He included these rocks among the
Paleozoic units on his structure sections, but his text indicates that he considered the idea that some of them
might be as old as "Huronian." He seems to have been
the first to liken structures in what is the Siyeh limestone to the markings on the molar tooth of an elephant
(Bauerman, 1885, p. 26B). Daly (1912, p. 73-74) using
Bauerman's simile, defined these features as molar-tooth
structures and they are now known to be widespread.
Bauerman seems to have confused red "shale" high in
the Belt series with younger shale beds that Dawson
regarded as Triassic (Bauerman, 1885, p. 30B, footnote by Dawson), a fact that emphasizes the paucity of
conspicuous metamorphism in much of the Belt series.
Several of Dawson's papers (1875, 1877, 1887, p. 288289; 1890, 1891, p. 167-173; 1895) give data on rocks
of the Belt series in the general vicinity of the international boundary. In them he assigned most of the Belt
series to the lower Paleozoic, but this assignment is in
part a matter of definition rather than of confusion as
to stratigraphic relations. In one paper (1891, p. 167173) he recognized a great thickness of strata beneath
those with recognized Cambrian fossils but was not
then prepared to accept Walcott's ideas (Walcott, 1889;
Powell, 1890, p. 19-20, 59-61, 66) as to the usage of the
term "Algonkian" period (or system). This problem
of terminology of the Precambrian system is still subject to discussion (King, 1949; American Commission
on Stratigraphic Nomenclature, 1955 ; Raggatt, 1956,
1957; Kay, 1957; Harrison and Eade, 1957; Wilson,
1957).
Walcott, whose long-continued researches on Cambrian and Precambrian strata have done much to shape
the ideas of geologists in the United States, began
studies of the Belt series in 1898 in the Big and Little
Belt Mountains (Walcott, 1899). At that time he set
up the eight formations into which the series is still
divided in those mountains and assigned a total thickness of 12,000 feet to the series there. After the initial
paper, just cited, his principal contributions to knowledge of the Belt series in Montana related to their content of fossils and pseudofossils. From a more general
point of view, his work did much to enhance our knowl-
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edge of the components of the Algonkian system and to
define the usage of that term. Largely as a result of
his efforts the U.S. Geological Survey in 1889 (Powell,
1890) defined the Algonkian as the period representing
the time of deposition of elastic rocks older than the
Cambrian. For Montana and adjacent regions the
Algonkian period would correspond, on that basis, to
the time during which the Belt series was deposited.
The early history of the name Algonkian has been summarized by Wilmarth (1925, p. 103-108). Later Leith
(1934) discussed the problem and concluded that most
of the so-called correlations among rocks of Precambrian age do not carry the same connotation of time
equivalence as those among later rock units. He proposed to redefine the Algonkian as "that part of the PreCambrian sedimentary column in a particular region to
which ordinary stratigraphic methods can be applied,"
and to speak of rocks of Algonkian type, without connotation as to strict equivalence in age between such
rocks in different regions.
Calkins, working west of the area most familiar to
Walcott, mapped components of the Belt series in Idaho
and western Montana (Calkins, 1909; Calkins and
Emmons, 1915; Calkins and Jones, 1913, 1914; Ransome and Calkins, 1908). In and near Idaho he used
new formation names, most of which still stand in their
original meanings, but in the Philipsburg quadrangle
(pl. 2) in the central part of western Montana (Emmons and Calkins, 1913; Calkins and Emmons, 1915) he
tried to use Walcott's 1899 classification set up farther
east. The resulting difficulties are illustrated by the
fact that in the second of the two reports just cited
Calkins expressed doubts as to two of his earlier correlations. He entertains doubts as to still others among
his original correlations (oral communication, 1948).
During the first 30 years of the present century
numerous reports on mining districts and other
restricted areas have contributed facts in regard to the
Belt series. Some of them have already been cited and
others will be mentioned in the descriptive part of the
present report. Attention may be called to Willis'
(1902) account of the rocks in part of what is now
Glacier National Park. Several of the subdivisions of
the Belt series now in general use were first proposed
by Willis (1902). Barrell (1906, 1907) contributed
ideas as to both correlation and origin. Daly (1912)
mapped, described, and discussed the Belt series along
the international boundary. He covered 2,500 square
miles of geologically unknown country in six field seasons. Some of his mapping and, hence, his ideas as to
local stratigraphic relations have been modified by later
evidence gathered by Schofield (1914b, 1922, 1923) and
later workers such as Drysdale (1917) but Daly's report
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remains an instructive and inspirational summary of
many features of the Belt problem. For convenience
in mapping along the 400 miles of the international
boundary, Daly assigned local series names to certain
geographic segments of the boundary area. Some of
these series names are still in use in Canada but with
somewhat modified meanings. Certain of the formation names used by Daly were applied to parts of several of his series, a practice that has contributed to the
uncertainties that still exist in attempts to carry stratigraphic correlation across the international boundary.
The most fundamental differences between Daly's work
and that of his successors is that Daly regarded most of
the Belt series as of Cambrian age and conformable
under later Paleozoic rocks, whereas, largely on fossil
evidence, later workers regard most of the series as
Precambrian and in places apparently unconformable
under rocks of Early Cambrian age. Differences in the
correlations of Daly and his immediate successors are
outlined on pages 13-17. Umpleby and Jones (1923)
summarized data on the Belt series in Shoshone County,
Idaho, and Kirkham and Ellis (1926) did the same for
Boundary County at the northern tip of that state and
suggested correlations with units in Canada. Sampson
(1927) made a general study of the series but published
only a brief abstract. However, a summary of his
unpublished conclusions has been utilized in the present
report. During the 1920's geologists of the Montana
Bureau of Mines and Geology and the University of
Montana had undertaken general studies of the Belt
series, but their conclusions were published only in
part (Wilson, Lambert, and Clapp, 1924; Bevan, 1929).
By 1930 the general distribution and character of
the Belt series in Idaho, Montana, and adjacent parts
of Canada were becoming known and details were accumulating for some areas. Those regional stratigraphic correlations that had been attempted were
based so largely on data from such widely spaced
regions that they necessarily involved speculation and
uncertainty. Problems of origin and of correlation
with units at a distance had only begun to be considered even though the Belt series had long been
recognized as a major factor in any scheme of subdivision and nomenclature of Precambrian rocks (Van
Hise, 1892, p. 272-347; Walcott, 1899).
During the next 20 years data were gathered in various areas. Most of the areas were small, but one of the
largest was an area of about 3,000 square miles in the
general vicinity of Helena, including part of the Big
Belt Mountains described by Pardee and Schrader
(1933). Hume (1933) and Brock (1934) clarified
points in regard to the Belt series and allied rocks in
Canada. Between them, they indicated that the series
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is, on the whole, of Precambrian age and that much of
the highly metamorphosed Shuswap series or terrane is
to be correlated with it. A recent summary of pertinent data (Reesor, 1957, p. 172-175) shows that the
Shuswap terrane is definitely of pre-Permian age and
may be of early Precambrian age or more probably
may include components of Belt and Paleozoic ages.
Solution of the problem of the age of the assemblage
thus remains open. For present purposes it may be
assumed that these rocks may include some of the most
westward exposures of rocks of Belt age.
Among the Canadian publications during this period
are papers by Rice (1937, 1941), Okulitch (1949), and
Little (1950) that contributed much toward knowledge
of the Belt series and associated rocks of Idaho and
northern Washington. It should be noted, to avoid
confusion, that Canadian geologists, following the
practice employed by Daly, apply various local series
names to rocks equivalent in whole or in part to the
Belt series, as that term is used in the United States.
So little relationship exists between the stratigraphic
names in use in this country and those used in Canada
that summaries of the kind included in the papers just
cited are very valuable, although beyond the scope of
the present report to discuss exhaustively.
Fenton and Fenton in a series of papers (1931, 1933a,
1933b, 1936, 1937a, 1937b) have discussed the Belt
series in all its aspects. Their data on the fossil content
of the rocks of the series are especially interesting and
furnished inspiration for the studies of algal fossils
more recently undertaken under the general direction
of the present writer (Rezak, 1957). Rezak has contributed a summary of his ideas on the subject of fossil
remains in the Belt series to the present report. Fenton
and Fenton made suggestions for detailed stratigraphic
subdivisions but based them on individual sections
rather than on geologic maps. Consequently their suggestions are not of regional usefulness. The same can
be said of many of the published papers relative to
stratigraphic nomenclature and correlation in the Belt
series.
C. H. Clapp, while serving as president of the University of Montana, devoted much attention to problems of the Belt series. He published in 1932 a summary paper that includes a map of a large part of
northwestern Montana at a scale of 1 :500,000, a stratigraphic table, and a bibliography. That paper is too
condensed to permit the citation of many of the facts
on which his conclusions are based but serves to present
his general ideas in orderly fashion. Another paper
by Clapp and his associate, Deiss (Clapp and Deiss,
1931), gives additional details in regard to the Belt
series but without including any geologic maps. Their
paper is especially notable for calling attention to the

widespread occurrence of calcareous beds near the
middle of the series and for naming and describing a
group of beds characterized by red and green argillaceous rocks in the upper part of the series (Missoula
group). Clapp and Deiss emphasize the value of the
calcareous rocks in correlations throughout the region
in which the Belt series is exposed. Their conclusions
reached on this basis are fundamental but need review
because of the marked lateral variations in the rocks
that are now believed to exist.
Langton (1935) later mapped some of the rocks of
the series that Clapp and Deiss had named. Clapp died
in 1935 while in the midst of his long study of the Belt
series in Montana. Had he been able to summarize his
ideas our knowledge of these rocks would have been
further enriched. Deiss continued to work in Montana
for some years after Clapp's death. He has published
two papers, without geologic maps, describing the geology of specific areas in Montana (Deiss, 1943a,
1943b). These and the paper by Clapp and Deiss,
just cited, show so many differences in the rocks of the
Belt series in localities fairly close together as to constitute examples of the lateral variations that are characteristic of that series. Other general papers by
Deiss (1935, 1936, 1938, 1940, 1941) and others deal
primarily with Paleozoic (especially Cambrian) rocks,
but they include information and concepts relative to
the Belt problem. They are especially helpful in connection with the character of the contact at the top of
the Belt series (p. 99).
Some of the more westerly of the exposures of strata
of apparent Belt age within the United States are in
the northeast corner of Washington (Park and Cannon, 1943, p. 5-13). The data assembled by Park and
Cannon are supplemented by several illuminating
papers on areas in Canada (Rice, 1937, 1941; Okulitch,
1949, 1956 ; Little, 1950 ; Reesor, 1957). The problem
in this general region is to determine where the boundary between Cambrian and Precambrian strata is.
Though the writers cited differ as to its exact position,
they agree in postulating that the bulk of the strata in
question are Cambrian. Daly (1950, p. 741-743) in a
recent paper regarded all the strata as Precambrian
and allied to the Belt series.
Gibson and his associates (Gibson, Jenks, and Campbell, 1941) have described the stratigraphy of the Belt
series along the northern part of the border between
Montana and Idaho. Gibson (1948) later published
a report containing a geologic map of part of the region
whose stratigraphy was discussed in the 1941 paper.
Since then detailed mapping in and near the Coeur
d'Alene region, Idaho, has been undertaken for the U.S.
Geological Survey by S. Warren Hobbs and his as-
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sociates. Their work has been carried as far east as
Superior, Mont., but early in 1959 only a few preliminary maps and papers had been published. All information has been offered generously for use in the
present study. It shows that broad similarities with
the stratigraphy of the Coeur d'Alene region, as worked
out long ago by Calkins, persist as far east as Superior,
but it serves equally forcibly to show that there are
numerous variations in stratigraphic characteristics
throughout the broad region being studied.
Studies by the present writer and his associates, notably Richard Rezak, in and south of Glacier National
Park (Ross, 1959; Rezak, 1957) have added to data
on the Belt series in that part of Montana. In addition, reconnaissance work in 1946 through 1948 by
Ross, Richard Harris, and H. W. Burke for use in
compiling a new geologic map of Montana (Ross, Andrews, and Witkind, 1955) furnished other information
on the series. A brief paper by Ross (1949) seeks
to clarify the nomenclature of the series. Since the
late 1940's many students from the Universities of
Montana and Indiana, the Montana School of Mines,
and other institutions have worked in the southwestern
part of Montana in fulfilling the requirements for Master's and Doctor's degrees. Some of them worked in
areas containing rocks of the Belt series, and data accumulated by them have been used in the present
report.
In 1946 Mertie, Fischer, Hobbs, and their associates
(1951) mapped the Canyon Ferry quadrangle (pl. 2)
east of Helena that includes part of the Big Belt Mountains, the type locality of the Belt series. Among other
things, their work, like most recent studies, emphasizes
the gradational character of contacts between the components of the series. At the same time and in subsequent years Adolph Knopf (1950) and his wife,
Eleanore B. Knopf, have worked near Helena. Montis
Klepper and other members of the U.S. Geological Survey are working in the region near Boulder, and parts
of their results have been published (Klepper, Weeks,
and Ruppel, 1957). Field conferences with Klepper
have been especially enlightening. Perry (1950) of the
Montana School of Mines has furnished a convenient
summary of information on the series.
Many geologists in addition to those mentioned here
have dealt with components of the Belt series but the
summary above will give an idea of the scope of available data.
THE SERIES NAME AND ITS HISTORY

Within the United States, usage of the term "Belt
series" is now fairly well standardized. It corresponds
in essence to the definition (Wilmarth, 1925, p. 112) :
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The United States Geological Survey classifies the Belt as a
provincial series belonging to the Algonkian system. The name
is derived from the extensive development of the rocks in the
Big Belt and Little Belt mountains of central Montana.

The principal recent official departure from this definition is in the fact that the U.S. Geological Survey does
not now recognize formal subdivisions of Proterozoic
time (Geologic Names Committee, 1953, p. 15). Hence,
the Belt series is no longer referred to as belonging to
the Algonkian system, although the series remains high
in the Precambrian sequence. This holds even though
lead in veins cutting part of the series has been determined to be older than would have been expected on
other grounds (Kerr and Kulp, 1952; Eckehnann and
Miller, 1956). The age based on these determinations
is still far less than ages assigned to certain other Precambrian rocks on the basis of similar determinations.
The significance of age determinations based on laboratory determinations of this character remains a subject
of debate.
The first formal name applied to rocks now included
in the Belt series was the East Gallatin group. This
name was "provisionally" applied by Peale, then Hayden's assistant, (Hayden, 1885, p. 49-50) to rocks near
the mouth of the East Gallatin River, east of Three
Forks, Mont. The same name was later used by Hayden (1888, p. 86) for rocks in the Bridger Range, evidently including the exposures to which the name had
been applied originally by Peale. Hayden then
thought of these rocks as probably of Middle Cambrian
age. Somewhat later Peale (1893, p. 12-20) spoke of
them as the "Belt beds" or "Belt formation." He said
that the "group could be only of Lower Cambrian or
of Algonkian age," and preferred the latter designation.
Clearly "East Gallatin" has priority over "Belt" as the
formal designation of the series. Keyes (1927) has
pointed this out and suggested that the assemblage
should be called, in consequence, the East Gallatin
group. However, that name was originally applied
only to a small part of the series and it was soon abandoned by Peale. Belt series, or some modification or
derivative of the term, has been applied for such a long
time and so generally within the United States that a
change at present would be obviously undesirable.
The first geologic study of the rocks under discussion
in the Big and Little Belt Mountains was by Davis
(1886), but no formal name was used. Instead, the rocks
were referred to simply as "barren slates" and regarded
as of Early Cambrian age. After Walcott began his
studies in the same region he used the expression "Belt
terrane" (1899, p. 201). When Van Hiss (1892) prepared his first correlation papers on the Archean and
Algonkian, he felt that so little was known in regard to
the rocks now termed the Belt series that his descrip-
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tions of them were brief and without formal names. In
a later paper (Van Hise and Leith, 1909) the term
"Belt series" was used extensively. By the time that
paper was written the term had evidently come into
general use in Montana, although names such a formation, group, and terrane appear to have been used by
some as more or less synonymous with series. Correlations between the Belt series in Montana and similar
rocks in northern Idaho and in British Columbia and
Alberta were being suggested. Since then the term
"Belt series" has come to be generally accepted for the
sedimentary rocks in Montana, northern Idaho, and
adjacent parts of Washington that are older than recognized Cambrian strata and younger than certain more
metamorphosed rocks, even though the metamorphosed
rocks of that type can not be closely dated. Bailey
Willis (1912, p. 14, 16, 62, 64, 67) in his general summary of stratigraphic data cited the name in this sense.
At present the name is not definitely applied to rocks
south of the 44th parallel, and some problems remain as
to its application in certain places north of this line;
for example, the Metaline quadrangle in Washington
(Park and Cannon, 1943, p. 6-11), where the distinction between Precambrian and Cambrian rocks is not
entirely clear.
Canadian geologists appreciate the fact that many
rocks in British Columbia and Alberta, and perhaps
also farther north, are equivalent to the Belt series in
the United States, but that name is not now used in
Canada for specific map units. Some Canadians use
Belt, or its derivative Beltian, in a time sense (Schofield, 1914b, 1922). Among the major units formerly
employed by Canadian geologists for rocks that appear
to be in whole or in part correlative with components
of the Belt series may be mentioned the Galton, Lewis,
Purcell, Nisconlith, Selkirk, Shuswap, and Windermere
series, and Priest River terrane. In recent Canadian
papers the rocks equivalent to the Belt series of the
United States are grouped as the Purcell and Windermere series. The age relations of the highly metamorphosed Shuswap rocks remain uncertain but rocks of
Belt age may be included.
The Belt series is regarded by most students as of
distinctly late Precambrian age. This assignment is
in harmony with the data gathered during the present
investigation except that, as will be shown below, there
is a possibility that part of the rock now regarded as
belonging to the series may have been deposited simultaneously with rocks whose fossil content shows them
to be of Cambrian age. Many of the Belt strata contain
fossils but not such as to be of value at present in
regional correlations. Future geologic mapping over
large areas now imperfectly known will aid in correla-

tions within the series and in discovering relations
between parts of it and rocks to the north and west
that contain Lower Cambrian fossils. Recent determinations of absolute age by means of studies on radioactivity range within rather wide limits. One figure
is 750 million years (Kerr and Kulp, 1952) ; another is
at least 1,200 million years (Eckelmann and Miller,
1956). These suggest a greater age for parts of the
Belt series than might otherwise be assumed, but neither
figure is old in comparison with other determinations
from Precambrian rocks (Farquhar and Russell, 1957).
When techniques are perfected and. many more samples
studied, one can hope that radioactive determinations
will go far to substitute for the lack of diagnostic fossils
in stratigraphic work in Precambrian rocks.
In view of the fact that the stratigraphic column
in the Lake Superior region has, in the past, been
thought of as a standard for the Precambrian rocks of
North America, it is of some interest to note that the
Belt series and similar strata have been referred
(Cooke, 1933, p. 471-474) "doubtfully" to the Keweenawan epoch. The reference is logical but obviously is
not susceptible of proof on the basis of the data now
available. So much of the area between Lake Superior
and Montana is underlain by post-Proterozoic rocks
that direct correlations by means of mapping are impossible. Perhaps some support for the concept is afforded
by the fact that the boundary between Keweenawan
and Cambrian rocks is locally a matter of controversy
(Raasch, 1950). Rocks termed the "Bayfield group"
by Raasch are regarded by him as of Middle and possibly also of Early Cambrian age, whereas it has been
argued that the group may be of Keweenawan (late
Precambrian) age.
The Ocoee series in the Appalachian region has been
likened to the Belt series (King, 1949, p. 638). The
differences are almost as numerous as the resemblances,
but the two widely separated provincial series are
alike in that interpretations as to the position and character of their upper limits and the relations to strata
containing Lower Cambrian fossils continue to vary
with different authors (King, 1949; Rodgers, 1956) .
This fact suggests possible approximate similarities in
age between the two series. Uncertainties as to the
Precambrian-Cambrian boundary are common throughout the world and have led to such suggestions as the
one to set up a Beltian system (p. 9). In figure 7 the
distinctions for the Appalachian region between Lower
Cambrian rocks and Precambrian rocks just beneath
them have been made by J. B. Hadley. Boundaries,
mainly, are taken from the new geologic map of North
America now in preparation.
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Resser (1933, p. 743, 745, 746; 1938a, p. 2) advocated upper Beltian period. In a later paper (1940, p. 307)
the use of the name Beltian for a system of rocks of he spoke of his Uncompahgran deposits as unconformPrecambrian age but which he included in the rocks ably underlying the Algonkian and unconformably
of the Paleozoic era, thus extending the time span of the overlying the Archean or earlier post-Archean comPaleozoic beyond that ordinarily assigned to the era. plexes. In that paper he appears to regard Algonkian
His opinions are based largely on data from the Ap- and Beltian as synonymous terms.
palachian region, although he also had acquaintance
Okulitch (1956, p. 729) has suggested tentatively that
with the Belt series in Montana. Use of the name the lower part of the Windermere series of Walker
Beltian system has been considered for broadly similar (1926) be raised to systemic rank, as the earliest sysrocks in Asia (Grabau, 1922, p. 72-79; Endo and Res- tem of the Paleozoic sequence. The rocks involved are
ser, 1937, p. 43) but the older name Sinian has been below the fossiliferous Lower Cambrian strata and
elevated to systemic rank and applied in China and above the Purcell series. They belong in the upper part
Manchoukuo (Manchuria) (Matsushita, 1934, 1935; of the Belt series of the United States. Gussow (1957,
Nakamuro and Matsushita, 1940, p. 311-319) to the p. 9) has suggested that the proposed system be called
rocks there that Resser evidently regarded as correla- the Lipalian system. He further writes that
tives of his Beltian system.
the Purcell series and the Belt series are assigned to the Beltian
Rocks that resemble the Belt series in their approxi- system (as are the Grand Canyon series, the Llano series, et
mate position in the stratigraphic column, lithologic cetera—Walcott) and the Grenville series in eastern Canada,
characteristics, and stromatolite content are known in based on age dating and the presence of Cryptozoans or Eozoon
many other parts of the world. Among these are Bra- canadense.
zil (Almeida, 1944), Mexico (Arellana, 1956), South He does not regard either of his two proposed systems
Africa (Macgregor, 1940; Schwellnus and le Roex, as Paleozoic. One of the difficulties that would be met
1945; Young and Mendelssohn, 1949), Finland (Seder- in applying Gussow's ideas is that the major unconholm, 1932; Von Eckermann, 1937), Greenland (Katz, formity between his Lipalian and Beltian systems has
1953; Koch, 1929a, 1929b, 1933; Troelsen, 1949, 1950), been recognized only in parts of British Columbia near
Australia (Fairbridge, 1950), India (Rao, 1949), and long. 117°. It is not known anywhere in Montana alSiberia (Maslov, 1937, 1938). The rocks concerned are though beds believed to be equivalent to the Precamall so little metamorphosed that their sedimentary brian part of the Windermere series are plentiful there.
The suggestions made by Resser, Hinds, Okulitch,
character is readily apparent. Like the Belt series,
and
Gussow have attractive features and serve to emdoubts have been expressed as to whether or not they
phasize
the fact that in many places throughout the
are of marine origin and whether they should be reworld
there
are thick assemblages of sedimentary rocks
garded as early Paleozoic or older. In some instances
that
are
now
regarded as Precambrian but in character
gradation between them and beds of Cambrian age has
and
relations
have resemblances to overlying rocks asbeen suggested. Nearly all contain stromatolites. Persigned
with
reasonable
certainty to the Cambrian. In
haps when these fossils are better understood their
presence will aid in stratigraphic correlations between some places evidence of unconformity at the base of the
the widely separated assemblages of ancient sedimen- Cambrian rocks is obscure or lacking. Possible correlatary rocks, each of which is a thick and conspicious tives of the Belt series are exposed at intervals from
component of the stratigraphic column in its own Alaska to northern Mexico and others with some stratigraphic similarities are scattered from Greenland into
region.
In the western United States, Hinds (1936a, p. 6-7) the region around Lake Superior and stretch from Newadvocates the use of Beltian in virtually the sense that foundland and Nova Scotia southwestward through the
Resser proposed. In 1935 he spoke of Beltian time as Appalachian Mountains (Fig. 7). It would be conthe upper part of the Algonkian period. Later he venient to have a single name designating these North
(1936b, p. 58) said that "pre-Beltian time probably American rocks and the apparently similar ones in
should be established as a separate period of the other parts of the world. The name that has received
Paleozoic." He proposed to call his new subdivision of most favor so far is Beltian system, but that name has
the Paleozoic era the Uncompahgran period, a name the disadvantage that a root word in use for a protaken from the Uncompahgre formation in southwest- vincial. series would be applied to a system of worldern Colorado. Thus, Hinds suggested that the Algon- wide scope. This reason alone seems sufficient to justify
kian period as then defined by the U.S. Geological rejection of the term Beltian. Further, expansion of
Survey be made into a part of the Paleozoic era and sub- the term Paleozoic era so that rocks, such as the Belt
divided into a lower Uncompahgran period and an series, could be regarded as of that age would seem to
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introduce more confusion than compensating advantages, especially as the rocks to be added are without
useful fossils. The matter is involved in the general
problem of correlation and subdivision of Precambrian
rocks, whose solution is beset with so many difficulties
that it is not being attempted by geologists at the present time. The resemblances between the various very
thick assemblages cited previously do seem real and
significant, but a major change in long-established
nomenclature does not seem the best way to emphasize
them.

ing stratigraphic distinctions comprise minor, subtile
details. Expression of criteria of this kind in exact
terms is difficult but is even more desirable for rocks
like the Belt series than the listing of diagnostic fossils
or readily recognizable lithologic characteristics for
units that possess such features. Subjective factors in
identification of the stratigraphic components of the
Belt series need to be minimized, although they must,
obviously, continue to be taken into account.

STRATIGRAPHIC CORRELATIONS OF THE
SERIES

WALCOTT'S CORRELATION

Correlation of components of the Belt series is among
the fundamental problems in the geology of western
Montana, Idaho, and adjacent areas. Most papers that
include data on the Belt series deal with this problem
and several different correlation schemes have been
published.
Although available information remains inadequate
in some respects, the Belt series in Montana can now be
divided with considerable confidence into several
groups. Many named formations are on record.
Some have been assumed to be of widespread distribution, but existing geologic maps are inadequate to put
such assumptions on a firm basis, a fact that has given
rise to many differences of opinions. Some of the formations are of only local significance. Most of the
broad correlations that have been offered are based on
relationships among carbonate-rich rocks, but such
rocks throughout the series tend to have more resemblances than diagnostic differences so that it is easy to
make errors in interpretation. The absence of diagnostic fossils, coupled with the abundance of gradational contacts and marked lateral variations, contribute to the difficulties. During the present study factors
that might give a quantitative basis for recognition of
stratigraphic units were sought but with only partial
success. Lithologic, petrographic, chemical, and paleontologic data were assembled for this purpose.
The formally named groups and formations are defined here as precisely as circumstances permit, with the
modifications of published data that now seem warranted. The descriptions are as quantitative as possible, although deficiencies in this respect are inherent
in the character of the rocks and in the perennial incompleteness of knowledge. Perhaps one should say
that present descriptions point the way to quantitative
statement of essential criteria, rather than that this aim
has been attained. Each of the stratigraphic subdivisions of the series tends to grade into the next unit.
Many of the characteristics regarded as critical in mak-

PREVIOUS CORRELATIONS

The first correlation of components of the Belt series
was published in 1906 (Walcott, p. 1-28). By that time
most of the region containing the series already had
been visited by geologists. The results of Daly's work
in 1901 to 1906 (Daly, 1912) were available to Walcott,
although published later. Daly's report, although
partly revised by later workers, remains the best available summary of the geology of the western part of the
international boundary. Within Montana much of the
early work on the Belt series was done either by Walcott personally or 'by his associates. Many of his conclusions still stand. His principal correlations are
summarized in table 2, taken directly from his report
of 1906.
Walcott in 1906 regarded the Newland limestone, the
Altyn limestone, his Blackfoot series, and the Wallace
formation as stratigraphic equivalents. In consequence he equated the Helena and Siyeh limestones and
thought that the Grinnell and Appekunny argillites together were equivalent to the assemblage known as the
Empire, Spokane, and Greyson shales. He thought of
the carbonate rocks at the north end of the Swan Range
(Badrock Canyon) as equivalent to his Blackfoot
series. These carbonate rocks are now known to belong
to the Siyeh limestone (Ross, 1959); which Walcott put
much above his Blackfoot series. Apparently Walcott
changed his mind on this point for Daly (1912, p. 183)
cites a letter from Walcott stating that he had proved
the equivalence of the Blackfoot with the Siyeh. This
is in accord with modern ideas (Clapp, 1932; Ross,
1959). Clapp and Deiss (1931, p. 675) state that the
limestone Walcott thought was overlain by his Camp
Creek series on Camp Creek in the Mission Range is
actually a downfaulted block of Paleozoic limestone.
Although this statement is based on later mapping and
can be accepted as presumably correct, there can be
little question that Walcott saw extensive exposures of
limestone of Precambrian age in and near the Mission
Range that he correlated with his Blackfoot series.
Perhaps the confusions as to correlation may be re-
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TABLE 2 . --Precambrian sections of northwestern Montana and northern Idaho
[Quoted from Walcott (1906, p. 18)3

Belt Mountains,
Montana
(Walcott)

Dearborn area,
Montana
(Walcott)

Lewis and Clark
area, Montana
(Walcott)

Lewis and Livingston
Ranges, Montana
(Willis)

Camp Creek, Mission
Range section,
Montana
(Walcott)

North and northeast
of Coeur d'Alene,
Idaho
(Calkins)

Boundary section east
from Kootenay River
(Daly)

Cambrian.
Unconformity.

\c, superjacent
strata.
Cambrian.
KINTLA.
Cambrian.

Unconformity.
Cambrian.
MARSH, 800 ft.)

Unconformity.
Unconformity.

HELENA.
Calcareous.
2,400 ft.
EMPIRE,
600+ ft.
SPOKANE, 1,500+ ft.
GREYSON, 3,000+ ft,
Arenaceous strata.
5,100 ft.

NEWLAND.
Calcareous,
2,200+ ft.

Siliceous and
calcareous. 945 ft.
Greenish and purple,
arenaceous and
siliceous strata.
5,772 ft.

Arenaceous.
1,015 ft.

CAMP CREEK SERIES.
Arenaceous-gray.
1,762 ft.
Calcareous and arenaceous. 1,560 ft.

SHEPPARD.
Quartzites, 1,200 ft,Arenaceous, mostly
reddish color.
SIYEH limestone.
4,491 ft.
4,000 ft.

Limestone, 285 ft.
Arenaceous.
1,210 ft.
Base concealed.
Total section,
2,510 ft.

Base concealed.
Total section,
6,718 ft.

CHAMBERLAIN.
Siliceous. 1,500 ft.
NEIHART sandstone.
700 ft.

GRINNELL.
APPEKUNNY.
Siliceous.
3,800 ft.

Arenaceous red and
gray colors. 198 ft
of limestone near
700 ft from summit.

4LTYN,calcareous and BLACKFOOT.
siliceous. 700 ft.
Calcareous and
siliceous.
Base concealed.
4,805 ft.

No superjacent
strata.

STRIPED PEAK.
2,000 ft.
WALLACE.
Calcareous and
siliceous.
6,000+ ft.

Total section,
9,700 ft.

No superjacent
strata.

RAVALLI.
Siliceous and
arenaceous.
Purple, greenish,
and gray beds.
8,255 ft.

Unconformity.
Archean.
Total section.
12,000 ft.

Rase concealed.
Total thickness of section of Precambrian rocks
in northwestern Montana and northern Idaho, as
now known, 37,000 ft.

Total section,
24,770 ft.

YANK, 500 ft.
MOYIE.
BURKESAINT REGIS.
Argillite.
Siliceous and
3,200 ft.
arenaceous.
Purple, greenish,
KITCHENER
and gray beds.
quartzite.
8,000 ft.
7,400 ft.
PRICHARD.
Bonded, dark blue
gray, blue-black,
and gray. Siliceous series.
10,000 ft.

CRESTON quartzite.
9,500+ ft.

Rase concealed.
Total section,
25,000 ft.
Base concealed.
Total section,
20,600 ft.
I Walcott (1899) gives the thickness as 300 ft.
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lated to the error in interpretation of structure to which
Clapp and Deiss call attention. The type locality of
the Blackfoot series (Walcott, 1906, p. 5) is in the
canyon of the North Fork of the Blackfoot River, far
to the east of the Mission Range. At that locality
Clapp and Deiss (1931, p. 675) agree that the limestone
belongs to the Belt series. They (Clapp and Deiss,
1931, p. 691) think of this limestone as equivalent to
the Helena, whereas Walcott (1906, p. 20) equated it
with the Newland. Barre11 (1906) followed Walcott.
The heights of the blocks in Walcott's table (table 2
of this report) are approximately proportional to the
thickness of the stratigraphic units. Consequently
equivalent units in different areas are not in line with
each other horizontally as they are in most correlation
tables. Further, certain of the columns in the table fail
to include formation names that are given in the text.
These items, together with the fact that the geographic
terms heading some of the columns are either obsolete
or indefinite, render the table somewhat confusing to
readers at present. Therefore, table 3 is appended

which is intended as a clarification of Walcott's original. 'Where horizontal lines are omitted in the second
table, the correlations intended by Walcott are not
known.
Apparently the Camp Creek mentioned in Walcott's
table (table 2 of this report) is the same one so designated on present-day maps. This stream is not in the
Mission Range, as would be inferred from his table, but
is farther east in what is now known as the Flathead
Range.
Walcott's (1906, p. 19) original correlation of
the Newland and Altyn limestones is based in part on
their fossil content. Rezak's work (p. 33) shows that
similarities in fossils exist but that they hardly warrant
the confidence Walcott places in them. The forms now
regarded as of organic origin are stromatolites that appear to have a wide stratigraphic range. The evidence
of stromatolites could be used at least equally well in
arguing for correlation of the Newland with the Siyeh,
far above the Altyn in stratigraphic position. Walcott's Blackfoot series would, then, according to his

TABLE 3.--Walcott's correlation table of 1906 as interpreted by C. P. Ross

Big and Little
Belt Mountains
(Walcott)

Cambrian

South of the
upper reaches
of Dearborn
River
(Walcott)

Rogers Pass
(Walcott)

Cambrian

Cambrian

Marsh shale,
800 ft. I

Sandstone,
510 ft.

Marsh shale,
1,015 ft.

Helena limestone,

Helena limestone,

2,400 ft.

435 ft.

Helena limestone,

285 ft.

Glacier National
Park
(Willis)

Camp Creek
in Flathead
Range
(Walcott)

No superjacent
strata.
(Kintla argillite
and
Shepard formation,
1,200 ft together,

5

Siyeh limestone,
4,000 ft.

North and
northeast from
Coeur d'Alene
area, Idaho
(Calkins)

Area along
international
boundary east
from Kootenay
River
(Daly)

Cambrian

Sandstone,
. 1,762 ft.
..!
1",

o
a
tj

n.

Sandstone,
shale, and
limestone,
1,560 ft.

E
Empire shale,
600+ ft.

Sandstone,
5,772 ft.

Empire shale,
1,210 ft.
Base concealed.

Spokane
1,500+
Greyson
3,000+

shale,
ft.
shale,
ft.

Newland limestone,
2,200+ ft.

lilac-gray
limestone,
15 ft.
Base concealed.

Chamberlain shale,
1,500 ft.
Neihart sandstone,
700 ft.

r.:1

Sandstone,

4,491 ft.

Striped Peak
formation,
2,000 ft.

Blackfoot
series
4,805 ft.

Wallace
formation,
5,000 ft.

Ravalli
series
8,255 ft.

St. Regis formation, Revett
quartzite, and
Berke quartzite, 8,000
ft together.

lakk quartzite,
500 ft.
Moyie argillite,
2,200 ft.

Prichard
formation,
10,000 ft.

Kitchener quartzite
7,400 ft.

Grinnell argillite
and Appekunny
argillite,
3,800 ft
together.

Altyn limestone,
700 ft.
Base concealed.

Creston quartzite,
9,500+ ft.
I Walcott (1899) gives the thickness as 300 It.
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original concepts, also be equivalent to the Siyeh lime- The correlations suggested in Walcott's table between
stone. Calkins (1909, p. 38,40; Emmons, 1907, p. 34; sections in the United States and the one in Canada that
Ransome and Calkins, 1908, p. 26-27) regarded the he lists differ radically from present concepts. This
Blackfoot series as equivalent stratigraphically to the may be attributed to the scanty knowledge available
Wallace formation of the Coeur d'Alene area, the New- to Walcott in 1906 regarding the geology north of the
land limestone of. "The original Belt section," and the international boundary.
unit in the Philipsburg quadrangle that was later
CALKINS' CORRELATIONS
(Emmons and Calkins, 1913, p. 41-44) designated as
Newland. This is the correlation accepted in the presSince 1907 Calkins has been a principal contributor
ent report. Calkins, however, at that time, retained the to knowledge of the Belt series in western Montana
concept that the Altyn, rather than the Siyeh, was the and northern Idaho. Some of his results have been
stratigraphic equivalent of the Newland.
referred to in the discussion of Walcott's correlations.
The Camp Creek series of Walcott was regarded by Table 4 was prepared by Calkins (1909) after a reWalcott as overlying the Blackfoot series (of his no- connaissance in western Montana and northern Idaho,
menclature) in the Mission Range. This and its gen- in 1905. The principal difference between this table
eral lithologic character would make it correspond to and an earlier one prepared in connection with work in
the Missoula group of present usage, or to a large part the Coeur d'Alene area, Idaho (Ransome and Calkins,
of that group. In the light of present data, Walcott's 1908, p. 27) is in the column relative to the Philipsburg
correlation table agrees with such an assignment. In quadrangle. In the earlier table the names Chamberthe first report on the Philipsburg quadrangle (Em- lain and Neihart, taken from Walcott's work in the Big
mons, 1907, p. 34) Calkins is quoted as using the term and Little Belt Mountains, are applied to the lowest
Camp Creek formation for the rocks he later called the two units in the Philipsburg area. In table 3 the forSpokane formation (Emmons and Calkins, 1913, p. mation in the Philipsburg area is called Prichard (a
45-48). The latter constitute the representatives of the name that originated in the Coeur d'Alene area) and
Missoula group in the Philipsburg quadrangle. the unit beneath it (called Neihart in the earlier table)
Farther west, in 1903-05, Calkins (1909, p. 38-41) con- is unnamed. Table 3 indicates that the supposed fossil
cluded that the Striped Peak formation corresponds in Beltina danai was used in correlating the Newland,
lithologic character and position to the lowest part of Altyn, and Blackfoot, a procedure that few would
accept today.
Walcott's Camp Creek series and, further that the
Table 5, a later correlation table by Calkins, is reAlgonkian beds above the Newland, including those referred to
produced
on page 14. The most essential difference
the Striped Peak and those supposed to be younger, are probably roughly equivalent to Walcott's Camp Creek "series", al- from table 4, published 6 years earlier, is the substituthough a definite correlation is hardly justifiable as yet.
tion of the terms "Spokane" and "Greyson" for "Camp
In a more recent published correlation table (Calkins Creek" in the column for the Philipsburg area. The
and Emmons, 1915, p. 3), Calkins indicated that the name Neihart is revived for rocks thought to be the
Camp Creek series of Walcott is equivalent to the whole lowest exposed in the Philipsburg area.
of the Missoula group as that term is used in the presDALY'S ORIGINAL CORRELATION
ent report. As the term Missoula group had not then
been proposed, it does not appear in Calkins' table, but
In his report on the geology along the international
the intent of his correlation is plain.
boundary Daly (1912) discusses the stratigraphic reThe above remarks show that a single adjustment in lations of the Belt series in some detail. His own fieldWalcott's correlation table would bring it into virtual work was limited to the immediate vicinity of the
agreement with the correlations proposed in the pres- boundary, but table 6, modified from one in his memoir,
ent report so far as localities within the United States
shows his ideas as to correlation in various localities
are concerned. All that is necessary is to shift his entire column representing Willis' work in what is now that seemed to him to bear on the stratigraphy in the
Glacier National Park downward so that the Siyeh is area of his investigation. Daly's correlations were
shown as equivalent to the Blackfoot, Newland, and hampered by his concept that most of the rocks of what
Wallace. All other units could remain in their he termed the Beltian system were of Cambrian age.
same relative positions. The resemblance between Most of the formations listed in table 6 are now known
Walcott's ideas and those of the present writer is to be of Precambrian age but some of these are corbrought out better in table 3 than in Walcott's origi- related in the table with formations that are definitely
nal in which some formation names are omitted. of Cambrian age.
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TABLE 4. --Probable correlation of principal sections of Al gonk i an sediments in Montana and Idaho
[Calkins, 1909, p. 40-41]

Belt Mountains
(Walcott, 1899,
p. 199-244)

Lewis and Livingston
Ranges
(Willis, 1902,
p. 305-352)

Philipsburg district
(Calkins and Famons,
1915)

Mission Range
(Walcott, 1906,
p. 1.28)

Coeur d'Alene
district
(Ransome and
Calkins, 1908)

Top not seen.
Cambrian.
Cambrian.

— 1.1.1confonnity-.
Marsh. Bhale, red.
800 ft. '

Helena. Limestone,
with some shale.
2,400 ft.

Empire. Shales,
greenish-gray.
600 ft.
Spokane. Shales,
with thin beds of
sandstone; deep
red. 1,500 ft.
Greyson. Shales,
mostly dark.gray.
3,000 ft.

Kintla. Shale,
maroon-red; ripple
.---Unconformity
marks, etc; some
Camp Creek.
quartzitic and
Sandstones, gray,
calcareous beds.
rather thin bedded.
800 ft.
Upper part of section
1,762 ft.
eroded.
Sheppard. Quartzite,
yellow, ferruginous. Cambrian.
700 ft.
—Unconfonnity —
Siyeh. Limestone.
Shales, sandstones.
dark-blue or gray,
Caap Creek. Shale
and limestones.
weathering buff,
and sandstone, the
1,560 ft.
with shale interlatter prevailing
bedded. 4,000 ft.
in upper portion.
Color chiefly red.
5,000+ ft to 0 ft.
Grinnell. Shale,
Sandstones. mostly
partly arenaceous;
reddish. 4,491 ft.
dark-red; rippleSandstones, largely
marked and suncracked. 1,800 ft.
shaly, colors red
and gray, with 198
Appekanny. Shale,
ft of limestone
700 ft below top.
gray, black, and
3.887 ft.
greenish, interStriped Peak.
bedded with whit,
Shales and sandquartzite.
stone. red and
2.0002 ft.
green. 1.000,ft.

Cabinet Range, western and central
parts
(Calkins)

Forty-ninth parallel,
between crossings of
Kootenai River
(Daly. 1905, p. 91-100)

Shales and sandstones, medium- to
thin-bedded; color
prevailingly
greenish-gray, but
in part red and
purple. Shales
partly calcareous
and weathering buff. Upper part of section
eroded.
A little white
crystalline limestone, weathering
yellow, at several
horizons. Base not
seen. 10,000± ft.

Striped Peak. Shales
and shaly sandstones, prevailingly
dark-red; ripple
marks, etc.
2,000+ ft.
tank. Quartzite.
500 ft.

.
.'teed mud. Limestone,
impure, weathering buff, with
interbedded shale.
2,200 ft.
Bettina danai.

Altyn. Limestone,
upper part thinbedded and ferruginous; lower
part grayish-blue,
massive, siliceous.
1,400 ft. Bettina
danai.

Newland. Limestone,
thin-bedded, more
or less siliceous
and ferruginous,
passing into shale:
generally buff on
weathered surface.
4,000 ft.

Base not exposed.

---,
Chamberlain. Shale,
mostly black, with
some sandstone.
1,500 ft.

Neihart. Quartzite,
with some shale in
upper part. 700 ft.

Blackfoot. Limestone, thin-bedded;
more or less sillceous; siliceous
layers, weathering
buff, interbedded
with calcareoarenaceous shales.
4,805 ft. Bettina
danai.

NhIlace. Shales,
more or less calcareous. interbedded withthin
layers of sillceous and ferruginous limestone
and calcareous
sandstone. Limestones and cal careous shaleswcather buff. 4,000
ft.

Ravatli. Quartzite, Ba.0111.. Sandstones. .St. Regis. Shales
gray, with some
and sandstones,
quartzitic, finegrained, grayishpurple and green.
dark-bluish and
greenish shale.
1,000 ft.
purple and gray.
2,000 ft.
2,550 ft.
Sandstones, compact. Revell. White
gray. 1,060 ft.
.quartzite, partly
sericitic. 1,200
ft.
Sandstones, green- Rorke. Indurated
ish-gray, finesiliceous shales,
with sandstones
grained in layers
4 in. to 2 ft
and quartzites,
thick. 4,645 ft.
prevailingly grayBase not seen,
green. 2.000 ft.
Total Rimini.
8.255 ft.
Prichard. Shales,
Prichard. ArgIllite,
dark-bluish, inblue-gray to black,
terbedded with
with distinct and
sandstone, rustyregular handing,
brown on weathered
interbedded with a
surface. 5,0002
subordinate amount
ft.
of gray sandstone.
Uppermost part
Quartzite, lightarenaceous and
colored. Base not
marked with shallowexposed. 1.000t ft.
water features.
Base not exposed.
8,000+ ft.

Archean.
I Walcott (1899) gives the thickness as 300 ft.

Newland. Limestones,
thin-bedded, sillceous and ferruginous, interbedded
with more or less
calcareous shales.
5,000± ft.

Aboyie. Argillite.
3,400 ft.

.
Havallt. Quartzites, Kitchener. Ferrugisiliceous shales,
nous quartzite.
7,400 ft.
and shaly sandstones; upper part
green and purple;
lower part gray,
mostly greenish,
locally with faint
purple tinge;
middle part thickest bedded, and
most quartzitic,
consisting locally
of fairly pure
white quartzite..
8.0001 ft.
Prichard formation.
Argillite, darkbluish, banded.
2,000 ft.
Sandstones, gray,
thick-bedded to
shaly, interbedded
with more or less
sandy bluish shales.
The rocks become
more argillaceous
toward the southeast. 10.0001 ft.
Base not exposed.

Creston. Quartzitic
sandstone, thickplaty, grey, interbedded with a subordinate amount of
bluish argillaceous material. Base
not exposed.
9,500+ ft.
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TABLE S.—Correlation of principal sections of Algonkian sedimentary rocks (Belt series) in Montana and Idaho
[From Calkins and Fmmons. 1915]

Belt Mountains
(Walcott, 1899, p. 199-244)
Cambrian.
Marsh:

Philipsburg district
(Calkins)
Cambrian.

Unconformity
Shale, red; 800 ft. I

Helena: limestone, with some
shale; 2,-100 ft.

Absent.

Unconformit.
Camp Creek:
Sandstones, gray, rather thinbedded; 1,762 ft.
Shales, sandstones, and
limestones; 1,560 ft.
Sandstones, mostly reddish;
4,491 ft.

Spokane: Shales, with thin beds .,f
sandstone; deep-red; 1,500 ft.

Spokane: Shale and sandstone,
the latter prevailing in upper
portion; color chiefly red;
5,000 ft.

Greyson: Shales, mostly dark-gray:
3,000 ft.

Greyson may be present and
included in Newland.

Newland: Limestone, impure,
weathering buff, with interbedded
shale; 2,200 ft.

Newland: Limestone, thin-bedded,
more or less siliceous and
ferruginous, passing into shale;
generally buff on weathered
surface; 4,000 ft.

Ravalli: Quartzite, gray with
some dark-bluish and greenish
shale; 2,000 ft.

Prichard: Shales, dark-bluish;
interbedded with sandstone;
rusty brown on weathered
surface; 5,0001 ft.

Neihart: Qbartzite, with some
shale in upper part; 700 ft.

Coeur d'Alene district
(Ransome and Calkins, 1908)

Cambrian.
Unconformity

Empire: Shales, greenish-gra..
600 ft.

(ltamberlain: Shale, mostly black.
with some sandstone; 1,500 ft.

Mission Range
(Walcott, 1906, p. 1-28)

Sandstones, largely shaly, colors
red and gray; 198 ft of limestone 700 ft below top; 3,887
ft.

Striped Peak: Shales and sandstone
red and green; 1,000 ft.

Total thickness of Camp Creek,
11,700 ft.
Blackfoot: Limestone, thin-bedded;
more or less siliceous layers
weathering buff; interbedded with
calcareo-arenaceous shales; 4,805
ft.

Wallace: Shales more or less calcareous; interbedded with thin
layers of siliceous and ferruginous limestones and calcareous
sandstone0imestonesand calcareous shalesweather buff; 4,000 ft.

Ravalli:
Sandstones, quartzitic, finegrained, purplish-gray and
gray; 2,550 ft.
Sandstone, compact, gray; 1,060
ft.
Sandstones, greenish-gray; finegrained; in layers 4 in. to 2
ft thick; 4,645 ft; base not
seen.
Total thickness of Ravalli,
8,255 ft.

St. Regis: Shales and sandstones,
purple and green; 1,000 ft.
Revett: White quartzite, partly
sericitic; 1,200 ft.
Burke: Indurated siliceous
shales with sandstones and
quartzites, prevailingly
gray-green; 2,000 ft.

Prichard: Argillite, blue-gray
to black; with distinct and
regular banding; interbedded
with a subordinate amount of
gray sandstone; uppermost part
arenaceous and marked with
shallow-water features; base
not exposed; 8,000 ft.

Neihart: Quartzite, lightcolored; base not exposed;
1,0001 ft.

Archean.
I Walcott gives the thickness as 300 ft.

Daly's belief that most of the present Belt series
was of Cambrian age led him to make minor changes
in previous correlation tables that are at least in part
incorrect. That is, in his columns for the Philipsburg
and Mission Range areas he correlated the Flathead
quartzite, Wolsey shale and Meagher limestone, all of
Cambrian age, with beds generally recognized as belonging to the Belt series. He correlated the beds in
the Philipsburg area—then called the Camp Creek
series and here assigned to the Missoula group—with
the Blackfoot, Newland and Wallace of other localities.
His table shows the Siyeh limestone (plus part of the
Gateway in one place and Sheppard in another) as
equivalent to the Blackfoot and Wallace, in approximate accord with present ideas. However, Daly's table

shows the Camp Creek series in essentially its correct
position. in the section for the Mission Range, where
the name originated. He split the Greyson shale, Sheppard (now Shepard) formation, Ravalli argillite, and
Prichard formation into two ,parts each, perhaps to
facilitate correlations with units in Canada.
SCHOFIELD'S CORRELATION

Soon after Daly's work was done, Schofield (1914a,
p. 79-91), in an area about 20 miles north of the boundary at Gateway, reported strata of Middle Cambrian
age resting on the Roosville formation. The latter is
locally the uppermost formation supposed to be correlatable with the Belt series. In later papers Schofield
(1922, p. 5-10; 1923, p. 5-11) indicates that the fossil-
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TABLE

6.--Correlations in the Rocky Mountain Geosynclinal
(From Daly, 1912, opposite p. 178]

1

2

3

Summit series.
Selkirk
Range,
let 49° N.

Purcell series, Coeur d'Alene
Purcell Range, series.'
lat 49° N.

Conformity
with upper
Paleozoic(?).

Erosion
surface,

Erosion
surface.

4
Series in
Cabinet
Range. '
(?)

6

5
Series in
Philipsbu g
district. r

Series in
Missioq
Range. '
(?)

Conformity
with upper
Paleozoic.

9

10

7

8

Galton series.
Calton Range.
lat 49° N.

Lewis series,
Clarke and
Lewis Ranges,
lat 49° N.

Series in Belt Castle Mountain
Bow Riv r
Mountains. 4
series. e

Erosion
surface.

Erosion
surface.

Conformity
with upper
Paleozoic.

Conformity
with upper
Paleozoic.
Sherbrooke,
1,375 ft.
Paget,
360+ ft.
Ilosworth,
1,8551 ft.

Lone Star,
2,000+ ft.

Moyie,
3,400+ ft.

Striped Peak,
1,000+ ft.

Striped Peak,
2,000+ ft.

Flathead.
Thickness(?).
Creek,
11,700(?) ft.

Capp

Roosville,
600+ ft.
Phillips,
550 ft.
Gateway,
1,850 ft.

Kintla,
820 ft.
Sheppard,
500 ft.

Chiefly
Middle
Cambrian.

hicti,cci

Eldon.
2,728 ft.
Stephen,
640 ft.
Cathedral,
1,595 ft.

Gateway,
lower part,
125 ft.
Siyeh.
4,000 ft.

Sheppard,
lower part,
100 ft.
Siyeh,
4,100 ft.

Marsh,
800 ft.
Helena,
2,400 ft.
Empire.
600 ft.

Ravalli,
2,000 ft.
Prichard,
upper part,
2,000+ ft.

Ravalli,
upper part,
4,550 ft.

Wigwam,
1,200 ft.
MacDonald.
2,350 ft.
Hefty,
775 ft.

Grinnell,
1.600 ft.
Appekunny,
2,600 ft.

Spokane,
1,500 ft.
Greyson,
2,000± ft.

Mount Whyte,
390 ft.
St. Piran,
2,705 ft.
Lake Louise,
105 ft.
Fairview,
600+ ft.

Prichard,
12,000± ft.

Prichard,
lower part,
3,000t ft.
Neihart,
1,000± ft.

1t,-.1li.
1,.,c part,
4,000. ft.

\:',,t
'r''' ",

Altyn,
3,500± ft.
Waterton,
200+ ft.

Greyson,
1,000± ft.
Newland,
2,200 ft.
Chamberlain,
1,500 ft.
Neihart,
700 ft.

Continuation
of Bow River
argillitea.

Base
concealed
Total,
27,000+
ft.

Base
concealed.
Total
12,55018,000
ft.

Base
concealed.
Total,
25,055
ft.

Base
concealed.
Total,
12,100
ft.

Rose
concealed.
Total,
13,420
ft.

Kitchener,
upper part,
6,000± ft.

Wallace,
4,000 ft.
St. Regis,
1,000 ft.

Blackfoot
(called
Newland by
Calkins),
5,000± ft.

Ripple,
1,650 ft.
Dewdney,
2,000 ft.
Wolf,
upper part,
1,000± ft.

Kitchener,
lower part,
1,400±-ft.
Creston,
upper part,
3,000+ ft.

Revett,
1,200 ft.
Burke,
2,000 ft.
Prichard,
upper part,
1,500± ft.

Hawaii,
upper part,
5,000± ft.
Ravalli,
lower part,
3,000± ft.

Wolf,
lower part,
1,900+ ft.
Monk,
5,500 ft.
Irene volcanic
formation,
6,000+ ft.
Irene conglomerate,
5,000+ ft.

Creston,
lower part,
6,500± ft.

Prichard,
lower part,
6,500+ ft.

Base
concealed.
Total,
20,300'
ft.

Base
concealed.
Total,
17,200+
ft.

Camp Creek,
0-5,000 ft.
Blackfoot,
4,000 ft.

Upper
Cambrian.

Gallatin

Blackfoot,
4,805 ft.

Beehive,
7,000 ft.

Total,
32,050+
ft.

Meagher,
400 ft.
Wolsey,
100-300 ft.
Flathead,
50-300 ft.

12
System

Total,
14,000±
ft.

Lhconformity.

Unconformity.

Priest River
terrane.

Cherry Creek
beds.

Middl e
Cambrian.

Lower
Cambrian.

Beltian,

Base
concealed.
Total,
12,353+ ft.

Unconformity.
"Archaean".
Calkins (1909, p. 40).
2 Calkins (1909, p. 40; 1907, p. 33).
3 Walcott (1906, p. 2).
4 Walcott (1899, p. 201, and references therein to Peale and Weed).
5 Walcott (1908).

iferous beds resting on the Roosville formation are regarded by different paleontologists as either lower
Middle Cambrian or Lower Cambrian. This, plus
I)rysdale's idea (1917, p. 60-61, and table) that the
upper part of the rocks, apparently equivalent to the
Belt series in this part of Canada, is of Early Cambrian
age, left the problem unsettled. The contact between
the fossiliferous beds and the Roosville formation is
reported to be conformable, but Schofield speaks of a
basal conglomerate in the Cambrian strata and of dif-

ferences in degree of metamorphism on the two sides
of the contact.
On the basis of field evidence not available to Daly,
Schofield made drastic changes in the Daly's Galton
and Purcell series. Both these local series are equivalents of parts of the Belt series in the United States.
Table 7 expresses Schofield's ideas and comparison with
Daly's table will show the modifications Schofield
made. Daly (1915, p. 94) appears to have accepted
the revisions so far as the area north of Gateway is
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TABLE 7

.--General correlation table of Schofield

[From Schofield (1914, in front of p. 91)]
Clark and Lewis Range
49th Parallel
Daly (1912).

Rocky Mountains,
British Columbia

Purcell Range,
British Columbia

The correlation of these two series by the author
[Schofield] is based on sections described by
Daly (1912) and subsequently modified by the
author.

Coeur d'Alene district,
Idaho
Ransome and Calkins
(1908, p. 25).

Cabinet Range, Montana

Calkins (1909, p. 40).

Lowest Middle Cambrian.
Cambrian.
Unconformity.
Erosion surface.

Roosville, 1,000 ft.
Phillips, 500 ft.

Erosion surface.

Kintla, 800 ft.
Sheppard, 600 ft.

Gateway, 2,025 ft.

Gateway, 1,000 ft.

Purcell Lava.

Purcell Lava.

Purcell Lava.

Erosion surface.

Siyeh, 4,100 ft.

Siyeh, 4,000 ft.

Siyeh, 4,000 ft.

Striped Peak. 1,000 ft.

Shale and sandstone
10,000 ft.
Striped Peak, 2,000 ft.

Grinnell, 1,600 ft.
Appekunny, 2,600 ft.

Wigwam, 1,200 ft.
Maclbnald, 2,350 ft.
Hefty, 775 ft.

Kitchener, 4,500 ft.

Wallace, 4.000 ft.

Blackfoot, 5,000 ft.

Creston, 5,000 ft.

St. Regis, 1,000 ft.
Revett, 1,200 ft.
Burke, 2,000 ft.

liava 1 1 i , 8,000 ft.

Prichard, 8,000 ft.

Prichard, 10,000 ft.

Erosion surface.

Pre-Cambrian (Beltian)

Altyn, 3,500 ft.

Altyn, 650 ft.

.

Aldridge, 8,0001 ft.

concerned. Schofield transferred the whole Purcell
series stratigraphically downward as compared with the
Galton series and redefined the Kitchener formation of
Daly, locally. Daly thought of that formation as a
thick and variable unit whose main mass farther east
is indistinguishable from the Siyeh limestone; Schofield's table shows the Siyeh above the Kitchener.
Problems of this sort require solution before correlations across the international boundary can be made
positively. However, a probable correlation for rocks
in Canada near Gateway is indicated on plate 3.
DRYSDALES CORRELATIONS

Drysdale (1917, p. 58-63) further modified correlations of the Belt series in a study that grew out of a
reconnaissance of 2 weeks near Marysville and Nelson,
British Columbia. The towns mentioned are not
shown on maps in the present report but can be readily
found on a map of British Columbia. Drysdale's tentative correlations are shown in table 8, taken from his
report. Drysdale's table omits Calkins' Spokane
formation from the column on the Philipsburg area.
It makes the Irene volcanics of Daly approximately
equivalent to- the Purcell lava although Daly (1915,
p. 207-220) thought of the Purcell lava as above his
Siyeh formation, much higher than his Irene volcanics.
Drysdale's correlations for areas in Canada are simi-

lar to those of the present report except that in table 7
he shows some units now considered Precambrian, as
Lower Cambrian. The two columns in table 7 representative of areas in the United States should be shifted
upward enough to make the Wallace and Newland
equivalent stratigraphically to the Siyeh. The rocks
Drysdale tabulated as pre-Beltian probably include
metamorphosed representatives of units of Belt age.
CORRELATION BY WILSON, LAMBERT, AND CLAPP

As a result of extensive reconnaissance surveys in
western Montana, several geologists of the Montana
Bureau of Mines and Geology evolved a correlation of
the various units of the Belt series there (Wilson and
others, 1924, p. 91-92). They regarded the Altyn and
Siyeh limestones as respectively correlative with the
Newland and Helena and thought the upper part of the
Belt series along the 49th parallel to be equivalent to
the red rocks belonging to what they called the Spokane group. These red rocks are apparently the Spokane shale and, presumably, any other red rocks they
correlated with the Spokane shale. In addition they
thought there was a thinning and change in lithology
to the east and west of a zone bounded by the 115° and
116° meridians. This last generalization does not agree
closely with the facts given in the descriptive section of
the present report and summarized graphically in
plate 3.
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TABLE 8 . --Drysdale's preliminary correlation table for Kootenay terranes, British Columbia
[From Drysdale, 1917, opposite p. 62]
Epoch

Carboniferous
to
Ordovician

Selkirk Range,
southwest
Kootenay

Selkirk Range,
northwest
Kootenay

Slocan, Pendd'Oreille, and
Niskonlith
series, chiefly.
argillaceous
and calcareous

Laurie argillite
and limestone
of Daly's
Albert Canyon
division
("Niskonlith
series" of
Dawson)

Rocky Mountain
Range, northeast
Kootenay and
Alberta

Purcell Range,
south-central
Kootenay

Jefferson
limestone
(Devonian)

Quadrant
quartzite
Madison
limestone
Jefferson
limestone
Maywood
limestone
and shale

g
Graptolite
>
shales
Goodsir shales
0
—

i

;
F., Eldon

Elko limestone,
Burton shale,
and sandstone

Ripple and
Beehive
quartzites
and meter„ gillites
a.
—
.22
.7--

Sir Donald
quartzites
and grit

Roosville
quartzite

St. Piran
quartzite

o

Ross quartzite,
grits, and
metargillites

Irene
volcanics.
limestone,
and conglomerate
i.
--. itchener
&
o

Striped Peak
shales and
sandstones

A

%

.r.:
%
ot
•
- Dewdney,
j Monk, and
Wolf quartz
grits and
quartzites

c
--,
c3

Basaltic lava,
Nakimu limestone, and
Cougar conglomerate

o
.
.
.--.
a Lake Louise
metargillite

Phillips
metargillite
Gateway
sandstone

Purcell lava
Siyeh limestone
and conglomerate

Fairview
conglomerate
and coarse
sandstone

LI reston gray
2 quartzite
o
w
a
o
to} Upper
'Ll:
-o

Cougar quartzite
•

Creston gray
quartzite
—

Ls

Illecillewaet
Moose
Basal quartzite

Lower
Shuswap
quartz-mica
schist series

m
o
....
,-.
m
.--.
o

Shuswap
orthogneisses
chiefly

Aldridge rusty.
weathering
quartzites

Hector
metargillite
Corral quartzite
and sandstone

Red Lion
limestone
Hasmark
dolomite
Silver Hill
calcareous
shales
Flathead
quartzite
and conglomerate

kintla
metargillite
Sheppard
quartzite and
dolomite
Siyeh limestone
and Purcell
lava

Kitchener
-

5

g
—
...•

v
limestone
.:
.4 Stephen
0 limestone
Cathedral
limestone
Mount Whyte
metargillite

w
o
.-.

4
°

Pre-Beltian
or
Archean

Philipsburg district, Montana
(Emmons and
Calkins, 1913,
p. 32-34)

ktertail
limestone
Chancel for
argillite
Sherbrooke
o. limestone
Paget
m
limestone
Bosworth
'
limestone
-?.

Middle
Cambrian

Beltian

Coeur d'Alene
district, Idaho
(Ilansome and
Calkins, 1908)

Ilalysites beds
(Silurian)

Upper
Cambrian

Lower
Cambrian

Rocky Mountain
Range, southeast
Kootenay and
Alberta (Allan,
1914, p. 60)

Grinnell and
Wigwam

Wallace

Appekunny and
Mclkmald and
Hefty
Altyn siliceous
dolomite
Waterton
dolomite

St. Regis, Revect.
and Burke quartzites
Prichard
metargillite

Greyson shale
Newland calcareous
argi ll ite
Ilavalli
quartzite
Prichard
metargillite
Neihart
quartzite
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TABLE 10.—Correlation table of the Belt rocks of Montana (Clapp and Deis's, 1981)
Coeur d'Alene
(Calkins)

Purcell Range
(Schofield)

Glacier Park
(Willis)

Mission Range
(Wilson)

Glacier Park
(Clapp)

I

Mcceoe Creek lackfootCanylArrastre Creek Lnewall Creek Prickly Pear Creek
Salmon Lake
Missoula
ClappandDeiss Clapp and DeissXClapp and Deiss Clapp and Deiss Clapp and Deiss Clapp and Deiss1,1Clapp and Deiss

i

Philipsburg
(Calkins)

Belt Mts.
(Walcott)

Sheep
Mountain:
quartzite
2300 ft

Missoula
group:
argillite.
sandstone.
and quartzite: i
thin
i
limestone
11.000+ ft
I

Wallace:
limestone
4000 ft

Siyeh:
limestone
5000 ft

Siyeh:
limestone and
argillite4000ft

St.Regis
1000 ft
Revett
1200 ft
Burke:
quartzite and
argillite 2000ft

i
I,
;

i

Grinnell:
shale 1800 ft

Altyn 1400 ft

Missoula
group:
argillite
7600 ft

Hellgate:
quartzite
2200 ft

Miller Peak:
argillite
2900 ft
Upper Siyeh:
limestone
1500 ft
Argillite 800 ft
Lower Siyeh:
limestone
3800 ft
‘

Appekunny:
Quartzite and I
shale 2000 tt

I

Ravalli:
quartzite and
argillite
10.700 ft
Pritchard:
argillite and
sandstone
8000 tt
Base not
exposed

I
I

Limestone
4000 ft
/

Kitchener:
dolomite.
argillite
and limy
Quartzite
4500 ft

f
i

Kintla 800 ft
Sheppard
700 ft
Purcell lava
Siyeh:
limestone
Shale

Gateway
1000 ft
Purcell lava

Striped Peak
1000 ft

McNamara:
argillite and
Quartzite
3000 ft

I

Grinnell:
argillite
2800 ft

\

_____-------------Miller Peak
1400+ ft

Miller Peak
1150 ft

Miller Peak
top not seen

Upper Siyeh:
limestone
4200 ft

(Spokane)
1150 ft

Upper Siyeh:
limestone
4800 ft

Newland:
limestone
and shale
4000 ft

1 Empire 600 ft
1i

Spokane
1500 ft

, Empire 600 tt '

Spokane:
argillite
ft
Lower Siyeh:

I

(Spokane):
argillite
3600 ft

Top not seen
(Spokane):
argillite
3700 ft

Lower Siyeh:
limestone
4600 ft

Lower Siyeh:
limestone
3800 ft

Sill

I

Too not seen
Spokane:
argillite
2200 ft

Ravalli:
quartzite
and shale
2000 ft

I

Lower Si
Siyeh:
limestone
5400 ft

Aldridge:and
quartzite
argillite
8000 ft

11
Sateen. 1907. U. S. Gaol.

vey Prof Paper 57 o 9

Spokane:
argillite
4500 ft

Grayson:
shale
30® ft
I

J:- Nethart 700 ft

'
,

Grinnell:
argillite
3100 ft

PI

O

H
yy

II

li
Newland:
, limestone
2200 ft
i1
Grayson:
i
Lower Siyeh: i slaty argillite i
il Chamberlain I
limestone
2300 ft
\
1500 ft
Base not
300 ft
exposed
;,

Grinnell:
argillite
Grinnell:
argillite
P Appekunny
ft
2600 ft iBase
7 2400 ft I 300 not
Appekunny
exposed
800 ft
Appekunny
2400 ft ,i Base
not
exposed
Base
not
exposed

1000 fool occor0ng to Berra.. 1901. U S Geol Survey Prof Paper 57.0 9.

Marsh
800 ft

•

Lower Siyeh: '
limestone
'

'

Upper Slyeh:
limestone
Blackfoot
,(Walcott)
6100 ft

Spokane
shale and
sandstone
5000 ft

Helena:
limestone
2400 ft

Helena:
limestone
4000 ft

i

'Wolcott 1906. Geol. Sot. America Boll., v.17.13. 5-7.

op. not seen
Hellgate:
Quartzite
1700 ft
Miller Peak ‘
Marsh
(Walcott)
'1800 tt
3

Wallace:
limestone
7800 ft
Base not
exposed

Appekunny:
argillite and
siliceous
Quartzitic
argillite
5300 ft

Creston:
quartzite
5000 ft

- --

Hellgate:
Quartzite
2000 ft

L'i a r
ni

Garnet Range:
Quartzite and
sandy argillite
7600 ft

Neihart
1000 ft
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Mines), written after the paper by Clapp and Deiss also apply the term "series" to smaller divisions.
was published, records a modification of his ideas as to There are several definitions of the Windermere series
nomenclature. He notes that he mapped the Beaver- (Walker, 1926, 1929, p. 9, 1934; Evans, 1933; Okulitch,
head Range in 1921 and 1922 and later concluded that 1956, p. 706-721, 728-730). According to some of these
the limestone that overlies the Ravalli should not be cor- definitions the Windermere includes some rocks with
related with the Newland, which is only a part of this fossils of Cambrian age. Reesor (1957, p. 158) uses
limestone, but "with the Wallace or Siyeh formation Walker's (1926) original definition that includes the
or group," and adds that the argillite and quartzite pre- Toby formation, the Horsethief Creek series redefined
viously correlated by him with the Spokane, "have now (Walker, 1934), and, locally, the Irene volcanic formabeen grouped as the Missoula group or formation." tion. As thus restricted, the Windermere series is of
Dr. Clapp did not give his reasons for stating that the Precambrian age and corresponds to the upper part of
Newland limestone is only a part of the limestone above the Belt series of the United States. Table 12 is figure
the Ravalli in the area of the Beaverhead Range, but 2 in Reesor's paper and shows the latest Canadian
the idea is not opposed to the concepts offered in the ideas as to correlation of Precambrian, Lower Campresent report. His proposal to substitute the name brian, and Middle Cambrian units in the part of CanMissoula for Spokane as far west as Missoula fits well ada north of western Montana, Idaho, and eastern
with the ideas reached during the studies here summa- Washington.
Several points are worth stressing in connection
rized. It would require a rearrangement of the sections
with
table 12. Schofield's conclusions (1914b, 1922,
in table 10. The definition and description of the Mis1923)
have been confirmed and amplified by later work.
soula group as published, earlier than the letter just
In
an
area some 50 miles north of the international
cited (Clapp and Deiss, 1931), constitute a notable adboundary and west of longitude 115°30', Rice (1937,
vance in the study of the Belt series.
p. 7-13) studied a sequence similar to that listed by
GIBSON'S CORRELATION
Schofield for the Rocky Mountains of British ColumA correlation table for the Coeur d'Alene and Pend bia. He tentatively assigned an Early Cambrian age
Oreille districts in northern Idaho and two quadran- to strata above his Upper Purcell series (1937, p. 20gles along the western border of Montana was pre- 21), and fossils found later (Leech, 1954) agree with
sented by Gibson (1948, p. 9) in his report on the his assignment. Rice added a new formation, the
Libby quadrangle. Table 11 conveniently summarizes Fort Steele, at the base and restricted the Siyeh
data at the date of publication relative to the parts of formation to argillite and argillaceous quartzite,
totaling 1,000 to 2,000 feet in thickness, leaving all of
Idaho and Montana that are covered by it. Various
modifications in detail have been made by later the carbonate rocks in the Kitchener formation. On
this basis, the Siyeh of Rice may correspond to the
workers.
basal part of the Missoula group of the present report.
RECENT CANADIAN CORRELATIONS
Strata lithologically resembling the Siyeh limestone in
Work in Canada prior to 1920 that bears on correla- the United States have been placed by Rice in the
tions of the Belt series has already been summarized. Kitchener formation. The distance from the type
Most published correlations of the series in the United locality of the Siyeh limestone is more than 150 miles.
States deal with these early Canadian studies. The Whether the difference in nomenclature corresponds to
great mass of work done in Canada that concerns the lateral variations in the rocks is not clear. Reesor's
"least deformed and metamorphosed" of the Precam- table shows the name Siyeh everywhere just below the
brian rocks there has been recently digested and pub- Purcell basalt, with the "Sheppard" overlying the
lished in a single volume (Gill, 1957). One of the lava. He (1957, p. 156) says the Siyeh formation is
papers in this volume (Reesor, 1957) forms the prin- essentially argillite in the Purcell Range but becomes
cipal basis for the summary below. Reesor states that increasingly calcareous and dolomitic eastward. He
the Precambrian rocks of southeastern British Colum- cites a written communication from R. J. W. Douglas
bia and southwestern Alberta "form a limited north- to the effect that in the Waterton area the lower Siyeh
ward extension into Canada of the Belt Terrain of consists of grit and sandstone with salt crystal impresnorthwestern Montana and northern Idaho" and "con- sions, though the upper Siyeh is predominantly carbosist of the dominantly elastic rocks of the Purcell and nate and shale. The Waterton area is immediately
Windermere systems." The Purcell and Windermere north of Glacier National Park, which contains the
are commonly referred to in the Canadian literature type locality of the Siyeh, there almost entirely comas series rather than systems. However, the Canadians posed of carbonate rocks. Douglas' map of the
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TABLE 11.--Gibson's correlation of Belt series in the Libby quadrangle with formations in nearby regions
[Gibson (1948 p. 9). Approximate thickness given in feet)

Coeur
d'Alene
district,
Idaho'

Clark Fork
district.
Idaho2

Pend Oreille
district,
Idaho'

Libby
quadrangle,
Montana

Trout Creek
quadrangle,
Montana-Idaho4
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Ransome and Calkins (1908).
2 Anderson (1930).
Sampson (1928).
4 W. F. Jenks, Harvard Univ. Ph. I). thesis, 1936.
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Waterton area (1952) describes the Siyeh formation as
"limestone and dolomite; grey green and red argillite;
algal limestone." The writer (Ross, 1959) placed the
argillite above the Siyeh limestone in the Missoula
group, excluding it from the Siyeh. However, at the
international boundary there is not enough argillite
between the limestone and the Purcell basalt to show on
the map. Everywhere in Glacier National Park the
argillaceous rocks between the limestone and the lava
are thin. The differences in classification on the two
sides of the boundary are of special interest because the
Siyeh limestone is part of the Piegan group, rich in
carbonate, that has been used by many as a starting
point for stratigraphic correlations in the Belt series
in general. Farther west the components of the Piegan
group, there called the Newland and Wallace formations, seem safely correlatable with the Kitchener of
Rice (Kirkham and Ellis, 1926, p. 27).
Largely on the basis of the relations of the Purcell
basalt, it seems that the Missoula group of the present
report corresponds to the small amount of elastic rocks
of the lower part of the Purcell series below the basalt,
the whole of the upper Purcell and that part of the

Windermere series regarded as Precambrian. Toward
the west uncertainties arise as to the relations between
the Purcell basalt and the Irene volcanics. It has been
supposed (Drysdale, 1917, p. 62; Kirkham and Ellis,
1926, p. 27) that these two are equivalent, but in table
12 the Irene volcanics are indicated as 2,000 feet or
more above the Purcell basalt. Clarification of this
point awaits further work. Table 6, taken from Daly
(1912, p. 178), suggests that the Irene volcanics are
low in the Belt series, perhaps as low as the Prichard,
but this is negated by the fact that the Monk formation
overlies the Irene volcanics. The Monk formation was
considered Cambrian ( ?) by Park and Cannon.
Apparently the Leola volcanics in Washington (Park
and Cannon, 1943, p. 9-11) are equivalent to and
coextensive with the Irene volcanics.
The Windermere series was first recognized near
the intersection of long. 116° and lat. 51° (Walker,
1926, p. 13-20). There its outcrops extend a little east
of 116°00'. Leech (1954) mapped it near long. 115°40'.
Rocks correlated with the Windermere extend westward in Canada to beyond 117°00' (Rice, 1941, p. 22;
Walker, 1934, p. 2-10). Similar rocks extend short
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12.—Correlation of Lower Cambrian and Cambrian formations, southeastern Canadian Cordillera
[Reesor, 1957]
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distances into Idaho and Washington but appear to
be absent in Montana. Judging by the descriptions
given by Walker and by Rice, the series is extremely
variable in thickness and in character. It includes
conglomerate—in part very coarse, grit, lava flows and
pyroclastic rocks—and also argillite, argillaceous schist,
and subordinate amounts of limestone. The volcanic
rocks prominent in its lower part are the Irene volcanics
of Daly, which he thought to be much lower stratigraphically. The conglomerate in the Windermere
series sets that series apart lithologically from most
of the Belt series. The origin of this conglomerate is
not clear. One hypothesis is that it is a fanglomerate
(Walker, 1926, p. 16; Park and Cannon, 1943, p. 9) ;
another is that it is a deposit along the shore of a
rapidly spreading sea (Rice, 1941, p. 23). Okulitch
(1949) regards it as deltaic.
There are such marked lithologic differences between
the lower components of the Belt series and presumable
counterparts in Canada that the papers already cited
give a variety of possible correlations. In northern
Idaho correlations have been indicated by the expedient of such hyphenated names as Aldrich-Prichard
and Creston-Ravalli (Kirkham and Ellis, 1926, p. 1516). The implied correlations are probable in a general way (table 10), but the hyphenated names have not
received general acceptance.
Walker (1926, p. 16) correlated the Windermere
series with the Summit series of Daly, although the
latter's correlation table (table 5) gives no hint that
the Summit series is as young as Walker believes the
Windermere to be. Both he and Rice regarded the
Windermere series in its eastern exposure as late

Precambrian, separated from the Purcell series below
by a marked angular unconformity and from beds of
Early Cambrian age above by a much less marked
unconformity, if any. Leech (1954, p. 5) likewise
found no angular unconformity at the base of the
Windermere.
The data presented by Walker and Rice seem to
show rather definitely that the Windermere series, as
mapped by them, is of late Precambrian age. It is
stated to underlie disconformably, and locally unconformably, beds of Early Cambrian age and to rest with
locally marked angular discordance on beds that correspond to the Belt series in the United States. In the
western area of the Windermere series, however, part of
the series as there mapped may be of Cambrian age
(Park and Cannon, 1943, p. 5-17; Okulitch, 1949, p. 513; Little, 1950, p. 1-13). The level within the series at
which the base of the Cambrian is postulated varies
with the different authors and cannot be fixed
definitely on paleontologic grounds. According to
Park and Cannon, much the greater part of the Windermere series of the Canadians is probably of
Paleozoic age. Their concepts as to the stratigraphic
relations of the series are shown in table 13. The
conflicting ideas of different workers as to the age of
the Windermere series suggest that rocks assigned to
that series in different localities are of different ages.
Okulitch (1949) discussed this matter in detail and
concluded that transgressive overlap of deltaic deposits
has resulted in vast sheets of sandy detritus,
continuous over large areas, but almost certainly of
different ages in different localities. His concept is
plausible but needs support from further fieldwork.

TABLE 13.—Correlation of formations in At etaline quadrangle and Salmo map area
[Quoted verbatim from Park and Cannon, 1943, p. 81
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More recently Okulitch (1956, p. 706-721, 728-730) mere series as described and interpreted in British
has summarized his concepts in regard to the Winder- Columbia has no counterpart in Montana or in most of
mere series and associated formations. He speaks of a Idaho. The North Boulder group of southwestern
marked unconformity between the Purcell series and Montana and some rocks with possible affinities to that
the Windermere series and a less-distinct disconformity group in southern Idaho and in Utah include material
at the top of the lower part of the Windermere series as as coarse as much of the Windermere series. Like that
defined by Walker (1926). Okulitch suggests that the series, each of these occurrences is known only in rather
strata above the disconformity be regarded as Cambrian. small areas. The North Boulder group has been inAccording to usage in the United States the lower part ferred (p. 93) to have been deposited at the foot of a
of the Canadian Windermere series and any of the up- large fault-line scarp. One can speculate that each of
per part that is older than Cambrian would be regarded these masses of coarse sediments, alien to most of the
as belonging to the Belt series. The part that Okulitch Belt series, results from special, local conditions that
in his 1956 paper suggests may be Cambrian contains produced marked relief in a region that then had relasome fossils but not enough so that the base of the Cam- tively featureless topography. Such conditions would
brian part can be established on paleontological necessarily be structural but the reason for widely scatgrounds. Lateral gradation, scanty fossils, and poor tered faults or similar features is unknown. The diexposure leaves the problem of the position of the Cam- verse ideas as to the origin of these coarse rocks listed
brian-Precambrian boundary within the Windermere on page 93, testify to present lack of detailed informaseries of Walker still unsolved. It is clear, however, tion. When further studies are made, data as to the
that, locally at least, this boundary is not marked by a governing tectonic conditions should be forthcoming.
Recent work in Washington (Weis, 1959) shows that
definite unconformity.
The age assignment is not the only puzzling feature Precambrian and Cambrian rocks that enter into the
of the Windermere series, as judged from published ac- problems of correlation of the Belt series are exposed
counts. Why is an assemblage of beds many thousands farther west in that state than was appreciated earlier.
of feet thick near long. 116° in British Columbia not There are resemblances between these rocks and the
found anywhere east of there nor in Montana? The Windermere series, but, in contrast to much of that seunit extends into the extreme northwestern corner of ries, they may include rocks deposited in deeper water
Idaho and adjacent parts of Washington but apparently than is characteristic of most of the Belt series.
is abruptly limited there also. It contains a diverse agREVISED CLASSIFICATION
gregate of rocks that ranges from conglomerate with
BASIS OF CLASSIFICATION
boulders as much as 4 by 5 feet in size to fine-grained,
argillaceous beds and includes much volcanic material.
The summaries already presented show the nomenclaOne can speculate that a single depression was rapidly tures adopted by different students for the Belt series
filled with elastic deposits accompanied by the products in Montana, with some data on names used in Idaho,
of localized volcanism. In such a setting some fine- "Washington, and Canada. The revised classification
grained beds might well have been produced by ponding presented below differs in details from any previously
of streams, perhaps by lava, or through shifting of published. Because no single formation has been traced
drainage channels. Any such situation would imply throughout western Montana, groups in some cases
mountains bordering the depression being filled by the rather than formations are used to facilitate classificaWindermere sediments, but direct evidence of the exist- tion and discussion in this report. The definitions of
ence of mountains at the appropriate time and place groups offered apply primarily only to Montana but the
has not been recorded. Okulitch (1949, p. 20) specu- scheme of classification could be extended to adjacent
lates that in late Precambrian time, land of fairly high
areas.
relief existed near long. 117°20', lat. 51°15'. If so, no
None of the formation names offered is original.
evidence of the southward extension of this land mass
Each
is used in accord with established custom and, so
has been definitely recognized within the United States.
In Washington rocks related to the Windermere series far as possible, the intent of the original authors. It
have been referred to as possibly fanglomerate (Park has been necessary, however, to present here definitions
and Cannon, 1943, p. 9), which would imply the pres- intended to clarify and make as precise as possible the
ence of a rugged land mass. Nothing of the sort has meaning attached to each of the names of major units
been reported in western Montana or northern Idaho. involved in the revision of classification of the series.
Parts of these areas are little-known but, for the mo- Where previous definitions exist, they are cited. The
ment, the only possible conclusion is that the Winder- descriptions below show past and present usage.
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A basic concept in evolving the classification is that
lateral variation is so prevalent that units of formational rank cannot be assumed to be recognizable very
far from their type localities, in spite of the fact that
most of them are very thick compared to formations in
many other regions. The distances that particular formations have been traced vary widely, depending on
their distinctiveness and on the present knowledge regarding each.
Plate 3 is a graphic representation of the concepts
just outlined that should aid in coordinating the summaries on areas in northwestern Montana and northern
Idaho (p. 57-85). It is impractical to include in this
diagram data on southwestern Montana and central
Idaho. Present data prevent adequate correlations with
the units shown on plate 3, owing partly to the large
distances involved. Posts are drawn on the fence
diagram, plate 2, wherever stratigraphic data permit. Where districts lie close together information
respecting them has had to be averaged into single posts
in the diagram, and districts that include only fragments of the Belt series are omitted. Nevertheless, the
wide spacing of the posts serves to emphasize the
scattered character of available data. One post in Canada is shown to suggest correlations across the international boundary. The writer has no personal field
acquaintance with rocks in British Columbia and feels
less confidence in his Canadian correlations than the
others. The names and correlations in plate 3 are
those of the present report, rather than of the original
author.
Most of the Belt series in Montana can be readily
placed in four named groups: the Ravalli, Piegan,
Missoula, and North Boulder; all except the last are
named in ascending order. In addition, a few formations not included in named groups are at present inferred to be older than the Ravalli group. As there
is only one formation regarded as pre-Ravalli in each
locality and mutual relations between the old units
are unknown, no formal group is proposed to include
them. Ultimately a fifth group will be named to include the oldest units of the Belt series unless future
investigations show that none is actually older than
the present Ravalli group. If a fifth group becomes
desirable, one possibility would be to raise the Prichard to group rank much as has been done for the
Ravalli. The Prichard formation is the thickest and
most widely exposed of the pre-Ravalli units in the
United States and, at least in Idaho, has subdivisions
that may, perhaps, justify formational rank in some
localities when it is better known. In Montana exposures of pre-Ravalli strata are scattered, and mutual relations are obscure. Thus, a name for rocks

of the series below the Ravalli group probably should
come from Idaho or British Columbia rather than
Montana. Plate 3, in which the Prichard formation
is treated much as the groups above it are, demonstrates these points.
The various correlations of the Belt series have been
based largely on the assumption, expressed or implied,
that certain carbonate-rich units are mutually equivalent. The units thus correlated have varied with the
concepts of the different authors. The review already
given shows that Walcott and Calkins assumed that
the Newland, Altyn, Blackfoot, and Wallace are
equivalents. In their early work the Siyeh and
Helena were correlated and thought to be younger
than the other carbonate units just listed. Later Walcott realized that his Blackfoot series and the Siyeh
limestone are closely related. Daly thought of his
Kitchener and the Siyeh, Wallace, Blackfoot, and
Helena, among others, as being equivalents (table 6).
The part of the eastern phase of Daly's Kitchener
formation in which carbonate-rich rock predominates
must. be, as he thought (Daly, 1912, p. 133-135), equivalent to the Siyeh limestone. Schofield took the Siyeh
limestone out of the Kitchener formation and regarded
it as equivalent to the Striped Peak formation, whereas
he thought the Wallace and Blackfoot were a little
older. These and other variations in the use of the
name Kitchener are among the reasons why correlations between stratigraphic units in Canada and those
in the United States are not readily made.
Clapp and Deiss correlated the Newland limestone
with the lower parts of the Siyeh and Wallace, as
defined by them, and regarded the Helena limestone
as equivalent to their upper Siyeh. In the present
paper their idea of an upper and a lower Siyeh limestone, separated by red beds, is not followed. Instead
all red beds above the Lower Siyeh of Clapp and
Deiss, plus all carbonate units interbedded therewith
are placed in the Missoula group. This procedure is
believed to restrict the name Siyeh essentially to the
beds originally so designated by Willis. It also facilitates geological mapping by grouping together all
the clastic beds that are similar lithologically. The
carbonate beds above the Siyeh limestone, as here defined, are regarded as relatively discontinuous, local
features. Attempts to correlate assemblages of these
beds over long distances may lead to error. The general scheme • of classification here proposed can be
grasped by a glance at the correlation chart (table 1).
The present classification does not aid in correlating
formations in and close to central Idaho with other
parts of the series. Conceivably it will prove desirable
to set up one or more groups to include these. More
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probably future work will permit correlation with
existing groups. Suggestions as to correlations of formations have been offered (Umpleby, 1913a, p. 30-32;
Ross, 1934, p. 19-20), but the evidence in their support
is tenuous and in part contradictory.
It should be emphasized that in the definitions arid
descriptions of units in this report reliance has been
placed, necessarily, on published reports by many
geologists, who were by no means consistent among
themselves in the use of lithologic terms, color designation, and so forth. Observations by the writer and his
associates have aided in interpretation of divergent
usages but, except where specifically noted, the terminology of the original author is followed here. For
example, a rock may be spoken of here as a red shale
whereas the present writer might have called it in the
field a red-purple argillite or, perhaps, even an impure quartzite.
Most rocks of the Belt series in Montana have been
partially recrystallized and few show distinctly formed
shaly fissility. Thus terms such as shale and sandstone, although retained in accord with prior usage, are
open to question. On the other hand, few of the rocks
of the series in Montana are sufficiently metamorphosed
so that slaty and schistose partings are well developed.
In some places in Idaho and Canada the Belt series is
more metamorphosed and rock names may appropriately show this difference. Unfortunately lithologic
nomenclature is not sufficiently standardized to infer
subtle differences safely from published descriptions,
especially as some of the descriptions here drawn on
were written many years ago.
DEFINITIONS
PRE-RAVALLI ROCKS

The units at present regarded as stratigraphically
below the Ravalli group are the Prichard formation and
the Neihart quartzite. The Prichard formation (or
slate) is the argillaceous and arenaceous assemblage
that constitutes the lowest exposed part of the Belt
series in and near the Coeur d'Alene area in northern
Idaho. It was named for Prichard Creek in that area
(Ransome, 1905, p. 281). In part through actual mapping, ill part through inference, the name has been
carried almost as far eastward as long. 113°, south of
Philipsburg, Mont. (pl. 1). In Idaho the Prichard formation has been tentatively identified as far south as lat.
46°40' (Anderson, 1930b, p. 10). If the Orofino series
of Anderson (1930b, p. 9-10) is, as he thinks, a part of
the Prichard lower than any exposed elsewhere, the
formation extends at least as far south as 46°30'. Recent work (Hietanen, 1956, p. 3-4) supports the idea
that the Prichard extends southward, but it must be
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remembered that the rocks so assigned are so intensely
metamorphosed that diagnostic features are obscured.
The Neihart quartzite is the dominantly arenaceous
unit that underlies the Chamberlain shale and rests on
granitic gneiss near Neihart (Weed, 1899; Wilmarth,
1938, p. 1473-1474) in the Little Belt Mountains, Mont.
As broadly similar quartzitic rocks occur at various
horizons in the Belt series and the Neihart cannot be
traced far from its type locality, the name is here restricted to the area in which it originated. Future
mapping may reveal the same quartzite in parts of the
Little Belt Mountains where it is not now known, but
use of the name in more distant areas would serve no
useful purpose. Quartzite in small exposures south of
Philipsburg (Calkins and Emmons, 1915) has been
called Neihart quartzite, but, in a conversation in 1948,
Calkins agreed that the correlation is questionable. As
indicated on plate 1, the exposures south of Philipsburg may belong to the Missoula group.
The type locality of the Neihart quartzite is so far
from the localities where the groups into which the
Belt series is divided were established that relationships are uncertain. The unit is surely low in the Belt
sequence near Neihart and has been regarded by Clapp
and Deiss (table 10) as of pre-Ravalli age, an assignment that is here accepted as logical. However, the
Fentons (1937b, p. 1880) speak of the Neihart as "basal
Ravalli."
Among other units that might be regarded as of possible pre-Ravalli age, attention should be called to the
Altyn limestone in Glacier National Park. At present
(Clapp and Deiss, 1931; Fenton and Fenton, 1937b, p.
1880-1885) the Altyn is assumed to belong to the
Ravalli group. It is the oldest formation in Glacier
National Park, with its base not exposed. No limestone (or dolomite) in the Belt series stratigraphically
as low as the Altyn is on record elsewhere.
RAVALLI GROUP

Calkins (1909, p. 37-38) applied the term "Ravalli"
group to strata above the Prichard and below the formation he then called Newland, now commonly called
Wallace, in northern Idaho and northwestern Montana.
His usage is a modification of that of Walcott (1906,
p. 7-9) who divided the Belt rocks in and near the Swan
and Mission Ranges into three series, the Camp Creek,
Blackfoot, and Ravalli, listed in descending order.
These three series correspond approximately to the
three principal groups of the present paper.
Here the Ravalli group is regarded as including all
formations of the Belt series, other than the Neihart
quartzite and Prichard formation that are below the
Newland limestone or its stratigraphic equivalents, such
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as the Wallace formation and Siyeh limestone. This to restrict the Fentons' definition slightly. The presdefinition agrees with most present usage but is phrased ently proposed definition still further restricts the group
so as to be both broad and definite enough to provide but places its upper limit at a horizon that is readily
a basis for regional mapping. The name is inferred recognizable in most places. As nearly all formational
(Wilmarth, 1938, p. 1776) to have been taken from the contacts in the Belt series are gradational, local uncertown of Ravalli. As just noted, uncertainties remain tainties as to the precise position of boundaries are
as to assignment of certain formations to the Ravalli, unavoidable.
The Fentons originally placed the top of their Piegan
a fact that may require modification of the above degroup
at the top of the Sheppard (now Shepard)
finition on the basis of future work. For example, it
formation,
named for the Shepard Glacier in Glacier
may be found that the Altyn limestone is stratigraphiNational
Park.
Clapp and Deiss (table 10) did not
cally equivalent to some part of the Prichard formation,
or, conversely, that the Neihart quartzite should be use a group name but clearly intended to correlate the
Shepard with beds elsewhere well above the main mass
placed in the Ravalli group rather than below it.
In and near Idaho the Ravalli group includes the St. of carbonate-rich rocks. Thus, if the term "Piegan
Regis formation, Revett quartzite, and Burke forma- group" had been in use when their paper was written,
tion (Calkins, 1909, p. 37-38), all names of localities in Clapp and Deiss would have excluded the Shepard
or near the Coeur d'Alene area in Idaho (Ransome, formation from it. They did intend to group together
1905, p. 281-282) and not shown on maps in the present the carbonate rocks in the median portion of the Belt
paper. Farther east, it includes the Appekunny and series, and their exclusion of the Shepard may have
Grinnell formations and the Altyn limestone (Clapp, been because the unit was originally called the Shep1932, p. 22 ; Fenton and Fenton, 1937b, p. 1880-1890). pard quartzite (Willis, 1902, p. 316, 324). Actually
The type localities of the Appekunny and Grinnell are much of it is dolomite, a fact impressed on the writer
mountains in Glacier National Park, and the Altyn was in 1950 during fieldwork in Glacier National Park,
named for exposures on Appekunny Mountain north although already known to the Fentons (1937b, p.
of the former town of Altyn (Willis, 1902, p. 316-321). 1899). In the writer's first correlation (Ross, 1949, p.
In the Philipsburg area, Calkins (Calkins and Emmons, 111-113) the opinion of Clapp and Deiss was adopted.
1915, p. 3) used the term Ravalli formation in virtually Further consideration, after additional fieldwork,
the way Ravalli group is used here. From the Philips- strengthens this decision and leads to the opinion that
burg area to near Neihart no rocks as old as the Ravalli the Shepard formation is only one of several carbonategroup are known. In the latter locality the Chamber- rich units at various horizons in the thick assemblage
lain shale has been correlated with components of the of reddish and greenish argillaceous and siliceous beds
Ravalli group (Clapp and Deiss, 1931, p. 693), an as- that constitute the upper part of the Belt series above
signment that seemed probable. The name is derived the Piegan group.
Much further work should be done on the carbonate
from exposures near Chamberlain Creek in the Neihart
area (Walcott, 1899, p. 206; Weed, 1899, 1900, p. 282). rocks in the upper part of the series, but it will be difficult, if not impossible, to determine their mutual interMEGAN GROUP
relations throughout Montana. Much of the needed
The assemblage above the Ravalli group has been evidence is hidden by younger rocks. Besides the Shepvariously designated by different geologists, most of ard, the post-Piegan carbonate rocks include the Helena
whom use one or more formation names for it. This limestone and most or all of the beds called Upper
unit is distinguished by the fact that carbonate rocks Siyeh limestone by Clapp and Deiss (1931, p. 691).
predominate, and it is here termed the Piegan group. The contract between the thick mass of carbonate-rich
The base of the group is at the top of the Ravalli group rocks here included in the Piegan group and the reddish
and the top is at the place where largely carbonate-rich and greenish overlying beds, is as sharp and easily
rocks give way to dominantly argillaceous ones, com- mapped as most contacts between units of the Belt
monly reddish and greenish. Parts of the group, nota- series. If any of the carbonate-rich rocks above that
bly in the Wallace formation in and near Idaho, are contact are included in the Piegan group, as suggested
carbonate-rich only by comparison with rocks above by either Clapp and Deiss or the Fentons, uncertainties
and below that are almost carbonate-free. The name arise, mainly because so many of these carbonate units
Piegan group was first proposed by Fenton and Fenton are discontinuous.
(1937b, p. 1890-1900) from Piegan Mountain in Glacier
Although several different formation names have
National Park. In an earlier consideration of the Belt been applied to beds of the Piegan group in the United
problem (Ross, 1947, p. 112-113) it was proposed, fol- States, each is used only in a single region. Nomenclalowing Clapp and Deiss (1931, correlation table, p. 691) ture has varied, but currently, in northern Idaho and
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burg, in the sense employed by Calkins (Calkins and
Emmons, 1915, p. 3), is not the Spokane of the type
locality, but instead is almost synonymous with the
entire Missoula group as that term is used here.
From near Philipsburg southward almost to lat. 45°
rocks with the characteristics of the Missoula group
have been seen in reconnaissances by the writer (Ross,
Andrews, and Witkind, 1955) studied in places by
others (Shenon, 1931, p. 45-46; Myers, 1952, p. 4-6;
P. A. Guttormsen, 1952, written communication, see
pl. 1, index map). Some of the rocks in this area are
so coarse as to imply that they are related to the North
Boulder group, defined below, which grades into the
Missoula group. On both sides of the border of Idaho
near lat 45° there are wide expanses of the Belt series
difficult to correlate with the scanty available data. On
plate 1 these are tentatively indicated as belonging to
the Ravalli and Piegan groups.
Northeast of Missoula further work is needed before
the subdivisions of the Missoula group can be regarded
as established. In published reports (Clapp and Deiss,
1931, p. 691, correlation chart; Deiss, 1943a, p. 211-218),
the units above the Newland limestone are called the
Spokane argillite, Upper Siyeh limestone, Miller Peak
argillite, Cayuse limestone, Hoadley formation and, at
the top, the Ahorn quartzite. To the writer it seems
probable that the Spokane argillite of Clapp and
Deiss north of Ovando is in large part equivalent to
the Miller Peak argillite as redefined by Nelson near
Missoula, and that the Upper Siyeh limestone of Clapp
and Deiss is one or more of the limestone masses in the
Missoula group, not necessarily equivalent to any formally named formation, although called Helena limestone by them along Prickley Pear Creek (1931, p.
691). This statement is based on concepts gained in
the Flathead and Glacier National Park regions (Ross,
1959) and near Missoula, and a reconnaissance along
two valleys north of Ovando with Nelson and Dobell
(1961) in 1955. One of these valleys is that of McCabe
Creek where Clapp and Deiss (1931, p. 685, correlation
chart) measured a section.
The mountains east and north of Helena contain some
of the longest known exposures of the Belt series,
including those in the Big and Little Belt Mountains
where the series got its name. The formations in that
region that belong to the Missoula group, as here
defined, are, in ascending order, the Greyson, Spokane,
and Empire shales, Helena limestone, Marsh shale
(Walcott, 1899, p. 206-207), and, at the top, a newly
recognized formation, the Greenhorn Mountain quartzite of Knopf (1950, p. 839). These same units, with
some variations in thickness and character, extend
southward to near Three Forks (Klepper and others,

1957; Robinson, 1963). The type localities are in the
Big and Little Belt Mountains and in neighboring
areas to the west near Helena and Marysville. Most
are stated approximately by Walcott (1899, p. 206207). The Greenhorn Mountain quartzite has been
recognized so far only on the mountain of that name
northeast of Helena.
NORTH BOULDER GROUP

The name North Boulder group was originally proposed (Ross, 1949, p. 111, 113) for arkosic and conglomeratic components of the Belt series in isolated exposures near the Jefferson River southeast of Butte. The
name was taken from the North Boulder River (Boulder River on some maps). The group is thought to
rest directly on the pre-Belt complex of metamorphic
rocks and where originally named lies without angular
discordance beneath the Flathead quartzite (Middle
Cambrian). It is known as far east as T. 2 N., R. 6 E.,
in Gallatin County (Ross, Andrews, and Witkind,
1955) and may be represented some distance southwest
of its type locality. Apparently few coarse rocks like
the North Boulder group extend north of lat 46°. The
westernmost area reported in which the group may
occur is near Wise River (pl. 1). In the Three Forks
quadrangle these rocks are called the North Boulder
formation (Robinson, 1963).
The original definition (Ross, 1949, p. 111) suggested
that the group might be equivalent in age to parts of the
Missoula and Piegan groups. The revised classification
adopted in the present report places in the Missoula
group all the formations discussed at the time the original definition was set up. However, recent work
farther east near Logan and Three Forks suggests that
part of the North Boulder group may be much older
than any in the type locality. It now seems appropriate to apply the name North Boulder group to the
entire assemblage of strata of the Belt series in southwestern Montana that includes significant quantities of
material decidedly coarser than is characteristic of most
of the Belt series. The coarse rocks are near-shore deposits and may range in age through the whole of Belt
time. The group seems to interfinger with strata of the
Spokane and Greyson shales and with older units that
may be correlative with the Newland limestone and
even the Chamberlain shale.
The North Boulder group has not yet been divided
into named formations. Probably it contains in each
of several localities three or four subdivisions of formational rank (Peale, 1896, p. 2; Tansley, Schafer, and
Hart, 1933, p. 11-12; Berry, 1943, p. 6; Perry, E. S.,
1950; written communication, 1947; Sahinen, 1950, p.
13-15; Alexander, 1955; McMannis, 1952, p. 11-14).
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The interrelations between the subdivisions in the different localities are not known.
PURCELL BASALT AND SIMILAR ROCKS

The only effusive rock recognized so far in the Belt
series in Montana is the Purcell basalt of Glacier National Park and vicinity. The name was given by Daly
(1912, no. 2, p. 207) because of its occurrence in what
he termed the McGilliviary division of the Purcell
mountain system. Within Glacier National Park it is
limited to the lower part of the Missoula group, mostly
between the Shepard formation and the top of the
Siyeh limestone (Ross, 1959). In Canada more lava
of the Purcell type is known than has been found
in Montana, and its value as a horizon marker has long
been recognized (Daly, 1912, p. 162; Schofield, 1914b,
p. 86, 89). The name Purcell is restricted to beds high
in the sequence, that is, to those in the Missoula group
of the present report. However, north of Glacier National Park similar lava has been reported at much
lower horizons (Fenton and Fenton, 1937b, p. 18871888).
In northern Idaho and Washington and in neighboring parts of British Columbia volcanic rocks of late
Precambrian age have been called the Irene volcanic
formation and the Leola volcanics. Petrographically
both have resemblances to the Purcell basalt except that
they are more metamorphosed and much thicker. Daly
and most later students (1912, p. 144-147; Park and
Cannon, 1943, p. 9-11; Kirkham and Ellis, 1926, p. 3940) regard the Irene and Leola volcanic rocks as coextensive with and therefore equivalent to each other.
They place these rocks so high in the sequence that it
seems clear that they are stratigraphic components of
the Missoula group of the present report. The suggestion (Kirkham and Ellis, 1926, p. 40) that they are essential equivalents of the Purcell basalt farther east is
here held to be the most probable one. They are so much
thicker than the Purcell basalt that precise age equivalence may be questionable. Okulitch (1949, 1956) does
not discuss the volcanic rocks, but from other publications (Walker, 1934, p. 3-6; Little, 1950) it is evident
that the Irene volcanic formation, where present, is so
high stratigraphically that it would be included in what
Okulitch (1956, p. 728-730) proposes to include the
part of the Windermere series that is older than Cambrian but younger than Proterozoic. He wishes to
elevate this part of the Windermere series to systemic
rank, making it the earliest system in the Paleozoic era.
If the Irene and Purcell are stratigraphic equivalents,
and Okulitch's idea should gain acceptance, part or all
of the Missoula group would belong in the new Paleozoic system. So far his idea has not gained general
acceptance (Lochman-Balk, 1956, p. 637-646).

The Huckleberry greenstone, as used by Campbell
and Loofbourow (1946, 1957), may be stratigraphically
equivalent to the Irene volcanic formation. This unit
and associated sedimentary formations are thought to
be of Belt age but are so widely separated from most
of the Belt rocks that correlations with subdivisions of
the latter may be questionable.
DIAGNOSTIC FEATURES

Most of the rocks that compose the Belt series lack
features of color or texture that are striking enough to
be recognized readily. Recognition of stratigraphic
units, in consequence, has had to depend largely on the
personal predilections of each observer, including his
past experience with the series. To be of maximum
value diagnostic features should be sufficiently quantitative to permit different observers to obtain comparable
and consistent results. Various kinds of evidence that
may help to eliminate the personal equation in this
respect are outlined below. Inadequate data now
hamper their effective application, but recent studies
and others that are planned are tending to decrease
this disadvantage.
LITHOLOGIC CRITERIA

The characteristics that have been relied on in the
past and that, in large measure, must continue to be
used by stratigraphers who study the Belt series are
those that contribute to the overall appearance of the
rock. These include color, texture, internal structural
features, gross composition, and degree of metamorphism. Nearly all available descriptions are expressed
in such nonquantitative terms as to be of limited use.
COLOR

Color is one of the criteria most widely used in Belt
stratigraphy. Its use is essential, but it is difficult to
standardize color terms. The lack of agreement as to
the names of rock colors is well known. There have
been many attempts to set up standard color names, at
least two of which were intended for rock descriptions
(Goldman and Mervin, 1928; Goddard and others,
1948). These postdate many published descriptions of
Belt rocks and have not been widely used even in recent
publications. Even where color names have been applied with care one cannot be sure of the exact color
implied. In the present paper, color designations are
based so far as possible on the Rock Color Chart of the
National Research Council (Goddard and others, 1948),
but in descriptions taken from published reports the
original color names have had to be used. Though of
great assistance, the chart has obvious handicaps,
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especially as by no means all possible rock color variations are represented by the colored squares reproduced
in it. More elaborate books dealing with color are
available (Ridgway, 1886, 1912; Maerz and Paul, 1930 ;
Cooper, 1941; Nickerson, 1946) but have been used little
in geologic work, in part because of the odd-sounding
color names employed.
Certain units of the Belt series have sufficiently disi
tinctive and uniform colors to be of great aid in correlation. Caution is needed, however, as particular beds
in different units may be so nearly identical in color
that this distinction, taken alone, is valueless. Also,
metamorphic effects may change color drastically. No
single characteristic is a safe guide in correlation of the
subdivisions of the Belt series.
Any method of visual comparison requires care and
some measure of artistic ability on the part of the user.
Hence it cannot be as rigidly objective or quantitative
as could be desired. Means of actual measurement are
available and have been applied to the Munsell colors
(Judd and Kelly, 1939; Reimann, Judd, and Keegan,
1946). In spite of the obvious advantages in the elimination of the personal equation these devices have not
come into use by geologists.
TFXTIIRE

Most of the clastic beds of the Belt series consist of
fine grains, with original textures obscured somewhat
by recrystallization. In some rocks the original grain
shapes of quartz and feldspar may remain discernible,
but clays and the decomposition products of other minerals have been largely converted into a micaceous mat
that tends to mask original textures. Partial recrystallization of the quartz and feldspar contribute to this
effect. The result is a rock sufficiently characteristic of
the Belt series so that the experienced observer operating in the general region where the series is exposed
commonly can say that a particular rock mass does or
does not have the general appearance of belonging to
that series. That same observer would have difficulty
in expressing in quantitative terms the reasons for his
decision.
The carbonate-rich rocks are chiefly fine grained.
Many are so impure as to grade into clastic rocks like
those just commented on. The carbonate-rich rocks
are distinctive because of color, internal structures, and
fossil content rather than texture.
In general, with practice, the observer tends to associate certain textural peculiarities visible in the hand
specimen with particUlar formations or groups. Such
peculiarities should be used with caution. Diagnoses
based on petrographic data are somewhat safer, but are
available for a few areas only. In texture, as in color,

variations within the formations that make up the Belt
series are more plentiful and marked than might be inferred from many of the published descriptions.
STRUCTURE

The structural features that characterize the rocks
that are not rich in carbonate include ripple marks,
raindrop impressions, salt casts, mud flakes, mud cracks,
and variations in the bedding. Wavy laminations are
characteristic of some units. Crossbedding is conspicuous in some of the more quartzose strata. In a few
localities the quartzitic rocks also have bulbous masses
of unknown origin on bedding planes.
The carbonate-rich rocks are replete with features
that have attracted the attention of all who have
studied them but are still imperfectly understood. The
most widely known of these features are the molartooth structures, seen as deeply etched patterns on
weathered surfaces. Those that gave rise to the name
simulate the irregularities on the grinding surfaces of
the molar teeth of elephants. The etched surfaces,
however, display a great variety of patterns, many that
have no resemblance to markings on teeth. One of the
problems connected with the features is whether the
diverse patterns originate in one or several different
ways. There are so many characteristics in common
and such a tendency for the different patterns to merge
into each other that a common origin seems probable,
though not proved. They result from an unequal distribution within the limestone of silica, magnesian carbonates, and possibly other components, producing
variations in solubility during weathering. Although
the features are conspicuous where the surface is
weathered, they are nearly or quite invisible on freshly
fractured surfaces in the same rock.
The features most appropriately likened to molartooth markings consist of series of sigmoid ridges with
outlines irregular in detail. Each edge rises a tenth of
an inch or more above the background of the weathered
joint face. Other structures are sufficiently unsystematic in shape or arrangement so that the resemblance
to molar-tooth makings is lost, although other characteristics are much the same. Both of these varieties
may cover the entire side of a wide joint face or may be
limited to a small area within that surface without apparent system in form or arrangement. Some structures are fairly straight, subparallel ridges, either
nearly normal to or at some moderately high angle to
the bedding, reminiscent of cleavage fractures. Some
are assemblages of subparallel closely spaced short
ridges that look like the edges of flattish cleavage fragments. These give the rock the appearance of a breccia.
Many of them are areally associated with stromatolites.
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THE BELT SERIES IN MONTANA

2 mm
FIGURE 1.—Stromatolites in west-central Montana. A, Cryptozoon occidentale Dawson. Spokane shale, SE24SEY4 sec. 23, T. 4 N., R. 2 W., Devils Fence
quadrangle, Montana. B, Collenia multifiabella Rezak. Greyson shale, NW corner NWIANE1A sec. 22, T. 4 N., R. 2 W., Devils Fence quadrangle, Montana. C, Organic( ?) structure in thin section of Altyn limestone. Specimen from near Swiftcurrent Falls, Glacier National Park, Mont. X 21.75. D, Collenia symmetrica Fenton and Fenton. Helena limestone, at top of hill 0.7 mile east of the west end of Helena Scenic Drive, Helena, Mont. SE' sec. 26,
T. 10 N., R. 4 W.
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northwestern Montana and northern Idaho give basis
for the expectation that the Belt series in these areas is
divisible on the basis of stromatolite zones.
Stromatolites are significant from standpoints other
than that of stratigraphic correlation. They give clues
as to the mode of origin of the series and of Precambrian rocks in other regions. The author (Rezak, 1957,
p. 141-149) has discussed the environmental implications of stromatolites in some detail. However, the
stromatolites serve to show that the beds containing
them were laid down in shallow water, possibly on
marginal mud flats that were periodically wet and
dry. They also tend to support the concept of marine
rather than lacustrine origin of the Belt series, as the
stromatolites more nearly resemble present marine
forms than those of lacustrine habitat (Rezak, 1957,
p. 149; Ross and Rezak, 1958). The Belt algae may
have formed under conditions approximating those of
the Bahama Banks or some of the coral reefs in the
southern Pacific Ocean.
In the Coeur d'Alene mining region, Idaho, stromatolites occur in the Prichard, Burke, and 'Wallace formations. To date the only recognized genus in this area
is N ewlanclia Walcott. Several good exposures of these
structures in the Prichard formation occur along the
east side of Little Pine Creek valley about 2 miles
southeast of Pinehurst, Idaho. (See fig. 2D.) They
are scattered throughout a 15-foot zone of greenishgray argillite beds, but are especially abundant in a
2-foot argillite bed that can be traced for 250 feet along
the strike. This horizon is about 600 feet stratigraphically below the contact of the Prichard formation
with the overlying Burke formation.
The N ewlandia Walcott has also been observed near
the middle of the Burke formation in an outcrop on a
rocky spur east of the elementary schoolhouse in Kingston, Idaho. The bed containing the structures is a buff
fine-grained slightly sericitic quartzite. The exact
stratigraphic position is not known because of faulting
in the vicinity and the lack of an index horizon. This
occurrence is probably 1,500 to 2,000 feet stratigraphically above that in the Prichard formation.
Near Troy and Libby, Mont., stromatolites occur in
the Wallace and Striped Peak formations. The
Wallace formation contains an abundance of Collenia
8rnnnetriea Fenton and Fenton (fig. 2B and C). The
following stratigraphic section shows the typical relationships of the stromatolites in this formation. (See
fig. 2B.)
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Section measured half a mile north of Troy Ranger Station, on
northeast side of road along northeast side of Kootenai River,
SW% sec. 36, T. 32 N., R. 34 W.
Ft In.
Sandstone, pale-orange and gray, fine-grained, calcareous
6
0
Limestone, pale-red, stromatolitic (Collenia symmetrica)
0
3
Sandstone, light-gray, fine-grained, calcareous, weath2
8
ers to dark yellowish orange
Limestone, pale-red, stromatolitic (Collenia symmet3
rica)
Argillite, pale-brown, finely laminated, calcareous;
0
2
massive but breaks into thin slabs
Sandstone, yellowish-gray, calcareous; contains thin
6
2
black bands
Dolomite, dusky-red-purple, very fine grained, thinly
2
0
bedded; weathers rusty brown
Limestone, stromatolitic; matrix moderate red and
6
0
laminae black ; species indeterminate
Oolite, pinkish-gray, calcareous; bed contains pebbles of oolitic rock as much as 2 inches long and
1
6
three-fourths inch thick
Sandstone, red, very fine grained, calcareous, with
0
15
laminations at base of unit
—
—
2
38
Total

Another exposure of Collenia beds worthy of mention occurs beneath the south abutment of the suspension bridge across Kootenai River just west of
Kootenai Falls picnic ground, sec. 36, T. 31 N., R. 33
W. Here from 10 to 20 feet of greenish-gray stromatolitic limestone occurs in the Wallace formation.
These stromatolites are similar to Collenia synunetrica
and attain maximum diameters of 10 feet. (See fig.
2A.)
The writer has not observed stromatolites in the
Striped Peak formation. However, C. E. Erdmann
(written communication) mentions stromatolites in association with oolitic limestone and gray sandy limestone about 200 feet above the base of the Striped Peak
formation on the south slope of Mount Berray above
Windquist's prospect, at an elevation of about 4,500
feet, T. 27 N., It. 33 W., unsurveyed. Another of
Erdmann's localities is in the Trout Creek 30-minute
quadrangle. Here stromatolites occur associated with
oolitic limestone and pink shaly limestone about 1,000
feet above the base of the Striped Peak on the ridge
east of East Fork Elk Creek, 2 miles south of Delravik's ranch, T. 26 N., R. 33 W., unsurveyed.
The Helena limestone near Helena, Mont., contains
stromatolites. Gigantic specimens of Collenia symmetrica may be observed on a hill 0.7 mile from the
west end of the Mount Helena Scenic Drive, SE1/4

SaniaS .111H11 aH,L
0

2.—Stromatolites in and near Idaho. A, Colienia symmetrica Fenton and Fenton. Wallace formation, on south side of Kootenai River, under suspension-bridge abutment, just
downstream from picnic ground. Sec. 88, T. 81 N., R. 83W. B, Colienia symmetrica Fenton and Fenton. Wallace formation, % mile north of Troy Ranger Station on the
northeast side of road along northeast side of Kootenai River. This outcrop illustrates the fact that in many instances stromatolites are not readily recognized as such.
C, Colienia symmetrica Fenton and Fenton. Wallace formation, along lower road on northeast side of Kootenai River, about 1% miles southeast of Troy, Mont. D, Newiandia
sp. Prichard formation, about 2 miles southeast of Pinehurst, Idaho. U.S.G.S. Algae No. a 1. k 1.

FIGURE
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sec. 26, T. 10 N., R. 4 W. (See fig. 1D.) Stromatolites
are found on the top and both flanks of the hill, but
the best exposures are found high on the west flank.
South of Helena, near Radersburg, Mont., the Greyson shale and Spokane formation both contain abundant stromatolites. In the Devils Fence 15-minute
quadrangle, northwest corner NW1%NE1/4 sec. 22, T.
4 N., R. 2 W., the Greyson shale contains forms similar
to Collenia multiflabella of the Glacier National Park
area. These beds occur in limestone beds about 600
feet below the contact of the Greyson with the overlying Spokane shale (fig. 1B).
The Spokane shale contains stromatolite beds about
200 feet above its base. In the Devils Fence quadrangle, SD/4SE% sec. 23, T. 4 N., R. 2 W., several
limestone beds contain Collenia symmetrica and Cryptozoon occidenta2e. (See fig. 1A.)
Farther south, in the Horseshoe Hills area near
Logan, Mont., Peter Verrall reports (1955, p. 24-25)
the existence of a basal stromatolite unit in what he
regards as, the Newland limestone. He identifies the
stromatolites as Collenia symmetrica and, using these
fossils, correlates the basal Newland with the basal
Siyeh of Glacier National Park, some 200 miles to the
north. Earlier in this section it has been indicated that
long-range correlations on the basis of stromatolites -is
hazardous. Considering the abruptness of changes in
facies in the Belt series and the stratigraphic range of
the fossils, Verrall's correlation is vulnerable.
C. D. Walcott (1914b) and C. L. Fenton and M. A.
Fenton (1937b) have described the occurrence of
stromatolites in the Belt series of northwestern Montana. These papers are readily available and the oc
currences reported in them will not be reviewed at this
time.
Fossils other than stromatolites have been reported
in the Belt series, mainly by Walcott (1899, 1914, 1915)
and Fenton and Fenton (1931, 1933a, 1936, 1937b).
These fossils include bacteria, algae, crustaceans, brachiopods, and indirect evidences of life such as burrows
and trails.
The earliest report of the presence of fossil bacteria in
the Belt series was by Walcott (1915, p. 256). He described and illustrated specimens of MicrococcuB sp.
from the Gallatin formation (of Keyes) on the north
side of East Gallatin River, 5 miles east of Logan, Gallatin County, Mont. The discovery of algae and fungi
in the Precambrian Gunflint iron-formation of the Canadian Shield (Tyler and Barghoorn, 1954, p. 606)
proves the presence of these primitive organisms in
ancient sedimentary rocks. Preservation of such fossils
for any great length of time depends largely upon the
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type of host rock. Black chert appears most favorable
for preservation, whereas limestone is least favorable.
One of the places where chert beds have been observed
in the Belt series is on the ridge between Dry Gulch
and Deep Creek, SE1/4 sec. 35, T. 14 N., R. 21 W., Missoula, Montana-Idaho 30-minute quadrangle. There
several stromatolite-bearing beds are composed of alternations of light-gray and black chert. Specimens of
the black chert were macerated in hydrofluoric acid and
the residues examined under magnifications of as much
as 1,200 times. The residues appear to be an organic
hash too poorly preserved to permit positive identification of its components. Further searching for black
chert may turn up well-preserved plant fossils.
The Fentons (1933b, p. 190) reported the discovery
of oboloid brachiopods in the Newland limestone. In
a later paper (1936, p. 616) they described a new species: Lingulella montana from the middle and upper
Newland in cliffs along Little Birch Creek, NVV1/4 sec.
15, T. 9 N., R. 4 E., Meagher County, Mont. The area
in which the fossils are found is cut by many faults
which the Fentons (1936, p. 610) state are of small
throw or follow bedding planes, and do not introduce
Cambrian rocks into the sequence. The measured sections included in the paper show that the brachiopods
are found 27 to 30 feet above beds containing Walcott's
Precambrian flora. The sections record brecciation and
fracturing in the beds below those containing the brachiopods. Rezak's observations raise the possibility that
unit 2 of Fentons' section A (1936, p. 611) and unit
8 of their section B may well be fault slices that had
displacement such that Cambrian strata were caused to
rest directly on the upper Newland.
Fossil crustaceans have been described by Walcott
(1899, p. 238) from the Greyson shale in Deep Creek
canyon near the former town of Glenwood, and in Sawmill canyon 4 miles above Neihart, Mont. He proposed
the name Beltina for carbonaceous films that he supposed to be fragments of Merostomata. David White
(1929, p. 393) and the Fentons (1936, p. 616) conclude
that these are partly inorganic and partly the remains
of the soft fronds of brown algae.
Clyde P. Ross, while examining thin sections cut
from specimens of the Altyn limestone collected near
Swiftcurrent Falls in Glacier National Park, discovered a structure that has been tentatively identified
by J. Harlan Johnson as organic, although he is not
sure what it represents. (See fig. 1C.) Johnson adds
(oral communication) that if found in lower Paleozoic limestone, he would not hesitate to say that it
belonged to a trilobite or chitinous brachiopod.

38

THE BELT SERIES IN MONTANA

Occasionally traces resembling fossil burrows and
trails are found in the Belt series. These have been
described in some detail by Walcott. (1899, p. 236) and
the Fentons (1937b, p. 1950). The structures are attributed to the work of annelids, mollusks, and
crustaceans.
PETROGRAPHIC CRITERIA

The rocks that make up the Belt series were originally mainly sandstone, siliceous mudstone and siltstone, and limestone, mostly impure, and magnesian.
Outstanding petrographic peculiarities in these sedimentary rocks useful in stratigraphic correlation are
not abundant, but a few are worthy of comment. The
igneous rocks locally are useful in correlations but are
so distinctive as to present few problems. Petrographic data are so scattered and incomplete that the
remarks below are far from conclusive.
CRITERIA IN IGNEOUS ROCKS

The Purcell basalt in the Missoula group in a few
places in Montana is commonly so easily recognized
that petrographic study is not needed in order to recognize the stratigraphic unit. It would be of interest
to know whether petrographic data would aid in determining how far the various names applied to volcanic rocks intercalated in the series in British
Columbia, Washington, and Idaho reflect stratigraphic
differences, but available data are not decisive. The
Purcell basalt, which was studied only in Glacier National Park, is believed to have had the composition
of basalt originally. It is much altered, perhaps in
part by hydrothermal processes related to eruption.
Daly (1912, p. 144-147) regarded his Irene volcanic
formation as ande,sitic lava, altered to greenstone.
The mineral composition and structural features of
the two volcanic assemblages are so similar that the
fact that one is termed "basalt" and the other "andesite" is of doubtful significance.
The Leola volcanics in northeastern Washington
(Park and Cannon, 1943, p. 9-11) is credited with
being equivalent to the Irene volcanic formation of
Daly. The major distinguishing features include the
pronounced schistosity and the tuffaceous material in
the Leola volcanics. Park and Cannon speak of the
Leola volcanics as altered basalt. Petrographically,
then, the Purcell, Irene, and Leola volcanics are all
calcic extrusive rocks. Whether the differences in metamorphism noted are sufficient to offset other evidence
tending to show that the three are approximately correlatable stratigraphically will remain a question until
further information is available.

Intrusive dikes and sills invade horizons below the
Purcell basalt. in Glacier National Park. The sills, in
particular, might add to difficulties in stratigraphic
correlation. One readily made petrographic distinction is that the minerals of the flows are more thoroughly altered than those of the dikeS and sills.
Further, the texture of those parts of the effusive
rocks that approach diabase in appearance is less
typically diabase and less uniform than that of the
diabasic parts of the intrusive rocks. Another distinction that is probably of greater diagnostic value is that
the intrusive rocks commonly contain micropegmatite
whereas the effusive ones appear to be free of this
constituent.
CRITERIA IN CARBONATE ROOKS

The carbonate rocks at different horizons and localities vary in the proportions of calcium and magnesium
carbonates, and some also contain significant quantities
of iron carbonate. Most of the units customarily called
limestones are magnesian and parts of them are dolomite. Some are detrital (fig. 3E), rather than chemical, aggregates of calcite and dolomite plus quartz,
feldspar, and micaceous minerals (fig. 3A ). These include edgewise conglomerate (fig. 3A) and oolitic aggregates, many of both being clearly visible only under
the microscope (fig. 3 B, C, D, F). Much, possibly
all, of the carbonate in rocks of the Belt series is genetically related to organic processes, mainly those that
produced the stromatolites (fig. 3B and C). Nevertheless, most of the carbonate-bearing rocks are far
from being pure. The microscope shows that the impurities consist dominantly of elastic grains identical
with those of the argillite and quartzite beds.
Some of the carbonate rocks throughout the Belt
series can be seen to be oolitic, even in the hand specimen. Under the microscope this is a conspicuous feature, and the oolites show differences in detail. Many
have little or no internal structure preserved (fig. 3F),
but some of the Siyeh limestone contains pebbles consisting of groups of oolites with intricate internal
structure (fig. 3B). Perhaps when more data are accumulated, deductions of value in stratigraphic correlation can be drawn from items of this kind.
Structures of the kinds already commented on as
prominent in outcrop and hand specimen are also conspicuous under the microscope (fig. 4). It is difficult
to distinguish in thin sections between structures like
that shown in figure 4B, a variant of molar-tooth
structure, and those exemplified by figure 4C, supposed to be stromatolitic. Figure 4A shows intraformational conglomerate in limestone, a feature that
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records disturbance of strata prior to consolidation.
Perhaps most of the widely variable forms in molartooth and similar structures result from slumping and
shifting of the soft calcareous ooze before and during
cementation. Where that ooze already contained
organic or other structures, the results would be more
complex than in their absence.
CRITERIA IN CLASTIC ROCKS

Petrographic study supplements field observation
in showing that most of the Belt series consists of
fine-grained clastic rocks with few notable characteristics, none so far valuable in correlation. Mud flakes
are seen to be even more abundant than can be appreciated from inspection of outcrops and hand specimens
(fig. 5B and D). Many have laminae of microscopic
dimensions, commonly from 0.03 to 0.5 mm in width
(fig. 5B, C, E, F). Typical material consists of grains
a few thousandths to a few hundredths of a millimeter
in diameter, that is of silt and clay sizes, embedded in
a matrix in which flaky minerals are conspicuous.
Quartzite beds that in the field seem conspicuously
coarse mostly consist of grains a millimeter or less in
diameter (fig. 5A ). Even in conglomerate, with
pebbles 100 mm and more in maximum dimension, much
of the matrix consists of grains 0.01-0.10 mm in diameter. The nonflaky grains in nearly all the rocks are
subangular to poorly rounded, where recrystallization
has not obliterated original form.
It is difficult to discern the quantitative composition
of these fine-grained rocks under the microscope.
Broadly the rocks consisted originally of quartz, clays
and other flaky minerals, feldspars, probably some
ferromagnesian minerals, and, rarely, fragments of
rocks, which are mostly argillaceous. More contain
carbonate than might be suspected from the hand specimen, but, on the other hand, some rocks that superficially resemble limestone are high in noncarbonate
clastic constituents. Some are now colored by fine
grains of hematite.
In mineral composition these rocks resemble graywacke and subgraywacke (Pettijohn, 1949, 1957, p. 303 ) .
In the textures and structures that reflect their origin
they differ from typical graywacke. They are finer
grained and the component grains are better rounded
than in graywacke. Also most show both crossbedding
and ripple marks, which are reported not to be characteristic of graywackes. Their colors are, on the whole,
far from brilliant but scarcely as dark as those of graywacke, in part because chlorite is less prevalent. Although close examination, in hand specimen and thin
section, shows the fine-grained rock of the Belt series
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to be well bedded, many outcrops have a massive appearance, with joints of various kinds but rather commonly without shaly or slaty partings. This tendency
to an absence of fissility is reminiscent of many graywackes.
Some of the coarser clastic material in the Belt series
resembles arkose (figs. 3A and 5E). Examples can
be found in parts of the Altyn limestone and the North
Boulder group. However, near Neihart, one of the few
localities where Belt rocks are well exposed resting on
granitic gneiss, arkosic beds are absent. The sample
of Neihart quartzite listed in table 16 contains more
than 96 percent silica. This is in harmony with the
abundance of quartz in the thin sections examined.
(Seep. 59.)
A larger proportion of the clastic rocks contain feldspar than would be suspected without close observation. Even though in many the amount present is
small it may be diagnostic because the overlying Flathead quartzite of Cambrian age appears to be free of
feldspar. In many places Flathead quartzite is difficult to distinguish from other quartzites intercalated
in the Belt rocks, a fact that complicates correlation
and interpretations.
CRITERIA RELATED TO DEGREE OP METAMORPHISM

The Belt series in Montana shows low-grade metamorphism except along the borders of large granitic
masses such as the Idaho batholith. Locally the metamorphic effects obscure or obliterate the characteristics
on. which stratigraphic correlations are normally based.
These features are beyond the scope of this report. The
extent that regional metamorphism has affected large
expanses does require consideration here. It is reflected in the recrystallization of sand grains, the conversion of clay into micaceous minerals, and the production of feldspars either by union of radicals derived
from clastic grains of minerals of suitable composition
or by recrystallization, presumably with modification
in the composition of the feldspar. These and similar
effects of low-grade metamorphism are observable invarious degrees in the rocks of the Belt series whereever they have been studied. In many rocks small
amounts of clay minerals remain unaltered and probably much of the feldspar is in original clastic grains
with little or no change in composition since deposition
in the sediments.
On the basis of the scattered observations so far made,
the clastic rocks in the Missoula group appear less metamorphosed than those lower in the Belt series and there
may even be a progressive change within the group.
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FIGURE 3.—Photomicrographs of carbonate rocks (photographs by Wendell Walker).
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This statement is based mainly on the fact that the
quartz in the Missoula group retains the outlines of the
original detrital grains better than that in many preMissoula rocks. The distinction is none too positive
and many quartz grains in the Ravalli group, particularly the coarser ones, retain faint traces of their original shapes. In thin section these traces consist, mainly
of thin and in part discontinuous lines of dust particles.
The quartz beyond these lines, within the area of the
cementing matrix of the original sediment, is at least
in approximate optical continuity with that in the core
of the grains.
In the parts of Montana familiar to the writer the
Prichard formation (or slate) commonly appears to
be more highly metamorphosed than most of the Belt
series in Montana. In part this is certainly due to
igneous metamorphism along the borders of the Idaho
batholith, but whether any of the metamorphic effects
are regional rather than local is unknown. If regional,
their presence would be in harmony with the fact that
the Prichard is one of the oldest units in the Belt
series.
As table 14 below indicates, most of the rocks of the
Belt series in Montana contain small quantities of clay
minerals. The table records the results of X-ray examination of material of clay size separated from small
samples. In all rocks the quantity of clay present is
so small that it was not noted in ordinary petrogarphic
study. Ogden Tweto 1 reported clay minerals in many
Belt rocks from petrographic examination alone.
The specimens analyzed were unweathered, and the
clay minerals in them are thought to be original, per1 Ogden Tweto, 1937, Petrography of pre-Cambrian and Paleozoic
rocks of Montana and Yellowstone National Park : Unpub. Dissertation,
Montana State Univ.
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haps recrystallized to some extent during the long interval between the time of sedimentation and the present
day. One conspicuous feature of the table is its uniformity. Montmorillonite, although not abundant, is
present in most samples. Illite is almost as widespread.
Mica is widespread, although not reported for some
of the samples analyzed. However, the uniformity is
sufficient to show that the clay components of the rocks
of the Belt series are without stratigraphic value.
CHEMICAL CRITERIA
MAJOR COMPONENTS

Little information has been published in regard to
the chemical composition of the rocks of the Belt
series. During the present investigation 10 argillite
samples of the Grinnell and Appekunny formations
were submitted for analysis with the results shown in
table 15. Three analyses from the lower part of the
Belt series in scattered localities are given in table 16.
The dominantly elastic rocks of the Missoula and
North Boulder groups are represented in tables 17, 18,
and 19, which together give 22 analyses from widely
scattered areas in Montana. Table 20 gives 10 analyses
of carbonate rocks from various places in the State.
Table 21 gives 12 miscellaneous analyses from eastern
Idaho and western Montana. Table 22, which shows
the average composition of various kinds of sedimentary rocks, is added for comparison with the
analyses from the Belt series. Both for these chemical
analyses and for the X-ray data in table 14, it is
impracticable to include here sufficiently detailed maps
to show precise locations. Those interested can identify
the locations given in the tables by consulting pertinent
maps.

EXPLANATION OF FIGURE 3
A. Specimen A 13. Altyn limestone. This rock contains more than the average amount of elastic grains of quartz and
feldspar, or the two together (0.4-2.0 mm in diameter) in a fine-grained, carbonate matrix (diameter 0.04-0.08 mm).
Most of the feldspar is plainly twinned. The rock contains oolites, some of which are silicified, but no oolites are visible
in this photograph.
B. Specimen FM 333. Siyeh limestone. Rock contains pebblelike forms as much as 1.5 mm long regarded as oolites without
internal structure, but one in the view is a compound oolite with structure. The matrix is mainly fine-grained carbonate
and quartz but there are also aggregates of coarser, later quartz.
C. Specimen G N P.-S-16a. Siyeh limestone. This limestone contains exceptionally abundant and well-preserved oolites,
of which many are 0.6 mm in diameter, in a fine-grained matrix which includes some quartz, feldspar, and mica.
D. Specimen Lbby-w-1. Wallace formation. This rock contains plentiful oolites, with diameters as much as 0.6 mm, in a
comparatively coarse, elastic-textured matrix. The internal structure of the oolites is not as well-preserved as in specimen
G N P.-S-16a. Most have quartz nuclei. The matrix includes quartz, orthoclase, plagioclase, and a little mica imbedded
in carbonate. The elastic grains are as much as 0.1 mm in diameter.
E. Specimen MM 4: Newland limestone. This is an impure limestone with nearly 50 percent carbonate in grains as much as
0.03 mm in diameter. The rest of the rock is quartz, 2 kinds of feldspar, mica, and a little epidote. Some of the quartz
and feldspar grains are as much as 0.1 mm long.
F. Specimen FM 67. Shepard formation. This rock contains recrystallized oolites as much as 4.0 mm long in which the
carbonate grains are about 0.2 mm in diameter. The matrix is mostly carbonate in grains about 0.01 mm in diameter.
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2 mm

FIGURE 4.—Photomicrographs of structures in carbonate rocks, Siyeh limestone. (Photographs by Wendell Walker.) A, Specimen FM319.
This rock is especially irregularly laminated, perhaps because of movement prior to consolidation. Some laminae contain quartz and plagioclase grains as much as 0.03 mm in diameter but much of the carbonate is in grains 0.006 mm in diameter. B, Specimen FM341. Most
of this rock consists of carbonate in grains about 0.005 mm in diameter, but some layers contain elastic quartz grains as much as 0.03 mm in
diameter. The contorted layers are mainly rather coarse carbonate (0.1-0.5 mm in diameter). Their origin is not known. C, Specimen
Belt 3. The groundmass is carbonate with some quartz plagioclase and mica, mostly 0.005 to 0.01 mm in diameter. Rare detrital grains
of zircon, epidote and rutile are present. The conspicuous irregular structures throughout the rock may be of stromatolitic origin.
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STRATIGRAPHIC CORRELATIONS OF THE SERIES
TABLE

14.—Results of X-ray analyses of rocks of the Belt series in .1ontana for clay minerals

[Analyses by A. J. Gude, 3d and sample N 3 by E. W. Tooker. I, major constituent; 2, minor constituent; 3, trace)

Serial

Field

239381

SM 13

239383
242154
242148

19-47_
32-OP
FM 67

Formation or group

Missoula group, probably_
Miller Peak argillite
Missoula group
Shepard formation_
Shepard formation

Location

242131
242132
242134

FM 23
FM 24
FM 16

Grinnell formation
Grinnell formation
Grinnell formation

U.S. Highway 93, near mouth of Miller Creek
near Missoula.
Near Lobo Hot Springs west of Missoula
Flattop Mountain, Glacier National Park
Flattop Mountain, Glacier National Park,
NWM sec. 22, T. :35 N., R. 17 W.
Middle Fork of Flathead River, Glacier
National Park near Walton.
Argosy Mountain, Nyack quadrangle, Flathead region.
Kah Mountain, Nyack quadrangle, Flathead
region.
Miner Creek, Marias Pass quadrangle, Flathead region.
Pioneer Ridge, Nyack quadrangle, Flathead
region.
Clark Fork between Allan and Martinez
Creeks, Bonner quadrangle, NE 3i sec. 19,
T. 12 N., R. 17 W.
Blackfoot Highway, Bonner quadrangle,
SW34 sec. 14, T. 13 N., R. 18 W.
Blackfoot Highway, Bonner quadrangle,
sec. 19, T. 13 N., R. 18 W.
Pattee Creek, Bonner quadrangle, NE 3i sec.
3, T. 12 N., R. 19 W.
Miller Peak, south of Missoula. Type locality, Bonner quadrangle, NW4 sec. 32, T.
12 N., R. 19 W.
Pattee Creek, Bonner quadrangle, NW 34 sec.
3, T. 12 N., R. 19 W.
South side of Rattlesnake Creek, Bonner
Quadrangle, NW 34 sec. 30, T. 14 N., R. 18 W.
U.S. Highway 10 at Kendall Creek, Bonner
quadrangle, SWI44 sec. 7, T. 12 N., R 17 W.
North of Helena, Helena quadrangle
Avalanche Creek, Canyon Ferry quadrangle,
Big Belt Mountains.
Magpie Creek, Canyon Ferry quadrangle,
Big Belt Mountains.
Spokane Hills, east of Helena and west of
Canyon Ferry quadrangle.
Magpie Creek, Big Belt Mountains, Canyon
Ferry quadrangle.
Graves Creek, Nyack quadrangle, Flathead
region.
Twin Lakes, Nyack quadrangle, Flathead
region.
Noisy Creek, Nyack quadrangle
Tongue Mountain, Nyack quadrangle
Head of Clayton Creek, Nyack quadrangle.
Near head of Wheeler Creek, Nyack quadrangle.
Near head of Wheeler Creek, Nyack quadrangle.
West slope of Swan Range, Nyack quadrangle.
West slope of Swan Range, Nyack quadrangle_
Tom Tom Lookout, Nyack quadrangle

242135
242136

FM 53
FM 45

Grinnell formation
Grinnell formation

Mount Baptiste, Nyack quadrangle
Felix Basin, Nyack quadrangle

242143
242152

FM 62
41C-GP

do
do

239379

R-3

do

242155

Belt No. 10___ Missoula group

242137

FM 7

Missoula group

242138

FM 9

Missoula group

242161

FM 22

Missoula group

242133

FM 33

Missoula group

239390

10-4-15

Garnet Range quartzite_

239385

4-57-13

McNamara argillite

239384

4-57-108......

Bonner quartzite

239388

7-17-22

Bonner quartzite

239391

11-42-2

Miller Peak argillite

239387

7-17-17

Miller Peak argillite

239386

6-45-7

Miller Peak argillite

239389

7-106-5a

Miller Peak argillite

242160
242156

MM 1
MM 5

Marsh shale
Helena limestone

242159

MM 3

Empire shale

242158
242157
242150

MM 6
MM 4
FM 26

Spokane shale
Newland limestone
Slyeh limestone

242149

FM 22

Siyeh limestone

242147
242146
242145
242141

FM 21
FM 2$
FM 29
FM 18

242139

FM 19

Siyeh limestone
Siyeh limestone
Siyeh limestone
Gradation zone between
Siyeh and Grinnell.
Grinnell formation

239380

R-4

do

242140

FM 60

do

Two Medicine Pass, Marias Pass quadrangle_
McDonald Creek, Going-to-the-Sun Highway,
Glacier National Park.
Rock Creek, southeast part of Bonner quadrangle
Rock Creek, southeast part of Bonner
quadrangle.
Head of Park Creek, Marias Pass quadrangle.

239382

SM 9

Appekunny formation(?)._ Hamilton quadrangle

242142
242151

FM 20
42 GP

Appekunny formation._
do

242153

44 OP

242148a
239378

FM 68
R2

242144

FM 69
N3

662346 0-63

do
__do
.._do
Altyn limestone
Chamberlain shale

3

Chlorite

Mica

Montmorillonits

Mixed
layer
clays

2
2

3
2

2

2

3?

mite

Remarks

1
1
2
2

. . ...

Limestone.

2

1
2

Argillite.
Dolomite.

Red argillite.

3

Pink quartzite.

3

2

3

Quartzitic argillite.

2

2

3

Green argillite.

2

2

3

Black shale.

3

2
2 ....

-

1

3

3

2

3

3

1

Red argillite.
Laminated quartzite
and argillite.
Ilornfels.

3

2
3

.
... ..

Green argillite.

1

3
2

2
2

3

1

3?
3
3?
3?
2
2

2
2

2
2

2
2
2
2

2
2

3
2
3
3

2

3

2

3

3
3

Quartzite near intru
sive plug.
Same as 239379, farthe
from plug.
White quartzite with
clay spells.
Border zone of Idaht
batholith.
Argillite.
Green argillite high it
formation.

2
2

2
2

3

1

Wolf Creek, Nyack quadrangle
McDonald Creek, Glacier National Park,
along Going-to-the-Sun Highway near
McDonald Falls.
do

2
2

2
I

3
2

2

2

3?

Many Glacier Hotel, Glacier National Park
Rock Creek, southeast part of Bonner
quadrangle.
Many Glacier Hotel, Glacier National Park
Jefferson Creek near Nelhart

2
3

2
2

3
3

3

2
1

3

Argillaceous.
Coarse quartzite neat
top.
Purple argillite.
Green argillite.
Intraformational
conglomerate.
Siliceous argillite.
Quartzite in metamor
phic zone near intru
sive mass.
Purple-red argillite.
Green argillite.

3
2

1
2

2

2

3
3
3
2
2

2
3

2
2

1
1
2

2

2
3?

2

2
2
2

3?

Dark-gray argillite be
low 242151.
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FIGURE 5.—Photomicrographs of elastic rocks (photographs by Wendell Walker).
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STRATIGRAPHIC CORRELATIONS OF THE SERIES
TABLE

15.-Analyses of rocks of the Ravalli group in and near Glacier National Park
[All analyses by Harry Hyman, except for sample 51-2160CDSD by R. N. Eccher].

51-2160CDSD 51-2161CDSD

ID-21350

ID-21450

ID-13650

Appekunny formation

ID-14650
ID-21550

SiO2
A1203
FeiOs
FeO
Mg0
CaO
NasO
K20
HsO1110+
TiO2
CO:
P:0
SO:
Mn0
BaO

79.03
3.92
.13
.72
2.44
3.41
1.33
.78
. 36
.05
5.15
.04
2. 81
.06
1.35

Total
0 for 8

99.58

67.28
14.65
1.07
1.98
5.05
.37
1.39
3.65
.06
3.25
.50
.25
.15

63.25
16.55
5:08
2.16
2.57
.26
.78
5.27
.06
3.10
.63
.02
.19

70.21
14.19
1.79
2.22
2.58
. 17
1.04
3.98
.05
2.69
.60
.11
.05

70.15
15.29
3.36
.63
1.58
.12
1.69
4.22
.07
2.00
.61
.03
.08

.01

.02

.02

.01

99.66

99.94

99.70

99.84

79.51
9.98
2.44
.90
.79
. 16
2.05
2.20
. 15
1.13
.50
.03
.07

66.73
15.97
.90
3.70
2.77
.20
1.42
4.01
.07
3.09
.57
.10
.10
.04

99.91

99.67

ID-21650 I

ID-13950

ID-14450

65.74
14.42
. 71
2 3.47
2.33
2.32
1.62
3.98
.03
2.36
.54
1.77
.15
4 . 52
.08

69.82
11.96
. 84
2.25
2.12
3.22
2.03
2.90
.09
1.61
.42
2.39
.04

75.99
10.20
2.75
1.98
1.75
1.13
2.98
1.50
.09
.83
.44
.02
.15

.10

.01

100.04
.26

99.79

99.82

99.78
1 This sample contains organic matter.
Because of the presence of acid-soluble sulfides, results for ferrous iron are not reliable.
I Calculated from total S.
Reported as S.
NOTE.-The map in Ross (1959) will aid in fixing the location of samples from Glacier National Park and vicinity. The Rock Creek mentioned is a tributary of Clark
Fork southeast of Missoula. This note applies also to most of the samples in the other tables of analyses.

A-1
A-2
41B-GP
41-0P
FM 23
4 of 1949

Quartzite
Argillite
Purple argillite
Green argillite
Argillite
Argillite

21550

42-OP

Green argillite

21650

44-0 P

Dark quartzitic argillite

13950
14450

FM 68
2 of 1949

Argillite
Argillite

51-2160CDSD
2161CDSD
ID-21350
21450
13650
14650

Source of sample

Rock specimen

Field

Laboratory

Bedrock Canyon, T. 30 N., R. 20 E.
Do.
Going-to-the-Sun Highway above McDonald Falls, Glacier National Park.
Do.
Noisy Creek, Nyack quadrangle, T. 28 N., R. 19 W.
Rock Creek in unsurveyed T. 10 N., R. 16 E. Two miles up Rock Creek from the
mouth of Ranch Creek in the 30-minute Bonner quadrangle, southeast of Missoula.
Upper part of the formation, Going-to-the-Sun Highway above McDonald Falls,
Glacier National Park.
Lower part of formation, Going-to-the-Sun Highway above McDonald Falls,
Glacier National Park.
Near Many Glacier Hotel, Glacier National Park.
Rock Creek above the mouth of Ranch Creek, unsurveyed T. 10 N., R. 16 E.,
in the 30-minute Bonner quadrangle southeast of Missoula.

EXPLANATION OF FIGURE

5

A. Specimen N 2. Neihart quartzite. This rock is nearly all quartz with some micaceous aggregates that may be clay
minerals. Some of the well-rounded grains are nearly a millimeter long. Crushed quartz grains are tightly fitted together
and some have accretion rims, not visible in the picture.
B. Specimen N 3. Chamberlain shale. This is an irregularly laminated rock with subangular to angular quartz grains as
much as 0.05 mm in diameter in a mat of quartz and micaceous flakes, possibly including some clay, and much brown,
opaque coloring matter. The largest grains in the mat are 0.05 mm in diameter.
C. Specimen FM 68. Appekunny formation. This rock has distinct laminae 0.5 to 1.0 mm wide, consisting mostly of quartz,
with about 10 percent plagioclase. The grains are as much as 0.015 mm in diameter. Small amounts of pyrite, chlorite
and muscovite are also present.
D. Specimen FM 16. Grinnell formation. The main part of the rock consists of quartz, some altered plagioclase, and interstitial carbonate. Some of the grains are well rounded. Diameters are as much as 0.5 mm. The included fine-grained
slabs show attrition along their borders and have contributed streaks of fine material to the main mass. These slabs are
colored with disseminated specularite grains.
E. Specimen FM 9. Missoula group. A fairly well sorted and rounded elastic rock with component grains as much as 0.5 mm
in diameter. Grains are mostly quartz, but some are feldspar and a little sericite and carbonate is present.
F. Specimen MM 6. Spokane shale. This is a fine-grained, indistinctly laminated shale composed largely of quartz and
micaceous material. Quartz grains are as much as 0.1 mm in diameter. Specularite is abundantly diffused in the groundmass. The irregular texture of the rock suggests that the original mud was disturbed while still soft.
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TABLE 16.-Analyses of noncarbonate rocks low in the Belt series
[Analysts: No. C-405, J. 0. Fairchild in Wells (1937, p.28); others, harry II yman]
C-405
Si02
Al203
Fe203
Fe0
Mg0
CaO
Na20
K,0
11201120+
TiO2
CO,
P202
SO3
Mn0
BaO
Zr0
Total

51-2163C1)S1)

51-2164C DS 0

69.06
15.88
1.21
3.17
I.09
.00
1.62
3.96
.00
1.98
.75
.00
Trace

96.38
I. 61
.57
. 18
.10
.00
.00
.46
.37
.10
.01
.02

78.29
10.55
1.56
2.52
.94
.18
. 18
2.19
. 43
2.59
.40
.01
.07

Trace
. 10
.03

Trace

.01

I 98.85

99.82

99.92

.02

I Sample contains organic carbon, probably graphitic.
Nom-Source and description of samples.
Laboratory
C-405

TABLE

Kind of rock and source

Field

51-2163CDSD

N2

51-2164CDSD

N3

Slightly metamorphosed sandy argillite of the Prichard formation, Pend Oreille Lake, Idaho.
Neihart quartzite, Jefferson Creek near Neihart,
Mont., Northeast part of unsurveyed T. 13 N., It.
8 E.
Chamberlain shale, Jefferson Creek near Neihart,
Mont., Northeast part of unsurveyed T. 13 N., R.
8 E.

17.-Analyses of noncarbonate rocks of the Missoula and North Boulder groups
[Analysts: Harry Hyman and R. N. Ember]

Si02
A1203
Fe2O3
FeO
MgO
CaO
Na20
K20
H20H20+
TiO2
CO2
13205
MnO
Total

1D-14550

1D-14150

10-14250

1D-14350

1D-14950

1D-15050

1 0-15150

1D-15250

10-15350

58. 74
13.28
3. 37
.82
5. 56
3. 93
. 72
3. 77
. 44
2. 44
. 47
5. 69
. 11
. 13

73. 16
11.05
2. 81
1. 31
1. 37
1. 83
1. 67
2. 62
. 15
1. 43
. 64
1. 18
. 13
. 09

66. 94
14.65
3. 92
1. 44
2. 94
. 34
1. 35
5. 00
. 08
2. 08
. 60
. 03
. 14
. 04

74. 12
9.49
1. 95
1. 35
2. 16
2. 06
2. 23
2. 15
. 09
1. 17
. 37
2. 54
. 09
. 06

88. 60
5.53
. 40
. 52
. 40
. 03
. 02
3. 57
. 04
. 40
. 06
. 03
. 01
Tr.

71. 66
4.50
. 78
. 76
4. 44
5. 73
. 54
1. 65
. 02
. 67
. 08
8. 63
. 09
. 12

66. 45
16.05
1. 02
2. 54
3. 32
. 28
1. 42
4. 65
. 17
3. 15
. 54
. 11
. 08
. 01

53. 57
11.98
1. 35
2. 67
6. 43
6. 47
. 61
3. 99
. 10
2. 54
. 50
9. 37
. 12
. 04

56. 50
12.29
1. 04
7. 69
4. 99
7. 51
2. 94
1. 08
. 12
2. 22
1. 06
2. 30
. 11
. 20

99. 47

99. 44

99. 55

99. 83

99. 61

99. 67

99. 79

99. 74

100. 05

NOTE.-The map in Ross ( 959) will aid in fixing the location of samples from Glacier Nations Park and v cinity. The Rock Creek mentioned is a tributary of Clark Fork
southeast of Missoula. This note applies also to most of the samples in the other tables of analyses.
Field

Laboratory

1D-14150
14250
14350
14950

6-47
9-47
19-47
Belt 1

15050
15150
15250
15350
14550

5
7
8
9
7-49

Kind of rock and source

Argillite of the Spokane shale, Spokane Hills, east of Helena.
"Miller Peak" of Clapp and Deiss (1931). Prickley Pear Creek, north of Helena.
Argillite of Missoula group southwest of Missoula, T. 12 N., R. 24 W.
Quartzite argillite in Missoula group, Rock Creek opposite mouth of Gilbert Creek in
unsurveyed T. 10 N., R. 16 E., in the 30-minute Bonner quadrangle southeast of
Missoula.
Pink quartzite, Missoula group, near Bonner in Blackfoot Canyon, Bonner quadrangle.
Red quartzite, Missoula group, Middle Fork Flathead River, Nyack quadrangle.
Green argillite, Missoula group, Middle Fork Flathead River, Nyack quadrangle.
Green quartzite at base of Missoula, Middle Fork Flathead River, Nyack quadrangle.
Grit in North Boulder group, Jefferson Canyon near La Hood.
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TABLE 18.-A na Illses of rocks of the Missoula group from near

TABLE

19.-Analyses of rocks of the Spokane and Greyson shales
from the southern Elkhorn Mountains, Mont.

Superior, IV out.
[Data furnished by A. 13. Campbell. Analyzed by rapid methods by harry F.
Phillips, Paul L. D. Elmore, and Katrine E. White]

!Data furnished by M. R. Klep er. As alyzed by Pau L. D. Elmore and Paul W.
Scott by rapid methods ]

U.S. Geological Survey Laboratory No.
140865
72.8
14.2
1.9
.38
2.2
. 31
1. 6
4. 5
.22
.11
.02
2.3
. 08
101

SIGs
A1203
Fe203
Fe0
Mg0
CaO
Na20
K20
TiO2
P202
Mn0
1120
C 02
Total
Laboratory

Field
12054_

140868
140889

63. 2
15.8
3.9
2.3
3.2
48
2.2
4.8
.56
.14
.04
3.2
<.05
100

140868
6..1
17.2
1.3
2.5
2.6
.26
3.5
4.4
. 72
.11
.01
2.9
<.05
101

140869
68.2
14.2
1.4
5.9
1.5
. 28
2.2
2.1
.55
.11
.04
3.3
<.05
100

Source of sample

Rock specimen

Siltstone
_do
38054_
_do
102054_
108054___ Micaceous quartzite

140865
140867

140867

Mouth of Trout Creek, sec. 14,
T. 16 N., R. 26 W.
Trout Creek, SE3.i sec. 14, T. 16 N.,
R. 26 W.
Cedar Creek, sec. 1, T. 16 N.,
R. 27 W.
Cedar Creek, sec. 6, T. 16 N.,
R. 28 W.

TABLE

r.,

U
C•1
.

0
cc
5
i

0
ci

Acid insoluble__ 97.6 11.6
.16 48.1
CaO
.57
MgO
.09

0
.
o

0
a
1•
o
i

0

.!

71.0 71.4
12.2 13.6
.85
1. 6

0
0

0
c..)
.
.
8
2
i

i

76.5 65.4 62.0
10.4 17.0 20.0
1.0
.82
.51

98.4 50.0
.30 27.2
.03
.17

Location
Laboratory

Field

Section

Township and
range

Description of sample

53-102SC._. 48-K8___ NW 3i sec. 27._ T. 6 N., R. I E _ .. Red argillite, Spokane
shale, 20 ft below
unconformity.
103SC ... 49-Pcb__ SE34 sec. 13.__ 'I'. 4 N., R.2 W ._ Limestone, Spokane
shale, 400-500 ft
below unconformity.
Reddish-brown
do
960b.. N E 3i sec. 26
1048C ___
argillite, 270 ft
above base of
Spokane.
Reddish-brown argildo
960h
do
105SC ___
lite, same as that
2 ft below 49-960.
Quartzite, same as
do
960c
do
106SC_
that 235 ft above
base of formation.
Quartzite, same as
do
960d
do
107SC ___
that 8 ft below
49-960c.
Quartzite, same as
do
108SC ___
960e
do
that 13 ft below
49-960c.
Tan quartzite, Greydo
A 12._ Sec. 22
109SC...
son shale within 100
ft of top.
Oolitic limestone.
do
110SC.._
A 29._
Gradational beds at
base of Spokane
shale.

20.-Analyses of carbonate rocks in the Belt series

[Analysts: Harry Hyman, R. N. Eccher, and W. T. Schaller]

3i02
A120a
Fe203
Fe° _
MgO
CaO
Na20
K2O
E120E120+ _
ri02
CO2
P206

51-2159CDSD 51-2162CDSD 1D-13550 1 1D-13750 i

1D-13850

1D-14750

1D-14550

50. 59
6. 82
. 56
3. 29
10. 41
9. 38
. 03
. 74
. 38
3. 08
. 25
13. 85
. 08

23. 73
4. 25
. 45
. 99
2. 73
36. 31
. 32
. 94
. 14
1. 19
. 14
28.61
. 07

42. 16
6. 17
. 37
1. 72
3. 68
22. 81
. 66
1. 39
. 16
1. 32
. 22
18. 94
. 05

7. 53
1. 23
. 25
1. 58
17. 36
28. 85
. 08
.36
. 05
. 22
. 05
41. 97
. 03

67. 66
10. 42
. 40
1. 85
2. 43
5. 79
1. 47
3. 36
. 10
1. 59
. 39
4. 36
. 08

48. 81
7. 51
. 24
1. 65
3. 73
17. 55
1. 13
1. 91
. 04
1. 49
. 33
15. 42
. 07

18. 85
1. 90
. 12
.62
16. 36
23. 79
. 18
1. 06
. 02
. 01
. 06
36. 65
. 12

. 05

. 10

. 03

. 04

. 27

. 02

. 03

. 05

. 06

99. 77

99. 56

99. 90

99. 69

99. 83

99. 92

99. 91

99. 79

99. 61

MnO
BaO

I Carbonaceous matter in sample.
NC/TR.-Bee explanation for table on page 48.

(9

44. 80
29. 34
5. 98
8. 96
. 35 1
2. 85
1. 76
3. 51
5. 90
16. 42
29. 68
. 73
. 43
2. 14
1. 56
. 08 1
3. 33
1. 12
. 26
. 37
15. 42
25. 10
. 08

33. 30
4. 47
. 22
1. 33
6. 57
25. 59
. 30
1. 17
. 10
1. 04
. 17
25. 38
. 08

308

Total

1D-13950

100. 62
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TABLE 20.-Analyses

Kind of rock and source

Field

51-2159CDSD
2162CDSD
1D-13550
13750
13850
14750

M2
N1
FM 21
FM 39
FM 67
5-49

1 D-13950
14550

10-49
FM 69
3-49

Limestone of Missoula group, U.S. Highway 2 at Devil Creek, Glacier National Park.
Newland limestone, Jefferson Creek near Neihart.
Siyeh limestone in unsurveyed sec. 30, T. 28 N., It. 18 W., Noisy Creek, Nyack quadrangle.
Siyeh limestone, Emery Creek, Nyack quadrangle.
Dolomite in Shepard formation, NW% sec. 22, T. 35 N., R. 17 W., Glacier National Park.
Limestone of Missoula group, Rock Creek below Babcock Gulch in the 30-minute Bonner
quadrangle.
Siyeh limestone, Middle Fork Flathead River, Nyack quadrangle.
Altyn limestone, near Many Glacier Hotel, Glacier National Park.
Newland limestone with segregation structure, Rock Creek, just downstream from an
igneous mass and about 8 miles above Ranch Creek, 30-minute Bonner quadrangle.
Newland limestone, gorge below Georgetown Lake, Philipsburg quadrangle.
•

Laboratory

TABLE

of carbonate rocks in the Belt series-Continued

21.-Analyses of rocks from in and east of the Coeur d'Alene mining region, Shoshone County, Idaho, and Mineral
County, Mont.
[Data furnished by S. W. Hobbs. Analyses by rapid methods by Harry F. Phillips, Paul L. D. Elmore, and Katrine E. White]

Total

UJ

cn c

to£3
O Z;
C/2C/2CDCDCDCD
or• • ---)nnnnnnn
• • • • • • • • •

.......

Laboratory

TABLE 22.-:I

100

101

Total

Field

66.0
17. 1
1.2
1.8
3.9
.22
.70
5.6
.67
.10
.01
<.05
3.1

98

63.3
24. 4
.08
1.3
.14
.20
.27
6.7
.40
.14
<.05
3.0

100

Formation

SW H-1-54
65-48
ABG-121-48
16-48
29-48
SW II-2-54
14-JH-52
15-JH-52
8-JH-52
9-JH-52
37-JH-52
13-JH-53

54-423SC

100
Kind of rock

St. Regis
Burke
Upper part of Prichard
Wallace
do
Prichard
St. Regis
do
do
do
do
do

Argillaceous limestone
Argillite
do

r( rage compositions of carious sedimentary rocks

58. 10
15. 40
4.02
2. 45

78. 33
4. 77
1. 07
30

5. 19
.81
.54

2.44
3.11
1.30
3. 24
5.00
.65

1.16
5.50
.45
1.31
1.63
.25

. 17
2.63

.08
5.03

7.89
42.57
.05
.33
.77
.06
.09
.04
41.54
.02
.05
.05

. 64

.07

.05
.80

.05

100.00

100.00

100.00

GraySlates wacke 3

4

60.64
18. 05
2.25
3. 66
.38
2.60
1.54
1.19
3.69
4.13

68. 1
15.4
3. 4
3.4

77.8
9. 5
.9
2. 6

1.8
2.3
2.6
2.2
2.1
.7

1.6
1.2
2.0
1. 5
1.7
.6
.1
.2
.5

58.32
18. 44
3. 75
4. 13
.54
2.21
.78
.98
4. 42
3.86
.78
.03
.13
.74

.2

.14
.08

.2

.69

100.4

100.00

6

.2
1.47
.2

99.60

Sub- Precamgraybrian
wacke s lutite 4

102.4

From Clarke (1924, 1 . 34).
From Eckel (1904).
From Pettijohn (1949, p. 250, 256).
From Nanz (1953, p. 57, 58, 62).
Includes TIO2 and P205.
Pettijohn (1949) notes this figure probably should be 1.4. This would make the
to al 100.4.

54-424SC

54-425SC

47. 1
30. 4
.78
4.2
2.7
.17
.18
10.6

62.9
17.6
3.8
1.7
29
.79
1.6
4.3

.14
.01
<.05
3.7

.16
.04
.
2.8

.36

100

.69
84

100

54-426SC
80.8
10.4
.76
1.6
.88
.21
2.9
1.5
.28
.06
.01

<.05
1.0

100

54-427SC
71.9
13.5
.71
3.0
2.2
.34
1.8
4.0
.50
.14
.02
05
2.0

<.

100

54-428SC

54-429SC

PP. 5.rt4;

35.4
5.2
2.9
.4
11.6
16.0
.80
1.2
.14
.07
.16
24.0
.53

100

Sand- LimeShale I stone 1 stone 1

S102
A1203
Fe203
FeO
FeS2 .
MgO
CO
a
NatO
5(20
1120
TiO2
S
1'203
COs.
Cl
SO3
MnO
BaO
C

70. 4
17. 6
.27
2.2
.26
.17
1.2
4.9
.64
.06
.01
<.05
2.2

54-420SC

=CO 00^ 0/b3.1.. C4

74. 7
13.6
.60
2.8
1.3
.18
2.8
3.1
.48
.07
.01
<.05
1.2

54-419SC

. .

70.3
15.3
.62
3.6
.71
.52
1.4
4.1
.59
.20
.01
. 81
1.5

54-418SC

N

Si02
A1203
FeO
Fe202
MgO
CaO
NasO
1C20
T102
P205
MnO
CO2
H2O

54-417SC

NA

54-416SC

101

81. 7
9. 4
.27
1.9
1.0
.3
3.1
2.0
.34
.11
.01
<.05
.51
101

Source of sample
Portal of Rock Creek adit, Idaho.
Glidden Lake, Idaho.
Near Burke, Idaho.
Placer Creek road, Idaho.
Near first sawmill on Pine Creek, Idaho.
1.5 miles south of Saltese on Silver Creek road, Montana.
Do.
St. Regis road, near Lookout Pass, Mont.
Lookout Pass, Mont.
7.1 miles east of Henderson on U.S. Highway 10.
Little Baldy Mountain near Murray, Idaho.

To facilitate comparison among the anaylses the
data are summarized in triangular diagrams in figure
6. The form of the diagrams is adopted from one
developed by W. W. Rubey and his coworkers. In
turn their diagram is a modification of one by Mason
(1952, p. 131). Most of the calculations necessary to
permit plotting the analytical data on the diagrams
were made by Thelma Hill, an assistant of Rubey's.
These diagrams serve to show at a glance the relative
proportions of free silica, carbonate, and those other
constitutents that may be broadly classified as argillaceous. In each of the diagrams the apex that corresponds to the argillaceous constituents is labeled with
the formula of a theoretical clay mineral that has been
found convenient for the purpose of the diagram.
Actually, as noted above, the amount of clay minerals
now present in the Belt series is small. Their argillaceous components, in the sense here intended, are at
the present time in the form of mica, chlorite, feldspar,

STRATIGRAPHIC CORRELATIONS OF THE SERIES

and other minerals that under suitable circumstances
could break down to form clays.
The analyses given include several representatives
of quartzites. One of them, from the Neihart quartzite, is exceptionally pure. If the sampling had been
strictly in proportion to the quantity of each lithologic
type the number of quartzitic rocks sampled would
have been larger. Beds of apparently pure quartzite
did not seem to offer special interest from a chemical
standpoint and many were not sampled. Some rocks
whose general appearance and resistance to weathering
led to calling them quartzite in the field proved to
contain so little silica that they cannot strictly be given
that name. Quartzose argillite might be a more
appropriate designation.
Most of the clastic rocks sufficiently impure and fine
grained so that the terms quartzite and sandstone are obviously inappropriate have been called argillite or shale
by most writers who wrote about the Belt series. So
far as the analyses here presented reveal, the rocks commonly called argillite and shale are more siliceous and
have less alumina and iron oxides, especially the latter,
than the slate and shale grouped in published tables of
averages (Pettijolui, 1949, p. 82, 271, 285 ; Nanz, 1951,
1953, p. 57, 58). Similar tables for argillite are not
given but, as this term is applied to shale and similar
rock that has been only moderately metamorphosed, the
range in composition of argillite would be within that in
the tables just cited, excerpts from which are given in
table 22.
The argillaceous rocks of the Belt series have the
chemical resemblance to graywackes that would be inferred from the mineralogic resemblances already commented upon. These Belt rocks are rather high in
magnesia and ferrous oxide which, according to Pettijohn (1949, p. 250, 251, 259, 271), is characteristic of
graywacke, but they contain more potassium oxide than
sodium oxide, which he notes is true of arkose and shale
but not graywacke. The few available analyses from
clastic rocks of pre-Ravalli age show less carbonate
than those from higher horizons. The differences in
proportion of ferric and ferrous oxides accord fairly
well with differences in the colors of the rocks, assuming
that reddish colors correspond to ferric iron and greenish colors to ferrous iron. The amount of iron tends to
decrease with increase in silica.
The fact that most of the argillaceous rocks analyzed
are similar chemically points to the probability that the
rocks from which the original sediments were derived
were similar throughout. It follows that the 12 major
chemical constituents can be expected to give little aid
in stratigraphic correlations.
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Analyses of 10 carbonate-rich rocks are given in table
20 and are plotted on figure 6A. Two short tables
(tables 23 and 24) contain partial analyses. These
data agree with remarks made above in showing that
carbonate-rich rocks are widespread in the Belt series in
Montana. They vary in composition from magnesian
limestone to dolomite and nearly all contain much noncarbonate material. Thus the chemical features are not
distinctive enough to be of value in stratigraphic correlation, except perhaps locally.
All the rocks represented in table 20 contain more
than enough calcium and magnesium oxides to balance
their carbon dioxide content. The excess is in silicate
minerals, mainly plagioclase and chlorite. On weathered surfaces the rocks are brownish and yellowish
enough to suggest the presence of iron carbonate, but
the analyses show that the amount must be very small.
This contrasts with reports (Ransome and Calkins,
1908, p. 41-42; Hobbs and others, 1950) that siderite
and ankerite are conspicuous in parts of the Belt series
in Idaho. Part of the siderite in Idaho is reported to
be of secondary origin (Ransome and Calkins, 1908,
p. 97), which may account for its scarcity in parts of
Montana where opportunity for hydrothermal alteration is less than in the mining districts of northern
Idaho.
The analyses provide arguments for changing the
name of the Altyn limestone to Altyn dolomite, but
such a change might be more confusing than helpful at
present. Similarly, if the Shepard formation were
being named today, it might well be called Shepard
dolomite. However, the unit contains enough argillaceous and siliceous material to give some justification
for the term Shepard formation now in established
use. It is not dominantly a quartzite as the original
description would suggest (Willis, 1902, p. 316, 324).
The validity of the term "Helena limestone" has been
questioned on the ground that most of the formation
appears to be dolomite (Knopf, 1950, p. 837). This
statement is based on the presence locally of magnesium-rich metamorphic minerals and on field measurements of density. Both because of long-established
usage and because significant portions of the unit have
the composition of limestone it, seems well to retain the
designation "Helena limestone." The partial analyses
of selected samples given in table 23 and field observations by the writer, indicate that some beds are entirely
limestone and the beds consisting of irregular mixtures
of buff and gray material that are characteristic of the
formation include much that has the composition of
limestone. Though the buff-weathering material in
these beds is mostly dolomitic, some contains an excess
of calcium carbonate. Some geologists are inclined to
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FIGURE 8.—Triangular diagrams showing the chemical character of the Belt series.
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extend the term "Helena limestone" to carbonate-rich
beds at a distance from Helena (Clapp and Deiss, 1931).
On the basis of present knowledge, this is inadvisable.
Exact equivalence is unproved and now seems improbable but broad stratigraphic similarity is clear. Samples M2 and 5 in table 20 represent beds far from Helena but for which correlation with the Helena limestone
has been suggested. In both, the magnesian carbonate
is less than in the dominantly dolomitic Helena limestone of the type locality. This fact suggests, inconclusively, a lack of stratigraphic identity with the
Helena limestone.
In order to obtain chemical data regarding molartooth structures and stromatolites, samples were drilled
from areas of different characteristics in such material,
with the results shown in table 24. These analyses
show that all samples are limestone rather than dolomite. Those partings that weather in relief are relatively high in insoluble material, mostly quartz, with
small amounts of feldspar, mica, and traces of clay
minerals, according to F. A. Hildebrand (written communication). These portions tend to weather a rusty

color, but the form in which the iron occurs has not
been established.
TABLE

23.-Partial analyses of the Helena limestone near
Helena, Mont.

[Data furnished by Richard Rezak. Analysts: Harry F. Phillips, Joseph M. Dowd,
and Katrine E. White. Results are given in percent]

2

MgO

Ca0
Insoluble
Loss on ignition
Total
Laboratory

52-1875
1876
1877
1878
1879
1880
1881
1882
1883
1884

10.0
17.0
40.2
23.4

8.8 1.4
11.3 47.7
53.1 10. 7
17.8

11.8
17.2
34. 5
25.5

90.6

91.0

89.0

Field

h

3.4
36.2
24. 0

h

h

11.7 1.0
17.1 43.2
33.2 21.0
23.4 34.1

1.2
41.5
22. 5
33.1

1.8
88.6
24. 2
31.2

85.4

98.3

95.8

99.3

a
2.0
41.2
18. 4
33.5
95.1

Kind of rock and source

BhDI
BhD2
BhCla

Bed 31 in. thick, 17 ft above base of section.
Same bed as BhD1 SO ft away.
Limestone curleycues in a dolomite bed 19 ft above base
of section.
BhClb____ Dolomite matrix around BhCla.
Limestone curleycues in same bed as BhCla but 50 ft
away.
BhC2b_.-- Dolomite matrix of BhCla.
BhAl .
Algal limestone in 96-in. zone of alternate limestone and
dolomite, 16 ft above base of section.
BhA2
Same as BhAl but 50 ft away.
BhL1
Limestone bed, 8 in. thick, 48 ft above base of section.
BhL2
Same as BhL1 but 50 ft away.

TABLE 24.Partial analyses of molar-tootlt structures and stromatolite heads
[Analyst, Edwin Goldenthal. Results are given in percent]
51-2171

CaO
Mg0
Insoluble residue

40. 2
1.6
20. 8

13. 4
3.6
62. 1

Field

Laboratory

51-2171-2173

51-2172

FM 342

2174,51-2176

M-1

2178-2179

FM 341

2175,51-2177

FM 31

2180-2181

FM 32

51-2173

34. 3
3.4
27. 1

51-2174

3. 9
4.2
76. 7

51-2176

37. 2
2.0
26. 5

51-2178

31. 6
2.8
31. 6

51-2179

29. 8
3.4
32. 8

51-2175

49. 0
.62
10. 3

51-2177

29. 2
1.2
40. 9

51-2180

48.4
.71
10. 6

51-2181

23. 6
1.6
45. 8

Kind of rock and source

Siyeh limestone, Going-to-the-Sun Highway, 2 miles north of Logan Pass, Glacier
National Park.
2171. Rusty areas in limestone.
2172. Black filaments in limestone.
2173. Light-gray areas in limestone.
Limestone of Missoula group, U.S. Highway 2 near the mouth of Devil Creek south
of Glacier National Park.
2174. Rusty material that weathers in relief in limestone.
2176. Dark material that weathers in depressions in limestone.
Siyeh limestone near Field No. FM 342.
2178. Thin layers that weather black in argillaceous limestone.
2179. Broad layers that weather gray.
Stromatolite in Siyeh limestone, Tongue Mountain, T. 28 N., R. 18 W.
2175. Gray, less-resistant layers.
2177. Hard rusty laminae.
Stromatolite in Siyeh limestone, Tongue Mountain, T. 28 N., R. 18 W.
2180. Gray layers in stromatolite.
2181. Rusty layers.

EXPLANATION OF FIGURE 6

A. Carbonate rocks of the Belt series in terms of calcium carbonate, magnesium carbonate, and all other constituents grouped together.
B. Components of the Belt series in northern Idaho and the adjacent part of Montana in terms of free silica, the carbonate component, and a theoretical clay molecule.
C. Components of the Belt series in western Montana in terms of the free silica, the carbonate component, and a theoretical clay
molecule.
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TRACE ELEMENTS

26.-Quantitative spectrographic analyses, in percent, of
limestones front Glacier Park, drilled selectively from samples
showing molar-tooth and similar structures

TABLE

[The following elements were looked for but not found: Co, Sc, Mo, Y,
Yb, Lai

Ni
Cr
Cu
V
Ga
Pb

1

2

3

4

5

6

7

0.002
.002
.002
.002
.0007
0

0.004
.0006
.006
.
0

0.003
.001
.002
003
o. 001

0.002
.002
.004
.003
.001

0.002
.002
.004
. 002
.001

0.003
.0005
.01
.002
0

0.003
.002
.01
.002
0

0
.003
0
.02 .02
.03
.03
.1
.1
.09
.07
.0002 . 0002
0.004 0.005 .002
004
.01 .02 .06
.04
0
0
.0005 .0008
.01
0
0
0
.02 .02
.08
.02

.02
.07
.0002
.02
.06
.0005
0
.05

Sr

Be
Zr
Ti
Ag
Cd
Mn

27.-Semiquantitative spectrographic analyses, in percent, of selected specimens from the Helena limestone along
the Helena Scenic DrHe about 2 miles east of its intersection with U.S. Highway 10 N, Helena, Mont.

TABLE

[Analyst: Richard 8. Hamer]
52-1875
CWSW

52-1876
CWSW

52-1877
CWSW

52-1878
CWSW

Mn
Ni
Fe
Al
Cr

0.010
0
x
x

Ti
Zr
Sr
Ba
B

0
.0x
.0001
000x
.00x
.007

0.010
0
x
x
.000x
o
.0x
.000x
.000x
.00x
.007

0.010
0
x
x
.000x
00x
.0x
(1
.00x
.00x
.00x

0.010
0
x
x
.000x
.00x
.Ox
.000x
.000x
.00x
.00x

52-1880
CWSW

52-1881
CWSW

52-1882
CWSW

52-1883
CWSW

Mn
0.0x0
0.010
Ni
0
0
Fe
x
.x
Al
x
x
Cr
0005
. 0001
V.00x
0
Ti
.0x
.0x
Zr
.001
.000x
Sr
.0001
.00x
Ba
00x
.00x
B
.,
.001
00x

0.0x0
0
x
x
. 0001
.00x
.Ox
.000x
.00x
.001
.00x

0.0x0
.000x
x
x
.000x
.001
.0x
.0001
.007
.00x
.00x

[Analyst: A. A. Chodos]

ca

1

A
c.)
A

1
...,

1
-..

Ni______ 0.0006
Co
.0005
Cr
.002
Cu
.001
V
.002
Ga
.0004
Sc
.001
Pb
Ba
.06
Sr
.05
Be
Mo
Y
.001
Yb
.0001
La
Zr.
004
B
004

0.002
.001
.004
.003
.004
.0006
.001

Laboratory
51-21598DCD.
21628DCD_
50-587CS
859C8
86008
87608
86208
867CS
869C8

co
0

co
0
0.

co
0

co
0

co
0

co
0

co
t..)

:

!

g
8

!

$
2

/

0.0002

0.0002

.003
.001
.006

.003
.0006
008

.02
.03

0.0002
0.0007
.006
005

.02
.02

.02
.01

.006
.008
.01

.003
.002

003
.004

.002
.002

.003
.0005
.004

0.0007
.0007

.06
.01

.1
.01

.03
004

.005
.002

0.0002 0.001
.001
.003 .005
.002 .003
.007 .005
.001
001
.02
.02

.05
006
0001

.004
.0002
.008
.001
Field

006
004

02
.03
.01

Kind of rock and source

M2

Limestone of Missoula group, U.S. Highway 2 at
Devil Creek, Glacier National Park.
Newland, Chamberlain Creek, south of Neihart.
Siyeh, unsurveyed sec. 30, T. 28 N., R. 18 W., Noisy
Creek, Nyack quadrangle.
FM 39_.__Siyeh or Missoula, Emergy Creek, Nyack quadrangle.
FM 67._
Shepard, Flattop Mountain,
sec. 22, T. MN.,
R. 17 W., Glacier Natioral Park.
10-49
81 eh Middle Fork along Flathead River, near
Walton, Nyack quadrangle.
FM 69_
Altyn, Many Glacier Hotel Glacier National Park.
3-49
Newland, Rock Creek, just downstream from
igneous mass about 8 miles above Ranch Creek,
30-minute Bonner quadrangle.
5-49
Limestone of Missoula group, Rock Creek, below
Babcock Gulch in 30-minute Bonner quadrangle.
N1
FM 21..

Nwg

001
.01
.1
.0002
.01
.02
.0007
.01
.04

1. FM 342. Rusty areas in Slyeh limestone with molar-tooth structure near Glacier
National Park.
2. FM 342. Black filaments in same sample.
3. FM 342. Gray areas in same sample.
4. FM 341. Siyeh limestone. Broad gray bands.
5. M-1. Hard rusty laminae in molar-tooth structure or similar structure in limestone in Missoula group from Devil Creek south of Glacier National
Park.
6. M-1. Dark depressed areas in same sample.
7. FM 31. Siyeh limestone from Tongue Mountain. Hard rusty laminae In
stromatolite head.
8. FM 31. Gray less resistant bands in stromatolite head.

25.-Quantitative spectrographic analyses, in percent, of
carbonate rocks in the Belt series

O
(:)

0
.02
.1
0.002
.007
0
0
.02

8

gigs §-g Hag

In the hope that trace elements might furnish clues
to stratigraphic correlation, samples of Belt rocks obtained in the course of fieldwork in Montana have been
analyzed spectrographically and similar analyses from
other areas have been assembled. The analyses are
listed in tables 25 to 32. The data in them are not
rigidly comparable because the elements sought and the
analytical procedures used were not identical throughout. Data on the general distribution of trace elements
in ordinary sedimentary rocks have been compiled by
Rankama and Sahama (1950, table 5.52, p. 226) and by
Krauskopf (1955, p. 416) .
None of the units of the Belt series has been sampled
specifically to learn the distribution of trace elements
within it. Hence the analyses do not lend themselves
well to statistical tests. Analysis of many more carefully selected samples would be required for any final
conclusions. W. C. Krumbein (W. G. Schlecht, written communication, July 8, 1955) in consultation with
statisticians of the U.S. Bureau of Standards concluded
that the distribution of trace elements in the analyses
in tables 25, 28, and 29 may be random.
TABLE

MONTANA

0001

V

Laboratory
52-1875
1876
1877

.

52-1879
CWSW
0.010
0
x
x
. 000 5
.00x
.Ox
. 000 x
.00x
.001
.00x
52-1584
CWSW
0.0x0
0
.x
x
.000x
.00x
.O7
.0005
.00x
.00x
.00x

Field
Bh-D-1
D-2

0-1-a

1878
1879

C-1-b
C-2-a

1880
1881

C-2-b
A-1

1882

A-2

1883
1884

L-1
L-2

Dolomite 17 ft above base of section.
Do.
Limestone "curleycues" 19 ft above base of
section.
Dolomite matrix 19 ft above base of section.
Limestone "curleycues" 19 ft above base of
section.
Dolomite matrix 19 ft above base of section.
Alternate algal limestone and dolomite, 81 ft
above base of section.
Alternate limestone and dolomite 31 ft above base
of section.
Massive limestone 48.5 ft above base of section.
Do.

53

STRATIGRAPHIC CORRELATIONS OF THE SERIES
TABLE 28.-Quantitative spectrographic analyses of noncarbonate rocks of the Missoula group and related units plus miscellaneous ones
[Analyst: A. A. Chodos]
50-863CS 50-864CS 50-871CS 50-872CS 50-873CS 50-874CS
N1
Co
Cr
Cu
V
Ga
Sc
Pb
Ba
Sr
Be
Mo

0.002
.001
.007
.001
.005
.002
.002
005
.05
.006
.0002

Yb
La
Zr
B

.0008
.02
.02
.004

. 009

Y

0.002
.001
.009
.001
.009
.001
.002

0.002
.0008
.007
.0004
.005
.001
.001

0.0002
.0003
.0007
.0002
.001

.06
.01

.05
.01

.05
.004

.01
.0008
.02
.07
.01

.009
.0006
.02
.05
.009

.009
.004

Laboratory

Field

50-863CS

6-47

864CS

9-47

871CS

Belt 1

872CS

5

873CS

7

874CS

8

875CS

9

870CS

7-49

865CS

19-49

x

N2

y

N3

0.002
.001
.008
.0003
.008
.002
.002

0.010
.004
.02
.007
.03
.002
.004

0.004
.001
.01

.05
.01
0002

.04
.04

.06
.01

.009
.0006
.02
.03
.008

.006
.0008

.009
.0007
.01
.02
.01

.02

.002
.0005

50-875CS 50-870CS 50-865CS
Ni
Co
Cr
Cu
V
Ga
Sc
Pb
Ba
Sr
Be
Mo
Y
Yb
La
Zr
B

0.0007
.0005
.001

.01
.002
.002

.1
.04

.009
.002
x

0.002
.001
. 008
.0004
.01
.002
.002
.003
.05
.006
.0001
.007
.0005
.02
.01
.02
y

0.001
.0001
.0005
.0004
.0003

0.003
.0009
.004
.006
.005
.0005
.001

.0003
.0001

.02
.007
.0002
.005
.0002

.006
.004

.02
.005

Kind of rock and source
Spokane shale, Spokane Hills, west of Canyon
Ferry quadrangle.
"Miller Peak" of Clapp and Delss (1931).
Prickly Pear Creek.
Missoula group, Rock Creek opposite mouth
of Gilbert Creek, in the Bonner quadrangle.
Pink quartzite along Blackfoot Canyon north
of Bonner, in the Bonner quadrangle.
Red quartzite, Middle Fork Flathead River,
Nyack quadrangle.
Green argillite. Middle Fork Flathead River,
Nyack quadrangle.
Green quartzite at base of the Missoula group,
Middle Fork Flathead River, Nyack quadrangle.
Grit, North Boulder group, Jefferson Canyon
near La Hood.
Missoula group, West of Missoula in T. 12 N.,
R. 24 W.
Neihart quartzite, Jefferson Creek, northeastern part of unsurveyed T. 13 N., R. 8 E.
Chamberlain shale, Jefferson Creek near Neihart in the northeastern part of unsurveyed
T. 13 N., R. 8 E.
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TABLE 29.—Quantitative spectrographic analyses, in percent, of the Ravalli group in Glacier National Park
[Analyst: A. A. Chodos]
Appekunny Formation

Grinnell Formation

Ni
Co
Cr
Cu
V
Ga
Sc
Pb
Ba
Sr
Be
Y
Yb
La
Zr
B

51-2160SDCD 51-2161CD8D 50-2065SC

50-2066SC

50-858CS

50-868C8

50-20678C

50-2068SC

50-861CS

0. 002
. 001
. 006
. 0003
. 009
. 002
. 001

0. 001
. 0008
. 004
. 001
. 006
. 001
. 001

0. 002
. 0009
. 008
. 01
. 01
. 002
. 002

0. 001
. 0004
. 006
. 0003
. 004
. 001
.001

0. 002
. 001
. 005
. 0006
. 006
. 002
.0009

0. 002
. 0008
. 005
. 002
. 006
. 001
. 001

0. 001
. 0007
. 007
. 0008
. 005
. 002
. 002

0. 002
. 002
. 009
. 0002
. 005
. 001
. 002

. 06
. 01
0001
01
. 0006
. 01
. 02
. 004

. 06
. 005
. 0001
. 01
. 0006
. 01
. 02
. 004

. 06
. 01

. 04
. 005

. 04
. 006

. 009
. 0007
. 007
. 07
. 03

. 06
. 02
. 0001
. 007
. 0004
. 01
. 02
. 004

. 04
. 01

. 008
. 0006
. 02
. 03
. 005

. 06
. 01
. 0001
. 007
. 0004
. 01
. 02
. 005

. 01
. 0008
. 02
. 03
. 007

. 01
. 0007
. 02
. 05
. 006

0. 0002
. 0002
. 0003
. 01
. 0004
. 0001
1. 0
. 03
. 0002
. 001
. 0001
. 006

0. 002
. 001
. 004
. 01
. 006
. 001
. 001
. 05
. 005
0002
. 004
.0004
. 02
. 005

50-866CS

Nom: The map in Ross (1959) will aid in fixing the location of samples from acier National Park and vicinity. The Rock Creek mentioned is a tributary of Clark
Fork southeast of Missoula. This note applies also to most of the samples in the other tables of analyses.
Laboratory

51-2160SDCD
2161CDSD
50-2065SC
2066SC
858CS
868CS

Field

Rock specimen

A-1
A-2
41 BGP
41CGP
FM 23
4-49

Quartzite
Argillite
Purple argillite
Green argillite
Argillite
do

2067SC

42GP

Green argillite

2068SC
861CS
866CS

44GP
FM 68
2-49

Dark argillite
Argillite

Source of sample

Badrock Canyon, T. 30 N., R. 20 E.
Badrock Canyon, T. 30 N., R. 20 E.
Going-to-the-Sun Highway near McDonald Falls.
Going-to-the-Sun Highway near McDonald Falls.
Noisy Creek, Nyack quadrangle.
Rock Creek, unsurveyed T. 10 N., R. 16 E., 2 miles up from mouth
of Ranch Creek in 30-minute Bonner quadrangle.
Upper part of formation near McDonald Falls, Going-to-the-Sun
Highway.
Lower part near McDonald Falls, Going-to-the-Sun Highway.
Many Glacier Hotel.
Rock Creek above mouth of Ranch Creek, unsurveyed T. 10 N.,
R. 16 E., in 30-minute Bonner quadrangle.
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TABLE 30.—Quantitative

spectrographic analyses, in percent, of rocks of the Spokane and Greyson shales from the southern
Elkhorn Mountains, Mont.
(Data furnished by M. R Klepper. Analyst: Janet D. Fletcher]
53-102SC

Cu
Pb
Mo
Co
Ni
Ga
Cr
V
Y
Yb
Zr
Sr
Ba
B

0. 002
0
0
0
. 0006
. 001
. 004
. 003
. 004
. 0005
. 02
. 002
. 07
003

53-103SC

53-104SC

0. 002
.02
.009
0
0
0
. 001
. 002
0
0
. 003
. 03
. 02
0

0. 0004
0
0
.0009
. 002
. 002
. 004
. 002
. 004
. 0005
. 02
. 003
. 02
. 006

53-105SC

0. 0008
0
0
0
. 001
. 001
. 003
. 002
. 004
. 0005
. 02
. 008
. 02
. 005

53-106SC

0. 0004
0
0
0
. 0006
. 001
. 002
: 001
. 003
. 0004
. 02
. 002
. 02
. 005

53-107SC

0.003
0
0
0
. 0006
. 0004
. 001
. 001
. 002
. 0002
. 004
. 002
. 02
0

53-108SC

0. 001
0
0
0
0
. 0006
. 001
. 001
. 002
. 0003
. 003
. 03
. 02
0

53-109SC

0. 001
0
0
0
0
0
. 0002
0
0
0
0
0
. 0008
. 002

53-110SC

0. 001
0
0
0
0
0
. 0002
. 002
0
0
0
.1
(i)
0

More than 1 percent.
Location
Section
53-102SC
103SC.
104SC
105SC

...

106SC
107SC
108SC
109SC
110SC

Kind of rock

Field

Laboratory

...

Township and range

48K8

N W Si sec. 27

T. 6 N.. R. 1 E.

49PCb

SE Si sec. 13_

T. 4 N., R. 2 W

49-960a

NEST sec. 26

do

960b______ __.._do

do

960c

do

do

960d

do

do

960e
Al2
A29

do

do
do
do

Sec.

22

Spokane; red argillite within 20 ft of unconformity at top of Precambrian.
North of county road.. Spokane; cryptozoan limestone 400 to 500 ft below unconformity at
top of Precambrian.
Spokane; reddish brown mudstone ("argillite") with salt casts, approximately 270 ft above base of formation.
Spokane; reddish brown mudstone ("argillite") with nodular structure, 2 ft below sample 960a.
Spokane; quartzite (uneven grained with clay-silt lenses), 235 ft above
base.
Spokane; quartzite (uneven grained with clay-silt lenses), 8 ft below
sample 960c.
Spokane quartzite (uneven grained), 13 ft below sample 960c.
Greyson tan fine-grained quartzite, within 100 ft of top of formation.
Near Ida mine
Spokane varicolored oolitic limestone. Gradational beds between
red Spokane and nonred Greyson.
Limestone Hills
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31.-Quantitative spectrographic analyses, in percent, of
argillite rock samples from the Bonner 2 (15-minute) quadrangle near Missoula, Mont.

TABLE

[Data furnished by W. H. Nelson. Analyst: Harry Bastron]
McNamara formation

Miller Peak Formation
Locality 1
146255

146257

148258

146259

0.001
0
0
.003
0
.01
.0004
.0008
1.3
.001
.004
.004
.001
.003
. 0002
.003
.2
.02
.0002
.05
.002
.03
.003

0.0003
0
0
0
0
.02
.0005
.0008
1.1
.001
.004
.005
.001
.004
.0002
0
.2
.04
.0003
.05
.003
.03
.007

0.004
0
0
0
0
.02
.0005
.0006
1.4
.001
.005
.004
.001
.004
.0002
.003
.2
.03
.0002
.05
.003
.03
.003

0.002
0
0
0
0
.01
.0004
.0004
1.0
.001
.004
.003
.0005
.004
.0001
.003
.1
.03
.0004
.04
.003
.03
.003

146288

-81A88

0.0005 0.0002 0.0004
0
0
0
0
0
0
0
.005
0
0
0
0
.06
.02
.04
.0003 .0004
.0003
.001
.0008
.0005
1.4
1.0
1.7
.001
.001
.001
.003
.01
.008
.006
.006
. 004
.002
.0005
.002
0
.004
.004
.0002
.0002 0
.003 0
.003
.2
.3
.2
.01
.04
.04
.0002
.0001 .0002
.2
.5
>2
.01
.001
.003
.2
.02
.05
.01
.02
.007

146256

8i1.0§ggi

Cu
Ag
Sn
Pb
Bi
Mn
Co
Ni
Fe
Oa
Cr
V
Sc
Y
Yb
La
Ti
Zr
Be
Ca
Sr
Ba
B

146254

60000

148253

146260

Locality 2

Cu
Ag
Sn
Pb
Bi
Mn
Co
Ni
Fe
Ga
Cr
V
Sc
Y
Yb
La
Ti
Zr
Be
Ca
Sr
Ba
B

148261

146262

146283

146284

146265

146268

146267

0.0002
. 0002
.003
.004
.004
.01
.0003
.0008
1.4
.001
.008
.005
.002
.003
.0001
.003
.2
.04
.0003
.05
.001
.02
.01

0.0005
0
0
0
0
.01
.0003
.0009
1.7
.001
.01
.008
.003
.007
.0004
.003
.3
.05
.0002
.03
.002
.02
.02

0.0008
0,
0
0
0
.01
.0005
.0008
2.0
.001
.005
.005
.002
.004
.0003
.003
.3
.05
.0002
.04
.001
.04
.02

0.0005
0
0
0
0
.01
.0004
.0006
1.9
.001
.005
.008
.002
.004
.0003
.003
.3
.04
.0002
.03
.001
.04
.01

0.0007
0
0
0
0
.02
.0003
.0004
1.2
.001
.003
.004
.001
. 004
. 0003
.003
.2
.03
.0002
.06
.002
.06
.01

0.001
0
0
0
0
.02
0
. 0004
.9
.001
.003
.003
.001
.003
.0002
.003
.2
.03
.0002
.09
.002
.05
.004

0.002
0
0
0
0
.02
.0003
.0004
1.5
.001
.003
.004
.001
.004
.0003
.003
.2
.02
.0002
.05
.001
.08
.009

0.003
0
0
0
0
.04
. 0005
.0008
2.2
.002
.005
.006
.002
.004
.0003
.003
.2
.02
. 0002
.1
.002
.06
.008

Location
Laboratory

146253
148254
148255
148256
148257
148258
146259
148260
148261
146262
146263
146284
146265
148266
148267
148268

Field

Section

Township and
range

DFH8-26-1_ __ swqsE4 sec. 32.._ T. 12 N., R. 17 W_
2___ SE3,SW34", sec. 32___ -__do
do
8._____do
9_ _ _ 8 WiiS W% sec. 32._
do
5_ _ _ SWXSE34 sec. 32____ -_do
do
do
6a
6b
do
do
7... NWXSV4 sec. 32
do
CH-10-13-9___ SEYL NEX sec. 24_ __ T. 12 N., R. 19 W_
10__ SEKNWX sec. 24__
do
CH-10-14-37._ NW;INE54 sec. 26
do
38_ sw%sEq sec. 23______do
CH-10-13-3._ NE%SWX sec. 18._ T. 12 N., It. 18 W_
3a
do
do
3b
do
do
4... NE)iSWX sec. 18_
do

Kind of rock

Sandy argillite.
Argillite.
Sandy argillite.
Do.
Do.
Argillite.
Sandy argillite.
Argillite.
Do.
Sandy argillite
Argillite.
Do.
Do.
Do.
Do.
Do.

LITHOLOGIC DESCRIPTIONS
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32.-Semiquantitative spectrographic analyses, in percent, of sedimentary rocks from the Coeur
d'Alene mining district and environs, Shoshone County, Idaho, and Mineral County, Mont.

TABLE

[Data furnished by S. W. Hobbs. Analyst: Janet D. Fletcherl
0

0

,_,v•

up
.

CO

Cu

M-414SC
4158C
416SC
417SC
418SC
419SC
420SC
421SC
422SC
423SC
4248C
425SC
426SC
427SC
428SC
4298C

C.)

o

0

u:.
.

'.-

....

...,c0

CO

0.000. 0.000. 0

Pb
Mn
Co
Ni
Ca
Cr
V
Sc
Y
Yb
La
Ti
Zr
Be
sr
Ba
P
B
Laboratory

CO

.00x
.x
000x
.00x
.00x
00x

.00x
.x
.000x
OOx
OOx
OOx

0
.0x
.000x
.00x
.00x
.00x

.000x
00x

.000x
OOx

.00x
.00x

.00x

000x

OOx

0

d

0
.0x

ox

0

0

GO
a

CO

.00x

.000x
.00x

.00x
.0x
.000x
.O0x
.00x
.00x
.00x
.00x

.00x
.x
0
.00x
.00x
.000x
.00x
.000x
.00x

0
.00x
0
.00x
.00x
.00x
.00x
.00x
.00x

.00x

0

0

.00x

x
Ox
000x
000x
Ox

0

.x
.0x
.0001
.00x

.x

0
.0x

0

.x
.0x
.000x
.00x

.ox

0
.00x

.x
.0x
.000x
.00x

.ox

0
.00x

.x
.00x
0
.0x
.Ox
0
.00x

Formation

Field

0

El

0.000. 0.00. 0.000x 0
.00x
.00x
.000x
.00x
.00x
.00x

C.)
cr)

GO

000x .000x .000x .000x .000x .000x

0
.x
.0x
.000x
.000x
.0x

.Ox

CO

.x
.0x
.000x
.00x

.ox

0
.00x

0

.00x
.O0x
0
.00x
.00x
.00x
.00x
.000x
.00x

C.)

0

0

ii

`A

"A

.00x
0
.00x
.00x
.000x
.00x
.00x
.00x

.00x
.0x
.00x
.O0x
.00x
.00x
.00x
.00x
.00x

0
.0x
.000x
.00x
.00x
.00x
.00x
.000x
.00x

.01

.00x

0

.00x
.Ox
.00x
.00x
.00x
.00x
.00x
.00x
.00x

0

C.)

CD

0.00. 0.00. 0.000. 0.000x 0.000. 0
.00x
.00x
.0x
.0ox
.00x
.00x
.00x
.00x
.00x
.00x

.00x
.0x
.001
.00x
.001
.00x
.00x
.00x
.00x

CO

0.00.
.00x
.x
.00x
.00x
.00x
.00x
.00x
.00x
.00x

.000x .000x .000x .000x .0001 .000x .000x .000x
.ox
.x
.0x
.000x
.0x

.x

0
.0x

.x
.0x
.000x
.000x

.ox

0
.0x

.x
.0x
.000x
.0x
.Ox
0
.00x

Kind of rock

.x
.0x
0
.00x
.Ox
0
.00x

0

.x
.0x
.000x
.00x

.x

0
.00x

0
.x
.0x
.000x
.00x

0

0
.00x

0
.00x

.x

.00x

.x
.0x
.000x
.00x

.ox

.x
.0x
.000x
.0x

.ox

0
.00x

C.)

a)

0.000x
.00x
.00x
0
.000x
.00x
.00x
.00x
.000x
.00x
.000x
0
.x
.00x
0
.00x

.ox

0
.00x

Source of sample

VC F-286U-53
236A-53
SWH-1-54
65-48
ABG-121-48
16-48
29-48
SWH-28-48
82-48

Burke or Prichard
do
St. Regis
Burke
Upper part of Prichard
Wallace
Wallace, lower part
Wallace
St. Regis

Sericitic quartzite
do
Argillite
Quartzite
Argillite and quartzite, laminated
Argillaceous limestone
Argillite interbedded with quartzite
Sericite rock
Phyllite

2-54
14-JH-52
15-JH-52
8-JH-52
39-JH-52
37-JH-52
13-JH-53

Prichard
St. Regis
do
do
do
do
do

Argillite
Quartzite, purple
Argillite, purplish-gray
Argilllte, banded
Argillite
Argillite, green
Argillite

The analyses are, thus, inadequate for use in stmt.
igraphic correlation. Even so, in view of the fact that
so few trace element analyses of Belt rocks are on record it seems worthwhile to give the available ones in
this report. Further, careful qualitative comparisons,
aided by various attempts at representing them on
graphs, leave the writer with the strong personal impression that possible distinctions between stratigraphic units are suggested even by the present analyses. Hence, the idea has sufficient merit to warrant
pursuit whenever a suitable area of Belt rocks is exhaustively studied.
In general (Krauskopf, 1955) nearly all the minor
metals are somewhat more concentrated in shales than
in limestones or sandstones, but the amount in ordinary
shales is seldom more than twice the crustal abundance.
The greatest enrichment of rare metals is in rocks rich
in organic matter, but the Belt series contains no rocks
very rich in organic matter. The preceding analyses
agree reasonably well with Krauskopf's findings. This
fact, in itself, is of interest because it indicates that the
relative proportions of trace elements have survived
such metamorphism as the Belt series has been subjected
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2,400-foot level of Frisco mine.
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Surface at portal of Rock Creek adit.
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Placer Creek road.
Gold Hunter mine.
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Near first sawmill on main Pine Creek.
1.5 miles south of Saltese on Silver Creek road.
Do.
Road cut near Lookout Pass.
Lookout Pass.
7.1 miles east of Henderson on U.S. Highway 10.
Little Baldy Mountain, Murray district.

to. The carbonate-rich rocks contain distinctly fewer
trace elements than the argillaceous rocks. As most of
the carbonate rocks are argillaceous, the demarcation is
not sharp. The pure quartzites, such as the Neihart,
contain relatively small quantities and somewhat fewer
of the trace elements than the argillaceous ones.
LITHOLOGIC DESCRIPTIONS
PRICHARD FORMATION
DISTRIBUTION

The Prichard formation (or slate) is rather widely
exposed in Shoshone County, Idaho, especially south
of the St. Joe River (Umpleby and Jones, 1923, pl. 1),
and extends into Clearwater County (Anderson, 1930b,
p. 10) and northward into Boundary County (Kirkham and Ellis, 1926, p. 15-16, 20-27). In Montana, the
Prichard formation is widespread from the northwest
corner of the State southward almost as far as Superior.
Small exposures referred to it with different degrees of
certainty are found at intervals from near Lolo Pass to
areas southwest of Anaconda.
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Ransome and Calkins (1908, p. 29-32) say that in the
Coeur d'Alene area the thickness exceeds 8,000 feet.
All except the uppermost part consists of dark-bluegray argillite with shaly partings and imperfect slaty
cleavage interbedded with considerable indurated sandstone. The rock is reddish brown on weathered surfaces, mainly as a result of weathering of iron sulfides.
Part of the sandstone is quartzitic and part grades
into the argillite. The upper few hundred feet of the
formation is more sandy and, near the top, greenishgray siliceous shale, like that in the Burke formation,
appears. In these upper few hundred feet ripple
marks, sun cracks or mud cracks, rain pits, intraformational conglomerate, and "pseudoconglomerate" are
conspicuous. The pseudoconglomerate is accounted for
by Calkins as having been formed on a sloping shore by
waves that rolled up masses of water-soaked sand,
which became flattened by their own weight.
Under the microscope Calkins found that the rocks
consist of angular to subangular detrital grains of
quartz, feldspar, and muscovite in an abundant cement
of sericite and quartz mingled with minute opaque particles, probably carbonaceous. Minor constituents, in
part of hydrothermal origin, include leucoxene, rutile,
and zircon, and such minerals as tourmaline, siderite,
pyrite, magnetite, biotite, and chlorite.
A more generalized description (Umpleby and Jones,
1923, p. 7) states that the formation consists of blue
shale and slate with some gray sandstone and quartzite
at least 8,000 feet thick. According to this, a massive
quartzite middle member is 200 feet thick near Pine
Creek, south of Kellogg, and a unit presumed to be the
same member is 1,500 feet thick in the southern part of
Shoshone County. More recent studies (Forrester and
Nelson, 1944, p. 7) indicate that in the Pine Creek area
this member is 400 feet thick, the middle part being
argillite. Unpublished mapping in the same general
area (A. B. Campbell, 1959, oral communication) indicates an aggregate thickness of 2,000 feet for the quartzite and argillaceous strata of the middle member. The
different thicknesses thus recorded by different observers
show that the member is ill-defined and may vary
markedly along the strike. However, the fact that
members have been mapped shows that the Prichard is
susceptible of subdivision.
The Prichard (here termed Prichard-Aldridge) formation in Boundary County, Idaho, is notably different
from the type section in the Coeur d'Alene area (Kirkham and Ellis, 1926, p. 15-16, 20-27). The thickness
exceeds 10,000 feet, with the base not exposed. The
formation consists of pure light-gray quartzite, argillaceous quartzite, and argillite. The argillaceous rocks

are gray to black. Argillite is subordinate to quartzitic
rocks, the reverse of the relationship in most other
localities.
Specimens collected by S. Warren Hobbs from the
Prichard formation and its transitional zone with the
Burke in eastern Shoshone County consist of laminated
argillite containing quartz and white mica with some
biotite, hornblende, tourmaline, and epidote. The
quartz grains are as large as 0.06 mm in diameter and
some of the amphibole metacrysts are 0.3 mm long.
Those rocks are more metamorphosed than most of the
Belt series in Montana.
Another description (Shenon and McConnel, 1939,
p. 3) gives the maximum thickness as more than 12,000
feet with the base not exposed and says that the formation consists principally of dark-gray to almost black
laminated argillite, commonly with slaty cleavage.
According to this description the formation contains at
least two well-defined quartzitic zones, one near the top
and the other about 10,000 feet lower.
In northern Bonner County (Anderson, 1930a, p.
14-15) the formation is more sandy than it is in much
of Shoshone County. It consists of gray argillaceous
quartzitic sandstone with interbedded shale and minor
lenses of intraformational conglomerate. The thickness is in excess of 20,000 feet, of which only the upper
1,500 feet resembles the typical argillaceous rock of the
Prichard in the Coeur d'Alene region.
In Kootenai and Benewah Counties, Idaho, (A. B.
Campbell, 1950, written communication) only a small
part of the formation is exposed. The part there visible
is chiefly dark-gray to black argillite with some argillaceous sandstone and quartzite particularly near the
top. The argillite is thinly laminated, with various
shades of gray and black. In places the rock is reported
to have a distinctly varved appearance. Slaty foliation
is especially prominent low in the sequence. Mud
cracks and ripple marks have been noted high in the
section.
In Mineral County, Mont. (Wallace and Hosterman,
1956, p. 578-579; Campbell, 1960, p. 552-553), the
Prichard formation includes fine-grained, medium-gray
and greenish-gray quartzite and siliceous argillite in
beds 2 inches to 2 feet thick. The rock here is similar
to that in the Coeur d'Alene region, Idaho, except that
it is more uniformly siliceous, with fewer argillite beds.
Along the Clark Fork below its junction with the Flathead River, in Sanders County, the Prichard is exposed
almost continuously and appears to be 17,000 feet
thick, with the top cut off by a fault. The possibility
of duplication by faulting within this thick section
remains but is supported by no evidence now at hand.
Further, as in all other areas, the base of the Prichard
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There are also a few grains now composed of similar
aggregates of micaceous habit that may be altered feldspar. A little chlorite, biotite, epidote, apatite, and
tourmaline are present.
RAVALLI GROUP

In most places in Montana the Ravalli group is
undivided or is split into the Appekunny formation
below and the Grinnell formation at the top. In
Glacier National Park the Altyn limestone is the lowest
exposed unit of the Belt series. It is provisionally
included in the Ravalli group but could be older than
any of the units referred to that group elsewhere. Similarly the Chamberlain shale, near Neihart, is at present
assigned to the Ravalli group but may be older. In
Idaho and in adjacent parts of Montana the Burke,
Revett, and St. Regis formations, in ascending order,
are assigned to the Ravalli group. Each is described,
roughly in order from west to east. There are wide
areas in western Montana where the Ravalli group has
been so little studied that its components have not been
distinguished, and only the most general statements as
to the group have been published (Walcott, 1906, p.
7-9; Calkins, 1909, p. 37-38; Clapp, 1932, p. 22).
BURKE FORMATION
DISTRIBUTION

The Burke formation is widely distributed in Shoshone County, Idaho, especially near Burke and from
there into Montana (Umpleby and Jones, 1923, pl. 1).
It is also present in adjacent areas in Idaho (Sampson,
1928, p. 6-7; Anderson, 1930a, p. 15-16, 1940, p. 11).
It, or a unit that resembles it, is reported to be abundant
in Boundary County (Kirkham and Ellis, 1926, p. 16).
Although rocks equivalent to the Burke formation are
known to occur in western Montana, little information
is available (pl. 1) (Gibson, 1948, p. 9-12; Wallace
and Hosterman, 1956, p. 588; Campbell, 1960, p. 552553) .
CHARAC lrllt

The rocks of the Burke formation in the Coeur
d'Alene region, Idaho, range from nearly pure quartzite to siliceous shale (Ransome and Calkins, 1908, p.
32-34) and the upper and lower parts approach the
Revett and Prichard respectively in lithologic character. The upper boundary, particularly, is gradational
and indefinite. Many of the rocks are pale greenish
gray; some are light purplish; a few beds have brighter
green and purple tints; and some of the quartzite is
white. Sun cracks and ripple marks are seen in almost
every outcrop. The rocks differ from those of the
Prichard chiefly in containing less carbonaceous dust.

The coarse thick beds in the formation contain "rather
angular grains of quartz and feldspar and flakes of
presumably elastic mica in an abundant sericitic paste"
(Ransome and Calkins, 1908). Much of the quartz and
sericite is secondary. A few beds are calcareous.
Specimens from eastern Shoshone County furnished
by S. Warren Hobbs represent finely laminated rocks
consisting of quartz, micaceous minerals, chlorite, and
some plagioclase. The chlorite occurs as large flakes.
The quartz is in an intricate recrystallized mosaic of
grains that range in diameter from less than 0.01 mm to
0.30 mm.
In Kootenai and Benewah Counties, Idaho, (A. B.
Campbell, 1950, written communication) extensive
faulting and poor exposures hinder stratigraphic studies. About 75 to 85 percent of the formation is quartzite
of various degrees of purity, mostly sericitic. Most beds
are from 2 inches to a foot thick, with a few as much
as 3 feet thick. Extremely thin, widely spaced laminations within the beds are common. Most of the quartzite
is gray to light tan, with purple tints locally and, in
the more sericitic beds, green casts. Many beds have
numerous brown spots resulting from weathering of
small groups of ankerite crystals. Thin-bedded gray-togreen siliceous argillite is scattered throughout the formation, especially in the lower part.
Hershey (1912, p. 750) used a central purplish-gray
bed as a basis of subdivision into two members near
Wardner. The thickness of the formation varies somewhat from place to place but approximates 2,000 feet.
Possibly the thickness increases west of the Coeur
d'Alene region as a recent report on an area in Kootenai
and Benewah Counties, Idaho, (A. B. Campbell, 1950,
written communication) notes that the thickness there
"does not exceed 3,000 feet." In western Montana the
Burke and Revett formations have been mapped as a
unit. Near the Idaho border the two together total at
least 3,000 feet (Wallace and Hosterman, 1956, p. 560581) and somewhat farther east (Campbell, 1960, p.
554) the estimate is 4,500 feet.
In Mineral County, Mont., a major fault zone passes
south of the St. Regis River and the two formations together appear to be different on the two sides of the
zone (Wallace and Hosterman, 1956, p. 580-581). South
of the fault zone they consist of fine-grained greenishgray quartzite with beds commonly 1 to 4 feet thick.
White vitreous quartzite, such as characterizes the
Revett farther west in Idaho, is rare. Further, as the
purplish-gray color characteristic of the St. Regis formation in Idaho is absent, there is difficulty in fixing
the upper limit of the Revett. North of the fault zone
light-colored thick-bedded vitreous quartzite such as is
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typical of the Revett crops out in several localities. vitreous quartzite. The more sericitic beds show fine
Likewise greenish-gray thin-bedded impure quartzite black laminations. Some of the sericitic beds are greensimilar to that which characterizes the Burke in Idaho ish. A few quartzite beds have small groups of carbonwas noted. The deformation is so intricate that mutual ate grains scattered through them. Argillaceous marelationships and thicknesses were not satisfactorily de- terial occurs as partings and thin beds but is nowhere
termined.
abundant. Ripple marks are present in the sericitic
A. B. Campbell (1950, written communication) de- beds but are rare in the massive vitreous quartzite.
scribes the Burke and Revett formations together in the The thickness is 1,800 feet at a place where a measureSt. Regis-Superior area. They vary from fine-grained ment was made but apparently the formation thickens
argillaceous quartzite near the lower contact to purer westward, for Anderson (1940, p. 12) reports as much
quartzite above. The rocks are commonly medium to as 3,000 feet in the southern part of Kootenai County.
light gray or greenish gray, the more quartzitic beds
ST. REGIS FORMATION
being lighter colored, locally with purple tints. Many
bedding planes are lined with sericite. Ripple marks
Exposures of the St. Regis formation are widely
and mud cracks are common. Some of the quartzite is distributed in Shoshone County, Idaho, and probably
crossbedded.
extend into Boundary County and into neighboring
parts of Montana. The formation consists of argillaREVETT QUARTZITE
ceous and quartzitic beds with some limy quartzite
The Revett quartzite (Ransome and Calkins, 1908, throughout. Most of the formation as reported by
p. 35-36) is best known in the Coeur d'Alene region in Shenon and McConnel (1939, p. 4) consists of thin fineShoshone County, Idaho, although its equivalents un- grained beds in rather bright tints of green and purple,
doubtedly extend beyond that region. Most of it is pure especially the latter. Recent studies (S. Warren Hobbs,
rather thick-bedded white quartzite, although impure May 2, 1956, written communication) show that the
sericitic beds are included. Ripple marks are reported color of the St. Regis formation is very subtle, really
only in the upper and lower parts of the formation. bright colors being present locally only. The arenaceous beds are coarser textured and thick. Many are
The thickness is approximately 1,000 feet where measpurple but some are white. The limy beds weather to
ured by Ransome and Calkins but locally exceeds 3,400 an ocherous color. Shenon and McConnel (1939, p. 4)
feet (Shenon and McConnel, 1939, p. 4). Recent work suggested that green colors result from hydrothermal
in the Coeur d'Alene region (S. Warren Hobbs, Mar. alteration. Obliteration of the characteristic purple
28, 1955, written communication) indicates that ap- color through alteration is a possible source of misparent discrepancies in measurements of thickness from identification during mapping (A. B. Campbell, 1950,
place to place are due to marked variations in the thick- written communication). Shallow-water features, inness of the formation within short distances. As an cluding intraformational conglomerate, are present
example he cites a measurement of 1,800 feet for the throughout the formation. The composition as seen
Revett at one place and of 3,400 feet for the same unit under the microscope is essentially like that of formations already described. The components include
less than 5 miles away.
In the purer quartzite, distinctive of the formation, quartz, feldspar, perhaps some fine-grained slaty rock,
the clastic grains are subangular to rounded, except for mica, rutile, zircon, and tourmaline. The purple and
secondary quartz overgrowths. Though quartz is the green colors result from specular hematite and chlorite
principal constituent, a little feldspar and muscovite, respectively.
In the Coeur d'Alene region the St. Regis formation
apparently of clastic origin, are generally present.
is
about 1,000 to 1,400 feet thick (Shenon and McConFragments of seemingly detrital slate are also common.
nel,
1939, p. 4). Farther west, where the formation
Accessory constituents include zircon, magnetite, rutile,
is
more
quartzitic and purple is less prevalent, it is
and tourmaline. Secondary siderite occurs locally. The
about 1,800 feet thick (A. B. Campbell, 1950, written
quartzite in Mineral County, Mont., believed to corcommunication), and in the north-central part of
respond to the Revett, has been grouped with the Burke Kootenai County it has been estimated to be about
formation in recent studies, and available data on it 4,000 feet thick (Anderson, 1940, p. 12).
are summarized in the description of the Burke given
Near MuHan, Idaho (Hobbs, Wallace, and Griggs,
previously.
1950, p. 2-5), the St. Regis formation has been divided
In Kootenai and Benewah Counties, Idaho, the Revett into two members. The lower member, 1,200 feet thick,
is composed of medium- to thick-bedded white to tan is about 60 percent argillite, with subordinate amounts
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of quartzite, 35 percent interlaminated quartzite, and
argillite containing more than 25 but less than 75 percent quartzite, and the remaining 5 percent is quartzite
with subordinate amounts of argillite. Carbonate is
recognizable in over 45 percent of the beds in the
formation here. Most of it is ankerite but locally the
composition approaches that of siderite. It rarely constitutes as much as 20 or 30 percent of the rock and is
most abundant in the quartzitic beds. The carbonate
is commonly in discrete crystals and clusters of crystals, generally many times larger than the grains of
the rest of the rock, but is also found in the cement
between detrital grains.
The upper member, 150 to 450 feet thick, is a zone of
transition between the St. Regis and Wallace formations. It consists of very fine grained partly porcellaneous light-apple-green thinly laminated siliceous
argillite. Rock of this character was formerly grouped
with the Wallace formation but is now regarded as
more closely allied with the St. Regis.
Near Pend Oreille Lake, Bonner County, the Revett
and St. Regis have been grouped together as the Blacktail formation (Sampson, 1928, p. 7). The lower part
of the Blacktail is mainly pink quartzite with red shale
partings and the upper part consists of alternating red
and green argillite, with the red beds in the majority.
The aggregate thickness is 8,300 feet.
In Mineral County, Mont. (Wallace and Hosterman,
1956, p. 582-583), the beds of the St. Regis formation
differ to the north and south of a major fault zone, in
a manner analogous to the Burke and Revett formations previously described. North of the fault zone the
St. Regis has essentially the characteristics it has near
Mullan, Idaho. To the south a marked facies change
begins almost immediately east of the State line. Purplish colors, which in most places are characteristic of
the St. Regis formation, become uncommon. They are
limited to quartzitic beds, whereas thinly laminated
greenish-gray argillite becomes the dominant component of the formation. This argillite has some similarities to that of the upper member in the Mullan area but
is far thicker. Five miles east of the State boundary
the thickness of the argillite is about 3,000 feet, 3 miles
farther east it is over 5,000 feet, and 15 miles still
farther east it is approximately 1,700 feet. Wallace
and Hosterman say that the facies difference might
correspond to deposition near a shore in Idaho and
offshore farther east in Montana. They add that the
thick part of the St. Regis in Montana might include
beds that are time equivalents of parts of the Revett
below and of the Wallace above, as these formations
are mapped in Idaho.

In the St. Regis-Superior area the formation is composed of 1,900-2,200 feet of thin-bedded quartzose
argillite, with a few beds of sericitic quartzite. South
of the Osborn fault the predominant color is greenish
gray varying to dusky yellow green or medium light
gray. North of the fault the formation is greenishgray and purplish-gray. Purple rocks like those in the
Coeur d'Alene area are present in sec. 31, T. 18 N., R.
25 W. (unsurveyed).
ALTYN LIMESTONE

The Altyn limestone is known within the United
States only in Glacier National Park (Ross, 1959; Ross
and Rezak, 1959, p. 409, 436). Even there exposures
are not widespread, and the base is not visible. Most
of the formation is a very light gray magnesian limestone or dolomite that weathers a grayish orange, rendering it conspicuous on distant cliffs. Chemical and
petrographic data now available indicate that so much
of the formation is dolomitic that it would be more
appropriately called Altyn dolomite rather than Altyn
limestone. The latter name has, however, been in general use for so long that no change is here proposed.
The light-gray dolomitic rock that makes up the bulk
of the formation is mostly in beds 1/2 to 4 feet thick.
Some is siliceous and sandy, and there are a few beds
of grit and conglomerate with a carbonate-rich groundmass. Thin beds of green argillite are intercalated
locally, especially near the top of the formation. Some
of the carbonate-rich beds weather brown and brownish
red rather than the light buff that .characterizes much
of the unit.
Rock representative of the major part of the formation has a groundmass of crystalline dolomite with
grain diameters ranging from a few hundredths of
a millimeter to about 0.2 mm. Rounded bodies, at
least as much as 2 mm in maximum dimension, are
scattered through this groundmass and locally concentrated in layers. Some of them may be pebbles, but
the majority are probably oolites, even though many
have lost their internal structure. Rounded to subangular elastic grains, several millimeters in maximum
diameter, are also present. Most of these grains are of
quartz but many are alkalic plagioclase and some are
microcline (fig. 3A ). Some of the grains appear to be
bits of rather coarse-grained granite. Others are fine
quartz aggregate that may include silicified oolites.
Some of the feldspar is sericitized but much is remarkably fresh. Small amounts of montmorillonite and
illite are present. Intraformational conglomerate
(edgewise mud breccia) occurs locally. In some specimens Tweto (p. 41) notes the presence of carbonaceous
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dust. Otherwise his description approximates that
just given.
The Altyn limestone contains stromatolites at several localities and apparently at several horizons.
None seem sufficiently persistent to be of value in stratigraphic correlations. It also contains carbonaceous
films that may be fossil remnants. One thin section
(Ross, 1959) shows a structure that resembles a piece
of a spine of a trilobite or of a chitinous brachiopod
(fig. 10). This single fragment is indeterminate, but
it does suggest that some living things in addition
to those from which the stromatolites originated exsited in Altyn time.
The Fentons (1937b, p. 1881-1885) divide their
Altyn formation into three members called, in ascending order, the Waterton, Hell Roaring, and Carthew.
The lowest of the members, reported to be 280 feet
thick, is exposed only in Canada, where it has been
regarded as a separate formation underlying the
Altyn, and with its base not exposed. The Carthew
member, 700-900 feet thick, is likewise known only in
Canada. Hence the Hell Roaring member of the Fentons corresponds essentially to the Altyn limestone
as originally described (Willis, 1902, p. 316, 321).
Willis spoke of an upper member of argillaceous ferruginous limestone, 600 feet thick, and a lower member of massive siliceous limestone with concretions, 800
feet thick. His total thickness is close to the 1,2001,300 feet that the Fentons assign to their Hell Roaring
member of the Altyn but is less than the total thickness of the formation within Glacier National Park
which has been estimated (Ross, 1959, p. 19) at 2,000
to 2,300 feet.
APPERIINNY FORMATION
DISTRIBUTION

The Appekunny formation (or argillite) is best
known in and near Glacier National Park but can be
traced with considerable confidence southward past
Flathead Lake to Ravalli. It is also present near Missoula (Langton, 1935, p. 36, fig. 3) and has been recognized as far east as northeastern Powell County
(Clapp and Deiss, 1931, chart opposite p. 691, p. 693).
Probably a considerable part of the Ravalli group in
Montana west of long 11 I ° belongs to the Appekunny
formation.
CHARACTER

The original name given these rocks is Appekunny
argillite (Willis, 1902, p. 816, 322). However, some of
the argillaceous rocks contain considerable carbonate,
quartzite in varying degrees of purity, and, locally in
Glacier National Park, some slate is included. The
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diversity in lithologic character justifies changing the
name from Appekunny argillite to Appekunny formation. A large part of the formation contains more than
70 percent silica and originated as sandstone rather
than mudstone, so that argillite is an inappropriate
name for many, probably most, of the beds. The somber
colors of many outcrops give a deceptive impression of
the proportion of argillaceous matter present. The
descriptions here given are based mainly on data assembled by the writer and his coworkers in and near
Glacier National Park.
Most of the rocks are thick bedded and weather in
joint blocks with dimensions of one to several feet.
Thin-bedded members occur locally and in areas of
marked deformation show slaty cleavage. Most beds
are gray to black with various tints of green and blue;
a few are reddish. The comparatively pure quartzite
beds are nearly white. Many beds contain thin indistinct laminae, some of which appear to have been broken
since the consolidation of the rock. Ripple marks, mud
cracks, and intraformational conglomerate are common,
and rain and sleet impressions have been reported.
The principal minerals include quartz, feldspar
(mainly sodic plagioclase), sericite, bleached biotite,
chlorite, and carbonate, largely magnesian. The more
quartzitic beds have not been studied microscopically.
In many of the other beds, original, detrital rounded
to subangular grains of quartz and feldspar are fairly
common, but many rocks consist mainly of quartz mosaics in which the original texture has been obliterated.
Few grains exceed 0.1 mm in maximum dimension and
in many beds the grain size is much less. The micaceous
minerals and the carbonate are probably secondary.
Part of the feldspar, also, appears to have been recrystallized. None of the rocks appear to contain more
than about 10 percent feldspar, and in some feldspar
is scarce or absent. Very small amounts of montmorillonite are present, and some of the rock contains illite.
One sample appears to contain kaolinite. Figure 5C is
fairly representative of the formation in Glacier National Park.
The Fentons (1937b, p. 1885, 1887), who saw the
Appekunny in the northern part of Glacier National
Park and in Waterton Lakes Park across the border in
Canada, consider it to be made up of three members.
The lowest, the Singleshot, includes dolomite and dolomitic rocks interbedded with argillite and quartzite. It
is allied to and has probably been included with the
underlying Altyn limestone by most workers. The
second and thickest of the Fentons' members, the Appistoki, corresponds in character and thickness to
the Appekunny as originally defined (Willis, 1902,
p. 322). The Fentons (1937b) describe it as containing
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"gray, green, olive-brown, and rusty-gray argillite in described as a formation than as an argillite; a modifithin minor but thick major beds, interbedded with cation that is here proposed. One of the samples anathickly stratified greenish, white, or pink quartzite." lyzed contains about 69 percent silica, less than is
Intraformational conglomerate and other features of recorded for beds of the Appekunny formation. Conshallow-water deposition are prevalent. The thickness versely, one analyzed sample contains nearly 84 percent
ranges from 2,000 to 2,200 feet. The uppermost or silica and some beds in the formation appear distinctly
Scenic Point member of the Fentons' appears, from their more siliceous than this. Carbonate rocks have not
description, to resemble parts of the Grinnell. Perhaps been recorded, except in the transition zone at the top
it should be included with that formation. They de- of the formation. If a single lithologic term had to be
scribe it as argillite, sandstone, and "gravelly conglom- used to describe the Grinnell formation, quartzite would
erate," green, purplish, buff, brown, and dull brownish be as much or more accurate than argillite.
Most of the formation is rather thin and even bedded,
red at the type locality, which is in the southeastern
the
characteristic color is red purple, with more dispart of Glacier National Park. Presumably the term
tinctly
purplish hues than most of the reddish beds in
"gravelly conglomerate" is intended to indicate that
the
Belt
series. Greenish beds are locally common, and
intraformational conglomerate is not meant. To the
the
purer
quartzite beds are nearly white. The colors
north and south the member is reported by the Fentons
noted
in
and
south of Glacier National Park include
to grade into thickly bedded, coarsely mud cracked
pale
and
grayish
blue green, grayish purple and grayish
argillite, which gives way to thick quartzite and subordinate gray and iron-stained argillite. The member red purple. South of Missoula the rocks have purplish
is 200 to 700 feet thick. The Fentons' subdivisions of tints but are far less conspicuously colored than in
the Appekunny formation cannot be traced far enough Glacier National Park. Ripple marks, mud cracks, and
intraformational conglomerate are fairly plentiful.
to be valid as formally named units (Ross, 1959).
The Fentons (1937b, p. 1885) estimate the Appekun- The surfaces of some quartzite beds have bulbous forms
ny formation in "its eastern phases" as 2,500 to 5,300 of unknown origin. Thin laminae of reddish argillite
feet thick. South of Glacier National Park the thick- are interleaved with quartzite. Some wire broken soon
ness is surely as much as 2,000 feet, and in the Swan after deposition and slabs from them are incorporated
Range it may exceed 5,000, as estimated from mapping in the quartzite (fig. 5D). In some of the argillaceous
by the writer (Ross, 1959, p. 24). Clapp's (1932, p. 22) rocks, also, similar evidence of disturbance while unestimate of thickness is 3,500 to 10,000 feet, but he cites consolidated is observable in thin section.
no specific localities. Langton (1935, p. 36), presumMicroscopic examination (fig. 5D) indicates that
ably for the area south of Missoula, speaks of the for- most of the Grinnell formation originally ranged from
mation as predominantly massive bluish-gray and light- a siliceous mudstone to a arkosic sandstone. In the
gray quartzite grading downward into massive gray more argillaceous rocks individual grains are only a
quartzite, the total thickness being over 6,000 feet.
few hundredths of a millimeter in diameter, but in the
The rock along Rock Creek southeast of Missoula., coarser layers the grain diameter ranges from 0.4 mm
believed to belong to the Appekunny formation, is an to over a millimeter. Locally large grains are irreguargillaceous quartzite.. It is a laminated rock predom- larly scattered through a fine-grained matrix. The arinantly medium gray on fresh surfaces, with some pink- gillaceous rocks now consist largely of quartz and fineish-gray laminae. It contains some nearly black clay grained mica, with some feldspar and, locally, carbonate
spalls, and some surfaces are ripple marked. It has a minerals. Montmorillonite is common and some rocks
groundmass consisting mainly of interlocking quartz contain illite (as determined by X-ray). The coarser
grains as much as about 0.06 mm in diameter, with a rocks are similar except that micaceous minerals are
few plagioclase grains and some others that may be al- less abundant. Feldspar, largely alkalic plagioclase,
tered feldspar. Green biotite, chlorite, sericite, and is more conspicuous in these rocks but some of it may
montmorillonite are present and carbonate grains are have escaped recognition in the finer rocks. Some
locally segregated.
grains are themselves fragments of fine-grained sedimentary rocks and some of the quartz grains had strainGRINNELL FORMATION
shadows before they were incorporated in the rock.
The distribution of the Grinnell is much the same Original textures seem better preserved in the Grinnell
as that of the Appekunny. It may not extend as far formation than in the Appekunny formation, but this
west as the Appekunny probably does but neither for- impression may be based in part on the coarser grain
mation has been much studied west of long. 114°. Like of the rocks of the Grinnell that were examined
the Appekunny, the Grinnell seems more satisfactorily petrographically.
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Locally the Grinnell formation might be divided
into members but it is doubtful if these could be traced
far. In the northern Swan Range three poorly defined
members have been noted. The lowest and thickest is
dominantly pale and grayish-red-purple argillite. In
the next higher member, the red-purple beds decrease
upwards and much of the rock is quartzitic argillite
and argillaceous quartzite, with thin argillite partings,
generally rather dark red purple. Some partings more
nearly resemble parts of the argillite of the Missoula
group and of the purple-red argillite in the Grinnell
farther north than any of the thicker beds in the Swan
Range. The uppermost member commonly consists of
grayish-blue-green calcareous argillite and argillaceous
limestone, constituting a transition zone below the
Siyeh limestone of the Piegan group. This member
contains a few red-purple beds, and the unit below it
contains some green beds. Nevertheless, the distinction is sufficiently definite so that the zone was mapped
in the Swan Range whereas the two members beneath
it, mostly poorly exposed, were not mapped. Even the
transition zone is so poorly defined farther north in
Glacier National Park that it was not mapped (Ross,
1959). The presence of limestone raises a question as
to whether the transition zone should not be regarded
as part of the Piegan group, but the zone seems more
closely allied to the Grinnell formation and is included
therewith largely on the basis of content of argillaceous
matter.
The Fentons (1937b, p. 1887-1890) studied the Grinnell formation mainly in and north of northern Glacier
National Park. They proposed three members that
differ from those just described. The lowest, which
they call the Rising Wolf member, contains white and
pink quartzite interbedded with red argillite in layers
that range from mere laminae to beds 5 feet thick.
Some green beds are present. The member is reported
to be 200 to 700 feet thick and not everywhere clearly
distinguishable. The middle member is called the Red
Gap member by the Fentons and is of varied character.
It consists of argillite in thin minor and thick major
beds, dominantly red but incidentally brownish or
green, interbedded with pink, white, or greenish-white
quartzite, brown sandstone, and sandy argillite. The
maximum reported thickness is 2,800 feet, but in places
it thins to as little as 650 feet.
The upper part of the formation is called the Rising
Bull member by the Fentons and is reported to contain
argillite, quartzite, and mud breccia (intraformational
conglomerate) forming the initial transition between
the Grinnell and the Siyeh. This member is gray, red,
green, pink, and white and is 600 to 1,100 feet. In and

west. of Waterton Lakes Park in Canada, immediately
north of Glacier National Park, a thin flow of amygdaloidal lava is intercalated in the upper part of this
upper member but no lava has been found in the Grinnell formation anywhere south of the international
boundary. As suggested above, the Scenic Point member of the Appekunny as recognized by the Fentons
may belong to the Grinnell rather than the Appekunny.
Note that the colors mentioned above are those of the
Fentons and do not correspond to the usage of the
Rock-Color Chart (Goddard and others, 1948).
The wide range in estimated thickness and lithologic
character of the Grinnell formation in and near Glacier
National Park reflects much lateral variation. The
poor exposures in the northern part of the Swan Range
prevent accurate measurement but the total thickness
there is roughly 5,000 feet. In the southern part of
Glacier National Park, some 25 miles to the northeast,
the thickness is close to 2,000 feet. Willis (1902, p. 322323) estimated the thickness in the northern part of the
park as 1,000 to 1,800 feet. The Fentons (1937b, p.
1887) give a. range in thickness of 1,500 feet to 3,500
feet. Dyson (1949, p. 7) says the thickness varies considerably but is greater than 3,000 feet in several
localities in the park.
Clapp (1932, p. 22) estimated the thickness of the
Grinnell in the part. of northwestern Montana shown
on his generalized map as 2,000 to 3,500 feet. His map
includes most of the definitely known exposures of the
formation. Langton (1935, p. 36), whose work was
south of Missoula, describes the Grinnell as composed
of bluish-gray fine-grained thin-bedded argillite, grading downward into more massive-bedded gray quartzitic argillite, commonly ripple marked and with layers
of reddish-gray quartzite; the aggregate thickness
being about 7,000 feet.
On Rock Creek southeast of Missoula, rock believed
to belong to the Grinnell formation is light grayish red
purple except in the immediate vicinity of intrusive
masses, where it may be green. It is an indistinctly
laminated quartzite composed of quartz with some
plagioclase, minor amounts of bleached biotite, and a
little pyrite, hematite, and leucoxene. Some grains
consist of felted mats of sericite, montmorillonits, and
illite. The quartz and feldspar are in interlocking
grains, some exceeding 0.1 mm in length.
CHAMBERLAIN SHALE

The Chamberlain shale is known only in the immediate vicinity of Neihart although possible equivalents
have been reported farther south (Verrall, 1955). It
grades into the Newland limestone (Piegan group)

THE BELT SERIES IN MONTANA

66

above and the Neihart quartzite below, but otherwise
no evidence is available as to its stratigraphic relations.
It is here assumed to belong to the Ravalli group.
The formation is described (Weed, 1900, p. 282) as
composed of dark-gray, almost black shale, largely
arenaceous, with some ripple marks. The rocks are
slaty and jointed. At the base, transition into the
underlying Neihart is shown by admixture of arenaceous and micaceous material. The middle part of the
formation is mainly black shale. In the upper part
calcareous shale appears, increasing upward until the
unit merges with the overlying Newland limestone.
Tweto (p. 41) describes a specimen from Sawmill
Creek, southeast of Neihart, as dark-green-black, thinbedded, very fine grained fissile shale consisting essentially of colloidal clay minerals and sericite with small
amounts of pyrite, dolomite, quartz, feldspar, and
graphite.
Material collected by Richard Rezak (fig. 5B) from
the Chamberlain shale south of Neihart is nearly black
quartzitic shale, irregularly laminated and with clay
spalls on bedding planes. It contains subangular to
angular quartz grains, as much as 0.05 mm in diameter,
with a few mica flakes in a mat of quartz grains and
micaceous shreds, as much as 0.005 mm in maximum
dimension, which include some illite.
PIEGAN GROUP

The Piegan group of the present report comprises
the Wallace, Siyeh, and Newland formations of most
recent writers. Inasmuch as these three terms are
roughly synonymous, the area in Montana within which
each is to be applied must be decided arbitrarily. The
basis here adopted is to speak of the 'Wallace formation
in the area from the Idaho boundary eastward to the
vicinity of long 114°30'. Where masses of carbonate
rock believed to belong to the Piegan group cross this
longitude they are mapped with the noncommittal
group name (pl. 1). Similarly in the mountains north
of the Flathead Valley and west of the northern reaches
of the Flathead River as well as in the Mission Range
the term "Piegan gimp" is employed. Here "Siyeh
limestone" is an alternative designation, but so little
study has been given the rocks that as yet the group
term is more appropriate. In and near Glacier National Park and from there to the southern part of the
Swan Range the name Siyeh limestone is the most suitable. South of here and east of long 114°30' Newland
limestone is the preferred designation, although usage
has not been strictly uniform.
The foregoing remarks suggest that at any particular locality the Piegan group is represented at
present by a single named map unit. Each of these

thick units, now termed "formations," is probably divisible, when detailed work is done, into subdivisions
worthy of being ranked as formations, rather than
members. This was done partly in early maps of the
southern part of Shoshone County, Idaho (Pardee,
1911, pl. 2; Umpleby and Jones, 1923, pl. 1). The descriptions that follow show that additional subdivisions
of the Wallace formation are known to be possible and
that major subdivisions of the Siyeh limestone have
already been suggested. Rocks now called Newland
limestone are neither as widespread nor as thick as the
Wallace and Siyeh but are not uniform and may be
susceptible of subdivision into units of the rank of formations rather than mere members.
WALLACE FORMATION
DISTRIBUTION

The Wallace formation is exposed at intervals in
Idaho from south of lat 47° to the Canadian border.
It is also fairly widespread in Mineral, Sanders, and
Lincoln Counties, Mont. Another mass that has been
so designated (Ross, Andrews, and Witkind, 1955)
extends, with interruptions, from the northeast corner
of Lincoln County southeastward to the vicinity of
Kalispell. This mass is so little known that it might
best be referred to merely as belonging to the Piegan
group. Farther south near the Clark Fork between
Rivulet and Missoula the rocks of the Piegan group
have been called Wallace (Ross, Andrews, and Witkind, 1955) but this decision was arbitrary. At one
time all the rocks now called Wallace were given the
name Newland (Calkins, 1909, p. 38).
CHARACTER

The Wallace formation is the most heterogeneous in
the Coeur d'Alene region (Ransome and Calkins, 1908,
p. 40-43). It includes thin-bedded fine-grained calcareous quartzite, impure limestone, and shale, largely
calcareous and with slaty cleavage. All these rocks are
marked by mud cracks, ripple marks, and related indications of deposition in shallow water. The conspicuous lamination in many beds is one of the diagnostic
features of the formation. According to Calkins (Ransome and Calkins, 1908, p. 40-13) the lowermost part
consists mainly of gray-green slaty rock, mostly calcareous or dolomitic. The middle part of the unit includes bluish and greenish argillite, limestone, and
calcareous quartzite and presents a banded appearance
in weathered outcrops because of the alteration of white
quartzite, yellow-weathered limestone, and greenish
and bluish argillite. In the uppermost part of the
formation argillite predominates, and the white beds
of calcareous quartzite prominent in the middle part
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are absent. The argillite in the upper member is especially distinctly laminated. Clusters of weathered
siderite grains such as are prominent in the formation
below are present in argillaceous beds in the Wallace
but absent in the quartzitic beds. Calkins thought most
of the carbonate in the formation was distinctly magnesian but reported some calcite. Slaty cleavage is
better 'developed in the lower than in the higher beds,
and Calkins felt that this could not be explained entirely on lithologic grounds. The composition of the
rocks of the Wallace formation, as seen under the
microscope, is very similar to that of rocks already
described. Quartz, feldspar, sericite, muscovite, chlorite, carbonate, and such minor constituents as zircon,
tourmaline, magnetite, leucoxene, and carbonaceous
dust are reported. The calcareous quartzite of the
middle member is arkosic.
In five specimens from the Wallace formation in eastern Shoshone County furnished by S. Warren Hobbs
no carbonate is present. The specimens include argillite and quartzitic rocks, mostly with feldspar. They
are conspicuously laminated in different shades of gray.
The component grains range from 0.01 to 0.10 mm in
diameter.
Calkins emphasizes the difficulty in measuring the
thickness of the Wallace both because it is broken by
many faults and because the argillite is overthickened
because of minute folds. He concludes that the formation can hardly be less than 4,000 feet thick. Umpleby
and Jones (1923, p. 8) estimate 4,000 to 6,000 feet.
Anderson (1930b, p. 18) says the thickness north of the
Coeur d'Alene region is more than 4,000 feet. Shenon
and McConnel (1939, p. 5) say that locally the Wallace
can be divided into four members. They estimate the
total thickness in the Coeur d'Alene area as between
4,500 and 6,000 feet.
Between the southern Coeur d'Alene region and the
St. Joe River five subdivisions of the Wallace formation have been mapped (Wagner, 1949, p. 12-13, pl. 1).
The lowest is a heterogeneous sequence of thin-bedded
light-gray to dark-gray laminated impure and mostly
calcareous quartzite, shale, and sandstone with some
limestone. The next consists of alternating calcareous
or magnesian sandstone, with a few limestone beds, and
black mostly noncalcareous shale. The purer limestone
beds in this unit show molar-tooth structure. Weathered surfaces of the unit are conspicuously banded.
The third member consists largely of noncalcareous
black shale, in part metamorphosed to phyllite or slate.
The fourth member is thin-bedded light-gray-green to
dark-gray sandy, calcareous, or dolomitic argillite.
The uppermost member is largely black noncalcareous
shale or argillite with paper-thin laminae. These beds
682346 0-63-4
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grade upward into more arenaceous rocks in the transition zone at the base of the Striped Peak formation.
Wagner estimates the entire thickness of the formation
as less than 4,500 feet.
In Kootenai County (Anderson, 1940, p. 12-13) the
Wallace has three principal members much like those
described by Calkins for the Coeur d'Alene region and
is estimated to be not less than 5,000 feet thick. In the
area in Kootenai and Benewah Counties studied by
A. B. Campbell (1950, written communication) the
Wallace formation is much as it is where described by
Wagner in the area immediately to the east. It is,
however, composed only of the lower three of the five
members described by Wagner.
Near Mullan, Idaho (Hobbs, Wallace, and Griggs,
1950, p. 5-8), the part of the Wallace formation studied
is thought to correspond to the two lowest members described by Wagner and to the lowest of the four described by Shenon and McConnel. In the Mullan area
the rocks are very fine grained quartzite and argillite
and intermediate rocks. Ankerite and related carbonates are abundant throughout. Limestone is scarce.
In most carbonate-bearing beds the relatively pure carbonate occupies the cores of aggregates, 1 to 2 inches in
diameter, that form layers along one or more bedding
planes. The part of the formation exposed in the Mullan area is approximately 2,600 feet thick.
In the Libby and Trout Creek quadrangles (pl. 2)
(Gibson, 1948, p. 13-16; Gibson, Jenks, and Campbell,
1941, p. 371-374) the Wallace formation is widespread,
thick, and, as usual, lithologically heterogeneous. The
principal component is gray to greenish-gray sandy argillite, largely calcareous or dolomitic and slightly ferruginous, with intercalated thick- to thin-bedded gray,
greenish-gray, and brownish calcareous sandstone. A
very thinly laminated soft sericitic light-gray to buff
slightly calcareous shale occurs at several horizons.
This shale is readily recognized whereas some of the
other components of the Wallace might be confused
with parts of other formations.
Stromatolitic dolomite or dolomitic limestone is reported to be the most characteristic rock in the Wallace
formation of the Libby area and is present at several
horizons there. This rock is light gray, pale greenish
gray, or nearly white on fresh fracture. The unweathered rock is seemingly homogeneous, without visible
lamination or hint of organic origin. Where weathered, the rock is dark gray or buff, and at the exposed
surface, brown of various shades. On this surface
curved laminae, with the shapes typical of stromatolites,
are emphasized through slight differences in color,
hardness, and mineral composition. Richard Rezak,
after his studies of stromatolites in Glacier National
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Park, found many similar fossils in the Libby area. As
noted earlier it is not now possible to use stromatolites
as index fossils over distances comparable to those that
separate Glacier National Park and Libby, but this remains among the possibilities to be borne in mind. The
carbonate rocks in the Wallace in areas south of Libby
have molar-tooth structures (Gibson, Jenks, and Campbell, 1941, p. 373): Some beds near Libby are oolitic
(fig. 3D).
Gibson locally included some dominantly red beds
with especially well formed ripple marks in the Wallace formation near Libby, noting that these beds resemble the overlying Striped Peak formation, here
regarded as a component of the Missoula group. Presumably Gibson's red beds in the Wallace are approximately analogous to Clapp's (1932) "red band in the
Siyeh." According to the definitions of this report,
Gibson's red beds in the Wallace and any carbonate
beds above them would be regarded as belonging to the
Missoula group. Gibson notes that the Wallace formation in the Libby area is thick, possibly reaching a maximum of 17,000 feet. The red beds he thought of as in
the upper third of the formation are a few hundred to
as much as 1,000 feet thick, but it is not clear how much
of the total thickness is stratigra,phically above the redbed horizon and therefore presumably to be correlated
with the Missoula group as here used. Gibson indicates
that the Wallace formation thins southward to only
7,000 feet in the southern Trout Creek quadrangle.
To the southeast, in Mineral County, Mont., the Wallace formation is widespread (Wallace and Hosterman,
1956, p. 19-21). It is similar to the equivalent rocks
near Mullan, Idaho, except for a somewhat greater degree of metamorphism. In Mineral County the rocks
are termed phyllite, crystalline limestone, and limy
quartzite. Four members were noted but not mapped
separately. The thickness in the western part of the
county appears to be at least 6,500 feet, with the top
missing.
In the St. Regis-Superior area (Campbell, 1960, p.
557-560) the Wallace formation comprises at least two
lithologic units. The lower one is composed of 6,000
feet of thin-bedded dark-gray argillite or phyllite interbedded with thin-bedded light-gray quartzite, all more
or less dolomitic. Impure limestone and dolomite are
interspersed throughout the unit, and show molar-tooth
structures locally. The upper unit is about 4,000 feet
thick and includes 65-70 percent of thin-bedded lightgray quartzite that is slightly sericitic and in part dolomitic. Black argillite accounts for 10-15 percent of the
unit. It is interbedded with light-gray quartzite to
form a conspicuously layered rock, characteristic of the
upper part of the Wallace formation. The remaining

20-25 percent of the upper unit is composed of beds of
medium- to dark-gray silty dolomitic limestone to limy
siltstone.
Little information is available in regard to rocks
commonly called Wallace east of Superior. Near and
east of Missoula their approximate stratigraphic equivalents are termed Newland formation or limestone and,
to the north, Siyeh limestone. They are described under these names.
NEWLAND LIMESTONE
DISTRIBUTION

Comparatively small parts of the Piegan group are
now termed "Newland limestone." The only masses incontrovertibly so named are in and near the Big and
Little Belt Mountains. For some distance westward
the only components of the Belt series exposed are postNewland. Near Philipsburg and Missoula the name
Newland has been applied in the past and is retained in
the present report for calcareous rocks stratigraphically
beneath those here assigned to the Missoula group.
Near Philipsburg the unit has been called Newland formation rather than Newland limestone (Calkins and
Emmons, 1915, p. 4).
CHARACTER

Near Missoula few details of the western exposures
of the Newland limestone are available. Clapp and
Deiss (1931, p. 693) speak of the unit near Missoula
as the "Lower Wallace limestone" and, in their figure
3, "Correlation table of the Belt rocks of Montana,"
list it as Wallace limestone 7,800 feet thick, not divided
in the table into upper and lower components. The
reasons for their usage have already been discussed.
Langton (1935, p. 36) cites the unit in a table as the
Newland, 4,000± feet thick, comprising
impure argillitic, dolomitic, and sideritic limestones, with
some blue, thin-bedded argillites grading downward into more
massive-bedded gray quartzitic argillites commonly ripplemarked and with layers of reddish-gray quartzites.

The chemical composition of a specimen obtained from
the east side of Rock Creek just outside of the area
mapped by Langton is shown in table 20. It is a
highly impure magnesian limestone, with irregular
structures that may be stromatolitic. Similar structures are common in limestone near Missoula. The
stromatolite heads, however, are not as distinctly
formed as those in Glacier National Park. The rock
analyzed and others nearby consist mainly of carbonate
and quartz with some plagioclase and microcline, with
lesser amounts of muscovite, chlorite, zircon, epidote,
and rutile, of which the last three appear to be detrital.
A little clay may be present. Grain diameters range
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from 0.005 to 0.06 mm. Some of the feldspar has crystal
form but with rounded and broken corners and edges.
Near Philipsburg (Calkins and Emmons, 1915, p.
4; Emmons and Calkins, 1913, p. 41-45) the unit is
called the Newland formation. Calkins entertained
the possibility that the Newland as mapped by him
includes the Greyson. This suggestion appears to have
been made in an attempt to bring the stratigraphic
succession near Philipsburg into harmony with that
in the Big Belt Mountains. As the two localities are
some 80 miles apart this does not now seem necessary.
Calkins says that, in the Philipsburg quadrangle, the
basal part of the Newland is dark argillaceous rock
with thin beds of impure limestone, constituting a transition zone with the Ravalli formation below. Most of
the Newland consists of fine-grained thin-bedded slabby
calcareous rock, with a little interbedded calcareous
quartzite or sandstone. The uppermost few hundred
feet of the formation consists of drab- to greenish-gray,
fissile calcareous shale. The total thickness of the formation is about 4,000 feet. In the second publication
on the Philipsburg area, Calkins notes that the formation, while distinctly more calcareous than those above
and below, "as a whole cannot very accurately be called
limestone." The analysis quoted in table 20 shows that
carbonates constitute much less than half the rock.
However, Calkins says that as viewed under the microscope the rocks of the Newland formation consist
mainly of quartz and somewhat more abundant carbonate, thus an impure limestone. Feldspar can
generally be identified in these rocks. Sericite is
invariably present. Biotite, chlorite, zircon, carbonaceous dust, and tourmaline are subordinate constituents. The grains are measurable in hundredths
or thousandths of a millimeter. In the Philipsburg
area the Newland formation has undergone contact
metamorphism locally.
Newland limestone is exposed northeast of Philipsburg, particularly along the upper Blackfoot River,
but available details are meager. Tweto (p. 41) has
described a rock from this formation near the upper
reaches of the Blackfoot River, east of Ovando, Powell
County, as a pebbly, oolitic, siliceous limestone. It
consists essentially of calcite and quartz with minor
amounts of dolomite, ankerite, feldspar, magnetite, and
argillaceous matter. The oolites are deformed, and the
concentric structure is poorly preserved. They are
partly or wholly surrounded by coronas of combstructured quartz. The matrix in which the oolites lie
is argillaceous limestone with abundant quartz. The
quartz is in part secondary and in part in silt-size
elastic grains.
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Farther east and south in the Little and Big Belt
Mountains, exposures are somewhat larger and information is more complete. The following summary is
based largely on work in the Canyon Ferry quadrangle
(Mertie, Fischer, and Hobbs, 1951) supplemented by
personal observations.
In the Big Belt Mountains the Newland limestone
is reported to be a uniformly dense dark-gray dolomitic
limestone, thinly and evenly bedded, except in its upper
part. Much of it is more impure than this description
suggests. Material from a gulch that reaches Lake
Sewall near Canyon Ferry is only about half carbonate,
the rest of the rock being mainly quartz plus some feldspar and mica. A little illite and probably montmorillonite are present. Much of it is in grains as
much as 0.03 mm but a few elongate feldspar grains
are more than 0.10 mm long. As viewed under a microscope this rock is seen to be indistinctly laminated.
The limestone forms abundant float of brown platy
fragments that superficially resemble a hard fissile
shale. This feature is more conspicuous in the Big
Belt Mountains, especially their western flank, than in
any other locality familiar to the author. Thin beds
of limestone and shale alternate in the upper part of
the Newland, constituting a transition zone between
that formation and the overlying Greyson shale. The
Newland has been estimated to be about 2,000 feet
thick in the Big Belt Mountains (Mertie, Fischer, and
Hobbs, 1951, p. 18; Walcott, 1899, p. 206).
Pardee and Schrader (1933, p. 124-125) described
the unit in much the same area as consisting mainly of
fine-grained to dense dark-bluish-gray beds that
weather buff or yellow. The bedding is closely spaced
and commonly obscured by slaty cleavage, which is
locally very pronounced. The thickness is estimated
as 4,500 feet.
In the Little Belt Mountains the Newland limestone has been studied in some detail near Neihart
(Weed, 1900, p. 282-283). The lower part consists
of alternating limestone and shale with the amount
of limestone increasing upward. The central part consists of massive, dense, dark-blue limestone with
streaks and irregular markings of white calcite, and
carbonaceous stains. The rock weathers buff. Near
Neihart the formation is about 560 feet thick but along
Newland Creek, the type locality, the thickness is reported to be much greater.
Here Tweto (p. 41) describes the rock as faded
black rusty-weathering thick-bedded fine-grained argillaceous limestone. The principal component is calcite, but quartz, feldspar, graphite, sericite, muscovite,
garnet, and chlorite are also present. The limestone
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is microcrystalline and contains rare silt-size elastic
grains, which are presumably composed of quartz and
feldspar. A specimen collected by Richard Rezak is
medium-gray massive limestone. It consists of an
even-granular aggregate of carbonate (mostly calcite)
with some quartz. The grains are about 0.005 mm in
average diameter.
Exposures of the Belt series east and northeast of
Logan have been described by Verrall (1955, p. 15-30),
who correlated much of the sequence with the Newland limestone and part with the Chamberlain shale.
The beds he regarded as correlative with the Chamberlain include buff and gray argillite with minor amounts
of reddish argillite, greenish coarse-grained micaceous
arkose, and gray dense thin-bedded limestone, totaling
more than 3,388 feet. As Verrall noted, this assemblage differs markedly in character and thickness from
the Chamberlain shale of the type locality more than
60 miles to the north. Above this unit Verrall reported supposed Newland limestone made up of
greenish-brown coarse-grained micaceous arkose, interbedded with buff, pink, and gray beds of argillite and
medium- to thin-bedded dense limestone with layers of
dense black calcareous concretions and some dolomitized limestone with features resembling molar-tooth
structures. At the base is a stromatolite reef, that
Verrall regarded as similar to the Collenia synmetrica
zone of the Fentons (1937b, p. 1894-1895, 1942-1947),
a suggestion of doubtful validity in the present state
of knowledge relative to stromatolites as stratigraphic
indicators. The thickness of the supposed Newland
limestone aggregates over 1,560 feet. Klemme (1949,
p. 6-7) had previously regarded the unit as Spokane
shale, an assignment now in serious doubt as Robinson (1963) has found that the Spokane pinches out
west of Verrall's area. All of the beds described by
Verrall include so much arkose that they are regarded
here (pl. 1) as belonging to the North Boulder group;
presumably stratigraphically low in that group.
SIYEH LIMESTONE
DISTRIBUTION

The Siyeh limestone of the Piegan group is recognized in the Lewis and Livingstone Ranges of Glacier
National Park, and the Flathead and Swan Ranges
farther south. Carbonate rocks both west and south
of these ranges are so similar to the Siyeh that they
are likely to be assigned to that formation when
further work is done. On plate 1 these rocks are indicated merely as belonging to the Piegan group.
However, the term "Siyeh" has been applied as far
south as the north side of the Blackfoot River, a short

distance south of lat 47° (Clapp and Deiss, 1931,
p. 683-684).
CHARACTER

In the Glacier National Park region (Ross, 1959)
the limestone differs in many details from place to
place, sufficiently so that local subdivisions will be required when detailed studies are undertaken. Lateral
variation is so marked that many of the subdivisions
will prove to be valid only over a few score or a few
hundred square miles. Within Glacier National
Park the Siyeh limestone is mainly an impure and
somewhat magnesian limestone, as indicated by the
analyses in table 20 and table 24. Some strata are
more argillaceous than those represented in the two
tables and thin beds of argillite exist. However, the
Siyeh limestone as limited in the present report (p.
28-29) contains no assemblages of argillite or of distinctly argillaceous limestone.
Among the subdivisions of the Siyeh limestone that
may be expected are the three suggested by Rezak
(1957) on the basis of stromatolite content. His lowest subdivision or zone in the Siyeh is the Collenia
Bymmetrica zone 1. This zone constitutes the lower
two-thirds of the formation and was divided into two
unmapped members by the Fentons (1937b, p. 18921897). Rezak's second zone is called Conophyton zone
1 and corresponds essentially to the Collenia frequens
zone of the Fentons. This zone forms massive gray
ledges that were noted by the men of M. R. Campbell's
parties even before they came to realize the probable
organic nature of the material. It is the most conspicuous stromatolite zone in Glacier National Park
and the only one that has been mapped (Ross, 1959).
This zone has three components, of which the lowest
is characterized by Collenia frequens Walcott, the middle part by Conophyton inelinatum Rezak, and the
uppermost by Collenia multiflabella Rezak and Cryptozoon occidentale Dawson. The colonies of Conophyton inelinatum in the middle part are the most conspicuous features of the zones and are identical with
those previously called Collenia frequens in this same
zone. Stromatolite names in the present report are
those of Rezak (1957) and in many instances differ
drastically from those of previous writers.
Nearly all the Siyeh limestone is thick bedded or
massive as viewed from a distance but close examination shows it to be thinly laminated. Some is' oolitic.
Fresh surfaces are dusky blue, or more rarely greenish
gray, with variations related to the composition of the
rock. Weathered surfaces show various orange and
brownish tones and commonly have irregular etched
marking that corresponds to differences in the calcium
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carbonate content of the rock. They include the forms dian boundary. The group, as now defined, includes
termed "molar-tooth" structures by Daly (1912, p. 72- a large part of the Belt series in the Big and Little Belt
76) but with infinite variety in the details so that many Mountains, where the series name originated. The rehave no resemblance to molar-tooth markings. The vision of the definition transfers much of the material
rock consists of carbonate, and quartz with some seri- in these mountains that was included in the Piegan
cite. In most beds individual grains of the major group on the Montana State Geologic Map into the Misconstituents are a few thousandths to a few hundredths soula. The revised definition and the reasons for it
of a millimeter in diameter, and accessory minerals are were discussed on pages 29-30, but the essential feain such minute grains and small amounts that they tures may be summed up in the statement that the
were not determined. Microscopic irregularities in tex- Missoula group includes all the Belt series stratigraphiture, related to the molar-tooth and similar structures cally higher than the great thicknesses of carbonate-rich
so conspicuous in outcrops, are plentiful (fig. 4A and rocks of the Piegan group. Thus, the Missoula group
C). Well-defined oolites are not common, but many is characterized by an abundance of red and green
of the rocks seem to contain recrystallized oolites. elastic rocks, although other rocks, including some limeWhere oolites are preserved some are roughly elliptical stone, occur within it.
in section, 1 to 2 mm long, and retain no internal strucSTRIPED PEAK FORMATION
ture. Other oolites are circular in section and have
DISTRIBUTION
well-preserved concentric structure within them (fig.
3C). The two varieties may occur in the same rock.
The Striped Peak formation was first named and is
Some of the round oolites are broken and others are best known in the Coeur d'Alene region, Shoshone
invaded in their outer layers by grains of clastic quartz. County, Idaho. In Shoshone County it occurs only in
Most of the round oolites are less than a millimeter in scattered remnants, being less widely distributed than
diameter and are themselves components of pebblelike any other formation in the Belt series (Umpleby and
masses embedded in the fine-grained limestone (fig. Jones, 1923, p. 9). It has been recognized farther west
3B). While the predominant constituent of the Siyeh in Kootenai (Anderson, 1940, p. 13) and Bonner
limestone is carbonate, cryptocrystalline silica is com- (Sampson, 1928, p. 8) Counties, Idaho. Strata that
mon, clastic grains of quartz are discernible locally and resemble the Striped Peak formation have been noted
some strata contain minerals of micaceous habit. The at intervals from the Coeur d'Alene region northward
last mentioned are largely sericite but include some to the international boundary (Calkins, 1909, p. 38-39,
montmorillonite and illite.
41). Apparently the localities are mainly in the northStromatolites are present throughout the Siyeh lime- western part of Montana (Calkins, 1909, p. 41, pl. 1).
stone of Glacier National Park and may be more abun- No rocks that appear to correspond to the Striped
dant and well preserved there than in other parts of Peak formation are reported in Boundary County,
western Montana. However, they have been found Idaho, (Kirkham and Ellis, 1926, p. 17, 18, 27). The
in all exposures of the Piegan group in which they have unit has been mapped in the Libby and Trout Creek
been searched for and therefore may be more wide- quadrangles (pl. 2), Montana (Gibson, 1948, p. 16-17,
spread and abundant than is now realized.
pl. 1; Gibson, Jenks, and Campbell, 1941, p. 374-376).
Presumably
rocks equivalent in age to the Striped Peak
MISSOULA GROUP
formation are elsewhere in Montana but, where they
In the present paper the definition of the Missoula have been described at all, they are given other names.
group has been more drastically revised than those of The distances between outcrops are such that direct corother groups of the Belt series. As a consequence the relation is impossible.
group extends lower stratigraphically than earlier usage
CHARACTER
would imply. The change results largely from work
in the Glacier National Park region (Ross, 1959; Ross
In the Coeur d'Alene region (Ransome and Calkins,
and Rezak, 1959, p. 436). The group is more wide- 1908, p. 44) the Striped Peak formation is composed
spread than might have been supposed from earlier re- of thin-bedded shale and quartzitic sandstone with ripports, a fact that seems implied in the paper by Clapp ple marks and sun cracks. Most of it is reddish purple
and Deiss (1931) . The best known exposures specifical- and green. The thickness at the type locality is about
ly assigned to the Missoula group extend from Missoula 1,000 feet, with the top removed by erosion, here and in
northeastward, but broadly equivalent rocks are known all exposures of the formation. Immediately to the
from northern Idaho eastward into the Little Belt south (Wagner, 1949, p. 13-16) the formation is reportMountains and from near Dillon to beyond the Cana- ed to consist of alternating beds of pinkish-gray sand-
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stone and greenish-gray shale in the lower 500 feet of
the unit, and lavender sandstone and deep-purple shale
above this. The argillaceous beds in the lower part are
thicker bedded and show fewer shaly partings than
those higher in the sequence. Ripple marks and mud
cracks are present. The sandstone, or perhaps more
properly the impure quartzite, consists of grains of
quartz with sericite and a little feldspar embedded in a
dark-gray fine-grained matrix. Minor amounts of
tourmaline, zircon, magnetite, hematite, and chlorite are
present. Some of the sandstone contains carbonate
minerals. The maximum thickness reported is 2,000
feet.
Representatives of the formation collected by S. Warren Hobbs in eastern Shoshone County are grayishpurple to medium-gray impure quartzite. The rock is
microscopically laminated. The principal component
is quartz with subordinate amounts of alkalic plagioclase, microcline, and micropegmatite, and small subparallel flakes of colorless mica abundant in the narrower laminae and present between the elastic grains
in the coarser laminae. Long flakes of bleached biotite
are scattered throughout the rock. Hematite is
sparsely distributed. In the coarser grained parts of
the rock the quartz grains have diameters of 0.10 to 0.25
mm, although most in the finer grained parts average
about 0.01 mm.
In Kootenai County (Anderson, 1940, p. 13), the components are similar but vary markedly in proportions
at different localities. Also some of the shale is made
up of alternating dark-gray to black and yellow layers,
only small fractions of an inch in thickness. The lower
part includes calcareous beds difficult to distinguish
from the underlying Wallace formation. The thickness
of the Striped Peak formation here may locally be as
much as 4,000 feet. In southern Bonner County, immediately north of Kootenai County, the rocks assigned
to the Striped Peak formation (Sampson, 1928, p. 9)
appear to lack the characteristic reddish beds, perhaps
as a result of contact metamorphism. They are reported to include an olive-green sandstone or quartzite
and a laminated argillite with very thin alternating
dark-gray and yellowish layers. Ripple marks and
mud cracks are common. The exposed thickness is
9,000 feet.
Farther north, along the Clark Fork (Anderson,
1930a, p. 18-19), the formation has many reddish beds
and thus resembles the same unit in the Coeur d'Alene
region. Anderson notes that near Pend Oreille Lake
the formation has lost its red color and is predominantly
olive green like the color reported by Sampson farther
south. Anderson found the formation to be more than
4,000 feet thick, but he notes that the characteristic red-

dish beds are absent in the upper part so that this
thickness may include some beds that in Montana have
been assigned to the Libby formation.
Near Libby, Mont. (Gibson, 1948, p. 9, 16-19), the
Missoula group comprises only the Striped Peak and
Libby formations. The former consists mainly of darkred to purplish feldspathic sandstone and quartzite,
locally shaly, and with some interbedded sandy shale.
Most beds are about a foot thick. Ripple marks, sun
cracks, and crossbedding are common. A few lightgreen to olive-green argillite beds are present, especially
in the upper part of the formation. Some of them
grade laterally into red beds. Some of the sandy beds
contain a little carbonate, and stromatolitic dolomite
occurs about 200 feet above the base of the formation.
The thickness is about 2,000 feet, with a maximum of
2,500 feet at once place. Farther south in the Trout
Creek quadrangle (Gibson and others, 1941, p. 374-377)
all the rocks of the Missoula group have been included
in the Striped Peak formation, similar in general to the
Striped Peak in the Libby area. Either the Libby formation is absent or it has been mapped with the Striped
Peak formation. The thickness is reported as 3,000 to
3,700 feet which is much greater than that near Libby.
Oolitic dolomite and dolomitic limestone containing
stromatolites are interbedded at two or more horizons.
LIBBY FORMATION

The term "Libby formation" has been applied in only
two small areas northwest and southwest of Libby,
Mont. (Gibson, 1948, p. 17-19). It consists largely of
light-gray, dark-gray, and greenish-gray argillite, commonly sandy and less commonly sericitic and calcareous,
in beds 1 to 3 feet thick. Some beds resemble the laminated, brown-weathering argillite in the Prichard formation. Thin-bedded gray sandstone and dark-gray
oolitic, ferruginous, magnesian limestone and a few
beds of white ferruginous dolomite, in part stromatolitic, are also present. Along the Kootenai River there
is a little greenish-gray argillite with calcareous layers
that contain spherical and podlike argillaceous nodules.
The Libby formation is at least 6,000 feet thick.
BEDS OF THE MISSOULA GROUP NEAR SUPERIOR,
MONT.

Beds of the Missoula group near Superior, Mont.,
comprise five formations (Campbell, 1960, p. 560-569).
As already noted, some or all of the formations near
Superior may be closely akin to formations close to
Missoula.
The lowest formation of the Missoula group near
Superior rests on the Wallace formation and has been
named the Spruce formation by Campbell. It is pre-
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ROCKS OF THE MISSOULA. GROUP NEAR MISSOULA,
MONT.
DISTRIBUTION

The subdivisions of the Missoula group established
by Clapp and Deiss (1931, p. 677-688) and modified by
Nelson (1959) and Nelson and Dobell (1961) are based
on exposures in an area extending nearly 10 miles southeast of Missoula and eastward past Bonner, thence north
and northeast along and near the lower reaches of the
Blackfoot River. Similar subdivisions are present
(Langton, 1935) from Missoula southward to beyond
lat 46°40'.
CHARACTER

The table below shows the relations between the components of the Missoula group mapped by Nelson and
Dobell (1959 ; 1961) and Nelson (1959) and those
earlier described by Clapp and Deiss. The name Sheep
Mountain formation used by Clapp and Deiss was
found to be preoccupied and Pilcher quartzite was substituted. The Hellgate quartzite at its type locality
was found to be such a local unit that it is best regarded
as a member within the Miller Peak argillite. The
mapping showed that another quartzitic unit (the Bonner) needed to be established higher in the sequence.
Langton (1935, p. 36, fig. 3) has mapped units south
of Missoula that he speaks of as the Spokane and Helena
formations, which he regards as stratigraphically above
the Newland limestone. If they are actually above the
Newland limestone, they belong to the Missolua group
of the present report. Further work is needed on this
point. From reconnaissance by the writer, from
Langton's data and from Nelson's work it is believed
that the rocks called Spokane and Helena by Langton,
belong to Nelson's Miller Peak argillite and the underlying Newland limestone. Clapp and Deiss (1931, fig.
3) show their basal unit in the Missoula group at
Missoula resting on the Wallace (Newland) limestone,

and do not employ the term "Helena limestone" in the
area. They do, however, regard the upper part of their
Wallace as correlative with the Helena limestone
(Clapp and Deiss, 1931, p. 69).
Langton (1935, p. 36) describes his Spokane as consisting of a lower part, 2,000 feet thick, of greenish-gray,
in part calcareous argillite, with ripple marks, and an
upper massive- to thin-bedded lavender quartzite of
unstated thickness. Sample ID-14950 in table 17 is
considered to represent the Spokane of Langton. It
also resembles the Miller Peak argillite, being a laminated grayish-red-purple argillite with ripple-marked
bedding planes and with inconspicuous, small mud
spalls. It consists largely of interlocking quartz grains
0.03-0.06 mm in diameter, most of which are clearly
recrystallized. Carbonate grains are irregularly distributed and may constitute 10 percent of the whole.
Mica and chlorite are scattered throughout. A little
zircon is present. Hematite is fairly abundant.
Langton (1935, p. 36) describes the rock he called
Helena as thin-bedded argillaceous and sideritic limestone, locally dolomitic. The beds weather buff or cream
and many show molar-tooth structure. Such a description would fit much of the Wallace, Newland, and Siyeh
limestones of the surrounding region and does not
accord at all closely with the Helena limestone of
Helena. The sample supposed to represPnt Langton's
Helena limestone, ID-14750 in table 20, is a decidedly
impure carbonate rock not at all like the Helena limestone near Helena. Langton assigns a thickness of approximately 4,000 feet to his Helena, whereas the
Helena limestone was originally described (Walcott,
1899, p. 199-215) as 2,400 feet thick and in parts of the
Big Belt Mountains is far thinner (Mertie and others,
1951, p. 20) . Thus, Langton's correlation is of doubtful validity.
The lowest unit in the Missoula area that is recognized
by all as a component of the Missoula group is the Miller

Subdivisions of the Missoula group near Missoula
According to Nelson and Dobell—

According to Clapp and Deiss—

Pilcher quartzite

Sheep Mountain quartzite

Garnet Range quartzite

Garnet Range formation

McNamara argillite
Bonner quartzite
-------,_E
Hell ate quartzite member
Miller Peak argillite

McNamara formation
Hellgate formation
Miller Peak formation
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Nelson and Dobell have introduced a new formation
name, the Bonner quartzite, for the rocks immediately
overlying their Miller Peak argillite. The rocks are
somewhat arkosic, pink or red quartzite in beds 4 inches
to 6 feet thick. Croesbedding is common and readily
discernible because of slight color differences. Bedding
planes throughout tend to be marked by indistinct
light-green layers. Thin beds of red argillite are interspersed among the quartzite beds. The mineral
grains in the quartzite average about a quarter of a
millimeter but some are as much as 12 mm across. A
little montmorillonite and illite is present.
Clapp and Deiss describe their McNamara formation
as composed of three members. The lowest consists of
drab-green-gray to purple and maroon micaceous and
sandy argillite. The proportion of sandy material increases upward, and beds of massive sandy quartzite
appear in the upper part of the member. This part of
the original McNamara formation should correspond to
the part of the Miller Peak argillite of Nelson and Dobell above the horizon of the Hellgate member. However, Clapp and Deiss credit it with a thickness of only
400 feet whereas the part of Nelson and Dobell's Miller
Peak above the Hellgate member is about 1,000 feet
thick.
The middle member of the McNamara formation of
Clapp and Deiss corresponds approximately to the
Bonner quartzite of Nelson and Dobell. Clapp and
Deiss say the lower 40 feet consists of massive graygreen coarse-grained ripple-marked and crossbedded
sandy quartzite. The rest of the member includes
massive beds of pink-white and red-gray, pure coarseto fine-grained quartzite. This rock is crossbedded and
ripple marked and weathers to a dull rusty buff. Toward the top several thin beds of sandy argillite appear.
Clapp and Deiss report the middle member of the McNamara formation, where measured, as 810 feet thick.
Nelson and Dobell (1961) and Nelson (1959) agree
with their figure for that locality but think that the
best average thickness is 1,500 feet. Variations in
thickness are due in part to original differences and in
part to the results of deformation.
Nelson and Dobell propose to restrict the name McNamara argillite to include only the upper member of
that formation as defined by Clapp and Deiss. They
describe their restricted McNamara argillite as composed largely of reddish and greenish argillaceous
siltstone and argillite with minor amounts of more
quartzose rock, all similar to some of the rocks comprising the Miller Peak argillite except that they contain
less detrital mica, and new chlorite is less coarsely
recrystallized. A little illite is present. Some of the
beds of green argillite in Nelson and Dobell's McNamara

argillite contain thin layers and rounded bodies of
dense sericite so fine grained as to resemble chert and
probably represent metamorphosed clay layers and
galls. Other bodies consisting of recrystallized, fine
silt have a similar appearance. Nelson and Dobell
estimate their McNamara argillite to be 4,000 feet thick.
Clapp and Deiss say the corresponding rocks consist
mainly of bright green and red fine-grained mudcracked and ripple-marked argillite. Dense, finegrained, chertlike green argillite is irregularly
interbedded with the more massive strata. Clay galls
occur in the upper part of the unit. They measured
the upper member of their McNamara formation as
1,780 feet thick, in contrast to the 4,000 feet estimated
by Nelson and Dobell. Clapp and Deiss emphasize
the gradational upper contact of the McNamara formation, which may account in part for the apparent
discrepancy.
Tweto (p. 41) describes a rock from the McNamara
argillite (as restricted by Nelson and Dobell) from the
canyon of the Blackfoot River above Bonner. It is
a dark-green, thin-bedded, ripple-marked chloritic and
arkosic quartzite containing chlorite, quartz, feldspar,
and the common accessories. The chlorite constitutes
the cement and also masses resulting from the decomposition of mafic grains. The quartz grains are rounded
to subangular and those of feldspar are subrounded to
angular and poorly sorted. The grain size is 7 percent
silt, 33 percent very fine sand, and 61 percent fine sand.
The Garnet Range quartzite is next above the McNamara. Nelson and Dobell say this formation is
composed predominantly of greenish-gray quartzite,
mixed with slightly less dark-greenish and dark-grayish
argillite, shale, and sandy argillite, with a notable content of detrital mica, and a little montmorillonite.
Where observed, the Garnet Range quartzite is intricately folded and contorted, in large part isoclinally.
Crumpling of this sort is so much more marked in this
formation than in the others as to constitute a characteristic feature and to interfere with estimates of thickness.
Nelson and Dobell estimate the Garnet Range quartzite
to be only 1,800 to 3,800 feet thick: Clapp and Deiss
give an estimate of 7,600 feet but their measurement
was in a different locality and one in which folding and
faulting are so intricate that true estimates of thickness
would be impossible.
Clapp and Deiss say that the lower 1,600 feet of their
Garnet Range formation is made up of brown, greengray to gray thin-bedded micaceous coarse-grained
quartzite, with argillaceous and coarse-grained quartzite sandstone near the base. Above this member is 600
feet of black-gray to dark-blue-gray sandy micaceous
argillite. Next in sucession is 1,000 feet of brown to

77

LITHOLOGIC DESCRIPTIONS

green-gray argillaceous, micaceous sandstone and sandy
quartzite, overlain in turn by 1,600 feet of thin-bedded
brown-gray and green-gray quartzitic sandstone.
The next unit listed by Clapp and Deiss is composed
of massive coarse-grained pink-white crossbedded pure
quartzite about 300 feet thick. Nelson and Dobell
interpret this assemblage as an infaulted block belonging to the Piidler quartzite (the Sheep Mountain
quartzite of Clapp and Deiss), the next unit above the
Garnet Range quartzite. If the beds below the supposedly faulted quartzite block correspond to the entire
Garnet Range quartzite, crumbling must have thickened
them 1,000 feet to correspond to Nelson and Dobell's
estimate of the Garnet Range quartzite as 3,800 feet.
Clapp and Deiss report a thickness of 3,050 feet of
brown, green-brown, and red-gray-brown micaceous and
sandy thin-bedded, locally argillaceous, quartzite above
the quartzite block. According to Nelson and Dobell's
interpretation this would constitute a repetition of part
of the beds below the quartzite block. The summary
here given is taken from the text of the report by Clapp
and Deiss. It does not agree, particularly in the thicknesses of the components, with the measured section
tabulated in the same report. Perhaps the thicknesses
cited in the text are without allowance for overthickening because of crumpling.
Clapp and Deiss (1931, p. 682) speak of a lens of limestone, 110 feet thick in the Garnet Range quartzite at
one locality. Nelson and Dobell have found fossils of
early Paleozoic age in this limestone. These fossils,
and the fact that lithologic character of the limestone
is closely similar to that of Middle Cambrian limestones
in other parts of Montana, make a Middle Cambrian age
probable. The rocks are decidedly dissimilar to the
Devonian rocks of the region and all known preDevonian Paleozoic carbonate rocks in northwestern
Montana are believed to be of Middle Cambrian age
(Deiss, 1933, 1936, 1938) and not a part of the Belt
series. Thus the assignment by Clapp and Deiss must
be in error. The limestone is not, as they supposed, a
lens in their Garnet Range quartzite. Instead it is a
separate body of post-Belt strata.
The highest part of the Missoula group in the Missoula area was named the Sheep Mountain quartzite
by Clapp and Deiss. As that name is preoccupied,
Nelson and Dobell called the formation the Pilcher
quartzite. They describe it as composed of coarsegrained, crossbedded, light-pink to dark-purplish-red
vitreous quartzite. The beds range in thickness from an
inch to 10 feet. The most striking feature is the crossbedding, rendered conspicuous by color contrasts. The
bottom of one stratum may be moderate red and the top
of the underlying stratum may be pale orange pink.

Some beds, especially high in the sequence, are uniformly deep red and certain of these have spots and
stringers bleached to a cream color. Near the top of
the formation some beds are reddish black. Most strata
contain 90 percent quartz. The remainder of the rock
includes chlorite, sericite, and bits of quartzite, argillite,
and other rocks. No feldspar was noted. The coloring
matter is hematite dust. A few thin layers of reddish
and greenish argillite occur in the uppermost 10 to 20
feet of the Pilcher quartzite. The formation is thought
by Nelson and Dobell to vary in thickness in different
localities but to average close to 1,000 feet. They found
no place where the thickness was as great as the 2,300
feet reported by Clapp and Deiss for their Sheep Mountain quartzite, a fact that may be in part accounted for
by differences in the limits placed on the Pilcher and
Sheep Mountain units during the two investigations.
Some question remains as to the character of the contact
of the Pilcher quartzite with overlying shaly beds but
Nelson and Dobell favor the concept that the contact is
gradational.
Nelson and Dobell assign shale and limestone that
are stratigraphically above the Pilcher quartzite to the
Cambrian ( ?), in part on the evidence of poorly preserved fossils. Direct correlation with Cambrian formations in other parts of Montana is regarded by Nelson
and Dobell as impossible on present evidence but they
suggest a rough correspondence between quartzite at the
base of their Cambrian ( ?) assemblage and the Flathead
quartzite, and note resemblances between the shale and
the Wolsey shale, and between the limestone and the
Meagher limestone, well-known units of Middle Cambrian age in southwestern Montana. Nelson and Dobell
also entertain the possibility that the Pilcher quartzite
is correlatable with the Flathead quartzite. The major
differnce between the two formations is that the Pilcher
is much the thicker unit. If this interpretation should
prove to be correct, the Pilcher quartzite, or part of it,
would be of Cambrian rather than Precambrian age.
ROCKS OF THE BELT SERIES IN AND NEAR THE
OVANDO AND SILVERTIP QUADRANGLES
DISTRIBUTION

In the broad area between Bonner and Helena and
north as far as lat 48° rocks of the Belt series are abundant. Most belong to the Missoula group, but older
units of the series are included, especially near Helmsville and Lincoln and in the Swan Range. The general
distribution of the various units is shown on plate 1,
based largely on unpublished maps by C. F. Deiss and
C. H. Clapp made available through the courtesy of
C. F. Deiss, coupled with published papers (1931;
Deiss, 1935, 1943a, 1943b). Large areas of the Belt
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series, especially south of lat 47°, have as yet been
mapped in reconnaissance only, but measured sections
by Clapp and Deiss are available. Names for formations of the Missoula group in areas from near lat 47°
to lat 48° have been proposed, and the distribution of
these formations is shown so far as practicable on plate
1. Recent work near Bonner (Nelson and Dobell,
1961; Nelson, 1959) has resulted in minor modifications
of the nomenclature of Clapp and Deiss there. This
and the absence of published maps has made it impracticable to show on plate 1 all the named formations
in the region here considered, or to fit them into the
classification of the Belt series offered in the present
paper. The principal difficulty in doing this arises from
the fact that Clapp and Deiss carried some well-known
names farther from their type localities than seems
advisable.
The Miller Peak argillite, Cayuse limestone, Hoadley
formation, and Ahorn quartzite of Clapp and Deiss are
recorded in the Ovando, Coopers Lake, Silvertip, and
Saypo quadrangles.
CHARACTER

For areas near and south of lat. 47° available lithologic descriptions are meager. In general the rocks have
the characteristics of those near Bonner, already summarized. Tweto (p. 41) has described in detail many
rocks from areas near this latitude. Of these, eight are
regarded by him as belonging to the Miller Peak argillite of Clapp and Deiss. Six of them came from a
ridge a couple of miles southwest of Cottonwood Lake
in T. 16 N., R. 14 W. One of this group is described
as light-blue-green laminated arkosic argillite containing quartz, orthoclase, plagioclase, and argillaceous
matter with minor amounts of chlorite, sericite, calcite,
muscovite, epidote, apatite, zircon, green biotite, magnetite, and sillimanite. Another rock is pinkish-gray
massive coarse mud-cracked ferruginous quartzite with
interlaminated thin flakes of dark-maroon argillite. It
consists of quartz and hematite with minor amounts of
orthoclase, sericite, chlorite, magnetite, titanite, apatite,
zircon, and calcite. The original quartz grains were
rounded and subrounded but addition of later quartz
has produced an interpenetrant mosaic. Grain sizes are :
silt size, 1 percent; very fine sand, 4 percent; fine sand,
21 percent; medium sand, 61 percent; and coarse sand,
19 percent. A third rock is a laminated light- and darkmaroon argillite composed of quartz, orthoclase, plagioclase, and hematite with minor quantities of muscovite, tourmaline, calcite, chlorite, sericite, magnetite,
ilmanite, apatite, green and brown biotite, epitote
grossularite, and zircon. The feldspar grains are
much altered. Elongate hematite masses give a banded
appearance to the thin section. Over 70 percent of the

grains are silt size and the rest the size of very fine
sand. Another of these rocks is a greenish-gray thinbedded calcareous quartzite showing mud cracks and
ripple marks. Thin laminae of white calcareous quartzite alternate with light- and dark-green argillite. The
essential minerals are quartz, orthoclase, plagioclase,
calcite, and the minor constituents include argillaceous
material, muscovite, sericite, chlorite, magnetite, hematite, titanite, zircon, grossularite, rutile, and tourmaline.
The feldspar grains are altered. Calcite is in grains in
the quartz mosaic. Some of the chlorite aggregates may
correspond to original mafic minerals. The grains are
subrounded and subangular. In the coarser laminae
3 percent are silt-size, 15 percent the size of very fine
sand, and the remainder that of fine sand. Another
rock is a greenish-gray brown-weathering quartzitic
argillite with laminae and flakes of dull purple micaceous argillite. The constituent minerals are similar
to those in rocks described above. The component
grains are angular and subangular and 74 percent of
them are silt size, with the rest a little coarser. Still
another rock from the same locality is light-green, buf fweathering thin-bedded argillite that consists mostly of
argillaceous matter with a little quartz, sericite, feldspar, and sillimanite. The last of the group is a red and
green calcareous quartzitic argillite with interspersed
flakes and laminae of fine-grained ferruginous red and
green argillite. The components are about the same as
those listed above. The grains are poorly sorted and
mostly subangular. They range in size from 60 percent silt through 30 percent very fine sand to 11 percent fine sand. Some specimens from the Miller Peak
argillite contain small amounts of illite and montmorillonite but much of the rock has no detectable clay
mineral.
The general description published by Deiss (1943a,
p. 213, 215-216) shows that the Cayuse limestone includes dull gray, crystalline, tan-weathering dolomite
interbedded with pale-maroon and greenish-gray, fissile argillite which grades upward into alternating zones
of shaly calcareous argillite and sideritic and dolomitic
marble. The upper part of the unit is blue and dull
gray thick-bedded finely oolitic and coarsely crystalline
algal limestone. The total thickness is about 1,000 feet.
Details have been provided by Tweto, (p. 41) who
has described 14 specimens thought to belong to the Cayuse limestone, four that are from T. 16 N., R. 14 W., and
the rest from T. 17 N., R. 14 W. One of the first four
specimens is green arenaceous and calcareous argillite
composed of calcite, quartz, argillaceous material, and
minor amounts of orthoclase, microcline, plagioclase,
muscovite, chlorite, sericite, biotite, graphite, dolomite,
and epidote. It contains angular silt grains of quartz

spaq paaalluas tigm agzirenb paulva2-am; pun -asaroo s!
(8ig-LTg 'gig •d ‘u8t6i ‘ss!e4a) egzlaunb uaogy eqy
laa; ooi't s! uo9uutao;
;o ssamp!gi paluumse eq j,
•egin2au paa-alud spaq autos tigm 'auoispuits pmantu
-aiddIa Avid pappaq-3p!gt putt -mg! ljos paa-ypup
4uunnag 13 Sr UOI413111.10j
;o ;and aaddn egj, •ag"
-112a13 putt 'aucetspuits Hurd ';;ng gsmaaa2 saatnuam quip
auolspuys snoaauDitto o4ur paymdn sapua2 4uty euoispuus
pamua2-am; putt agin2au St100..113D1133 snoapimaay ;Jug
putt paa 2fg mulaano 'agzlaunb snoaagn autos tigm el!'
-112au snoaa!ns pappag-3ppp uooattut put Sua2-gsmaaa2
-3pup Si uoputuao; SaipuoH atu, •auolsaugi asnSuo
srq anoqu egziaunb uaogy aty pint uo!Tutuao; SaipitoH
'd 438t6i) sstaa
9114 Paq!JosaP srq (8i6 9T7
•aa4tutu snoaolluogaup put z4aunb
u 2mmiquop auolsauun snoaDyn0au esuap Anal-eing
-31aup st pag!apsap Sr putt ‘i aTuld uo auoisaugi yualall o4
pau2!ssu s)poa ur papnpur aq ot lsva ignoua au; sr U103
utZ IO 144.10U LUO.IS op:lulus aaglouy •adoPsawItu
aepun pamept st pap-antra' Stauu s!
•almougi autos
put sivatuAluJI auugdollop aava tign pgialutu snoapum2
-au putt al!PLua jo sis!suoP
•auotsaugi snoaomigau
Sua2-umoaq n st snp jo sTuads olamj, •ainolatutoals
• Io uopaod s st pag!aasep uatupads 3poa puooes egj,
•auolsatun auniulsSapoldho snoapuillf)au autos put ego
-"up Jo 2misIsuoD auoisatun pplioo Sua2 sr OU0 •aaenj
uaogauea alp jo sagovaa aaddn aq; 10 gpou mos; eau
suatmaads amp° 0A1I •z4avnb ppums!ad ;o 13U0.103 13 Al
papunoaans Snogm ao Spaud st agpo tpna •101p3aud
sass 2uoi a!agt tigm rupp.d!ne aan sagloo egj, •aguitopp
pamuls-aguougi Io lsIsuoo Sitioummo &lama° aqy •agu
-out!' Sq pez!sugdtua aampnals iy!pita mogs 1113 put aim
o!awaouoa am!' t mogs sainoo egj, Tupeptiou sno
-0013in2au putt 'agurolop autos Liget ziavnb putt ogpivo
sls!suop iI .2uol unit gg S13 gontu su sopqqad paaamps
tigm auolseum p!gloo Sua2-anici-Nrup t s!
SIUJ,
•opuitn() tpaou
sonar 8 lnoqu tuoa; Si auo •auatsatun
oq
pagIapsep eq suempads am Jo ano; pauW!ssu (it •d)
olomj, 'sspoa putt dditio Io assn
tigm paoopu
ui .113m molag agztaunb eumpds panto euo put 9411E2
-.Ill 31130d .10IIIN OIR molag „euotsaugi itualaH„ patuael
gun it smogs sspa put ddito Aq ei2m3apunb °pump
•
;o &cut pagsngndun eta •uopypuno; eanpasut
'atto4sawq
us uo sisal pandit!r sitto tio!tupaaop
yualaH panto uaaq anuti situp guns autos 'palou SpEaa
sy Ttgaalum opsup tionut sapnpu! 4r saagio alp 10
SUULU mpg •dnoa2 vinossql alp ut pagnuoaatut samog
ouo4saug" sno!aun eq; jo auo St 9U04SOUIll. OSTAS130 Otij,
pgaa4nut snoapyin2a13
paaapaog aggduar) Jo siaitgan put opnolituma4s eq Sum
saanwna4s 1.11!.0 auo4saugi aandtu! papuvg-mg4 Xya2
-uaaa2 Si uempads aegtouy %loan' SpOns ;sal eq
6Z

exouaniosaa

;o ;pH •swengisuoo aotgut
'azrs ;Its eau sup3.12
ggek 'ampoaplut putt 'agtpaad 'esupo!213'd
tunsn
'asupotipo `z4aunb smitwoo Sgreau 3poa OIS031.1V UV
•pappagssoaa Suita!doPsoaanu s! 1! 'pauo!luatu lsnf auo
•eggdua2 pun 'agaoigo 'aeputu snoapyin2a13
eg1
'agotaas 'aftwa 'uopgz 'agnoosnut 'ainuotop autos glIm
audspia; pun 4 z4renb 'agoptp jo 2ups!suop 'auoisatun
snoaPips uaaa2-4112!' s s! ueugoads 3fooa aatpouy •orttos
alij, •agaolga
ouloosoaptut 13 uo pappagssoao s!
put 4.103.1IZ 'ago!aas 'agnaosnut 'agutotop autos ggm
esupoiffuid pun asupoipao ‘z4.113nb 'agP"up Jo 2ups!s
-uoo aua;satun eandug pappag-mg4 ‘SnaJ-uoaa2 t s! uaut
-weds 3poa aatmuy putts 8S.11300 quapaad 68 putt 'puts
tunipaut wapaad gt 'putts aug 4uapaed Oti sr ez!s up3.12
ags •agaams putt ‘a4op!da 'aunumanol 'ago!aas
4 94I01130 autos put "audspia; 4uaoaad ig ‘z4aunb 41190
•egin2au uaaa2 jo aummui mgq
-aad hg sup34uop
gitm altzlaynb snoaagn uaaa2-Sua2-4112!' 13 St uompods
•egildva2 put 'elp!aos 'ziaunb 'agaSd opin
titIm. elnuolop Jo Simuut sls!suoo stgs •paumqo
SIM 91.p.uotop aindug uaaa2 13 SgavaN putts =maul
luaaaad 8 plat 'pun aug 4uapaad it 'putts aug 6..10A 11193
-.tad hg ';Its 4uaated ti sr ozIs mita2 egj, • (I )agueug!
putt a;poutiviu 'agludy 'eganinssos2 'amptutano; 'smut
'agzi3uout 'agaopp 'eglom 'uoogz 'agplaes 'agnoosruu
autos put agoruP 4uaPaed 6 'audspie; 4uaatad 88 'zlaunb
quaoaad is sup34uop u •elngau paupta-atrg uee.12
lo eumtuut utgi ggm egz4aunb snoaauppo paptalunti
uaaa2 put uaa.12-Staff-4g2li s! uaurtoads )130.1 Rim
putts aug quapaad og putt 'puns aug LIEIA luapaed
';Its 4ueoaad gt Si az!s mva2 egj, -palmy tiontu
SIUOUILLIOD 4S4119UL.J13.1j C3213A13ap .1B1112U13 alt sm.&
u! 4trumtuop s! agaopo
audspie; agj, •ssuutpunoa2
•uomsodutop lunsn aq; Jo agzwenb snoaaitopto 'snoopy'
Tare pappag-mtp uoaa2-Navp t st uampeds aetpouy
•aguatun pre 'zlaunb 'asupoOvid 'agutopp 'asupoglao
'0g/tops= 'agaoigo 'agaSd autos smuluop lnq alwrup
jo Srmumtuop sp!suo3
•auo4satun pa;umunti eunru4
-sSaPo4c1LiP eandug Sua2-ueea2-;g2n st uougoads auo
putts
aug ;sal exp putt 'pins aug S.19/1 quaoaed 08 ‘ozIs ;Its
luapaad g9 9.113 SUI13a Ota 'aultu put 'uopgz 'aull'eut
-anol 'egptdu 'aguit3t4 'a;op!do 'aggdya2 'agueug!
-inuag 'aglom ‘egiolgo jo soppuunb aomm
'asup
-01213'd put 'eunPoapnu ‘asupotpao 'zlaunb jo sls!suoo
Taut au •aginAre payrinurui eldand put uooainu-nnp
;o smug asauds
agzlarnb oIso31.re snoaagn 311.10
st I[D0.1 mano; agj, •puys aug queoaad ig put puts aug
/Clan quaatad Lt 'az!s ;Its quapaed gg septipm azrs mua2
eta •paaa4p3 ipntu Si audspie; aqZ •oto ;sag egg sit
uomsodutoo emus alp gown imm opip2an snoaavoreo
uoaa2 t st palm y •agill2au pplz4aunb ;Jug put uaaa2
-Hasp put -1g2!' paiumtutti t s! aeimuy Tigaa4utu
snoapvillOau put agPrup
x!.1413u1 13 ut audspp; Put
M0'10E11,1'1

80

THE BELT SERIES IN MONTANA

of red quartzite in the lower 1,700 feet, overlain by
green and reddish-gray thin-bedded argillite and a few
thin beds of fine-grained sandstone in the upper 400
feet of the formation. It is the uppermost formation
of the Belt series in and near the Ovando quadrangle.
Rocks from near Ovando and presumably from the
Hoadley and Ahorn formations, or nearby strata, have
been described by Tweto (p. 41). Six of his specimens come from a ridge in T. 16 N., R. 14 W. Of these,
one is a light-purple and maroon coarse vitreous quartzite consisting. essentially of hematite, quartz, and feldspar, with minor amounts of magnetite, muscovite,
chlorite, dolomite, green biotite, epidote, titanite, sericite, and zircon. The rock is laminated : the finegrained laminae are rich in hematite and the coarser
ones consist of a mosaic of angular grains of quartz and
feldspar intergrown with abundant chlorite and hematite. Magnetite is common and is derived from biotite.
Microcrystalline dolomite is also abundant. The grain
size is 52 percent silt size, 40 percent very fine sand size,
and 9 percent fine sand size. A second rock specimen is
impure laminated maroon and pink dolomite with hematite laminae and with minor amounts of quartz, feldspar, tourmaline, chlorite, muscovite, and magnetite.
Angular quartz and feldspar grains are abundant in a
microcrystalline to cryptocrystalline groundmass of
dolomite. The grain size is about 29 percent silt, 31
percent very fine sand, and 20 percent fine sand. Another rock is buff to salmon soft thin-bedded arkosic
sandstone, containing quartz, feldspar, and sericite,
with minor amounts of ilmenite, tourmaline, titanite,
zircon, and muscovite. The cement is mainly sericite.
The grain size is approximately 9 percent silt, 35 percent very fine sand, 30 percent fine sand, and 5 percent
medium sand. A fourth rock specimen is tan-pink
arkosic quartzite containing quartz, sericite, and feldspars, with the usual accessory minerals. The grains
are sharply angular and are arranged with their long
axes parallel. The feldspars are sericitized in varying
degree. A fifth specimen is bright-red argillite containing flakes or laminae of argillaceous quartzite. It
consists of hematite and sericite with minor amounts
of quartz, feldspar, dolomite, magnetite, muscovite, and
titan its. The grain size is about 33 percent silt, 46 percent very fine sand, and 21 percent fine sand. The sixth
specimen rock described is buff-salmon, coarse, arkosic
quartzite, consisting of quartz and feldspar with minor
amounts of sericite, ilmenite, hematite, epidote,
chert( ?), and alteration products. The feldspar is
fresher and the grains of quartz and feldspar are better
rounded than in most specimens described. The grain
size is about 7 percent silt, 3 percent very fine sand, 38
percent fine sand, 45 percent medium sand, and 10 per-

cent coarse sand, so this is an exceptionally coarse rock
by comparison with others of similar stratigraphic
position.
Four specimens from about the same horizon as those
just described but from T. 17 N., R. 14 W., were studied
by Tweto (p. 41). One is laminated, maroon, purple,
and light-green argillaceous dolomite with minor quantities of quartz, feldspar, muscovite, titanite, sericite,
zircon, hematite, and magnetite. Another rock specimen from the same general locality is a laminated red,
pink, and salmon vitreous dolomitic arkose. It contains
dolomite, quartz, and feldspar with minor amounts of
muscovite, hematite, magnetite, chlorite, tourmaline,
and epidote. The dolomite constitutes the microcrystalline matrix of the rock. The feldspar, mostly orthoclase, is in sharply angular cleavage fragments. The
grain size is 35 percent silt, 41 percent very fine sand,
and 24 percent fine sand. A third rock specimen is
thinly laminated red and pink mud-cracked dolomitic
and arkosic quartzite. It contains dolomite, hematite,
quartz, and feldspar with minor amounts of magnetite,
muscovite, zircon, and chlorite. The dolomite forms a
crystalline cement for angular, silt-size grains of quartz
and feldspar. A fourth rock specimen is green chloritic graywacke whose essential minerals are quartz,
chlorite, and feldspars. Subordinate constituents include muscovite, green biotite, epidote, glauconite, grossularite, titanite, and sericite. The reported presence
of glauconite is of interest in a rock of this character
and reported age.
ROCKS OF THE MISSOTJLA GROUP IN AND SOUTH OF
GLACIER NATIONAL PARK
DISTRIBUTION

Only fragments of the Missoula group remain, mostly on the higher peaks, within Glacier National Park.
West of the upper reaches of the Flathead River, it is
extensively exposed, although little known. From the
southern border of the park southward to the area
near Missoula just described and east of Flathead Lake
it forms broad expanses, especially on the northeastern
flanks of the mountain ranges. It is, however, absent
in the closely spaced ridges of the border of the mountains east of the North Fork of Sun River. The rocks
of the Missoula group south of lat 48°00' and in the
general vicinity of Ovando and north of Lincoln have
already been described.
CHARACTER

Only a few of the components of the Missoula group
in this broad region are sufficiently well-known to be
assigned formal names. Even some of the formations
named by Willis (1902) are inadequately or incom-
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pletely mapped. The rocks of the Missoula group in as long as 4.0 mm that consist of carbonate grains as
this region are broadly similar to those near Missoula much as 0.2 mm in diameter. Perhaps these ovals are
except that carbonate rocks similar lithologically but thoroughly recrystallized oolites (fig. 3F). Some beds
not stratigraphically to the Siyeh limestone of the Pie- contain stromatolites. Some illite and montmorillonite
gan group are more plentiful.
are present. The maximum reported thickness of the
In and close t, Glacier National Park the Purcell formation is 700 feet.
basalt and various sedimentary components of the MisUnnamed lenticular bodies of carbonate rocks of
soula group have been mapped (Ross, 1959). These mappable proportions are present in the Missoula
include a stromatolite zone, an unnamed unit of green- group of the region at various horizons. Perhaps
ish calcareous argillite, one of green and another of some of them may prove to be essentially equivalent
pinkish argillite, as well as several limestone masses. stratigraphically to the Shepard formation. Most of
Each of these, and probably others are expected to be- them closely resemble the Siyeh limestone in appearcome formations when detailed studies are undertaken ance and composition except that they contain more
in the region.
argillaceous material especially in the thinner masses.
The greenish calcareous argillite locally distin- Segregation structures of one kind or another are
guished at the base of the Missoula group near Glacier plentiful. Some are identical in appearance with the
National Park is transitional with the limestone of the molar-tooth structure for which the Siyeh limestone
Piegan group below, but is included in the Missoula is noted; others are so irregular as to bear no resembecause it is dominantly argillaceous. Also the litho- blance to the markings on teeth.
Stromatolite zones are fairly plentiful in the limelogic change is sharper at the base than at the top of this
argillite. The unit is nearly continuous in the northern stone bodies of the Missoula group (Rezak, 1957).
Swan Range, and has been noted in the Flathead Range One of these zones, approximately 6,000 feet above
and locally farther north although it thins in that direc- the base of the group, has been mapped locally as the
tion. Where it is especially characteristic, the thickness Conophyton zone 2 (Ross, 1959, p. 54). This zone
is 500 to 800 feet. This unit may correspond somewhat is about 100 feet thick, has five subdivisions and conto the basal part of the Miller Peak argillite near tains only two stromatolite species: Conophyton inMissoula.
clinatum and Collenia frequens. Another zone, about
The Purcell basalt, that in places within the park is 500 feet lower in the section, is 35 feet thick. It conconspicuously intercalated in the lower part of the Mis- tains heads of Collenia symmetrica as much as 5 feet
soula group, is an irregularly amygdaloidal, effusive high and 6 feet in diameter. Cryptozoon occidentale
basalt with pillow structure. Fresh surfaces are green- and Collenia frequens are also present.
ish gray to almost black, locally purplish. Weathered
The dimensions of the limestone masses vary widely.
surfaces are stained brownish. The rock is too highly Here and there throughout the Missoula group they
altered for precise mineral determination, but it orig- occupy a few inches or a few feet of strata. Most of
inated as a basalt containing calcic plagioclase, augite, the bodies that have been mapped are hundreds of
and some olivine. Traces of diabase texture remain. feet in maximum thickness and one is as much as
The feldspar now approximates oligoclase or albite- 3,000 feet thick.
oligoclase but may originally have been labradorite.
These different units are mostly local features of
Much of the rock consists of fine-grained, nearly opaque the Missoula group in and near Glacier National Park.
aggregate of secondary minerals that include chlorite, The main body of that group consists largely of argilsulfides, calcite, quartz, and possibly serpentine.
lite that is softer and less siliceous than most of the
The basalt in the park is 100 to 275 feet thick and in Grinnell formation. In most places purplish-red
different localities consists of two to eight or more flows. beds predominate, but yellow-green ones are rarely
In some places argillite separates the flows.
entirely absent and some beds are gray. Others are
The Shepard formation is at present recognized only red to pink or, rarely, almost white. One mass of
within Glacier National Park, where it overlies the green argillite was mapped separately, but most are
Purcell basalt. The principal component is fairly pure individually too small to be thus distinguished. Disdolomite, but some beds are argillaceous and siliceous tinctly purplish rocks are almost entirely absent, a feaand a few are conglomeratic with pebbles of lava. The ture that aids in discriminating between argillite beds
dolomite weathers to distinctive colors that range from of Missoula age and those of the Grinnell. Quartzpale yellowish brown to grayish orange. The matrix ite, of varying degrees of purity, is intercalated in the
consists of dolomite grains about 0.01 mm in diameter, argillite in many localities. In places, near the top of
but embedded in this matrix are numerous oval masses the group, the quartzite is the dominant rock. Ripple
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marks are very common, and mud cracks and intra- and arenaceous shale with beds of buff sandy shale and
sporadic layers of hard compact greenish-gray and
formational conglomerate are fairly so.
Much of the argillite in the main body of the Mis- drab siliceous rock. In the northern part of the Big
soula is composed of subangular grains with maximum Belt Mountains (Tweto, p. 41) the formation indimensions of 0.05 mm or less. Some of the quartz- cludes dark-blue-gray quartzitic argillite containing
ite beds are made up of grains as much as 0.5 mm in sericite, quartz, dolomite, graphite, feldspar, zircon,
diameter but most are distinctly finer grained. The muscovite, and tourmaline. Along Deep Creek, east of
components of the coarser beds are more perfectly Townsend, the base of the formation includes quartzite
rounded than those of the finer layers. Some of the interbedded with shale and with a basal conglomerate,
rounded grains are coated with thin films of sericite. composed of sand and pebbles as much as 8 inches in
Some recrystallization has taken place, but most of the diameter, derived from the underlying rocks of the Belt
series. The formation is about 3,000 feet thick, and the
grains have retained their original, elastic shapes.
The principal mineral in all the beds is quartz, but coarse beds along Deep Creek aggregate 100 feet in
most contain some feldspar, mainly rather alkalic pla- thickness. These beds must record a local unconforgioclase. Sericite is plentiful; chlorite is locally pres- mity between the Newland limestone and the Greyson
ent; and hematite dust is diffused through most of the shale and may represent the North Boulder group of
rocks. Clay minerals also occur. Carbonate, mostly the present report or an isolated occurrence of similar
calcite with some magnesium carbonate therein, is pres- rock. "Walcott calls attention to the absen,ce of the
ent in many of the beds and conspicuous in some where coarse beds at the base of the formation in the part of
the Little Belt Mountains described by Weed, but the
they weather rusty in color.
Fentons (1936, p. 610) report corresponding beds about
THE MISSOULA GROUP NEAR AND EAST OF HELENA 8 miles west of White Sulphur Springs. There they
found the Greyson to consist of blue-green to oliveDISTRIBUTION
brown argillite and metaargillite, weathering to brown
The Belt series was named from the mountains east on shaly slopes, with, near the base, pink to brownish
of Helena where most of it belongs to formations here quartzite or arkosic sandstone of variable thickness and
correlated with the Missoula group. These include the containing conglomerate lenses. Walcott (1899, p. 206,
Greyson, Spokane, and Empire shales, the Helena 235-238) reported trails and fragments of crustaceans
limestone, the Marsh shale, and also the Greenhorn in calcareous shale about 100 feet above the base of the
Mountain quartzite named by Knopf (1950, p. 839). Greyson shale both along Deep Creek in the Big Belt
These formations extend fully 50 miles north and Mountains and near Neihart in the Little Belt Mounsouth of Helena and occupy large areas in the Big tains. The Fentons (1936, p. 616) did not find the
Belt Mountains to the east of Helena. Essentially the trails and note doubts as to the crustaceans. White
same formations are widespread in the Little Belt (1929, p. 393) shared these doubts.
Mountains, also, but mapping there is inadequate to
East of White Sulphur Springs the formation condelineate them. Some of the units extend at least 25
sists
(Tanner, 1949, p. 12-14) predominantly of yellowmiles northwest of Helena also.
ish-gray to greenish-gray thin-bedded sericitic fissile
shale with few beds of hard argillite and some lenses of
GBEYSON SHALE
soft calcite-cemented fine-grained sandstone. ImmediIn the Little Belt Mountains the Greyson shale has ately north of White Sulphur Springs thin beds of
been described (Weed, 1900, p. 282) as composed of black limestone are common in the formation. The
dark-gray or black, fine- and coarse-grained siliceous transition zone with the Spokane shale is 40 feet thick
shale. The lower part of the formation is pearly gray and contains buff sandy ripple-marked shale with lenses
because of the abundant sericite. The upper part is of deep red argillite and silty shale. The formation is
more siliceous and includes beds of sandstone a foot somewhat over 2,000 feet thick.
thick. The formation is 955 feet thick.
According to Pardee and Schrader (1933, p. 125)
In the Big Belt Mountains the Greyson is prominent,
along the Missouri River near the Spokane Hills, the
thick, and, judging by descriptions, is variable. Ac- formation is chiefly dark-gray shale that weathers rusty
cording to the original description (Walcott, 1899, brown. It has markedly gradational contacts both at
p. 206) the lower part is dark coarse siliceous and top and at bottom. The basal beds include much slatearenaceous shale that passes upward into bluish-gray gray shale in which some of the lighter colored beds are
almost fissile shale, resembling a poor quality of porce- thickly peppered with brown specks regarded by Parlain. This is succeeded upward by dark-gray siliceous dee as oxidized grains of siderite. Next above the gray
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to greenish in spots, layers, or along zones several tens
of feet thick. The green material appears to be in part
related to fractures or to igneous intrusions but locally
may be original. Distinction between the Spokane and
the overlying Empire shale is based mainly on the criterion of red versus green color. Insofar as the green
may result from local alteration it is a weak stratigraphic criterion. Much of the Spokane shale in the
Big Belt Mountains is soft and poorly bedded, but
some has slaty cleavage. The thickness there is 1,500 to
2,000 feet.
North of Helena the Spokane shale is widespread
and thick. Along Little Prickly Pear Creek, south of
the settlement of Wolf Creek, the formation (Clapp
and Deiss, 1931, p. 691) is 4,500 feet thick.
Tweto (p. 41) studied a rock from Arrastra Creek,
west of Lincoln, that he, following Clapp and Deiss,
regarded as a component of the Spokane shale. This
rock is purple-gray, thin-bedded arkosic quartzite containing quartz and feldspar with the usual accessory
minerals. The elastic grains are subangular and subrounded, in siliceous cement. The grain size is 22 percent silt, 63 percent very fine sand, and 15 percent fine
sand.
Near White Sulphur Springs (Tanner, 1949, p. 1417) the basal part of the formation is argillite with
numerous lenses of thin-bedded silty shale and some
fine-grained sandstone, all deep red to chocolate except
for scattered streaks of bright green, which do not
everywhere accord with the bedding. The next few
hundred feet consists largely of argillite and shale in
beds a fraction of an inch to several inches thick.
Throughout this part there are thin zones of grayish
shale indistinguishable from that of the Greyson. Near
the top of the formation silty shale and fine-grained
sandstone are more common than argillite. The shale
and sandstone are thin bedded, ripple marked, and mud
cracked. Locally there are thin beds of buff impure
limestone and at one place a stromatolite reef was
noted.
In the southern Big Belt Mountains the Spokane is
reported (G. D. Robinson, 1958, written communication) to thin steadily from about 2,000 feet at Dry
Creek in the southwest part of T. 6 N., R. 4 E., to 0 near
Sixteenmile Creek, 9 miles to the south. Farther west,
along the Missouri River, the Spokane seems to thin
similarly southward, from something like 2,000 feet in
secs. 12 and 13, T. 5 N., R. 3 E., northeast of Toston
to no more than a few tens of feet 10 miles southwest in
the Lombard Hills, but the situation is complicated by
thrust-faulting.
In and near T. 6 N., R. 6 E., beds that have been
correlated with the Spokane shale (Klemme, 1949, p.

6-7) are about 3,000 feet thick; in sec. 27, T. 4 N., R.
3 E., they are 800 feet thick; and in sec. 31, T. 5 N.,
R. 4 E., they are less than 100 feet. Where the strata
correlated with the Spokane shale are thin they are
underlain by reddish-brown argillite, pale-green shale,
green-to-pale-brown quartzite and argillite, and some
siliceous limestone, the whole being about. 1,000 feet
thick. This sequence is correlated (Klemme, 1949, p. 7)
with the Greyson shale.
EMPIRE SHALE

In the Big Belt Mountains (Mertie and others, 1951,
p. 19-20) the Empire shale is commonly a hard dense
siliceous shale or argillite that is thinly bedded and
laminated and includes some thin beds of limestone in
its upper part. The shale is light to dark greenish
gray, except that red shale similar to the Spokane has
been mapped with the Empire in its lower part. The
lower part of the Empire shale is so gradational and
variable that the base cannot be fixed within an interval
closer than 200 feet• stratigraphically. The upper contact is also gradational but only within a range of 25 to
50 feet. The formation has a maximum thickness of
about 1,000 feet but in places pinches out entirely.
In the general vicinity of Marysville, where the
Empire shale received its name (Walcott, 1899, p. 207)
most of the formation is entirely contact metamorphosed. There the unmetamorphosed portion has been
described (Barrell, 1907, p. 31) as finely laminated,
soft limy shale, grayish green or buff, with a few reddish bands. Its lower members include yellow and
reddish sandstone, in part shaly and in part calcareous.
Barrell measured 520 feet of the Empire shale cut off
by a fault but thought the maximum thickness in the
vicinity of Marysville was much greater.
The Empire shale is well exposed just northwest
of Helena (Knopf, 1950, p. 837). There it contains
pale-green argillite, brick-red, maroon, and lavender
argillite beds identical with those in the underlying
Spokane shale, and fine-grained light-green and white
quartzite. Knopf regards the quartzite beds as the
best means of distinguishing the Empire from the
Spokane. He places the base of the Empire at the first
place where quartzite appears. He regards the Empire
as about 1,000 feet thick at this locality.
HELENA LIMESTONE

The Helena limestone covers large areas (pl. 1)
from near Helena northwest a short distance past long.
112°30' north of Little Prickly Pear Creek and has
also been recognized in the Big Belt Mountains east
of Helena. West of 112°30', as already noted, the name
has been used by some, but the correlations implied
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thereby do not seem warranted on the basis of existing
data. Some of the carbonate bodies west of 112°30' are
shown on plate 1, without formation names.
Walcott (1899, p. 207) applied the name to rocks near
Helena that consist of bluish-gray and gray thickbedded limestone of varied purity. Weathered surfaces
are coloted in part buff, in part light gray. Irregular
layers of broken oolitic and concretionary limestone occur at various horizons. Gray siliceous shale and greenish and purplish shale are intercalated in beds from half
an inch to several feet thick. The formation at Helena
was estimated by Walcott to be 2,400 feet thick.
In the Big Belt Mountains (Mertie and others, 1951,
p. 20) relations to other formations justify assignment
to the Helena limestone, but the rock differs in detail
from that near Helena. It is composed of thinly but
unevenly bedded, laminated fine-grained to dense dolomitic limestone. Thin partings of shaly limestone or
limy shale are locally present. The maximum observed thickness is at least 500 feet, but the formation
thins westward and disappears. Mertie and his coworkers attribute this to an erosional unconformity
prior to deposition of the Flathead quartzite.
Observations by the writer show that the limestone is
oolitic. Both near Helena and in the Big Belt Mountains it contains stromatolites. The rather wide variations in chemical content of the Helena limestone
recorded in table 22 are, in part, related to the stromatolites or to apparently kindred features. These variations are reflected in various etched and differently
colored features on weathered surfaces that give a distinctive appearance to the rock. The etched figures are
reminiscent of the molar-tooth markings in the Siyeh
limestone but are more broadly rounded, irregular, and
of larger scale than these markings.
Knopf (1950, p. 837-838) notes the presence of
siliceous oolites, edgewise conglomerate and stromatolites. He supports Barren's (1907, p. 32) estimate of
4,000 feet for the thickness of the Helena near Marysville. Knopf also thinks that the composition of the
formation justifies changing the name from Helena
limestone to Helena dolomite. The proportions of
dolomite and calcite in the formation vary from place
to place, and the name change is not advocated here.
MARSH SHALE

Walcott (1899, p. 207-208) speaks of the Marsh
shale as occurring near Helena and at intervals for
some 20 miles to the north of the city. He describes the
unit merely as reddish shale and gives thicknesses in
different localities that range from 75 to 300 feet.
In the Marysville area the Marsh shale has been
reported (Barrell, 1907, p. 33) to consist of red shale in

which the lower beds are calcareous in some places and
quartzitic in others. The thickness in that vicinity was
estimated to exceed 1,000 feet.
Knopf (1950, p. 838) says deep-red argillite, in part
maroon, purplish, and violet, constitutes much of the
Marsh, but quartzite, in members as much as 500 feet
thick, and cross-laminated siltstone are interbedded
with the argillite. Some laminae contain casts of salt
crystals. The top of the formation south of Marysville
is deep-maroon mud-cracked and ripple-marked argillite with thin quartzite beds. The reddish argillite in
the Marsh is regarded by Knopf as indistinguishable
from the similar argillite in both the Spokane and
Empire formations. He thinks that the most distinctive member of the Marsh is dark-red quartzite that
weathers to a dark blackish red. Knopf reports that
the Marsh shale thickens from 250 feet at Helena to
3,000 feet south of Marysville.
Tweto (p. 41) describes an impure mottled lightpurple and light-green thin-bedded argillite from the
Marsh shale in the city of Helena. This rock consists
of quartz, feldspar, and minor amounts of calcite,
chlorite, hematite, biotite, muscovite, limonite, sericite,
epidote, and rutile. The feldspar grains are altered,
and some of the chlorite masses have shapes that suggest they may have been derived from amphibole. The
grain size is chiefly silt and the rest very fine sand.
GREENHORN MOUNTAIN QUARTZITE

The Greenhorn Mountain quartzite of Knopf (1950)
is exposed on the mountain of that name south of
Marysville and may extend as far west as Nevada
Mountain (Eleanora B. Knopf, written communication). The Greenhorn Mountain quartzite has been
grouped with Paleozoic rocks by earlier workers (Pardee and Schrader, 1933, pl. 2) and, hence, may be more
widespread than is now known. The lower part is massive quartzite, in places showing festoon crosslamination; the upper third is well stratified in beds
1 to 2 inches thick. The Greenhorn Mountain quartzite
contains notable quantities of clear microcline, which
distinguishes it from the nonfeldspathic Middle Cambrian Flathead quartzite. The Greenhorn Mountain
quartzite is reported to be 1,800 feet thick, with the top
bounded by the erosion surface on which the Flathead
rests.
NORTH BOULDER GROUP
DISTRIBUTION

The rocks to which the name North Boulder group
was originally applied (Ross, 1949, p. 113) are in T. 2
N., Rs. 3-4 W.; T. 1 N., Rs. 1-4 S.; T. 1 S., R. 4 W., and
in and near T. 2 N., Rs. 3-6 E., and northward. Similar
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material is exposed east of Divide in T. 1 S., Rs. 7-8 W.
(Sahinen, 1939, 1950). Rocks so coarse that they seem
best regarded as belonging to the group are now known
to occur west and south of Divide ( written communication by P. A. Guttormsen, 1952 ; S. D. Theodosis, 1956;
W. B. Myers, 1957). Other masses are expected to be
recognized when further mapping is done in and near
Jefferson and Gallatin Counties, and perhaps elsewhere
in southwestern Montana.
CHARACTER

E. S. Perry (1950; written communication, 1947) reports that the lower part of the North Boulder group in
its type locality consists of conglomerate with boulders,
as much as 2 feet in diameter, of schist, gneiss, pegmatite, marble, and quartzite, typical of the Cherry Creek
group (pre-Belt). That group is extensively exposed
farther south. The conglomerate is estimated by Perry
to be 2,000 to 4,000 feet thick . The rocks next above
the conglomerate consist of well-bedded greenish to
gray-green coarse sandstone (graywacke or arkose)
composed of angular to subangular grains of quartz,
feldspar, and other silicate minerals embedded in a dark
matrix. These beds were estimated by Perry in 1947 to
be 2,000 feet thick, but later in his guidebook Perry
(1950, p. 40-43) stated that "the thickness is in the
order of one mile." The beds are overlain by arkosic
shale. The shale is thin bedded and in different parts is
red, pink, purple, black, green, and gray, the last being
dominant. The thickness of the shale unit varies from
zero to about 1,000 feet. The Flathead quartzite (Middle Cambrian) high on the north side of the valley of
the Jefferson River rests on the shaly beds. Field inspection by M. R. Klepper and the writer shows that
the shaly unit is largely composed of beds that resemble
the Greyson and Spokane shales farther north. A large
expanse covered by Tertiary sedimentary rocks intervenes between the exposures of the Belt series near
North Boulder River and those south of Helena to which
formational names have been applied.
The beds in the area just cited have also been studied
by Alexander (1955). He named them the La Hood
formation, taking the name from a small settlement
along the Jefferson River east of Whitehall. A composite section measured by Alexander in disconnected
exposures in the SE1/4 sec. 12, T. 1 N., R. 3 W., and
SW1/4 sec. 7, T. 1 N., R. 2 W., has three major subdivisions. The lowest consists of 1,121 feet of olivegray to dark-greenish-gray arkosic sandstone with irregular lenses of conglomerate and minor amounts of
silty shale. The largest conglomerate lens noted is 240
feet long and 30 feet thick. The conglomerate grades
both laterally and vertically into sandstone. Many of

the boulders in the thickest lenses are more than 2 feet
in diameter, enclosed in a sandy matrix. Most of the
boulders are well rounded but one lens contains angular
fragments of light-colored quartz diorite gneiss 21/2 feet
long. The boulders consist of milky quartz, granite
gneiss, garnet-hornblende-plagioclase schist, plagioclase, clear quartz, orthoclase, gabbro, diorite, and lightgray marble with tremolite needles. The middle unit
in the measured section, 775 feet thick, consists of
notably hard light-olive-gray sandstone with beds of
silty shale as much as 2 feet thick in its lower part. The
upper unit, 820 feet thick, consists mainly of soft-gray
to brown sandstone with a few erratic boulders and a
little silty shale. The sandstone beds throughout the
section are similar and contain 15 to 40 percent quartz,
35 to 60 percent feldspar, 1 to 17 percent pyribole, 12
to 32 percent micaceous matrix, and such accessory constituents as hematite, apatite, garnet sphene, muscovite,
calcite, zircon, and magnetite. The sand grains are
poorly sorted and subangular to angular.
Throughout the unit as described by Alexander the
bedding is regular in resistant beds and highly
irregular in soft beds. In places sandstone lenses 8
feet thick may disappear within 50 feet laterally.
The beds vary from a few inches to 20 feet in thickness.
Crossbedding, ripple marks, and mud cracks are absent
but evidence of intraformational scour is abundant.
From Alexander's description, the proportion of
shaly beds in the North Boulder group appears to
increase northward as a result of facies changes.
About 10 to 15 miles to the northwest of this section
Alexander records three units, which he regards as
Grayson shale that are separated from each other and
from the overlying Flathead quartzite by coarse beds
such as characterize the North Boulder group. He
does not mention the red shaly and sandy beds that
resemble the Spokane shale. They crop out east of the
lower reaches of the North Boulder River. Alexander
could not measure the full thickness of the North
Boulder group (his La Hood formation) but regarded
it as between 2,700 and 5,000 feet with the larger figure
approximating the total near Whitehall. Tansley and
Schafer ,(1933, p. 11, 12), who worked mainly south of
Whitehall, found similar rocks in the northern end of
their area. They estimated the maximum total thickness as 5,000 feet, but the unit thinned abruptly to
the east and south.
Four miles northwest of Sappington, coarse rocks
here assigned to the North Boulder group have been
reported (Berry, 1943, p. 5-8). They are darkgreenish-gray coarse arkosic sandstone, in part conglomeratic. The pebbles are of gneiss and white vein
quartz. Micaceous shale is interbedded with the sand-
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stone in the middle part of the sequence. The total
recorded thickness is 4,000 feet.
The northern end of the Tobacco Root Mountains
contains rocks whose character (as reported by J. V.
Barnes, in 1954, in an unpublished report, "North end
of the Tobacco Root Mountains, Madison County,
Montana," for Indiana Univ.) warrants assignment
to the North Boulder group. The rocks consist mainly
of tan and gray conglomerate, arkosic sandstone, and
argillite.
In an area of 3 square miles in T. 1 N., R. 1 W.,
which includes part of that described by Berry, and
in a smaller area in sec. 5, T. 1 N., R. 1 E., Robinson
(1963) has described rocks of the North Boulder group.
These consist mostly of thick-bedded dark-yellowishbrown coarse micaceous, feldspathic sandstone. Some
layers contain many flat pebbles. Thin laminae of
micaceous olive-gray siltstone separate many of the
sandstone beds, especially in the upper part of the
sequence. In the lowest, southernmost exposures, lenses
of cobble conglomerate appear. A distinctive reddishbrown to grayish-red coarse arkosic sandstone, 100 to
250 feet thick, is at the top of the exposed sequence.
The average grain size throughout the assemblage
decreases northward, both stratigraphically upward
and down the dip. The exposed thickness is 4,000 feet.
The rocks are rich in mica, chlorite, microcline,
and sodic plagioclase. The coarse sandstone, here the
dominant component, contains 40 percent quartz, 30
percent white or colorless oligoclase-andesine, 15 percent orange-pink microcline, 5 percent mica, mostly
biotite, and 10 percent matrix, largely chlorite, clay
minerals, limonite and hematite, and, locally, carbonates. Minor constituents include zircon, apatite,
sphene, and opaque oxides. The siltstone laminae
contain much the same minerals but with chlorite,
mica, and clay minerals dominant, and quartz and
feldspar rare. The cobbles in the conglomerate include
vein quartz, quartzite, granite pegmatite, diorite,
gneiss, amphibolite, and dolerite. The red sandstone
at the top of the sequence locally has as much as 25
percent of clay-size material. It is low in mica and
high in chlorite, limonite and hematite. The plagioclase is thoroughly argillized though the microcline is
fresh.
The Belt. series in areas east of Three Forks and
extending as far north as White Sulphur Springs has
recently been described in three doctoral dissertations
(Klemme, 1949, p. 6-8; Tanner, 1949, p. 12-17; Verrall,
1955, p. 15-30). The descriptions are summarized in
preceding parts of the present report. They indicate
that representatives of the Spokane shale, Greyson
shale, Newland limestone, and possibly the Chamberlain shale, may be present. Toward the south, mostly

in the area studied by Verrall, these rocks interfinger
with coarse beds regarded by Verrall as stratigraphically lower than the La Hood formation of Alexander
(1955). The North Boulder group of the present
report includes all the coarse components of the Belt
series in this part of Montana.
Coarse sedimentary rocks of the Belt series have long
been known in the mountains in and near T. 2 N., R. 6
E. (J. P. Merrill, in Peale, 1893, p. 49; Peale, 1896, p.
2). These rocks have recently been studied in some
detail by McMannis (1952, p. 11-14; 1955, p. 13901392).2 His description resembles that of the North
Boulder group in its type locality so closely that the
correlation can be made with confidence. The rocks
include coarse conglomerate, coarse arkosic sandstone
and, in the northern part, dark-gray argillite and a few
beds of siliceous limestone. The conglomerate contains
cobbles and boulders of gneiss, quartz, and schist in a
sandy matrix. The sandstone is so massive that
bedding is difficult to find. The sandstone is moderately dark gray green where fresh and weathers dark
brownish green, locally reddish. It contains quartz,
microcline, and orthoclase, with some plagioclase in a
matrix composed largely of chlorite and altered
biotite and amphibole. The assemblage of coarse
sedimentary rocks is over 6,000 feet thick.
The rocks of the Belt series east of Three Forks and
north of the lower reaches of the East Gallatin River
were originally described (Peale, 1893, p. 16-20) as
consisting of coarse micaceous sandstone and conglomerate, with beds of hard, brown, greenish-black, and
red argillaceous slate and thin-bedded dark-blue
siliceous limestone. The sandstone is prominent in
both the upper and the lower parts of the sequence.
The limestone is mainly low in a sequence, 2,300 feet
thick, that was measured by Peale. He quotes two
analyses of the limestone, given in table 33, below.
TABLE

33.—Analyses, in percent, of limestone from the north
side of the East Gallatin River near its mouth
[Charles Catlett, analyst]
I

Calcium carbonate (CaC0s)
Magnesium carbonate (MgCO3)- Iron oxide (Fe203)
Aluminum oxide (A1203)
Insoluble (silica)
Total

II

67.85
6. 18
2.50
23.50

59.11
1.96
1.92
35.26

100.03

98.25

Exposures here tentatively correlated with the North
Boulder group are in and near T. 1 S., Rs. 7-8 W.,
east of Divide. These rocks are described (Sahinen,
1950, p. 13-15) as composed of a thick conglomerate
Attention is called to McMannis' report entitled LaHood Formation—A coarse facies of the Belt Series in southwestern Montana : Geol.
Soc. America Bull., 74, p. 407-436. 1963. His LaHood is essentially
the North Boulder Group of this report.
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overlain by argillite, slate, quartzite, and quartzitic conglomerate. The basal conglomerate, which overlies
schist unconformably (Sa.hinen, 1939, P. 14), is greenish
gray and contains subangular to well-rounded pebbles
and small boulders of quartz, quartzite, slate, and schist
in a matrix of fine quartz sand and argillaceous material,
with appreciable amounts of white mica. The pebbles
range from less than one-quarter to more than 6 inches
in diameter. The conglomerate grades upward into
coarse-grained dark-gray arkose containing feldspar,
quartz, and white mica. The argillite, the predominant
rock, is gray green, fine grained, and irregularly laminated and weathers dark red. It contains quartz, feldspars, sericite, and clay minerals in grains 0.25 mm and
less in diameter. Much of the argillite is still finer
grained; in some the maximum observed diameter of
quartz grains is 0.04 mm. Most of the quartzite is in
pink and black layers and composed of grains 0.5 mm
and less in diameter. Some of the quartz has been recrystallized into a mosaic and shows minute needleshaped crystals and shreds of sericite. The conglomeratic beds contain pebbles as much as 4 inches in diameter in a pink quartzite matrix streaked with black.
The quartzite can generally be distinguished from that
of Paleozoic age in the vicinity by the dark irregular
layers or streaks.
S. D. Theodosis (unpublished Ph. D. dissertation, Indiana Univ., 1956) mapped rocks that presumably belong to the North Boulder group in T. 1 S., R. 9 W., in
the Melrose area southeast of Divide. He estimated the
thickness as over 4,000 feet and recorded black, gray,
green, and red silty shale and argillite with conglomeratic quartzite in the lower parts of the sequence. The
upper few hundred feet include purplish-red, white,
yellow, and gray conglomeratic quartzite, intercalated
with brown siliceous argillite.
Exposures west of Divide seem to be, at least in part,
correlatable with the North Boulder group (written
communications by P. A. Guttormsen, 1952; W. B.
Myers, 1958). These beds include maroon sandy quartzite, buff to white quartzite and quartzitic sandstone,
siltstone, argillite, and conglomerate. Unlike much
of the conglomerate in the group, the contained pebbles
and cobbles are well rounded and rather well sorted,
with long axes tending to be parallel to the bedding
planes. Diameters range from one-eighth of an inch
to 8 inches, commonly about 2 inches. The pebbles
and cobbles are mostly quartz and quartzite, with some
jasper. The matrix is quartzitic and contains feldspar,
sericite, and hematite. The sandstone above is crossbedded and locally shows ripple marks and mud cracks.
Some beds contain garnet. The Hasmark formation
(Upper Cambrian) is reported to rest directly on the

rocks just described, but the upper part of the Belt
sequence here is quartzitic sandstone, leaving the possibility that it may include representatives of the Flathead quartzite, which in most of the region is the lowest
of the Cambrian formations.
THE BELT SERIES IN AND NEAR NORTHEASTERN
WASHINGTON
DISTRIBUTION

The Belt series is present in and near the northeastern corner of Washington, but its components cannot at present be correlated with named units farther
east. Rocks of the Belt series crop out in Boundary
County, Idaho, west of the valley of the Kootenai River,
in and near Pend Oreille County, Wash., and equivalent
strata reach over large areas in British Columbia northward at least as far as the vicinity of lat 52°. In British
Columbia, and to some extent in Washington, the
Shuswap complex (Canada Dept. Mines and Research,
1948) of metamorphic rocks probably includes rocks of
the Belt series, that cannot be separately delineated on
the basis of available data. The Priest River group,
or terrane, once regarded as pre-Belt (Daly, 1912, p.
258-271), is believed to be part of the Belt series for
reasons outlined on page 89. Rocks in and north of
southern Stevens County, Wash. (Weis, 1959), seem
likely to be correlatable with the Belt series.
CHARACTER

In northeastern Washington (Park and Cannon, 1943,
p. 5-15) the stratigraphic sequence includes, in ascending order, the Priest River group, Shedroof conglomerate, Leola volcanics, and the Monk formation. In
Daly's (1912, p. 258-271) nomenclature the Priest River
group is the Priest River terrane, the Shedroof conglomerate is the Irene conglomerate, and the Leola volcanics is the Irene volcanic formation. In a later report
(Little, 1950, p. 5-6) applicable only in Canada the
Shedroof conglomerate becomes the Toby conglomerate,
and the Leola volcanics are called the Irene volcanic formation. Little regards the Toby and Irene as belonging
to the Windermere series, whose Precambrian part corresponds to the upper part of the Belt series of the
United States. The Priest River group is a complex
sequence of metamorphic rocks that includes phyllite,
schist, limestone, dolomite, quartzite, and volcanic rocks,
regarded as unconformably below the Shedroof conglomerate. The conglomerate is coarse very poorly
sorted dingy:gray-brown rock. Most of the contained
fragments are 1 to 8 inches across. Many are smaller,
but a few irregular limestone blocks have diameters of
5 feet or more. Some sandy phyllitic and dolomitic beds
are intercalated in the conglomerate. The pebbles in
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the Shedroof conglomerate have probably been derived
from the Priest River group, but the bedding in the
latter appears to parallel the contact with the conglomerate. The thickness of the Shedroof conglomerate varies widely but is several thousand feet. The
rock may be a fanglomerate, but its origin is not clear.
"The wide deposition of such immense quantities of
uniformly coarse debris is difficult to explain" (Park
and Cannon, 1943, p. 9). The Shedroof conglomerate
grades upward into the Leola volcanics. The latter
includes greenstone and green schist, regarded as metamorphosed lava and tuff. The thickness is variable and
difficult to determine but is supposed to be over 5,000
feet.
The Monk formation overlies the Leola volcanics,
apparently unconformably. It consists mainly of finegrained phyllite but includes quartzite, grit, and quartzitic limestone, with conglomerate at the base. Park
and Cannon tentatively assigned the Monk formation
to the Cambrian, as it is conformable with and grades
upward into the Gypsy quartzite, which has yielded
Cambrian fossils. Two other formations of Cambrian
age (Maitlen phyllite and Metaline limestone) lie above
the Gypsy quartzite. In British Columbia the contact
between the Precambrian and Cambrian has been placed
tentatively somewhat higher on the basis of more recent
work (Little, 1960, p. 10-11). The change is made
mainly because the base of the Monk formation appears
to be 12,000 to 14,500 feet below a horizon at which
abundant pleosponges have been found. The latter are
regarded as probably equivalent to the Olenellus zone of
Early Cambrian age. The fossils collected by Park and
Cannon in their Gypsy quartzite are thought by Little
to come from a horizon several hundred feet below the
horizon that yielded the pleosponges. Little tentatively
places the Precambrian-Cambrian boundary at the base
of his Quartzite Range formation, which appears to
correspond to a horizon within the Gypsy quartzite of
Park and Cannon. The latter is 5,300 to 8,500 feet thick.
In any event, no hiatus has been suggested anywhere
between the base of the Monk formation and the horizons that have yielded Lower Cambrian fossils. Hence
the horizon selected as the base of the Cambrian system
in the locality is necessarily arbitrary, chosen mainly
on the basis of ready recognition in mapping.
In the northwest corner of Idaho (Kirkham and Ellis,
1926, p. 17-27, 39-40) the Irene conglomerate and Irene
volCanic formation of Daly have been grouped as
Purcell lava, although obviously sedimentary rocks
make up a large part of the unit. At the base of the
so-called Purcell lava is 5,000 feet of conglomerate in
which the sand and pebbles are chiefly made up of sericitic quartzite and white quartzite supposed to have been

derived from the Revett quartzite of Kirkham and Ellis,
part of an assemblage they thought equivalent to the
Priest River terrane of Daly. The conglomerate interfingers at the top with 6,000 feet of altered basaltic and
andesitic lava flows, greenstone schist, tuff, conglomerate, breccia, and dolomite.
The rocks included in the Priest River terrane are
metamorphosed, and Daly (1912) thought that they
were bounded at the top by an unconformity. In northeastern Washington these rocks have been called the
Priest River group (Park and Cannon, 1943, p. 6) and
include phyllite, schist, limestone, dolomite, quartzite,
and volcanic rocks. The unconformity at the top is
noted. In British Columbia (Canada Dept. Mines and
Research, 1948) the rocks Daly included in the Priest
River terrane are mapped as belonging to the upper part
of the Purcell series and the Windermere series.
In and north of southern Stevens County, Wash.
(Weis, 1959), Precambrian rocks are overlain unconformably by conglomerate with volcanic rocks over
this, and both are unconformably overlain by Lower
Cambrian quartzite. These various rocks extend northward into the Nelson map area in British Columbia.
Weis suggests that the three kinds of rock below the
strata of Early Cambrian age represent a facies of the
Belt series. He says they differ in that shallow water
features are scarce and the fine-grained elastic rocks in
the southwesternmost exposures include carbonate
strata. Both these features exist in parts of the Belt
series in Montana and they, therefore, are not sufficient
to prevent correlation of the rocks in Stevens County
with the Belt series in a general way.
GENETIC PROBLEMS
It is obvious from the above descriptions that the
Belt series covers broad expanses of country and was
deposited in shallow water. Each geologist who has
discussed its genesis has had his own concepts as to the
form and boundaries of the area of deposition, the relations to the open oceans, marine versus lacustrine
deposition, sources of the material, and climatic conditions during deposition. Many of the facts necessary
to solve such problems are still lacking. Some are obscured by an extensive cover of later deposits; others
are to be sought in regions so remote that adequate
geologic studies cannot be expected for a long time to
come. Even within western Montana, the region of
immediate interest in the present investigation, there
are wide areas for which available data are scanty.
Thus, any ideas as to the origin of the Belt series must
necessarily be tentative.
The Belt series in and west of Montana was once
thought of as a representative example of the Algon-
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kian system. It was laid down in an essentially continuous wide, shallow basin, whose floor and borders
are nowhere well exposed. Towards the west the old
shores are now either obliterated by intrusions or covered by lava flows. Northward the basin may have
extended to the Arctic Ocean. Sediments were deposited as far south as northern Mexico but whether in a
single basin or partly or wholly separate basins cannot
be proved. The sediments composing the series are
products of the erosion of gneiss and schist and sedimentary rocks derived from these rocks, probably carried mainly by streams of low gradient under rather
arid conditions, but possibly accompanied by glaciation
locally. They were laid down under marine rather than
lacustrine conditions but in water that, at least for long
intervals, was more shallow than is common in either
environment. The carbonate rocks, like those of younger seas, derived their constituents largely from organisms that grew in the water in which those rocks formed.
In some localities deposition may have been essentially
continuous from Belt time into later periods. Elsewhere the series was eroded and deformed before being
covered by later deposits.
THE TERMS "ARCHRAN" AND "ALGONKIAN" IN
RELATION TO THE BELT PROBLEM

The Belt series constitutes the assemblage of dominantly sedimentary rocks to which the name "Algonkian" was originally intended to be applied in Montana
(Powell, 1890, p. 19-20, 59-61, 66). As studies throughout North America progressed it became evident that
sedimentary rocks were included in the "basement complex" to which the name "Archean" had been restricted
(Wilmarth, 1925, p. 103-104). Consequently the definition was modified so that the Algonkian rocks came
to include all those below the Cambrian to which "the
ordinary methods of stratigraphy could be applied"
(Walcott, 1903, p. 26), a qualification that has been
reiterated more recently (Leith, 1934, p. 171). The
rocks of the Algonkian system as defined at that time
are chiefly shales, sandstones, and limestones and their
metamorphic equivalents, but it was recognized that
some igneous rocks were so situated that they could not
be excluded from the Algonkian. Fossils were reputed
to be present in strata then assigned to the Algonkian,
but it was not possible to use them as tools of stratigraphy. In this respect the ordinary methods of
stratigraphy, called for in the definition, could not be
applied to components of the Algonkian system. Under
both the original and revised definitions, the Belt series
over most of its area of outcrop constitutes the sole
representative of the Algonkian system. Geologists

in the first quarter of the 20th century tended to use
Algonkian and Belt as essentially synonymous.
It was natural to assume the presence of a great unconformity at the base of the Belt series everywhere,
scanty though the direct evidence was. The surface
on which the series rests was spoken of as the EpArchean surface or peneplain, a term originally proposed by Lawson (1902, 1914, p. 361-363) in a different
region and by Hinds (1936a, p. 5; 1938). Controversy
as to nomenclature in the Lake Superior region (Van
Hise and Leith, 1909, p. 38, 322-323, 371, 382; James,
1958, p. 28-30) has beclouded the issue somewhat. As
far as the Belt series is concerned, the matter is complicated by the fact that near Neihart the series rests
on gneiss that by any definition can be safely thought
of as Archean or of Archean type, whereas farther
south it probably rests in large part on highly metamorphosed but indisputably sedimentary rocks. These
include the Cherry Creek group of Peale (1896) and
the Pony series of Tansley, Schafer, and Hart (1933,
p. 8-11), both having igneous rocks associated with
them. The gneiss near and south of Neihart and even
the Cherry Creek group and Pony series has, in the
past, been regarded as of Archean age (Weed, 1896,
1899; Tansley, Schafer, and Hart, 1933; McMannis,
1952, 1955) but the Cherry Creek group has been referred to, more or less tentatively, as Algonkian (Tansley, Schafer, and Hart, 1933; Van Hise and Leith, 1909,
p. 38 ; Peale, 1896).
Parts of the rocks of the Cherry Creek group and
the Pony series would yield, presumably, to attack by
the ordinary methods of stratigraphy and might, therefore, be thought of as of Algonkian type; but much of
the laminated gneiss in this part of Montana, whether
or not originally sedimentary, probably will be impossible to study effectively by such methods. On this
basis they might well be referred to as of Archean type,
but the term would have little significance. On the
basis of present data, the age relations between the
various rocks of igneous appearance, markedly laminated or not, and those rocks that are still obviously
sedimentary are uncertain. Further, reconnaissance in
connection with the compilation of the geologic map
of Montana (Ross, Andrews, and Witkind, 1955) disclosed localities where granitic rock reputed to be of
pre-Belt age seems to intrude Paleozoic limestone. The
uncertainty as to the age of granitic rocks in southwestern Montana has been referred to by Klepper (1950,
p. 72). Heinrich (1949a, p. 7-11; 1949b, p. 309-322)
pointed out that pegmatites of three different ages
occur in the area of metamorphic rocks and difficulties
arise in dating specific pegmatites and determining
their parent rocks. His data serve to reinforce the con-
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cept that granitic rocks of more than one age are
present.
All this serves as an illustration of the difficulties
and complexities of stratigraphic correlations in Precambrian rocks, even where some are relatively little
metamorphosed. Because of situations of this sort, and
others more complex, Leith (1934, p. 171-172) has proposed to apply the terms "Algonkian type" and
"Archean type" to rocks that are or appear to be of the
kind formerly assigned to the Algonkian and Archean
systems. His terms would imply that the rocks had the
lithologic characteristics on which former usage was
based, but would carry no age significance. His proposal has found favor with many geologists and is
virtually at present adopted as the official usage of the
U.S. Geological Survey (Geologic Names Committee,
1953). The conveniences afforded by usage of this kind
are obvious but it is hoped that the expedient is a temporary one. If progress is to be made in working out
the history of Precambrian rocks, age relations need to
be considered. The difficulties are many and have been
pointed out by all who have touched on the problem.
They are not necessarily insuperable. As detailed mapping and study continue, some of the specific problems
will be solved. Where exposures of old rocks are separated from each other by broad expanses of younger
rocks some other means of study is essential. Perhaps
eventually radioactive methods of age determination
will progress far enough to be of greater assistance
than they are at the moment.
THE LOWER LIMIT OF THE BELT SERIES

According to general usage, the Belt series consists
dominantly of sedimentary rocks so little metamorphosed as to be easily recognized as such. By implication, at least, pre-Belt rocks are more thoroughly metamorphosed or otherwise so different from those typical
of the Belt series that no confusion arises. On the
whole, this implication seems justified. Here and there
rocks now regarded as belonging to the Belt series are
so much metamorphosed as a result, directly lar indirectly, of igneous activity, that they have in the past
been supposed to be of pre-Belt age. Their present
assignment to the Belt derives from tracing progressive
metamorphic changes from undoubted Belt rocks into
more severely altered units. The Shuswap series in
British Columbia and gneissic rocks near Shoup, Idaho,
are cases in point. Another case may be the small patch
near Lost Creek beyond the southeast corner of Granite
County once mapped as pre-Belt gneiss, schist, and
related rocks (Ross, Andrews, and Witkind, 1955).
Reconsideration of the scanty evidence has resulted in
revision of opinion, and this small area is shown on
862846 0-68--6

plate 1 as belonging in part to the Missoula, in part to
the Piegan group.
South of the region in which the Belt series is known,
definitely stratified rocks, mainly of sedimentary origin
but regarded as of pre-Belt age, are plentiful in several
localities. The Cherry Creek group and Pony series
in southern Montana, the stratified rocks of Precambrian age in northwestern Wyoming, and the Uncompahgre formation in southern Colorado, are examples.
Some of these units are enough like the Belt series so
that, as noted below, uncertainties as to correlation have
arisen. Within the region occupied by the Belt series
itself no uncertainty of this particular kind is known
to exist. The age relations between that series and the
Hyndman and East Fork formations north of Hailey,
Idaho, and the Albion Range group in Cassia County,
Idaho, are not conclusively established but these units
are so limited in distribution and so far away from
rocks generally accepted as components of the Belt
series that the problem is not acute.
Some beds low in the Belt series in and near the Coeur
d'Alene region, Idaho, contain subordinate amounts of
fragments of argillaceous rocks. These fragments
might have come from unknown pre-Belt strata rather
than from the series itself. Thus, where relations
between rocks now thought of as near the base of the
series and those at higher horizons are obscure, it is
conceivable that the stratigraphically low rocks are of
pm-Belt age. The metamorphosed rocks east of Lolo
Hot Springs at present. assigned to the Prichard formation may be an example. These rocks show marked
effects of the intrusion of the nearby Idaho batholith,
but the possibility of prior metamorphism from other
causes remains. Conceivably they belong not to the
Prichard formation but to some unrecognized unit of
pre-Belt age.
FORM AND EXTENT OF THE BASIN

In Montana and northern Idaho, the basin within
which the Belt series was laid down is believed to
correspond fairly closely to the region containing outcrops of that series. The eastern boundary of these
outcrops starts at the Canadian border a dozen miles
east of long 114° (fig. 7). It extends southeast to a
point near long 110°20', lat 46°40', swings southwestward to near long 111°, lat 45°52,' thence almost due
west and then southwest to the extreme southwest corner
of Montana. In Idaho the boundary is less adequately
defined but extends southwest roughly to long 114°, lat
44°. West of that point, the boundary of the Belt series
is complicated by the presence of the Idaho batholith,
but it may extend to about long 116°, lat 45° and thence
to long 117°, lat 46°. Probably all Idaho north of
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this poorly defined boundary was originally underlain
by rocks of the Belt series. To the south, small areas
of sedimentary rocks that have been supposed to be
of Precambrian age are known, but none of them has
been correlated with the Belt series. The Snake River
Plain with its lava flows and associated sedimentary
rocks effectively eliminates the possibility of direct
tracing of relationships among the old rocks. In
Washington there are rocks allied to the Belt series,
at least in the northeastern corner (Park and Cannon,
1943; Weis, 1959), but the cover of later rocks is so
extensive that no western boundary can be drawn on
the basis of present knowledge. Taking into account
the Precambrian rocks north of Washington and their
absence in most of eastern Washington and in eastern
Oregon the best guess is that this boundary is not far
west of the border between Washington and Idaho.
Thus, roughly 65,000 square miles in Montana, Idaho,
and Washington contain exposures of the Belt series.
Though deposits of some sort may be assumed to
have covered all of the submerged basin surface, those
along the shores may have been thin enough in places
to have been readily removed by erosion. As most
slopes were gentle and currents slow, such thin marginal deposits may have covered fairly large areas.
Because of the thick cover of Paleozoic and later rocks
along the eastern boundary of the Belt series in Montana, little direct evidence bearing on this point is to
be expected there. The position of the border of the
submerged area must have shifted from time to time
during the long interval in which the Belt series was
laid down and may have been modified locally by erosion before it was covered by Paleozoic sediments. As
the deposits were at times mud flats on which algal
heads projected above the water, the shore was ill defined even while deposition was in progress. For long
stretches no distinctive near-shore sediments such as
might be expected in deeper basins of deposition were
formed. The thrusts that have broken the rocks along
the mountain front have shoved masses of strata of
the Belt series east or northeast of their original position. However, it seems unlikely that thrusting has
extended the area underlain by Belt rocks more than
roughly 50 miles eastward beyond its original limit.
When the other uncertainties as to the shape of the
Belt basin are considered, the error introduced as a result of thrusts becomes of minor consequence. The
scanty data available as to extensions of the Belt rocks
in Montana east of the main mass are as follows:
Near Neihart the floor of crystalline rocks is high
enough so that rocks of early Paleozoic age rest on the
surface of the northern part of a small mass of gneiss,
whereas rocks of the Belt series lie on the southern part

of the same mass. The locality is only a short distance
north of the easternmost point of exposures of the main
body of the Belt series as outlined above (long. 110°20',
lat. 46°40') and just inside that border. Small exposures of rocks believed to belong to the Belt series are
known in the Big Snowy Mountains, some 50 miles east
of that point (Reeves, 1931, p. 145). Perhaps these are
remnants of the thin and fine-grained marginal
deposits.
East of the map area (pl. 1), near the Canadian border, a minette sill in strata of Cretaceous age west of
Whitlash (Ross, 1950, p. 187) contains inclusions of
gneiss, granite, quartzite, and schist believed to have
been derived from the complex of crystalline rocks of
pre-Belt age that underlies the region. This has been
taken to imply that no representatives of the Belt series
were present at this locality when Paleozoic beds were
laid down. The exposure is roughly 120 miles due east
of the present eastern boundary of the Belt series. The
Belt shore near the present international boundary,
therefore, may have been somewhere within the 120-mile
interval.
A few of the many wells drilled in search of oil east
of the mountains (Dobbin and Erdmann, 1955) have
passed through the Paleozoic assemblage and reached
igneous rocks interpreted as of Precambrian age. None
of these wells penetrated any rocks allied to the Belt
series. Alpha (1955), who describes the igneous rocks
drilled, gives convincing evidence that they belong to
what he terms the Precambrian basement, and, on the
basis of well data and correlative information, argues
for an old structural high, called the Genou Trend. Uplift along this trend zone began so long ago that it is
reflected in a topographic ridge composed of rocks of
the Precambrian basement (pre-Belt) and now covered by Paleozoic and later rocks. The Genou Trend
extends some 35 miles northeast from south of Collins
(east of map area, pl. 1), which is in T. 25 N., R. 2 W.
The evidence for areas near Neihart, Collins, and
Whitlash favors the idea that the shore of the Belt basin
in Montana and north of Neihart may have trended
northwest and been approximately 50 miles from the
main mountain front. Subsurface data in Alberta
(Burwash, 1957) reveal no evidence of the Purcell or
Windermere series east of the foothills. The eastern
shore of the original Belt basin may have been even
closer to the present mountain front in Alberta than it
was in Montana, a suggestion that is in harmony with
ideas expressed by Warren (1951, p. 3-5) and by Webb
(1954, p. 3-7). Farther north data are scanty, but the
ancient shore may have continued to trend northwest.
Deiss (1935, p. 104-105) has suggested that the
eastern shore of the Belt sea lay somewhat to the east
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of central Montana and extended from the site of Yellowstone Park to beyond the present Highwood Mountains. On this basis the Belt sea would have reached
farther eastward in the area north and south of the Big
Snowy Mountains than was suggested. Deiss apparently thought of this shore as irregular, with a series
of bays or estuaries separated either by low westwardextending peninsulas or by low islands. He assumed
that the islands (or peninsulas) "were situated essentially in the areas now held by the isolated mountain
masses"—such as the Highwood, Big Snowy, Castle,
and Big and Little Belt Mountains. The area near
Neihart, where rock of the Belt series rests against
granitic gneiss, might well be the site of one such an
island but evidence for others is scanty. The structural deformation with which the present mountain
masses are associated is far younger than, and apparently unrelated to, events of Belt time.
The southern border of the exposures of the Belt
series in Montana has exceptional features. Here the
series consists almost exclusively of the North Boulder
group, whose coarse graywacke, or arkose, and conglomerate are without apparent counterparts elsewhere
in Montana. Although the Belt series here is 5,000 to
8,000 feet thick it stops abruptly along a line close to
lat 45°45', roughly between long 111° and 113°.
Lowell (1956) mentions Belt rocks, so coarse that
they can be correlated safely with the North Boulder
group, resting on pre-Belt metamorphic rocks in the
southwest corner of T. 1 N., R. 3 W., which is close to
this line. South of this line the Flathead quartzite
rests on the metamorphic rocks of pre-Belt age. East
of Divide, rocks that at least in part belong to the North
Boulder group exist but faulting makes their relations
to pre-Belt rocks obscure. In much of this part of
Montana faults of supposed Tertiary age are plentiful
and published geologic information is scanty.
Speculation as to the signficance of the features just
summarized began as soon as geologic exploration in
the area got underway (Peale, 1893, p. 14, 16-20). At
that time a westward-trending Precambrian shore was
recognized, but orogenic movement near it was deduced
to be of post-Belt age. Deiss (1935, p. 104-106) has inferred that in Belt time a large island lay in the area
now occupied by the Tobacco Root, Madison, Gallatin,
Beartooth, and Absaroka Ranges south of present lat.
45°45'. This implies that the Belt sea reached south
of that latitude so as to surround the island, but deposits that would support the concept have not been
recorded. Erosion in Early Cambrian time would
have removed part of any rocks of the Belt series that
may have existed, but the apparent absence of remnants
of the Belt series beneath the Flathead quartzite (Mid-
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dle Cambrian) anywhere south of this line is surprising. The alternative explanation is that the present
contact of the Belt series near lat 45°45' corresponds
fairly closely to the original southern shore of the Belt
basin and that few, if any, deposits of Belt age ever
existed south of that line. Such an explanation calls
for relatively deep water north of the straight
eastward-trending shore. The sediments of the North
Boulder group would have been brought by streams
from relatively high ground to the south and dumped
abruptly close to shore.
The straight eastward-trending shore may (Klemme,
1949, p. 8; Alexander, 1955, p. 7-36; McMannis, 1955,
p. 139-192) correspond essentially to a fault scarp. The
inferred fault would have been in existence prior to Belt
time but, as the character of sediments of the Belt series
here suggests deposition during rapid subsidence, fault
activity may have been resumed or persisted during
Belt time. The Belt basin on the whole formed during
slow rather than rapid subsidence. The postulated
fault scarp might have separated high ground to the
south from the Belt. basin to the north. The coarse
conglomerate in parts of the North Boulder group suggests that the high land south of the scarp was mountainous, whereas it is commonly believed that the land
bordering most of the Belt basin in Montana was low.
In Montana west of long 113° and in most of Idaho
there is no basis for tracing the border of the Belt
basin. In south-central Idaho particularly, outcrops
of the Belt series are widely scattered and no pre-Belt
rocks may be exposed. The largest continuous bodies
of Belt rocks are in Lemhi County, and parts of them
are known only in reconnaissance. It was formerly
supposed that the base of the Belt series is exposed near
Shoup, Idaho (Umpleby, 1913a, p. 41-42, 48, pl. 6), but
more recent work by Davidson (1939) and his coworker
Anton Gray has disproved this. This weakens Umpleby's (1913a, p. 31-32) correlation of the rocks near
Shoup with the Prichard slate of northern Idaho. In
those few areas in Idaho south of lat 46° where enough
has been done to warrant formation names (Ross, 1934,
1947) no correlation with units in Montana and
northern Idaho has been made although suggestions are
offered.
The great mass of coarse conglomerate in northeastern Washington, northwestern Idaho, and large
areas in adjacent parts of British Columbia, variously
called Shedroof conglomerate, Irene conglomerate,
Toby conglomerate, and the basal part of the Purcell
lava, has been postulated to be either fanglomerate
(Walker, 1926, p. 15) or a "deposit along the shoreline
of a sea that spread rapidly over the land, roughly
reworking the loose, surficial deposits" (Rice, 1941, p.
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23). The conglomerate is the basal part of the Windermere series of the Canadian geologists and rests unconformably on their Purcell series. In one area the
angular discordance is locally as much as 45°, and the
Purcell series was folded markedly before the Windermere was laid down (Walker, 1926, p. 12).
These data seem to establish the presence of a rugged
land mass in northwestern Idaho, western British Columbia, and adjacent areas in late Belt time, a concept
long held in Canada (Rice, 1937, p. 36; Schofield, 1941,
p. 710 ; Warren, 1951, p. -2-3). Land may have been
present in eastern Washington and Oregon, also,
although direct evidence of it is lacking there. The
land appears to be genetically related to diastrophism
in the interval between deposition of the Purcell series
and that of the Windermere series of Canadian writers.
No comparable diastrophic event has yet been proved
in central Idaho or in Montana. For most of that area
the gradational contacts throughout the Belt series
demonstrate that no such an event has occurred. In
central Idaho south of lat 45°30', rocks correlated with
the Belt series are deformed and metamorphosed. It
has been supposed that these changes occurred near
the end of Precambrian time (Ross, 1934; Leonard,
1957), but recent studies (Leonard, 1958, oral communication) raise the possibility that they are related to the
Idaho batholith during the late Mesozoic. If the diastrophism in central Idaho was, however, in part of Precambrian age, it may have some relation to that just
cited in Canada. If so, some support is afforded to the
concept that the border of the Belt basin, at least in
late Belt time, was not far west of Idaho.
A metamorphic complex near the Canadian border
known as the Shuswap terrane, once called Archean,
was more recently believed to be composed mainly of
parts of the Belt series metamorphosed much later than
Belt time (Dawson, 1890; Daly, 1912, p. 258-271, 1913,
p. 122-132, 1915, p. 10, 1950, p. 741-743; Cairnes, 1940;
Brock, 1934; Hinds, 1940, p. 290). Some Paleozoic
rocks may be included among the metamorphic rocks.
A recent review of the evidence (Reesor, 1957, p. 172175) shows that doubt remains as to the dating of the
rocks included in the Shuswap terrane but leaves the
possibility that some may be late Precambrian. If so,
sedimentation of Belt age may have extended in northern Washington at least as far west as long 118°30',
well to the west of the coarse rocks of the Windermere
series and its equivalents. These rocks suggest that they
were deposited near or, conceivably, on dry land. As
already noted, it has been postulated that some of this
land was farther east, near long 116°. The evidence
is insufficient to show whether the shoreline shifted 50
miles or more during late Precambrian time or whether

the land west of the Belt basin was sufficiently irregular
in outline to permit deposition far enough west to reach
the Shuswap area. There may have been a group of
islands rather than a single land mass.
The extent of the land westward from Idaho is uncertain because of the extensive cover of Paleozoic and
later rocks in Washington and Oregon. Some paleogeographers postulate that early in the Precambrian
(Schuchert, 1923, p. 214) land lay west of the present
coast of the Pacific Ocean and that later the eastern
shore was near long 118° (Schuchert, 1923, p. 213 ; Schofield, 1923, p. 93-94, 1941, p. 710). Such a land mass
would merge with that suggested in the preceding paragraph. Schofield (1941) has assembled data that give
some support to the concept of a large land mass in
western Canada late in Precambrian time. His evidence consists largely in the presence of conglomerates
that include cobbles of granitic and metamorphic rocks
of pre-Mesozoic age, inferred to have been derived from
the postulated land mass.
Another, more tenuous, hypothesis is that the eastern
border shown on figure 7 corresponds essentially to the
eastern shore of the Pacific Ocean in late Precambrian
time. There is little direct evidence in the rocks now
exposed in the western United States and Canada to
compel belief in land areas in the late Precambrian
west of the depression sketched on figure 7. The hypothesis would not be invalidated by such features as an
island near or west of the northern end of Idaho.
Indeed, there might well have been a string of islands
west of the geosynclinal area in which the Belt series
was laid down. Some support for the hypothesis is
afforded by the presence in Stevens County, Wash.
(Weis, 1959), of rocks without distinctive shallow-water
features.
SOURCE OF SEDIMENTS

The relatively small part of the Belt series that is
coarse conglomerate derived its material from close at
hand in pebbles large enough to be recognized. The
North Boulder group is largely composed of material
from the Cherry Creek group and Pony series (Tansley,
Schafer, and Hart, 1933, p. 7-12; Heinrich, 1949b, p.
308-319, ; Reed, 1957, p. 3-8). The relatively few pebbles and cobbles in the North Boulder group not readily
recognizable as derived from the two units named above
probably came from rocks of igneous aspects in slightly
more distant parts of southwestern Montana.
Near Neihart, conglomerate is absent. The Neihart
quartzite contains 96 percent silica. It consists dominantly of quartz with only subordinate amounts of feldspar, mica, and other minerals. If this rock has been
derived from the gneiss of pre-Belt age, abundant near
Neihart, more thorough disintegration of the parent
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should have been rapid as compared to those of the
present day, whereas chemical breakdown of feldspar
and other minerals may well have been slow. Thus the
presence of unaltered feldspar grains and of elastic
flakes of mica does not necessarily imply that the site
of deposition was as close to the source as might be
deduced from younger rocks.
Some chemical decay does seem to have occurred.
The rarity of calcic feldspar may result in part from
its greater susceptibility to such destruction. The same
may be true of pyroxene and amphibole. The fine
micaceous flakes that are abundant in the argillaceous
rocks may have been in part detrital, derived from
schists of pre-Belt age, but they are in part the product
of the breakdown of other minerals during weathering
and transportation. The fine-grained rocks that compose much of the Belt series must originally have contained much clay. The greater part of the clay has
recrystallized into such minerals as sericite, and secondary feldspar, but small amounts of clay minerals
remain.
Present exposures are sources for the granitic rocks
that contributed directly to parts of the Belt series.
Most of the series contains no evidence to suggest derivation by erosion from granitic rocks; it seems to represent a second generation whose immediate sources
were sedimentary rocks and is less readily accounted
for without looking to exposures far away.
As an unconformity has been postulated in Canada
at the base of the Windermere series, it is possible that
parts of the Belt series came from erosion of preWindermere rocks. The pre-Windermere rocks would
be the whole of the Purcell series, including the Priest
River group and, thus, may correspond to all of the
representatives of the Belt series below the Missoula
group that are exposed in and north of areas in Idaho
and northeastern Washington along the Canadian border. A possibility worthy of consideration in the future is that there may have been sufficient interruptions
in deposition in the Belt basin in Montana, also, so that
some of the younger Belt units represent reworking of
eroded older ones. A few unconformities within the
Belt series are on record and others could have been
overlooked easily in the many areas where intensive
studies have not yet been attempted.
In the carbonate rocks the noncarbonate grains come
from the same sources as those of the elastic rocks commented on above. These grains are widely distributed
throughout the carbonate rocks, which helps to indicate
that the carbonate rocks were in part deposits in currents of water much as the siliceous and argillaceous
sediments were. The carbonate in these and other Precambrian rocks has been much discussed. In part be-

cause of the absence of the kinds of fossil remains
prevalent in younger carbonate rocks, the suggestion
has been offered that the Precambrian carbonate rocks
are chemical precipitates (Daly, 1912, p. 670-675). It
was supposed that chemical conditions in the atmosphere and, hence, in the seas of Precambrian time were
significantly different from those of later eras. Carbonates brought to the sea by streams were assumed
to be promptly precipitated, mainly by ammonium carbonate from decaying organic matter on the sea bottom.
The scavenging animals that later kept the amount of
such decaying matter to a minimum were assumed not to
have been in existence. Increase in the supply of carbonates resulting from increase in land areas produced
by uplift in late Precambrian time and decrease in
accumulations of decaying matter in proportion to the
development of fishes and other scavengers were supposed to have proceeded slowly. The Precambrian and
early Paleozoic limestones and dolomites were, on this
hypothesis, largely precipitates, leaving the sea water
with so little calcium content that none was available
for shells and skeletons. After very early Paleozoic
times the marine limestones were supposed to have been
formed largely from the debris of the hard parts of
animals and plants. Leith (1934, p. 154-155) has
raised doubts as to the validity of the hypothesis al
though he grants that "the concept of limeless preCambrian seas remains" a working hypothesis. Later,
however, Rubey (1951, p. 1113-1114) came to the conclusion that "the composition of sea water and atmosphere has varied surprisingly little, at least since early
in geologic times." His conclusion, supported by a
variety of data, removes the need for postulating a
limeless sea and wholesale precipitation of carbonates
in Precambrian time.
Rubey was concerned with what might be termed
"normal sea water." The Belt basin was so shallow
that the water in it may not have been strictly comparable in the concentration and perhaps in the proportions of its dissolved solids. Local conditions may
have permitted precipitation of carbonates at times
through such processes as the warming of shallow water
to the point where enough carbon dioxide was driven
off so that carbonates would precipitate. Some of the
fine- and even-grained thinly laminated carbonate rocks
in the Belt series may have such an origin. Most of
the carbonate rocks, however, are believed to be stromatolites, detritus derived from stromatolites, or else
detrital beds whose carbonate is derived in some way
from organisms. Fairly large parts of the carbonaterich beds throughout the Belt series contain either stromatolite biostromes and bioherms or material intimately
related to these. An even larger part of these beds con-
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abundance of small oscillation ripple marks is merely
one of several bits of evidence that point to deposition
in very shallow water.
Mud cracks, raindrop impressions, and similar features show that at times muds were exposed to the air,
with essentially no cover of water. These features can
hardly be ascribed to tidal fluctuations. 'Whether the
water body or bodies in the Belt basin are thought of as
lakes or as seas, they must have been so nearly landlocked that tides had little effect. It seems a fair guess
that the argillaceous and quartzitic rocks were deposited in water that was rarely more than a few hundred feet deep. Perhaps the depth was commonly less
than a hundred feet. For protracted periods the sediments were awash or even above water.
Insofar as the carbonate rocks are genetically related
to stromatolites they too must have been deposited in
shallow water. It is commonly assumed that algae cannot grow at depths below that to which sunlight penetrates, say 90 feet. Recent studies by Richard Rezak
have led him to the conclusion that the stromatolites
of the Belt series, particularly in Glacier National
Park, are of forms akin to those produced at present by
algae, mainly marine, that grow in water so shallow
that for notable stretches of time the algal heads are
not covered. Certainly none of the fossils now recognized in the Belt series are opposed to the concept that
the water in which that series was deposited was, on the
whole, distinctly shallower than that of most of the
epicontinental seas of later eras. Even the latter were
surely far shallower than the major expanses of the
open oceans of today.
If any of the carbonate rocks of the Belt series are
chemical precipitates of the kind suggested by Daly,
this might be taken as evidence opposed to the concept
of deposition at shallow depths. He (Daly, 1912, p.
660) speaks of calcium carbonate precipitates in the
Black Sea, whose greatest depth he cites as 1,227
fathoms. Arkhangelskii (1927) confirms the presence
there of calcium carbonate deposits. However, he attributes the relative abundance of calcareous mud to
lack of elastic deposits rather than to precipitation of
carbonate. The calcareous t.ufa of modern lakes and
ephemeral streams is not strictly analogous to the precipitates Daly had in mind, but it is a precipitate of
calcium carbonate in shallow water. Thus, even if
some part of the carbonate in rocks of the Belt series
originated as a chemical precipitate, it need not have
formed in deep water.
Casts of salt crystals have been reported from various
localities in rocks of the Belt series. As far as known,
they are nowhere abundant. None of the available evidence suggests that sediments of the Belt series any-

where included beds of any composition, such as would
be expected as deposits from highly saline water. One
can merely speculate that the water was saline enough so
that minor amounts of salt were incorporated in the
muds and some of this aggregated into salt crystals,
whose casts are now preserved. The few salt casts that
have been found are, at the least, not opposed to the
idea that the water in the Belt basin may have had a
composition broadly similar to that of the ocean, but
was not as concentrated as that in many modern saline
lakes. As noted above, the character of the stromatolites is compatible with this idea.
The fact that many of the formations in the Belt
series have not been traced far beyond their type localities might be taken as proof that the water bodies in
which they originated were of limited extent. Marked
differences in the details of stratigraphic succession
within formations in many of the relatively few places
where details of that sort have been obtained might also
be taken to support a concept of deposition in an assemblage of lakes and swamps, rather than a single basin.
However, the broadly uniform character of each of the
groups into which the greater part of the series is
divided is opposed to any such an interpretation.
Further, throughout all of the region underlain by the
Belt series, except its southeastern and northwestern
margins, no evidence has been found of shores or of
masses of rock of pre-Belt age rising above the level of
the basin of deposition. As far as can be judged, the
various major components of the series were deposited
in essential continuity throughout most of the region
of outcrop. Minor components, even some of considerable thickness, were limited in original extent, thereby
furnishing the basis for some of the problems in stratigraphic correlation that have arisen. Lateral differences of this sort seem inevitable and inherent in deposits in water as shallow as that of the Belt basin must
have been. Slight changes in currents within the basin,
fluctuations in the character, and amount of the sediment brought in by tributary streams would have been
among the reasons for variations in the deposits. Algal
reefs may have been large enough in places to have had
much the effect of islands. The weather may not have
been uniform over a basin hundreds of miles in width,
and of unknown, but large, longitudinal dimensions.
The data above outlined appear to indicate that the
Belt series was laid down in shallow, saline, brackish
water in a basin that in Montana and Idaho, at least,
was essentially an uninterrupted expanse of water and
mud flats; A geographic feature as large as the water
body in the Belt basin seems more appropriately called
a sea than a lake. The fact that it was so shallow one
must suppose that at any given time mud flats inter-
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rupted the sweep of the water does not seem to nullify
this. If, as suggested below, the Belt basin was connected with the open oceans, the resemblance to epeiric
seas of later periods becomes pronounced.
THE UPPER LIMIT OF THE BELT SERIES

Fixing the boundary between strata of Precambrian
and Cambrian ages invariably presents problems wherever the Precambrian rocks are sedimentary and not
of such a character and relation as to be generally accepted as very old (Rogers, 1956). The boundary has
been placed at the first clearly evident unconformity
below unquestioned Paleozoic rocks; at the base of
strata containing an Olenellus fauna or its equivalent ;
and, where the Olenellus fauna is lacking or not regarded as offering a good basis for division, some
horizon between rocks of accepted Precambrian age and
those of accepted Paleozoic age has been selected. In
Montana, Lower Cambrian fossils are lacking and the
lowermost of the recognized Paleozoic units (the Flathead quartzite of Middle Cambrian age) is unfossiliferous. Hence paleontologic criteria for fixing the
upper limit, of the Belt series are inadequate. The top
of the series is not everywhere marked by a clearly demonstrable unconformity, making this means of fixing the
upper limit, uncertain. Where the Flathead quartzite
is well represented, and especially where fossiliferous
beds supercumbent on the Flathead are preserved, the
top of the Belt series can be mapped with a fair degree
of assurance. In places in Montana the position of the
top is in doubt, and when correlation is carried into
areas in Canada where fossiliferous Lower Cambrian
rocks exist, complications increase. Age relations between parts of the Belt series in and near Montana and
rocks of demonstrably Early Cambrian age have the
uncertainties that arise wherever diagnostic fossils are
absent in significant parts of a given sequence. In
situations of this kind transgressions in time can be
postulated but are often difficult to prove. The Belt
series is one of those for which this difficulty has arisen.
One of the concepts involved is that of the Lipalian
interval (Walcott, 1914a, p. 1-15). According to this
concept the continents were above sea level during that
interval, which was in late Precambrian time, and, in
consequence, the oceans were unable to spread over the
continents and marine deposits could not be formed
within the continental areas. The concept was advanced as an explanation of the fact that hard-shelled
fossils, usable for stratigraphic correlations, are not
known in Precambrian rocks. Walcott postulated that
evolution was not as abrupt as the sudden appearance
of hard-shelled fossils seemed to imply. He supposed
that life similar to that recorded in the Cambrian rocks

99

developed along the shores and shelves of the Precambrian continents, but that the rocks there formed
are buried beneath the present oceans and hence not
now accessible for study. He defined the Lipalian interval as "the era of unknown marine sedimentation
between the adjustment of pelagic life to littoral conditions and the appearance of the Lower Cambrian
fauna." His definition implied that all of the upper
Precambrian strata now accessible, including the Belt
series, are nonmarine and that the Paleozoic era began
with the deposition of beds of recognizable marine
character. The basal Paleozoic strata would thus either contain marine fossils of Cambrian age or would
be related clearly to unfossiliferous quartzite or conglomerate below. Snyder (1947, p. 152) points out
that the Lipalian interval and the unconformity at
the top of the Precambrian rocks should not be confused with each other, as Hinds (1936a) has done.
In North America and elsewhere such great thicknesses of strata now regarded as marine lie beneath
the earliest fossiliferous Paleozoic rocks that Walcott's
idea of a Lipalian interval no longer seems valid, a
conclusion already announced by Snyder (1947).
Changes in viewpoint as to what constitutes marine
deposits have contributed toward weakening the Lipalian concept and reconsideration of the significant
paleontological data (Raymond, 1947, p. 19-28) shows
that Cambrian fossils do not represent such an abrupt
step in evolution as Walcott supposed. Recently
(Gussow, 1957) Lipalian has been revived in a new
sense, that of a system equivalent to certain components
of the Windermere series of Canadian geologists,
which is the upper part of the Belt series of the present
paper. Gussow proposes that beds of the Purcell
series, below those of his Lipalian system, be assigned
to his Beltian system. His proposals do not seem to
have received acceptance in Canada and have not been
adopted in the United States.
Most geologists in the United States assume that the
Belt series is bounded at the top by an unconformity.
Deiss (1935) has assembled data favoring this concept, drawn largely from Montana. In some places in
that state unconformable relations do exist, but in
others the concept is open to argument. Few exposures in Montana show large angular discordances.
Further, as already noted, Okulitch (1949) believes
that, along the boundary between British Columbia
and Washington, a single lithologic unit, the Hamill
series, itself a component of the Windermere series,
is of Precambrian age in one locality and Cambrian in
another, a situation analogous to that in and near
southern Nevada (Wheeler, 1947). In some of the
Canadian reports already cited the base of the Cam-
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the underlying rocks of the Belt series after the latter
had been compacted and cemented. Perhaps this is the
most significant bit of evidence pointing to a time gap
of some duration. However, conglomerate occurs at
many places and at various horizons in and above the
Belt series, so that its presence here constitutes no proof
of a major unconformity.
The two unconformities near Helena (Walcott, 1899,
p. 212) are so minor, according to the published diagrams, as to be of no material regional significance.
The same can be said of the angular discordance at one
place in the Little Belt Mountains (Walcott, 1899, p.
216) and one reported from the Coopers Lake quadrangle (Deiss, 1935, p. 121).
Verrall (1955, p. 26, 27, 33) reports two localities
northeast of Logan where angular discordance between
the Belt series and the overlying Flathead quartzite is
visible. He says that the contact cuts down through the
Belt rocks at an angle of 10° in such fashion that the
top of the Belt sequence at one locality is 5,000 feet
stratigraphically lower than at a locality some 6 miles
away.
Another instance of angular unconformity at the top
of the Belt series remains to be mentioned. This is in
the Big Snowy Mountains so far to the east of most
outcrops of the Belt series that assignment to the Belt
series would be open to argument if any more probable
assignment could be offered. In at least one place in
those mountains (Calvert, W. R., quoted in Walcott,
1916b, p. 273-274; also Reeves, 1931, p. 145) rocks that
seem best regarded as Belt show an angular discordance
of 19° with crossbedded quartz sandstone, correlated by
Calvert with the Flathead quartzite, resting horizontally on them. In the Little Rocky Mountains also
(Knechtel and others, 1944) an unconformity at the
base of the Paleozoic section is recorded, but the Precambrian rocks below are regarded as older than the
Belt series. Both the Big Snowy Mountains and the
Little Rocky Mountains are too far east to be shown
in the maps accompanying the present report.
It may be significant that the outcrops in, near, and
east of the Big and Little Belt Mountains cited above
as showing, in limited areas, distinct angular unconformities are near the eastern border of the Belt basin
and those in the southern part of the Philipsburg quadrange are not far from the probable position of another
part of the shore of that basin.
Walcott and later Deiss relied mainly on the evidence of regional overlap rather than the scattered
exposures of angular discordances to establish the postulated break between the Belt series and the Cambrian
strata. More recent work in and near the Big Belt
Mountains has furnished support for the concept in that
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area but in the rest of western Montana corroborative
data are scanty and, as noted below, studies since Deiss'
summary was published cast doubt on his inferences.
His deductions are illustrated and supported largely
by a series of diagrammatic cross sections (Deiss, 1935,
pl. 8, p. 106-113), which Nelson and Dobell (1961)
show to be based in part on erroneous data.
Near Missoula, Mont. (Nelson and Dobell, 1961),
rocks formerly supposed to belong to the Belt series recently have yielded fossils of Early Paleozoic age. In
the Bonner quadrangle near Missoula, where exposures
have been visited by this author in company with Nelson and Dobell, a formation named by them, the Pilcher
quartzite, seems to pass downward through a gradation zone 50 to 100 feet thick into the Garnet Range
quartzite below. They point out the possibility that the
strata interpreted as a gradation zone may instead be
products of reworking of the upper part of the Garnet
Range quartzite along an unconformity. This interpretation is a conceivable one but has little to support
it. Even if the supposed gradation zone incorporates
material derived from the immediately underlying Garnet Range quartzite and, as is possible, that quartzite
is of variable thickness, no age break other than could
be expected from some minor change in conditions of
deposition in the shallow Belt basin need be required.
The argument based on variations in thickness might
be applied with equal validity to many of the divisions
of the Belt series. In the case of the Garnet Range
quartzite it has the additional weakness that intricate
deformation has prevented accurate thickness measurements.
The Pilcher quartzite is the uppermost unit assigned
to the Belt series in the Bonner quadrangle. About 55
miles west of Missoula, rocks that resemble the Pilcher
quartzite are exposed in a small area and are bounded
by faults and by Quaternary deposits so that their relations to other rocks are indeterminate (Campbell, 1960,
p. 569-572). However, Campbell (1960, p. 571-573),
on the basis of regional relations, assumes an unconformity. Nelson and Dobell (1961) show that the
Pilcher quartzite has so many resemblances to the Flathead quartzite farther east that correlation is possible.
This possibility of correlation is strengthened by the
fact that the Pilcher quartzite is overlain successively
by shale that resembles the Wolsey shale and by limestone that resembles the Meagher limestone. Such a
succession would be a normal one if the Pilcher quartzite is equivalent to the Flathead quartzite. In the Bonner quadrangle the shale and limestone just mentioned
are assigned a Cambrian ( ?) age. The Flathead, Wolsey, and Meagher are all generally regarded as of
Middle Cambrian age. Correlation of the Pilcher with
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the Flathead would imply a Middle Cambrian age for
the Pilcher and suggest the interesting possibility that
some part of the rocks now assigned to the Missoula
group may be of Early Cambrian age. This would
accord with Okulitch's ideas, summarized below.
In Montana northeast of Missoula and Superior data
on the Flathead quartzite and its relations to the Belt
series are fragmentary. Deiss (1943a, p. 219; 1939, p.
6-34) applied the name "Flathead sandstone" to rocks
in the Coopers Lake quadrangle, unconformably on the
Missoula group; some in the southwestern part of the
Saypo quadrangle, resting "slightly unconformably on"
green argillite of the Belt series; rocks on Pentagon
Mountain and Pagoda Mountain in the Silvertip quadrangle; rocks in Nannie Basin and Kid Mountain in
the Ovando quadrangle, referred to as in apparent
conformity on the upper beds of the Missoula group;
also to rocks near the head of Dearborn River, where
the basal contact is conformable. In his unpublished
geologic map of the Silvertip quadrangle, Deiss mapped
his Flathead sandstone and Gordon shale together but
along many miles of contact did not distinguish this
unit from the Cambrian rocks resting on the Missoula
group. Deiss used local names for Cambrian units
above the Flathead, not those in use in areas to the
south and east, mentioned in the preceding paragraph.
In the Flathead region (Ross, 1959), north of the areas
where Deiss worked, the base of the Paleozoic sequence
is rarely exposed. On Cruiser Mountain in the southern
part of the region, white quartzite conformable on strata
of the Missoula group is regarded as assignable to
the Flathead quartzite. On Gable Peaks, nearby, Flathead quartzite was noted also.
Okulitch (1949, p. 16-20), whose field of activity has
been north of lat. 50°15' and east of long. 118°, has
presented a summary of his concepts as to the Precambrian-Cambrian boundary. He states with reference to the Cordilleran geosyncline during latest
Precambrian and early Cambrian times: "No great and
widespread orogenic movements are known to have occurred, and truly regional unconformities, with the exception of one at the base of the Windermere, are
lacking." He thinks that an eastward marine transgression began in very late Precambrian (Windermere)
time and that, in consequence, each of the formations,
which are based on lithologic characteristics, becomes
progressively younger eastward. This idea is similar
to that expressed by Wheeler (1947), for southwestern
Nevada.
Farther west, where British Columbia borders on
northeastern Washington, the Cambrian and Precambrian rocks differ materially from those in Montana. Special problems are raised by the Windermere

series. In that region the boundary between rocks assigned to the Cambrian and the Precambrian has fluctuated within rather wide limits with the judgment of
each of the investigators (Daly, 1912, p. 174-194;
Walker, 1926, p. 17-19; 1934, p. 2-10; Park and Cannon,
1943, p. 11-15; Little, 1950, p. 10-11). Whatever the
correct position of the boundary may be, it is clear that
no discernible break exists between beds of Early Cambrian age and those that Canadian geologists regard
as Precambrian. There are, however, unconformities
within the latter.
In southeastern British Columbia, unlike Montana,
fossiliferous beds of Early Cambrian age rest on strata
that are correlated with the Belt series (Schofield,
1922). No angular discordance has been recognized
but the beds above and below the contact are reported
to differ in degree of metamorphism. Conglomerate
in the Cambrian strata contains pebbles that appear
to have been derived from the Precambrian rocks after
the latter had been metamorphosed. In different localities the Cambrian rocks rest on different units in the
Precambrian assemblage, but this bit of evidence is
weakened by the fact that the lowest units of Cambrian
age likewise differ in the different localities, which
might imply local variations in conditions rather than
a major time gap. Schofield lays some stress on the
fact that the rocks of Cambrian age appear to be of
marine origin, whereas the underlying strata differ in
such a way as to indicate deposition in shallower water.
This difference argues for a change in conditions, but
not necessarily for such a time gap as would be implied
by an unconformity of any consequence.
In northern Idaho Paleozoic strata have been recognized only in small fault blocks near Pend Oreille Lake.
In that locality the three sedimentary formations in
these fault blocks have been referred to the Cambrian
(Sampson, 1928, p. 9-10). The upper two of these
contain abundant Middle Cambrian fossils (Resser,
1938b). Sampson assumes that the Cambrian rocks are
separated from the Belt series by a major unconformity
because of "evidence from nearby districts" but says
that within the area he examined, no useful information on that point was obtained because of poor exposures of the critical contact. Thus, his assumption of
unconformity merely reflects prevailing opinion at the
time he wrote.
In south-central Idaho, strata tentatively regarded as
Cambrian have been mapped in one locality (Ross,
1938, p. 12-14) but their relation to Precambrian rocks
is unknown. In other parts of that region Ordovician
strata rest on the Belt rocks, and in the Lemhi Range
the contact is an angular unconformity, at least locally
(Ross, 1947, p. 1099; 1959). In most places in south-
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EXPLANATION

doosai,
Areas of outcrop of Lower Cambrian rocks
near upper Precambrian rocks

Areas of outcrop of sedimentary rocks that are in
stratigraphic positions analogous to that of the
Belt series

Ca.
Area of outcrop of the Belt series in the United States
and of rocks in Canada closely allied to that series

II
Borders of postulated basin of deposition in Belt time

7.—Map of North America showing the distribution of the Belt series and broadly related rocks, and the inferred zone of sedimentation in the western part of the continent in Belt time. The distribution of Lower Cambrian rocks is also indicated.
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GENETIC PROBLEMS

nish the principal basis for the notes below. Beds reputed to be similar to the Big Cottonwood formation,
Mineral Hill tillite, and Mutual formation are widespread on the west side of the Wasatch Range from
north of Brigham to south of Provo. Baker (1947)
calls the tillite Cambrian( ?), raising once more the
query as to where to place the Precambrian-Cambrian
boundary. Hinds says these rocks have been identified
in northern Utah and may be included in the so-called
Cambrian quartzite of the Tintic and Oquirrh Ranges,
a suggestion that remains open to question (Lindgren
and Loughlin, 1919, p. 29; Gilluly, 1932, p. 7-9, and oral
communication, 1957). Distinctly older rocks, largely
schist, gneissic quartzite, and granitic gneiss, underlie
the Big Cottonwood formation and its supposed correlatives in several localities and in addition are exposed widely in localities in northern Utah in which
equivalents of the Big Cottonwood seem to be absent.
There is a distinct unconformity at the top of the highly metamorphosed rocks and, at least in most places, a
less easily recognized one at the base of the recognized
Cambrian beds. The highly metamorphosed rocks appear themselves to be divisible into two assemblages,
the upper of which includes the Little Willow series
(Crittenden and others, 1952, p. 3) near Salt Lake City,
the Farmington Canyon complex farther north (Eardley and Hatch, 1940; Bell, 1952, p. 38-43) and unnamed
rocks in other parts of Utah. The lower of the two
assemblages of highly metamorphic rocks appears to be
largely gneissic (Blackwelder, 1925) and old enough so
that it has little bearing on the problems discussed in
the present paper.
The Uinta Mountains seem to contain Precambrian
rocks of two general sorts (Hinds, 1936b, p. 82-92; Forrester, 1937, p. 637). The older one is quartzite and
schist, presumably part of the ancient assemblage represented by the Farmington Canyon complex in the
Wasatch Range. The younger one contains conglomerate and quartzite and was regarded by Hinds and by
most of the earlier students he cited as correlatable with
rocks they referred to as the Big Cottonwood formation and related beds. The view commonly held now
is that these latter, called the Uinta Mountain group,
are of Precambrian age and as young as the Big Cottonwood and supercumbent Precambrian strata
(Crittenden, 1955; Hansen, 1955).
WYOMING AND COLORADO

In the mountains of western Wyoming rocks of probable Precambrian age are extensively exposed (Love,
Weitz, and Hose, 1955), but few details are available
(Blackwelder, 1926, 1935). A highly metamorphosed,
largely gneissic, complex may represent the oldest rocks
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of the region. The alternative that the appearance of
antiquity results from local metamorphism and that the
rocks grade into less altered ones has not been ruled
out. Even the later rocks are extensively recrystallized
and deformed. In the Medicine Bow Range they include arenaceous, dolomitic, and volcanic deposits.
Some of the dolomite contains stromatolites. Three
sets of beds of glacial origin are reported. Blackwelder (1926, p. 621) tentatively considered these stratified rocks as older than such Upper Precambrian units
as the Belt and Grand Canyon series because they are
more intensely folded and metamorphosed than the
Paleozoic strata in the surrounding region. The presence of stromatolites broadly similar to those now
known to be widespread in the Belt series and of glacial
deposits like those of the Mineral Hill tillite near Salt
Lake City suggests that the beds in the Medicine Bow
Range might be younger than Blackwelder supposed.
Precambrian rocks are widely exposed in Colorado
(Burbank and others, 1935) but most are gneiss, schist,
and kindred rocks so metamorphosed and so largely
granitoid as to be of little interest in the present connection. The Needle Mountains group in southern
Colorado and little-known small exposures near the
northwest corner and in adjacent areas in Utah and
Wyoming are the only rocks that might be of interest
in connection with the Belt problem.
In the Needle Mountains group (Cross, Howe, and
Ransome, 1905; Cross, Howe, and others, 1905; Cross,
and Larsen, 1935, p. 17-32, 110-111) the thick Vallecito
conglomerate is at the base and the Uncompahgre formation in the upper part. The latter consists of quartzite and slate, and varies in color and in degree of metamorphism. Inspection of the formation south of
Ouray gave the present writer the impression that, in
general character, the formation does not closely resemble any of the components of the Belt series. Cross
and Howe report that the Uncompahgre formation was
sharply folded and intruded by a granite mass and related dikes before quartzite of Cambrian age was deposited. Ancient, largely igneous appearing, rocks are
overlain by the Needle Mountains group, itself intruded by granitic rocks. The Precambrian rocks of
the region have been repeatedly folded and faulted, in
part before the Cambrian. Structural trends preserved in the Precambrian rocks are at variance with
those in unconformably overlying Paleozoic. The
igneous history has been complex and the youngest of
the intrusive masses of inferred Precambrian age cut
the Needle Mountains group.
Hinds (1936b, p. 59-73, 119-123) concluded that the
Uncompahgre formation is older than the Belt series.
Clearly the complex history intervening between the
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deposition of the Uncompahgre and the Cambrian sedimentary rocks implies a long time interval in harmony
with his conclusion.
ARIZONA AND WESTWARD

Arizona contains diverse and widely distributed rock
units of Precambrian age. Many, including the
Vishnu, Pinal, and Yavapai schists, are highly metmorphosed and are commonly regarded as formed e.,_
in the era. The unit regarded as next younger is the
Mazatzal quartzite (Wilson, 1922, p. 299-312; Darton,
1925, p. 234-235) which rests with marked unconformity on the older rocks but has been recognized only in a
rather small area in central Arizona (Darton and
others, 1924). In its type locality the Mazatzal is overlain by beds of Cambrian age. However, Darton reports that the Apache group (Precambrian) overlies
the Mazatzal unconformably near Payson, a short distance northeast of the type locality of the Mazatzal.
Strata commonly regarded as of late Precambrian
age have been reported from numerous localities in Arizona. One such unit is the Grand Canyon series,
known only in the Grand Canyon of the Colorado
River (Noble, 1914, p. 37-61; Hinds, 1936b, p. 105-110).
This series rests in decided unconformity on the Vishnu
schist and is unconformably overlain by beds of the
Tonto group (Middle Cambrian). The series includes
red and green sandy and argillaceous beds, with some
oolitic and stromatolitic limestone in the upper part.
Lava is intercalated in the low part of the sequence
among beds of red, gray and green sandstone and shale.
Still lower in the section the rocks are mainly red, pink,
and purple quartzite and shale. The lowest beds are
stromatolitic limestone with local conglomerate, arkose,
shale and sandstone. The maximum thickness appears
to be fully 10,000 feet
The second unit regarded as of late Precambrian
age is the Apache group, as restricted by Darton
(1932). The group was originally set up by Ransome
(1903, p. 38-39) and was then tentatively supposed to
be Cambrian. Later, after Ransome (1911, 1915) had
made minor revision, Darton (1932) decided that the
uppermost formation in the group as defined by Ransome was Cambrian, because it contains Upper and
Middle Cambrian fossils, and the rest was of Precambrian age. Darton restricted the name Apache to the
beds he assigned to the Precambrian, and pointed out
their resemblance to the Grand Canyon series. The
Apache group, as restricted, consists, in descending
order, of the Mescal limestone (with stromatolites), the
Dripping Spring quartzite, Barnes conglomerate, Pioneer shale, and Scanlan conglomerate. Darton reports
an unconformity at the top of his Apache group. In
its type locality the group is only about 1,400 feet thick.

The Apache group, as restricted, is fairly widespread
in central and southern Arizona and Darton's ideas as
to its age appear widely accepted (McKee, 1952).
Resemblances between the Grand Canyon series (particularly its lower part) and the Apache group on the
one hand and the Belt series on the other are obvious.
In the future, comparisons among the stromatolites in
the three groups may yield further data on this point.
Old sedimentary rocks are exposed at intervals from
the Grand Canyon west to the vicinity of Death Valley,
Calif., and are regarded by Hinds (1936b, p. 105-107)
as correlatable with the Belt series. Wheeler (1947,
p. 147-159) has discussed the rocks in this region (especially those of the Nopah Range, Nev.) in relation to
the general problem of the position of the Precambrian-Cambrian boundary. He states that certain
lithologic units become progressively younger eastward, passing from Precambrian, through Lower Cambrian to Middle Cambrian. Conversely, in his view,
the base of the Cambrian rocks courses downward
through these lithologic units until it meets an upwardly transgressing regional unconformity. This unconformity would be regarded as marking the base of
the Cambrian rocks by those who emphasize unconformities as limiting major stratigraphic units. The
validity of Wheeler's concepts and nomenclature depend on the emphasis to be placed on known fossils
versus unconformities and other criteria in making
stratigraphic correlations over broad regions. Longwell (1950, p. 414-415) considers the entire sequence
just referred to as of Cambrian age, although he
acknowledges that the lower beds in the sequence do not
contain known fossils. He regards the record of essentially continuous deposition as the significant feature
on which to base the age assignment.
In Death Valley (Noble, 1934, p. 173-174; McCulloh,
1954, p. 13-15) rocks reputed to be Precambrian include a highly metamorphosed assemblage and in addition comparatively unmetamorphosed beds as much
as 11,000 feet thick. Although the two appear generally separated by a marked unconformity, in places none
is recognized. The relatively metamorphosed beds include limestone, shale, sandstone, and conglomerate, intruded 'by sills and dikes of basic igneous rock. The
limestone contains algal remains. Noble says these
strata are "as a whole roughly equivalent to the Algonkian Grand Canyon series (Unkar and Chuar
groups)" and are separated from overlying beds of
Early Cambrian age by an angular unconformity.
TEXAS AND VICINITY

Precambrian rocks crop out in various isolated localities in Texas. Those near Van Horn have recently
been thoroughly discussed (King and Flawn, 1953,
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THE BELT SERIES IN MONTANA

supposed late Precambrian age east of this zone shown
on figure 7 rest on the old rocks of the Precambrian
shield (Brown and Wright, 1957, fig. 1).
The extension of the Belt basin eastward through
North and South Dakota indicated by the Fentons
seems unlikely because, as indicated on geologic maps of
Montana and Wyoming, rocks of early Paleozoic age
rest on reputably old Precambrian rocks in several localities (Ross, Andrews, and Witkind, 1955; Love,
Weitz, and Hose, 1955). There is a small exposure of
Precambrian rocks in western South Dakota (Darton,
1951), but this mass has been inferred to be older than
Keweenawan (Darton and Paige, 1925, p. 4). If so, it
is too old to be significant in the present connection. It
is overlain by rocks of Late Cambrian age.
South of Montana there are enough exposures of rock
with supposed affinities to the Belt series to justify the
idea that the depression referred to above persisted
southward across Utah and Nevada into southern California. Here, as farther north, uncertainties of various
kinds exist and the outline of the postulated depression
shown on figure 7 is subject to modification as new
data become available. Rocks along the Grand Canyon
of the Colorado and farther south in Arizona have so
many resemblances to the Belt series that they are included. The small exposures in northern Mexico likewise seem best included. Those in Texas are excluded
because to swing the eastern border far enough east to
include them would introduce a complexity in form not
supported by other evidence, especially as the rocks in
Texas are not very closely allied to the Belt series in
other respects.
The postulated depression indicated on figure 7 corresponds broadly to the basins or geosynclines shown on
the published maps cited above, although differing in
details. While the idea that some such a depression
was a major feature of the geography of late Precambrian time is regarded with confidence, it is not necessary to assume that throughout its existence this depression was occupied by a single, continuous water
body. Perhaps this was true at times, but it is at least
equally possible that at times the depression was a
series of basins of varying depth and characteristics.
Connections between them may have been slight or absent entirely in response to variations in local
conditions.
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