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GEOLOGY AND ORE DEPOSITS OF THE CUYUNA NORTH RANGE, MINNESOTA

By RoeerT GoRDON SCHMIDT

ABSTRACT

The Cuyuna North range in central Minnesota produces
iron ore and manganiferous iron ore from several types of
sedimentary iron-formation of probable Animikie age. The
iron-formation is in a tightly folded weakly metamorphosed
sequence of generally argillaceous rocks.

The Cuyuna district is divided into two or three smaller
areas. The study described here was limited to an area of
about 50 square miles called the North range in which most
of the ore has been produced, and in which all the currently
operating mines are located. A much larger part of the dis-
trict, the South range, was only briefly studied. The Emily
district, which is 8 to 20 miles north of the North range and
is included in the Cuyuna district by most other authors, lies
between the Cuyuna and the Mesabi districts. The Emily dis-
trict has been extensively explored, but no mines have been
opened there.

The Cuyuna district was discovered in 1904 when the first
merchantable ore was penetrated during exploratory drilling
that was prompted by many conspicuous magnetic anomalies.
Ore shipments were begun in 1911 and have generally in-
creased, except during the pronounced economic depression
periods in the early 1920’s and 1930’s. A record of 3,875,125
gross tons was produced in 1958. Total shipments from the
district through 1954 were 82,783,778 tons of all types of
direct-shipping ore and concentrates; production at present is
2 to 3 million tons per year.

The rocks in the North range consist of a sequence of three
sedimentary formations, tightly folded and intruded locally by
large dikes of mafic composition. The sedimentary rocks and
intrusives have been metamorphosed into the biotite and chlo-
rite zones. The bedrock in the Cuyuna district is covered by
Pleistocene glacial drift, except for natural outcrops in two
places in the South range. The paucity of outcrops makes it
very difficult to study the relation of the Cuyuna rocks to
other rocks of central Minnesota. The three Cuyuna North
range formations probably also occur in the South range and
occupy a northeastward-trending basin, more than 70 miles
long and about 15 miles wide, surrounded by older granites
and metamorphosed sedimentary rocks. They are probably
equivalent to the sedimentary rocks in the Emily district which,
in turn, are probably correlative with the Animikie rocks of
the Mesabi district. Lower or middle Precambrian granites
occur along most of the southeast side of the basin; informa-
tion is sparse or lacking in the other directions.

The metamorphosed sedimentary rocks in the North range
have been divided into three conformable formations; from
oldest to youngest, they are the Mahnomen, Trommald, and
Rabbit Lake. Neither the bottom nor the top of the succession
has been found. The Mahnomen formation is at least 2,000
feet thick and consists of generally well sorted fine clastic

material that is low in iron, and locally includes quartzitic
lenses near the top.

The Trommald formation consists almost entirely of iron-
formation of varied mineral composition and texture, and it
ranges in thickness from 45 to more than 500 feet. The for-
mation has a thin- and thick-bedded facies which have char-
acteristic compositional and textural differences. In parts of
the North range, the entire Trommald formation is the thin-
bedded facies; in others, the formation is all the thick-bedded
facies; and in about one-third, the thin-bedded underlies the
thick-bedded and grades upward into it. The thin-bedded
facies generally corresponds to the carbonate or silicate-
carbonate facies, and the thick-bedded facies resembles the
oxide facies as described by James in 1954. The thin-bedded
facies includes a few Iocal thin layers containing abundant
quartz sand and local argillaceous lenses that are probably
tuffaceous.

The Rabbit Lake formation is largely gray and black partly
ferruginous argillite and slate at least 2,000 feet thick and
contains lenses of lean siliceous argillaceous iron-formation.
The lowermost 300 feet of the formation contains about 2.0
percent titania in contrast with 0 to 1.0 percent in the rest
of the formation and averages of 0.5 percent in the Mahnomen
formation and 0.2 percent in the Trommald formation. The
titaniferous zone at the base of the Rabbit Lake formation
has been found in almost all parts of the North range and at
the northeast end of the South range, which was the only
place tested in that range. In part of the North range, the
base of the formation includes as many as three basaltic
flows or sills and probably also beds of water-laid tuff.

Thin horizontal Keweenawan flows have been reported in
a small area of the South range, but have not been observed
in the North range. If their assumed age is correct, the flows
indicate that the generally horizontal bedrock erosion surface
was formed during or before Keweenawan time. The suri{ace
was subjected to deep weathering, and thick saprolites includ-
ing iron ores were developed on those rocks that were pro-
foundly affected by surface conditions; the argillites and slates
were little changed. The relationship of the Keweenawan
flows to this period of weathering was not studied.

Horizontal conglomerates overlying the eroded Precambrian
surface have been called Cretaceous in the past because of
their resemblance to conglomerates of Cretaceous age in the
Mesabi district, but are actually consolidated Pleistocene grav-
els. The deeply weathered low-relief surface of the Precam-
brian rocks was vigorously scoured by Pleistocene continental
glaciation, which was followed by the deposition of stratifled
and unstratified drift to depths of 15 to more than 200 feet
in the North range. The present topographic surface is en-
tirely the result of the last Pleistocene deposition and does
not seem to reflect the gentle configuration of the underlying
bedrock surface.



2 GEOLOGY AND ORE DEPOSITS OF THE CUYUNA NORTH RANGE, MINNESOTA

Clastic sedimentation of clay and silt, which was relatively
free of iron, preceded deposition of the Cuyuna iron-formation
and produced the Mahnomen formation, which is probably
more than 2,000 feet thick. A sharp contact separates the
chemical sediments of the Trommald formation, which con-
sists of chert and iron oxides, silicates, and carbonates. The
iron-fich chemical precipitates were deposited in two general
marine or lacustrine environments, Deep quiet reducing wa-
ter yielded the thin-bedded facies that consists of chert, car-
bonates, and silicates corresponding to the carbonate and
carbonate-silicate facies defined by James. Shallower, prob-
ably agitated, oxidizing water yielded the thick-bedded facies
that consists of chert and iron oxides, the oxide facies of
James. The thick-bedded facies covered about one-third of
the area of Trommald formation deposition in the North range
at the beginning of deposition and gradually spread over the
thin-bedded facies as iron-formation accumulated until® it cov-
ered about two-thirds of the area of deposition at the end of
Trommald time. Manganese was deposited most abundantly
in a zone near the transition between the facies.

The deposition of the Trommald formation was terminated
abruptly by an infiux of clay and silt and, locally, tuff and
flows into the sedimentary basin. The bottom waters became
stagnant and the Rabbit Lake formation, which consisted of
more than 2,000 feet of gray and black muds, was laid down.
Iron deposition continued, probably as siderite and pyrite.
Locally, chert and iron minerals were precipitated in sufficient
abundance to produce lenses and layers of lean argillaceous
iron-formation.

Study of the North range has produced a stratigraphic col-
umn and an areal geologic map different in many respects
from those of previous authors, particularly Grout and Wolff.
The proposal that nearly all the Cuyuna ores occur in one
unit, the Trommald formation, which is less than 45 feet to
more than 500 feet in thickness and generally from 100 to
400 feet, is in sharp contrast to the 2,575- to 3,465-foot ore-
bearing unit described by Wolff.

The three sedimentary formations have been intruded by
mafic rocks that appear sill-like in limited areas but that gen-
erally cut across all the stratigraphic units to form a dis-
continuous group of dikes in a belt at least 6 miles long and
half a mile wide along the southeast edge of the North range.
The dikes roughly parallel the fold axial planes and were
probably injected during or after folding.

The sedimentary rocks of the district have been tightly
folded into northeastward-trending folds that are generally
overturned to the northwest and are locally isoclinal. The
folds plunge both northeast and southwest. About half of
the bedrock in the North range is Mahnomen formation; the
Trommald and Rabbit Lake formations occur as synclines
downfolded into it. A few minor faults were mapped in the
mines and a larger fault was inferred at the southwest end
of the Sagamore mine, but no major faults were detected.
Evidence was not found to substantiate the major faults de-
scribed by Wolff.

The argillaceous sedimentary rocks, iron-formations, and
mafic dikes have been metamorphosed in the chlorite or bio-
tite zone in most of the North range, and definitely in the
biotite zone in a few places along the southeast edge of the
range. The most abundant minerals in the argillites and
slates are muscovite and quartz; in the thin-bedded facies of
the Trommald formation, quartz, ferrous and manganous car-
bonate, minnesotaite, and stilpnomelane; in the basalt fiows,
chlorite and epidote; and in the mafic dikes, chlorite, epidote,

clinozoisite, albite or oligoclase, and calcite. The grain size
of recrystallized chert was used as an index of metamorphic
grade in the thick-bedded facies of the Trommald formation
and in the upper iron-formation within the Rabbit Lake for-
mation, both of which generally contained no minerals indica-
tive of metamorphic grade.

The iron ore and manganiferous iron ore of the North
range occur almost entirely in the Trommald formation; only
a minor amount has formed in the upper iron-formation of
the Rabbit Lake formation, and the stratigraphic position of
the ore in the small Snowshoe mine could not be determined.
The ore occurs as residual concentrations of porous or vuggy
iron and manganese oxide minerals and quartz that remain
after carbon dioxide, magnesia, and part of the quartz have
been removed by oxidizing and leaching waters. Both direct-
shipping ores and those requiring treatment to remove some
of the remaining quartz are produced in the district, and the
production of concentrates somewhat exceeds direct-shipping
ore at present. The type of ore is related to the formation
and facies in which it is developed. Direct-shipping ores oc-
cur mostly in the thin-bedded facies of the Trommald for-
mation; concentrating ores are also abundant in this unit,
but constitute most of the production from the thick-bedded
facies and from the upper iron-formation in the Rabbit Lake
formation. Manganiferous iron-formation occurs in both the
Trommald and Rabbit Lake formations, but it is more abun-
dant in the Trommald formation. In the Trommald it is gen-
erally within or close to the area in which the thin- and
thick-bedded facies overlap; locally, it is most abundant in a
particular stratigraphic zone, though the zones are in differ-
ent positions in different parts of the district. The highest
grade manganese ores, which formerly were selectively mined
by underground methods, were within or near the zone of
transition from the thin- to the thick-bedded facies.

The phosphorus in the Cuyuna ores was largely or wholly
derived from the parent iron-formation rather than introduced
during or after the development of ore. In some places, chem-
ical analyses showed that the phosphorus is greater in the
ore than in the original iron-formation; in other places, less
phosphorus is present. The range of phosphorus content in
the iron-formation is from a trace to several percent in un-
oxidized and in oxidized and leached phases. Low phos-
phorus analyses in the unoxidized rock correspond to low
analyses in adjacent oxidized iron-formation and ore; simi-
larly, where the parent rock is high in phosphrous, oxidized
iron-formation derived from it is also high in phosphorus.

Most of the information regarding the origin of the North
range ores was obtained from the thin-bedded facies of the
Trommald formation, and the discussions of origin apply
principally to that unit. The ores in the thin-bedded facies,
and perhaps in all the iron-formation, formed in two stages.

During the first stage, warm or hot water, which was pos-
sibly mostly ground water heated and caused to circulate with
greater vigor by the admixture of magmatic emanations,
widely oxidized the iron-formation in part of the district and
leached some of the oxidized iron-formation to ore. The re-
sultant ore bodies are red brown and largely hematitic; they
are tabular or lenticular, generally in the plane of the bed-
ding, and some of them are known to extend many hundreds
of feet below the bedrock surface. These ore bodies, which
seem to be accompanied by a relatively large amount of oxi-
dized hematitic marginal ore, contain consistently more boron
than the ores formed in the second stage and more boron than
occurs in the unaltered iron-formation. All the largest mines
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in the district include or consist entirely of ore bodies of this
type.

The second stage of ore concentration occurred when all
the rocks were subjected to very deep surface weathering.
Goethitic ores were formed as irregular blankets over expo-
sures of the thin-bedded facies, and possibly most of the
ores in the thick-bedded facies and in the upper iron-forma-
tion lenses of the Rabbit Lake formation were also formed at
this time. Brown iron oxides and ore were formed on al-
most all residual masses of unoxidized iron-formation that
remained within the earlier altered hematitic iron-formation.
‘Where the porous hematitic ores extended downward for sev-
eral hundred feet and unoxidized iron-formation remained
nearby, the existent ore served as a channelway for the
weathering solutions to form brown ore at seemingly anom-
alous great depths. Some of the large ore- bodies, of which
the best example is at the Sagamore mine, formed in this two-
stage manner. Weathering solutions also oxidized and leached
the iron-formation preferentially where joints perpendicular
to the fold axes were abundant and to a minor extent along
the sides of shattered mineral-filed veins.

The Trommald formation deserves further exploration for
ore in certain limited areas in the North range. The thick-
bedded facies may be explored for local bodies of wash ore
any place the facies is known to occur. The thin-bedded
facies occurs more extensively than the thick-bedded facies,
but should be explored for wash ores and direct-shipping ores
only in a mile-wide belt along the southeast edge of the range.
No further exploration of iron-formation within the Rabbit
Lake formation is recommended.

Manganiferous ores are most apt to be found where the.

thin-bedded facies occurs alone and in both facies near the
facies overlap. The rich ferruginous manganese ores, which
were largely mined selectively by underground methods, oc-
curred near the facies transition.

The marginal ores and the unoxidized iron-formation of the
Cuyuna district have been considered as a source of large
quantities of manganese, particularly in a national emergency.
In 1951, Lewis made an estimate of 500 million minable tons
that contained more than 2 percent manganese, including un-
oxidized iron-formation and marginal ores in the North range
and ferruginous slate in western Aitkin County.

The last part of the report is a series of descriptions of
individual mines in the Cuyuna North range.

INTRODUCTION

The Cuyuna iron-ore district is near the geographic
center of Minnesota in Morrison, Crow Wing, and
Aitkin Counties (fig. 1). The district is about 68
miles long, and extends from Randall in Morrison
County northeastward to a point 11 miles east of the
small community of Hassman in Aitkin County. The
width of the district ranges from less than 1 mile near
the northeast end to more than 10 miles where the
North and South ranges are continguous, or to more
than 25 miles if the Emily district in northern Crow
Wing County is included.

The Cuyuna district is traditionally divided into
three general subdistricts or ranges—the South range,
the North range, and the area that the writer prefers
to designate as the separate Emily district. The

Cuyuna South range is a long narrow area (fig. 1)
extending the full length of the district; it is less
than 1 mile to 7 miles or perhaps 11 miles wide, de-
pending upon the validity of some of the little-known
outlying belts of iron-formation. The South range
was the site of much early exploration and several
underground mines, now all abandoned. Recently one
small open-pit mine, the Gorman, was operated near
Randall in Morrison County. The South range has
attracted a moderate amount of exploratory drilling
in recent years, but most exploration has been con-
centrated in the North range and in the Emily dis-
trict.

The North range (fig. 1), a much smaller area about
12 miles long and 5 miles wide, is near the villages
of Crosby and Ironton in Crow Wing County, in-
cludes all current mining activity, and is the area
studied in this survey.

Northwest of the Mississippi River in the northern
part of Crow Wing County is the Emily district (fig.
1), where small amounts of exploration had been car-
ried on for many years, and a large amount of both
drilling and geophysical exploration have been con-
ducted since about 1950. Geographic boundaries can
scarcely be placed on the Emily district, for the con-
tinuance of exploration has steadily expanded the area
known to be underlain by iron-formation; and it is
possible that future exploration will connect the dis-
trict with the Cuyuna North range at the south and
the Mesabi district at the northeast (pl. 1).

Iron-bearing rock possibly related geologically to the
rocks of the Cuyuna district has also been found
near Philbrook in Todd County to the west.

The Cuyuna district, unlike other iron-bearing dis-
tricts in the Lake Superior region, is in a generally
flat area almost entirely covered by a thick mantle of
Pleistocene glacial drift. Outcrops occur in the near
vicinity of the iron-formation only in Todd and Mor-
rison Counties and at one place in Aitkin County.
The topography of the district is dominated by fea-
tures developed by the retreating continental glacial
ice and is a poorly drained morainic surface of ir-
regular hills and many lakes and swamps. Part of
the area is relatixely level outwash plain. The area
is drained by the Mississippi River, which passes
directly through the district from near the northeast
end at Hassman southwestward past Aitkin, Riverton,
and Brainerd to Fort Ripley. The extremes in altitude
in the area are 1,150 and 1,450 feet above sea level.
Natural altitudes in the North range are from 1,172
to 1,390 feet above sea level, but most of the bigger
hills have less than 100 feet of relief. In contrast with
the natural topography, some of the open-pit mines
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are more than 350 feet deep, and some stripping and
lean ore dumps are more than 150 feet high, which
has resulted in a manmade relief of 500 feet. Of
course the open pits lack natural drainage, and when
pumping of ground water stops they soon fill to with-
in a few tens of feet below the surface.

All the communities in the North range are in-
corporated as villages. Crosby and Ironton are im-
mediately adjacent and form the most important
business and residential center of the area studied.
Cuyuna, Manganese, Trommald, and Riverton, like
Crosby and Ironton, have been built since the devel-
opment of mining in the district, but they have de-

clined in population and in importance as more rapid

transportation has permitted consolidation of most of
the mining and business community into one center at
Crosby and Ironton. According to 1950 census figures,
the population of Crosby was 2,777; Ironton, 828;
Cuyuna, 112; Manganese, 41; Trommald, 117; and
Riverton, 148.

The area south of Crosby and Ironton is farmland
and second-growth forest; north of the villages farm-
ing is less important and much of the land is included
within State forests. Timber products are an im-
portant source of income. Many of the lakes are
surrounded by summer homes and cottages, and serv-
ices for tourists form a thriving industry in the area.

The North range is served by good highways and
railroads capable of handling the heavy freight load
imposed by the shipping of the Cuyuna iron ores
(fig. 1). The main highway, U.S. 210, is a modern
concrete road extending generally east-west. From
Crosby it leads 15 miles southwest to Brainerd, a city
of 12,637. Eastward it passes through Deerwood and
Aitkin and extends to Duluth, 102 miles distant; at
Aitkin it connects with U.S. 169, the main road link-
ing this area with the Mesabi district. State High-
way 6 extends northward from Crosby and southward
from Deerwood. In earlier years, the range was
served by separate lines of the Northern Pacific Rail-
way and the Minneapolis, St. Paul & Sault Ste. Marie
RR. At present the railroads within the range are
jointly operated by the two companies, and all trains
serve Crosby and Ironton over the Northern Pacific
tracks through Deerwood.

HISTORY OF THE DISTRICT

The Cuyuna district, its iron-formatien hidden by
glacial drift, was the last major iron-ore district dis-
covered in the part of the Lake Superior region in
the United States. In 1859, land surveyors laying out
section lines in the northern part of T. 45 N., R. 29 W,
noted deflection of the magnetic compass and wrote

that “there was very great local attraction caused by
Bog Iron in the low marshes” (Himred, 1940, p. 3).

Eli Griffin is reported to have been the first person
to trace systematically the lines of magnetic attrac-
tion in the district. He spent much time doing this
during 1875 and 1876, but he was unable to obtain
capital for subsurface exploration (Himrod, 1940, p.
4).

In 1882, Henry Pajari saw pieces of iron ore in the
glacial drift along the railroad near Deerwood. He
had had experience in the iron mines near Michi-
gamme, Mich., and as a compassman for C. R. Van
Hise in Michigan and Wisconsin. Convinced that
iron ore was nearby, Pajari began explorations with
a dip needle, and is said to have found areas of mag-
netic anomaly on both the North and the South ranges
(Zapffe, 1938, p. 24). He tried to reach bedrock by
sinking test pits, seemingly only in an area midway
between the ranges; but the pits all went below the
water table long before reaching bedrock, and he was
forced to abandon the venture (Himrod, 1940, p. 4-7,
149-150).

On July 9, 1889, C. R. Van Hise made the follow-
ing entry in his field notebook! at St. Paul, Minn.:

Mr. Hopewell Clark, Land Commissioner of the St. Paul
and Duluth Ry. informs me that an outcrop of granite has
been found upon the northeast shore of Mille Lacs. Some
distance northeast of this point, well up towards Rice Lake,?
he also reports that there are numerous large angular blocks
of a rock which he calls a quartzite, which he believes to
represent an exposure, He also reports that between Mille
Lacs and the line of the Northern Pacific3 is a line of mag-
netic attractions which has been traced for miles. Another
line of attractions has been formed north and east of Mille
Lacs and north of the Pacific road. Is it possible that these
lines of attraction represent lower horizons of the Animikie
formations which have not yet been discovered? If the sup-

posed quartzite exposure is a bona fide one, this, combined
with the attractions, would seem to indicate this.

A group of Brainerd men led by P. G. Fogelstrom
drilled 1 hole 50 feet deep near Brainerd in 1893, but
their hope of finding iron ore was unfulfilled (Him-
rod, 1940, p. 9-10). '

About 1895 Cuyler Adams became interested in
exploring for iron ore near Deerwood (Zapffe, 1938,
p- 24). -Adams made extensive surveys with a dip
needle and mapped lines of maximum deflection. In
May 1903, with W. C. White and W. D. Edson, he
began drilling in the SE14 sec. 16, T. 46 N., R. 28 W,
and located lean ore later that year. H. B. Ayres
began drilling in November 1903 and found lean ore
in sec. 35, T. 47 N., R. 256 W., near Dam Lake in

1 C. R. Van Hise, unpublished field notes.

2 Probably the same Rice Lake shown on plate 1.
3 See fig. 1.
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Aitkin County. By this time a great many people
were interested in the search for ore in the area.

The first merchantable ore seems to have been dis-
covered on the South range in the SE14NE1, sec. 20,
T. 46 N,, R. 28 W, in May 1904 (Himrod, 1940, p. 18).
The drilling had been conducted by a partnership in-
cluding Cuyler Adams, R. C. Jamieson, W. D. Edson,
and others. Drilling was started on the North range
in July 1904, in sec. 30, T. 47 N., R. 28 W., near what
was to become the Kennedy mine. The first hole was
stopped by a boulder and the second penetrated good
ore (Himrod, 1940, p. 18).

The name of the district, according to Himrod
(1940, p. 20-21), was suggested by Mrs. Cuyler Adams
from the first syllable of Cuyler and the name of
Adams’ dog Una, who was a companion on his ex-
plorations. Leith publicized the name very soon after-
ward in September 1904 (Leith, 1906, p. 149-150).

Shaft sinking was begun by the Hobart Iron Co.
of Pickands Mather & Co. in 1905. This shaft, the
Sigma mine, was on the South range in the SWi,
SEY, sec. 8, T. 45 N., R. 29 W. It was abandoned
after a few months in 1906. More drilling and shaft
sinking came quickly. By 1909, about 2,000 drill
holes had been completed, and the general limits of
the district had been established. The new townsites
of Cuyuna, Crosby, and Ironton were established in
1908, 1909, and 1910.

The first shaft of the Kennedy mine reached bed-
rock in April 1908, and construction of the Cuyuna
Range Railroad (later purchased by the Minneapolis,
St. Paul & Sault Ste. Marie RR) to serve the mine
and the new towns was begun in 1909. The tracks
reached the mine in January 1911, where a stockpile
of ore was waiting. The first ore shipped from the
district left the mine on April 11 of that year.

Stripping of overburden for open-pit mining was
started at the Rowe mine in 1912 and at the Penning-
ton, Armour No. 1, and Thompson mines in 1913.

The demand for manganiferous ores during the war
years of 1914-18 exerted a tremendous influence on
the Cuyuna district. At the height of this boom 32
mines were operated, most of them in the North range.
Activity then diminished until only seven mines were
operating in 1921. Mining increased and decreased
again following the course of prosperity and depres-
sion. From four mines in 1934, the number of opera-
tions has increased steadily; the production of the in-
dividual properties also increased until 1953, when
3.9 million gross tons of ore was produced. Open-pit
mining has replaced underground mining except at
the Armour mines, and large trucks and conveyor
belts now entirely supplant the railroads in the open

pits. About 20 mines are operating, but several of
these include more than one of the earlier mines now
consolidated for efficiency of operation.

Production of iron ore in the Cuyuna district has
decreased since 1953 and may very likely continue at
a reduced rate. The marketing of high-grade man-
ganiferous iron ores from the Labrador-Quebec dis-
trict is expected to continue to be serious competition
to the Cuyuna ores.

The prosperity of the villages of Riverton, Trom-
mald, Manganese, Cuyuna, Crosby, and Ironton has
risen and fallen regularly with the activity of the
mines. All except Crosby and Ironton have been
greatly reduced in importance by this fluctuation of
income. Crosby has developed some other industries,
especially businesses serving summer vacationers, and
is no longer so completely dependent on the operation
of the mines.

The history of mining in the Cuyuna district in-
cludes one great mine disaster. The Milford mine
was suddenly flooded by mud and water on February 5,
1924, and 41 men were killed ; only 6 of those working
underground escaped (Holbrook, 1939, p. 142-149).

Five companies are now active in the mining op-
erations of the Cuyuna district: Inland Steel Co.,
M. A. Hanna Co., Pickands Mather & Co., Rhude and
Fryberger, and Zontelli Division of Pittsburgh Pa-
cific Co. Many other persons and companies control
significant amounts of property in the North range:
George H. Crosby, Adams Bros. Co., W. S. Moore,
Snyder Mining Co., Oliver Iron Mining Division of
the United States Steel Corp., Ernest- Amberg, Louis
Knudson, J. W. Van Evera, E. R. Burns, Cleveland-
Cliffs Iron Co., Gust Carlson, Northern Pacific Rail-
way, the State of Minnesota, and many more. Addi-
tional companies and persons have been active in the
district in the past.

The land in the Cuyuna distriet is divided into
General Land Office townships and sections. Most
sections are subdivided into the smallest standard unit,
the sixteenth of a section (40 acres) and partial sec-
tions of irregular size are called lots and designated
by numbers. Only a few sixteenth sections and lots
of mineral land are further subdivided in the dis-
trict. Property ownership is sometimes separated into
“surface rights” and “mineral rights,” either or both
or which are owned or leased by the iron-mining com-
panies, and there are many complex arrangements of
leases and successive subleases. The many lakes in
the district further complicate the ownership of min-
eral rights. Subsurface proprietorship is bounded by
planes extending vertically downward from the prop-
erty lines.
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PREVIOUS GEOLOGIC INVESTIGATIONS

The first reference to the geology of the district was
by Upham (1888, p. 580-611), who briefly described
the surficial geology. Owing to the lack of outcrops
and deep wells, he knew nothing of the nature of the
bedrock in the area that is now the Cuyuna range.

Irving and Van Hise (1892) showed this area on
a preliminary geologic map of the Lake Superior
region, though they did not discuss it. An area ex-
tending from Duluth southwestward to include most
of the Cuyuna district and swinging more nearly
southward along the Mississippi River to beyond Little
Falls was shown as underlain by “Huronian” rocks,
the “St. Louis slates.”

A similar map accompanied a later publication by
Van Hise (1896) in which he discussed (p. 790) con-
temporaneity of “the greater part of the Penokee-
Gogebic iron-bearing series of Michigan and Wiscon-
sin; the Chippewa and Baraboo quartzites of Wis-
consin; the St. Louis slates of Minnesota; and the
newly developed Mesabi range of Minnesota. That
most and perhaps all of these areas were once con-
nected, there can be no reasonable doubt.”

Later, Leith (1903, p. 202-204) showed a sketch of
a possible connection of the iron-bearing rocks in the
Mesabi with those in the Penokee-Gogebic district.
The suggested belt passed north of Dam Lake, in T.
47 N., R. 25 W., and through the general area of the
North range. There is no indication that this map
was published in time to have any influence on the
search for iron ore in the area.

After the discovery of iron ore in the district,
Leith (1907) was the first to publish a lucid geologic
report. Many short papers by other persons followed.
The section of Monograph 52 (Van Hise and Leith,
1911) on the Cuyuna district is a good review of the
knowledge about the district at that time.

The district was first described in detail by Harder
and Johnston (1918). They studied the rocks pene-
trated in drilling and published detailed maps of sev-
eral of the mines. Many structural features were
briefly discussed, and a map of the known belts of
iron-formation was the best available for many years
afterward. Along with Leith, Zapffe, and other
geologists of the time, Harder and Johnston believed
that the Cuyuna iron-formation occurred as discon-
tinuous lenses scattered through a slate sequence. Lack-
ing more specific data on correlation with the Mesabi
district, Harder and Johnston hesitated to give names
to the Cuyuna strata and preferred general terms. De-
tailed mine maps, descriptions of the individual prop-
erties, and complete chemical analyses of ores and
wallrocks from Harder and Johnston’s bulletin were

extensively used in the preparation of this report.

One of the most profuse authors on the Cuyuna
district was Carl Zapffe, whose contributions appeared
in many short articles rather than in a long report.
Undoubtedly Zapffe was as important for his influ-
ence on the interpretations of others—for example,
Leith, and Harder and Johnston—as he was for his
own publications. He was an enthusiastic champion
of the district as a source of manganese. In earlier
years, he considered the iron ores to occur in discon-
tinuous, sometimes overlapping, lenses of iron-bear-
ing rock (the “Deerwood iron-bearing member”) at
one general “horizon” in the Virginia slate (Van
Hise, and others, 1911, p. 219; Zapffe and Barrows,
1912, p. 3, 4; Zapfle, 1925a, p. 372). Later, Zapffe
argued strongly that the Cuyuna iron-formation was
younger than the Animikie rocks of the Mesabi dis-
trict (1925b) and proposed that the Cuyuna rocks
were Upper Huronian, the Mesabi rocks Middle Hu-
ronian. Most of his arguments depended on debatable
interpretations:

1. The presence of soft, unconsolidated sericitic
shale above the Virginia slate at the west end of the
Mesabi district, which material Zapffe correlated with
the slate abundant in the Cuyuna district.

2. The Cuyuna rocks were probably younger than
the St. Louis slate (now called Thomson formation)
which had been correlated with the Virginia slate by
Van Hise and Leith (1911, p. 611). The Cuyuna
rocks were thought to be younger because they seemed
to occupy the center of a syncline in which the St.
Louis slate and its correlative at Little Falls were on
the south and the Virginia slate of the Mesabi dis-
trict on the north.

3. One drill hole about 30 miles north of Brainerd
(probably the hole in the NW1j, sec. 5, T. 136 N,
R. 29 W., Cass County, near Jenkins) in whlch after
going through “considerable typical soft, light green,
slaty material with steeply inclined schistosity, an un-
doubted Cuyuna rocks, the drill penetrated flat-lying,
banded greyish-black slates, breaking readily and the
core parting like poker chips,” (Zapffe, 1925b, p. 99).
A sample of the dark slaty rock that was probably
from the same hole was identified by this writer as
quartz-biotite schist, but Zapffe thought “it is ex-
actly like phases:of the Mesabi (Virginia) slate for-
mation.”

Thiel (1927, p. 788), remarked in reference to the
above statement, “Such a structure is difficult to vis-
nalize and more difficult to explain if the upper bed
is considered the younger.”

Zapffe’s first point pertaining to the soft light-
colored sedimentary rock overlying the Virginia for-



8 GEOLOGY AND ORE DEPOSITS OF THE

mation at the west end of the Mesabi district was
developed at great length in a later paper (Zapffe,
1926). The existence of the soft sediments and, in
many places, basal conglomerates in the Mesabi, was
established beyond a doubt, but no good reason was
given for supposing them to be correlatives of the
Cuyuna slates. Furthermore, Zapffe himself describes
“horizontal beds of soft gray, green, and reddish shaly
material, containing conglomerate at the base or above
the base” overlying the bedrock in part of the South
range (1933. p. 78) which he called post-Keweena-
wan. These seem a more reasonable correlative of the
soft post-Virginia beds of the Mesabi than the Cuyuna
slates.

In 1928, Zapffe described the division of the iron-
bearing rock in the district into a lower and an upper
layer. Much of his reasoning probably depended on
the interpretation that a large structure was an anti-
cline, even though his own map (Zapffe, 1928, fig. 6)
showed it to be synclinal. Had this structure been
properly described as a syncline, it is difficult to
visualize how Zapffe might have maintained his theory
that the ores occurred at two main horizons.

Zapffe later (1930) prepared a general stratigraphic
section for the district, dividing the Upper Huronian
rocks into a lower Aitkin formation and an upper
Crow Wing formation, the latter consisting of an
Emily member and a Cuyuna member. The Deer-
wood iron-bearing member comprised two separated
layers of iron-bearing rock enclosed in the Cuyuna
member. The iron-formation and ores of the Emily
district were believed to be numerous but short lenses
of iron-bearing rock.

Zapffe’s contribution to the Guidebook of the 16th
International Geological Congress, 1933, contained
practically the same information as his 1930 publica-
tion.

Royce studied the district over a long period of
time and knew parts of the district very well, but
unfortunately he published only short general papers
without detailed maps (Royce, 1938, 1942). In these
he proposed a stratigraphic sequence which, except
for omission of the upper iron-formation, was very
similar to that proposed in this report.

Wolff collected data in the Cuyuna district from
1908 to 1917, spent most of 1918 in the area, and
subsequently visited the district many times. He was
particularly familiar with the geology of the Mesabi
district, and on the basis of lithologic similarities, he
correlated parts of the iron-formation in the Cuyuna
district with iron-formation in the Mesabi district
(Wolff, 1919) and applied the Mesabi formational
names, Pokegama, Biwabik, and Virginia, to the

CUYUNA NORTH RANGE, MINNESOTA

Cuyuna rocks. Much later the same general ideas,
but with considerable revision in details, were pre-
sented with a detailed geologic map of the North
range and a small part of the South range (Wolff,
1951). The same map appeared later as plate 2, of
Bulletin 36 of the Minnesota Geological Survey, of
which Wolff and Grout were joint authors. Specific
correlations were made by Wolff without much regard
to the structure and the changes in sedimentary facies
in the district; then faults were inserted where the
geology of the adjacent areas seemed incompatible.

Geologic investigations have been conducted over the
years by geologists and engineers of many of the
mining companies in the district. Detailed maps and
the interpretations and deductions resulting from some
of these unreported studies are of very high quality
and surpass much of the material that has been pub-
lished. The author was privileged to see some of
these maps and to discuss the geology at great length
with the mining company personnel.

PRESENT INVESTIGATION

The fieldwork of this investigation was begun in
1951 and completed in 1954, except for a month in
1955 and a few days in 1956. C. E. Dutton worked in
the field with the writer for 2 months during the
summer of 1951 and gave the benefit of his broad
experience at the beginning of the project. He also
remained project adviser until this report was com-
pleted.

Fieldwork consisted of detailed mapping of all ac-
cessible mines. Up-to-date company mine maps were
used in the field for plotting geologic information.
The maps of open pits, which were at a scale of 1
inch equals 50 feet, showed details of benches and
banks, which made it possible to locate any point in
a mine quickly and accurately to within a few feet.
Geologic mapping in the Armour underground mines
was likewise done on prints of the company maps at
a scale of 1 inch equals 30 feet. Maps of the whole
North range were prepared on a base provided by the
M. A. Hanna Co.

Much of the work necessary for the preparation of
detailed maps was the examination and classification
of many thousands of samples consisting of drill cores
and cuttings from about 2,000 exploratory holes. These
included samples from holes drilled from 1905 to 1956.
In addition, the company logs of 8,000 drill holes were
scanned, and those yielding pertinent information were
used in the development of the geologic details. Sam-
ples were collected in the mines for 38 complete
chemical analyses of representative ores and related
rocks, for 120 thin sections, and for many mineralogic
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determinations, partial chemical analyses, heavy min-
eral separations, and semiquantitative spectrographic
analyses.

A group of preliminary geologic maps of the ac-
cessible mines was prepared and placed on open file
in 1952 (Schmidt and Dutton, 1952). Detailed geo-
logic maps of the entire North range were published
in 1957, 1958, and 1959 (Schmidt and Dutton, 1957;
Schmidt, 1958a, 1959).

Much geophysical work has been done by the Geo-
logical Survey in the area by using a variety of geo-
physical methods closely coordinated with the results
of the geological study provided by the writer. A
later report will describe the geophysical investigation.
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GENERAL GEOLOGY
REGIONAL SETTING

The strata of the Cuyuna district are a tightly
folded sequence of slightly metamorphosed Precam-
brian rocks consisting of argillite, slate, phyllite, and
iron-formations, and lesser amounts of coarser clastic
rocks and volcanic tuff and flows. The bedrock is
covered by Pleistocene glacial drift to depths of 15
to more than 200 feet throughout the area studied,
except where exposed by mining operations. Only
beyond the southwest and northeast limits of the
mapped area have a few scattered outcrops been
found, and the relation of these to the Cuyuna rocks
is not adequately known.

The trend of the Cuyuna folds is about N. 65° K.
and parallels the axis of the Lake Superior syn-
clinorium. Previous writers (Harder and Johnston,
1918, p. 112; Zapffe, 1928, p. 625) have considered
that the Cuyuna district is near, or somewhat north
of, the axis of the geosyncline, which was thought
to explain the intensity of the folding and perhaps
also the degree of metamorphism.

There is very little information on the relation of
the sequence of metasedimentary rocks in the Cuyuna
district to the other Precambrian rocks of Minnesota.
The geology has been determined in detail, however,
for areas of extensive exploration in the Mesabi dis-
trict, in part of the Emily district, in the Cuyuna
North range, and in small parts of the Cuyuna South
range. The general geology of the area southeast of
the Cuyuna district has been described in a report on
the Thomson formation by Schwartz (1942) and one
on the intrusive igneous rocks by Woyski (1949). In
other directions from the Cuyuna district and in the
areas east and west of the Emily district, outcrops
and drill-hole data are exceedingly sparse, and the
relation of the various outcrops and the drill-hole
samples to each other are as unknown as their rela-
tion to the Cuyuna rocks.

The areas of various rocks adjacent to the Cuyuna
district are shown on plate 1, on which the available
geologic data have been compiled from many sources
with adaptations by the writer, and the sources of
various data are shown on the accompanying index
map. The rocks occurring near the Cuyuna district
are discussed in the following paragraphs.

Only widely scattered drilling has been done on
the north side of the Mississippi River in the 8-mile
gap that separates the Cuyuna and Emily districts.
Drilling has been insufficient to establish or disprove
a direct connection between the iron-formation of the
two areas, but the writer believes that the connection
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probably exists. White (1954) has described simi-
larities between the rocks of the Emily and Mesabi
districts, which are generally believed to be correla-
tive, but between which no actual connections have
been made.

Very little is known of the rocks west of the Emily
district and northwest of the Cuyuna North range.
Grout and Wolff (1955, pl. 1) show scattered small
areas of dolomite, greenstone schist, and granite in
the northwestern part of Crow Wing County and in
the adjacent part of Cass County. They assumed
these to be pre-Animikie, but no specific relationships
are known.

Thirteen holes were drilled in secs. 23 and 33, T.
134 N, R. 28 W,, and in sec. 1, T. 183 N., R. 29 W,
north and west of Brainerd in 1909. The holes pene-
trated light-gray and light-green argillite and silt-
stone and chloritized gabbroic igneous rock. Some of
the siltstone contained small magnetite or martite octa-
hedra and was similar to the magnetic siltstones in
the Mahnomen formation associated with areas of
magnetic anomaly in the North range; the writer as-
sumes, therefore, that the sedimentary rocks are part
of the Mahnomen formation (pl. 1), the lowest of the
three sedimentary formations in the North range.

Various granites crop out 20 miles west of Brainerd
near Staples (Harder and Johnston, 1918, p. 30-31)
and farther south in Todd County near Browerville
(p. 31). Gabbro and anorthosite crop out near Phil-
brook in Todd County rather close to places where
iron-formation has been located by exploratory drill-
ing (pl. 1) (Grout and Wolff, 1955, p. 16). The iron-
formation near Philbrook is more highly meta-
morphosed than most iron-formation of the Cuyuna
district and is some distance from the nearest South
range iron-formation at Randall, and possible corre-
lation with the Cuyuna district should be considered
only tentative at this time.

Dark gray-green chlorite schist is exposed in out-
crops at the railroad station in Randall and for about
half a mile south. These outcrops are about 1.5 miles
southeast of iron-formation of the South range which
has been traced by drilling for a short distance near
Randall (pl. 1). The schist at Randall was consid-
ered by Harder and Johnston (1918, p. 58-59) to be
similar to schist in the operating mines near Brainerd
and Crosby. It is probably more highly metamor-
phosed than the North range schists, but the iron-
formation in the Gorman mine near Randall is also
more highly metamorphosed than North range rocks.

Outerops of the Thomson formation, locally a phyl-
lite and a staurolite-biotite schist, and of hornblende
granodiorite and hornblende gabbro have been re-

ported near Little Falls (Woyski, 1949, p. 1010, 1013,
1015). (See pl. 1.)

Granitic rocks were described from several places
south of Mille Lacs Lake (Woyski, 1949, pl. 1; Hen-
derson and Meuschke, 1953a). McGrath gneiss crops
out near McGrath, in sec. 6, T. 43 N., R. 23 W., and
near Denham in T. 45 N., R. 21 W. Granite or gneiss
was drilled in the well at Malmo, T. 45 N., R. 25 W.
Iron-formation, slate, and a large pyrite-pyrrhotite
body were drilled in the southwestern part of T. 46
N, R. 25 W, near Glen (Harder and Johnston, 1918,
p. 128; Schwartz, 1951b; Henderson and Meuschke,
1958b; Grout and Wolff, 1955, p. 86-87; Han, 1958,
p- 24). Quartzite forms several low outcrops north-
west of Dam Lake in sec. 84, T. 47 N., R. 25 W., and
drilling north of the outcrops penetrated iron-forma-
tion underlain by a schistose quartzite (Adams, 1910,
p. 734) ; presumably these are part of the Cuyuna se-
quence. South of Dam Lake, in secs. 9 and 10, T.
46 N, R. 25 W., diorite and diabase crop out in sev-
eral places.

In sec. 1, T. 47 N, R. 25 W, and sec. 6, T. 47 N.,
R. 24 W., near Kimberly, iron-formation and slate
were drilled in two explorations totaling 32 holes.

Schwartz (1942) has described the Thomson forma-
tion occurring in Carlton County, many miles east of
the last Cuyuna-type rocks. He considers it to be
pre-Animikie and relates the southwestward-increasing
metamorphic grade to intrusion of Algoman McGrath
gneiss. The Thomson formation is also slightly meta-
morphosed along the contacts of diabase dikes and
sills.

Northeast of the Cuyuna district, especially in north-
ern Aitkin County, outcrops are entirely lacking, the
drift cover is 75 to more than 300 feet thick, and
drilling is very sparse. The underlying rocks are
generally slate and what was called schist, in places
black or “graphitic,” locally overlain by soft Creta-
ceous shales (Henderson and Meuschke, 1953c). The
age of the slates has not been established, but Wolff
thinks that they are equivalent to the Virginia slates
(Grout and Wolff, 1955, p. 83).

Outcrops have been reported on the west side of
Waukenabo Lake, in T. 49 N., R. 26 W, and on the
north side of Esquagamah Lake (pl. 1), probably in
the same township (Himrod, 1940, p. 4). The writer
has not confirmed this. The drift cover penetrated
by drill holes in the same township ranges from 173
to 242 feet.

The U.S. Bureau of Mines drilled 7 holes in sec.
23, T. 48 N., R. 27 W., Aitkin County, in mangani-
ferous argillite (Grosh and others, 1953). The cores
are faintly foliated gray and red-brown sericitic argil-
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lite. None of the material is considered to be iron-
formation by the writer. The argillite is not greatly
unlike parts of the Mahnomen formation in appear-
ance, though its iron content is more nearly like that
in the Rabbit Lake formation.

By tentatively accepting the correlation of the
Cuyuna rocks with those of the Mesabi district, as
suggested by Cheney (1915), Wolff (1919), and others,
one may deduce some general relationships by analogy
with that district. The sequence of three formations
in the Cuyuna district may be assumed to rest un-
conformably on a surface of Algoman granite and
various other older rocks. These older rocks probably
include most or all of the granitic rocks mentioned
above occurring near the Cuyuna distr ct, and the
Thomson formation occurring to the east and to the
south. Some of the gabbroic and dioritic intrusives
outside the district resemble rocks intrusive into the
Cuyuna rocks and are probably younger than the
Cuyuna sequence.

CUYUNA DISTRICT

In a simple interpretation the sequence of meta-
morphosed argillaceous rocks and iron-formations in
the Cuyuna district is probably of Animikie age and
occupies a much folded northeast-trending synclin-
orium (pl. 1) bounded by older rocks, except at the
northeast end where the structure apparently widens.
The sequence probably connects northward with the
Animikie rocks of the Emily and Mesabi districts and
disappears eastward under a thick cover of Pleisto-
cene and perhaps Cretaceous materials.

The base and the top of the threefold sequence of
sedimentary rocks in the synclinorium have not been
seen. The lower unit is the Mahnomen formation,
which consists of at least 2,000 feet of light-colored
argillite or slate and quartz siltstone and includes
local quartzite lenses and layers near the top. The
middle unit is the Trommald formation, which is al-
most wholly an iron-rich chemical sediment known as
iron-formation and contains only local thin layers of
clastic sediments; an iron-oxide-rich thick-bedded fa-
cies of this formation is confined to part of the North
range and overlaps an iron silicate- and iron carbon-
ate-rich thin-bedded facies which occurs in part of the
North range and probably all of the South range.
The Trommald formation generally ranges in thick-
ness from 45 to more than 500 feet. The highest unit
is the Rabbit Lake formation which is argillite and
slate, partly carbonaceous and ferruginous; it has
lenses of lean cherty iron-formation distributed
throughout and local basaltic flows or sills and prob-
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ably tuffs near the base. The Rabbit Lake formation
is at least 2,000 feet thick.

The sedimentary rocks in this synclinorium have
been tightly folded, probably by forces acting from
the southeast, and subjected to metamorphism which
increased gradually toward the south or southeast.
In the North range the strata were intruded by diorite
or gabbro dikes during or after folding. These in-
trusive rocks were metamorphosed with the sedimen-
tary rocks.

The rocks of the Cuyuna district and older rocks
were eroded to a surface of low relief. Van Hise and
Leith (1911, p. 215) described an amygdaloidal silicic
extrusive occurring locally in the South range in hori-
zontal layers 15 to 25 feet thick resting on the eroded
surface of the steeply dipping iron-formation and
slate in sec. 2, T. 44 N, R. 31 W, sec. 6, T. 44 N,
R. 30 W., and sec. 7, T. 45 N, R. 29 W. (pl. 1). They
believed this extrusive to be Keweenawan.

Cretaceous fossils have been identified in soft shales
overlying folded slates in northern Aitkin County
(Grout and Wolff, 1955, p. 83). No Cretaceous sedi-
ments have been identified in the Cuyuna district.
Horizontally stratified conglomerates on the Precam-
brian surface are probably all Pleistocene, though they .
generally resemble some Cretaceous rocks of the Me-
sabi district.

The iron ores have developed within the Trom-
mald formation, except for a few small ore bodies
within iron-formation lenses in the Rabbit Lake for-
mation. The ores are residual, having formed by
leaching of the original minerals of the iron-forma-
tion: quartz and one or more iron oxides, silicates,
or carbonates. The ores form by the removal of car-
bon dioxide, silica, and magnesia; the removal re-
sults in porous and vuggy ore. The ores were prob-
ably formed in two stages—the first involving ground
waters that possibly were partly hydrothermal and
affecting the iron-formation to great depths, the sec-
ond being a shallower alteration related to ordinary
surface weathering.

The time of the formation of the Cuyuna ores has
not been established. It is probable that the land
surface has remained relatively stable since Precam-
brian time. The flat-lying Keweenawan flows, if the
assigned age is correct, suggest that there has been
very little subsequent erosion of the pre-Keweenawan
rocks. The ores may have formed at any time since
the formation of the general plain, or they may have
been forming during most of the intervening time.

The kind and distribution of the ores differ consid-
erably according to the areas within the district and
according to the facies of the Trommald formation

GEOLOGY
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that is present. The most important ore bodies have
formed along the southeast edge of the North range
in the thin-bedded facies. Other important deposits
have formed in the thick-bedded facies in the North
range. A smaller number of minable ore bodies oc-
cur in the thin-bedded facies on the northwest side
of the North range, in the South range, and in the
iron-formation lenses of the Rabbit Lake formation.

SEDIMENTARY ROCKS

Precambrian sedimentary rocks comprising three
formations make up most of the bedrock of the Cuyuna
district. A stratigraphic sequence of perhaps 4,500
feet is suggested, and new names are proposed for
the formations. The distribution of these—the Mah-
nomen, Trommald, and Rabbit Lake formations—is
shown on plate 2. The relation to other Precambrian
rocks of Minnesota cannot be definitely established
at this time, although it is probable that the three
formations correlate with the Animikie group of the
Mesabi district. No contact of Mahnomen formation
and an older rock has been found, and no sedimentary
rock younger than the Rabbit Lake formation occurs
in the North range, except the glacial drift that every-
where covered the bedrock on the North range before
mining began.

The stratigraphic sequence proposed in this report
differs from the sequences described by Van Hise and
Leith (1911), Zapffe (1930), and Wolff (1919, 1951)
in many ways, and the areal distribution of each unit
is generally unlike that of any unit formerly de-
scribed. This is most noticeable for the units mapped
by Wolff. The three sedimentary formations described
here are considered to be the probable correlatives
of the three Mesabi district formations, but the corre-
lation is far from definitely proved. The Cuyuna
formations resemble their Mesabi counterparts in only
the most general ways, and because definite evidence
regarding correlation is lacking, the names of the
Mesabi formations were rejected for the Cuyuna strata.
Other unit names formerly used were rejected because
they were vaguely defined and because the map areas
assigned to each were unlike any of the units mapped
in this study; these old stratigraphic names would
add too much confusion to the literature on the dis-
trict.

In this report the new names—Mahnomen, Trom-
mald, and Rabbit Lake formations—are proposed for
the three sedimentary units. Type sections of the
new formations were impractical, for no natural out-
crops occur in the area studied. The entire Trom-
mald formation is exposed in several open-pit mines,
but such places are exposed only when the mine is

kept dewatered. Only the very top of the Mahno-
men formation and the base of the Rabbit Lake for-
mation are exposed in mines, and most information
regarding them comes from drill-hole samples. Type
areas were chosen to include as many lithologic types
as possible, as well as good mine exposures or many
drill samples.

Determining the stratigraphic sequence in the
Cuyuna district has been complicated by relatively
abrupt facies changes in all formations, which sug-
gests that currents in the basin of deposition were
shifting and perhaps the bottom gradients were
steeper than those commonly associated with the depo-
sition of iron-formation in other Lake Superior dis-
tricts. The writer believes that rocks analogous to
each of the lithologic types found in the Cuyuna are
common in other Lake Superior districts, but the
great variety of lithologic types is not found in such
a small area elsewhere. The solution of the strati-
graphic sequence has been further complicated by
tight folding that has resulted in the overturning of
beds in many places. In studying and mapping the
geology of the Cuyuna North range, it was necessary
to resolve the problems of structure and stratigraphy
simultaneously, as neither could be deciphered without
the other. Extensive alteration that may be generally
likened to saprolitization, regardless of the source
ascribed to the leaching solutions, has changed the ap-
pearance of the rocks to various degrees and has com-
plicated correlation. Metamorphism in the North
range is low grade (chlorite and biotite zones) and
uniform, and has caused only local correlation prob-
lems.

Structural information to supplement lithologic ob-
servations was obtainable only from mine openings
and drill cores because there are no outcrops. Most
of the rock exposed in mining is iron ore, and the
cost of removing overburden generally restricts the
size of exposures of less altered iron-formation and
especially wallrocks. The wallrock exposed in min-
ing is mostly less than 100 feet stratigraphically above
or below the iron-formation. Likewise, most explora-
tory drill holes are in or close to iron-formation, and
the number of drill holes in wallrocks decreases sharply
as the distance from the iron-formation increases.
Logs of about 8,000 drill holes in the North range
were assembled during this study, more than 6,000
of which were furnished by the U.S. Bureau of Mines.
It was found that most existent logs of drill holes are
of little use, for most wallrocks and even many parts
of the iron-formations have been called schist in the
old drill logs, therefore, the original samples were
reclassified if possible. Samples were examined from



SEDIMENTARY ROCKS 13

about 2,000 drill holes, including many drilled during
the early years of exploration as well as many of those
drilled during the period of the study. The writer
was fortunate that many samples from old drillings
are still available.

It was found that almost all the cores of the Cuyuna
North range occur in one well-defined stratigraphic
unit, designated in the field as the main iron-forma-
tion, for which the name Trommald formation is here
proposed. Most of the rocks in the mines are part of
this formation, and more drill holes penetrate it than
any other; it is therefore generally well known in
most of the North range. The top and bottom of the
Trommald formation are the only very clearly de-
fined and widespread stratigraphic horizons found
during this study, and they have been used throughout
for stratigraphic measurements.

Interpretation of the stratigraphy of the iron-forma-
tion presented here differs considerably from that of
some previous workers. Many of the structures
mapped in detail during the fieldwork has been known
in a general way, and the lithologic characteristics of
the thick- and thin-bedded facies of the Trommald
formation were recognized many years ago. Inter-
pretations of the relation of the facies of the Trom-
mald formation and the several lenses of upper iron-
formation in the Rabbit Lake formation have been
exceedingly divergent, and these have considerably
affected stratigraphic correlation and large-scale struc-
tural interpretation within the North range. The
stratigraphic relations of the Trommald formation,
because that formation has been most thoroughly ex-
plored in drilling and the most exposed in mining, is
the heart of the controversy regarding Cuyuna strati-
graphy.

Very little was known of the geology of the Cuyuna
. district until exploration for iron ores was begun;
diamond drilling first brought samples of concealed
bedrock to the surface for observation in 1903 (Him-
rod, 1940), about 1 year before merchantable ore was
discovered.

In 1907 Leith published the first description of a
stratigraphic succession, probably based on materials
derived from both North and South ranges. Leith’s
stratigraphic succession, strikingly similar to the suc-
cession proposed in this report, was as follows, from
bottom to top (Leith, 1907, p. 146):

Quartzite and its altered equivalents, quartzese, micaceous
and hornblende schists.

Iron formation, consisting principally of iron carbonate
where unaltered, but largely altered to amphibole-magnetite

rock, ferruginous slates, and iron ore. The ores thus far
found are soft, reddish, slightly hydrated hematite, reddish

slaty hematite, and hard, blue, banded, siliceous magnetite
and hematite.

Chloritic and carbonaceous slate, interbedded in its lower
part with iron formation. -

Intrusive granite and diorite, principally the latter.

Cretaceous sediments.

Glacial drift, 80 to 350 feet.

A similar sequence was inferred by Cheney (1915),
and the Cuyuna-Mesabi equivalence was argued by -
him. The order of deposition described by him was
generally quartzite and slate, succeeded by iron-for-
mation, which was succeeded by Virginia slate.

Royce did not favor correlation with the Mesabi,
but described a similar sequence (1938, p. 51-53), and
excerpts are quoted here:

Detailed geological mapping of the district has shown that
most, if not all, of these bands of iron formation lie in a
single horizon, repeated many times by folding.

* * % The hangingwall slate overlying the formation is a
gray to black slate with graywacke, or coarse-grained, bands.
The footwall slate is a soft, impure, shaly quartzite near the
ore and grades downward into gray slate.

Harder (1910) described a generalized succession
of amphibole-magnetite rock followed by ore and then
green slate. “Amphibole-magnetite rock” would ac-
tually have been an unoxidized part of the iron-for-
mation.

Van Hise and Leith (1911), perhaps influenced by
the ideas of Zapffe, placed the Cuyuna district iron-
formations in the Upper Huronian as the lenticular
Deerwood iron-bearing member within the Virginia
slate. Specific successions of rocks were not discussed.

Francis S. Adams (1911a, p. 60) also considered the
Cuyuna iron-formation to be discontinuous lenses dis-
tributed through the light-gray, light-green, and black
slates of Upper Huronian age. He suggested that the
quartzite at Dam Lake, T. 47 N., R. 256 W. (pl. 1),
and quartzite found in sec. 24, T. 47 N., R. 29 W,,
were at the base of the slate-iron-formation sequence
and were equivalent to the Pokegama quartzite of the
Mesabi district (Adams, 1910, p. 734).

Zapffe and Barrows (1912) wrote that the iron-
bearing rocks “seem to occupy a more or less definite
horizon in the Upper Huronian group, and are known
as the Deerwood member of the Virginia slate forma-
tion.” Interbedded basic tuffs and flows in the Vir-
ginia formation were emphasized.

Zapffe (1928, 1930) presented the idea that the iron-
formation was in two separated but distinct layers
enclosed in the Cuyuna slate and schist member of
the Crow Wing formation.

Wolff (1919, 1951) and Grout and Wolff (1955)
regarded the Cuyuna iron-formation as a very com-
plicated sequence. Beds that differ in appearance in
the various mines were assigned different stratigraphic
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positions that correspond to the positions of similar
appearing beds in the Mesabi district. A stratigraphic
sequence of iron-formation, called the Biwabik forma-
tion as in the Mesabi district, was expanded to a thick-
ness of 2,575 to 3,465 feet, and areas of bedrock asso-
ciated with the Biwabik were shown as Pokegama
formation and Virginia formation. The iron-forma-
tion of the South range was included as an intercalated
layer in the Virginia formation.

MAHNOMEN FORMATION

The oldest formation in the Cuyuna stratigraphic
sequence, which is here named the Mahnomen forma-
tion of middle Precambrian age, is a sequence of ar-
gillite and siltstone and a small amount of quartzite.
The name is taken from the Mahnomen group of mines
which also constitutes the general type area. The more
argillaceous parts are slaty in many places. Minor
amounts of shale, sandstone, phyllite, schist, gray-
wacke, and limestone were observed. Quartzite is
locally abundant at the top of the unit near the con-
tact with the overlying formation. In a very general
way, quartzite is more abundant in the western part
of the North range and is entirely absent in some
places in the eastern part of the range. Shale is pres-
ent in samples from several drill holes northwest of
the Sagamore; sandstone occurs locally instead of
quartzite, perhaps as a result of re-solution of the
quartzite cement; phyllites and schists occur in many
small areas, probably as a result of shearing during
folding. Graywacke was seen at only one place, in
the NW1,NE1, sec. 35, T. 47 N., R. 29 W.; limestone
is rather common in core from one unusually deep
drill hole on the Northland property in the SW1
NW1, sec. 20, T. 47 N, R. 28 W. (pl. 2).

Argillaceous parts of the Mahnomen formation are
dominantly mixtures of sericite and fine-grained
quartz. Lesser amounts of biotite and chlorite occur
mixed with fine muscovite. The fine quartz is inter-
mixed with the mica, but in many samples abundant
quartz in alternating thin layers gives the rock a con-
spicuously laminated appearance. The micas tend to
parallel the axial planes of folds, which, because of
the close folding prevalent in the district, are nearly
parallel to the bedding in most specimens. Minor
amounts of tourmaline, leucoxene, pyrite, hematite,
carbon, and magnetite were observed.

The siltstones are fine-grained quartz-rich rocks,
containing considerable muscovite, biotite, or chlorite.
Plagioclase grains are sparingly present in most speci-
mens and are common in a few. Magnetite or martite,
generally in half a millimeter octahedra, is present
in many areas; and the magnetite, though sparse, has
been responsible for weak magnetic anomalies in sev-

eral areas. Some of the areas were drilled because
the anomalies were thought to result from iron-for-
mation. The siltstones are soft to hard and massive
to faintly bedded. Micaceous material and quartz
overgrowths on the quartz grains are the main cements.

The quartzite contains various amounts of argilla-
ceous material. Many specimens are composed of
well-rounded and well-sorted quartz grains cemented
by quartz and minor amounts of mica—mostly seri-
cite—and chlorite, calcite, and iron oxides. In some
places, the quartz cement has formed by grain en-
largement; in others, the cement is a fine-grained
mosaic of quartz. There is a complete gradation from
quartz-cemented quartzites through argillaceous
quartzites to sandy argillites. The quartzite beds are
lenticular. At several places in the district the quartz-
ite contains clay pebbles or flakes as much as 2 inches
long and a quarter of an inch thick.

Heavy-mineral separations from siltstone and
quartzite in the Mahnomen formation contain abund-
ant needles of authigenic tourmaline and a few very
well rounded hyacinth zircons. Chemical analyses of
samples from the Mahnomen formation are shown in
tables 1 and 2. The analyses of the two samples in
table 1 are probably typical of the argillite-slate facies
of the Mahnomen formation. In the most argilla-
ceous parts of the formation the alumina may exceed
20 percent ; in the siltstone and quartzite, alumina may
be as low as 5 percent of the sample.

TaBLE 1.—Chemical analyses of two samples from the Mahnomen
formation

[S. M. Berthold, U.8. Geological Survey, analyst]

167 173
Si0s- - e 66. 0 69. 7
ALOy I 16. 6 15. 5
Fez(g)a --------------------------- g g 4. ?3
e e ———— . .
Y 15 11
Cal. LTt “97 Loy
NagO_ o T 12 S
K0 T 5. .
Ti0,. Il 55 48
0 N "03 T02
MnO. LTI - 06 ~00
Total. - oo 95.9 97.5

157. Gray sericiticslate. Grab sample from Mahnomen mine; coordinates: 320 SE.,
1,400 NE., alt, 1,023 ft. Collected June 1952. Lab. No. 52-1422CW.

173. Sericitic slate. Grab sample from Maroco mine; coordinates: 780 8., 3,650 E.,
alt, 1,153 ft. Collected June 1952. Lab. No. 52-1427CW.

In a deep angle hole on the Northland property,
sec. 20, T. 47 N., R. 28 W. (pl. 2) drilled by the Uni-
versity of Minnesota, the Mahnomen formation was
cored from the upper contact to about 460 feet strati-
graphically below the contact. From 200 feet below
the contact to the bottom of the hole, thin carbonate
and siliceous carbonate lenses were found; and below
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330 feet from the contact, there were several hard
beds of light-cream and tan limestone as much as 18
inches thick.

The bottom of the Mahnomen formation has not
been found in the North range, and owing to the lack
of exposures and recognizable stratigraphic horizons
within the formation, the total thickness explored
can only be roughly estimated as at least 2,000 feet.
The upper contact of the formation is conformable
and sharp. Drill samples from the N14, sec. 22, T.
47 N, R. 29 W. (pl. 2), suggest, however, a transi-
tion from quartzite in the Mahnomen formation
through ferruginous quartzite into sandy iron-forma-
tion in the Trommald formation.

The Mahnomen formation has been commonly re-
ferred to in the district as the “footwall,” the name
indicating a stratigraphic position below the main
iron-formation rather than a relative structural re-
lationship.

There are excellent exposures of the Mahnomen
formation in the Mahnomen Nos. 1 and 8 mines, con-
taining the lithologic types most commonly found in
this formation. Though these are the largest ex-
posures in the district, only about 100 feet of the top
of the formation is visible.

MAHNOMEN NO. 1 MINE

The Mahnomen formation is exposed in a large
tightly folded anticline on the northwest side of the
Mahnomen No. 1 pit (pl. 3). The intensity of folding
in the incompetent argillaceous material has caused
the development of intricate drag folding and slaty
cleavage throughout much of the exposure. The
most abundant rock is a laminated gray sericitic slate.
A layer of quartzite 6 feet thick was found 60 feet
from the south edge of the formation in the west wall
of the mine. Near this same place, about 20 feet from
the upper contact, the slate contains sand grains and
small chert nodules. Finely interlaminated siltstone
and layers of light-green to dark-gray micaceous phyl-
lite were well exposed in a small area 160 feet north-
west of the southeast corner of the SW14SE14 sec. 3.
Some of the dark-gray layers contain laminae of py-
rite on parting surfaces. This exposure contains
very little of the red-brown and brown coloration char-
acteristic of the formation in other parts of the dis-
trict. On the southeast side of the mine, the Mah-
nomen formation is again exposed in a tight slightly
overturned plunging anticline. Here it is gray and
red-brown slate and has generally well-developed
cleavage.

MAHNOMEN NO. 3 MINE

A large exposure on the northwest side of the

Mahnomen No. 3 mine (pl. 8) is a gray sericite slate;

the exposure also includes many beds of gray quartzite
and sandy slate. The contact with the Trommald for-
mation is exposed in the northwest bank of the mine
and parallels the length of the mine. Locally, espe-
cially near the contact, the slate is brown or red
brown. About one-quarter or one-third of the Mah-
nomen formation exposed is quartzite; the rest is
sandy slate and sericitic slate. The quartzite and
sandy slate are in beds from less than an inch to
several feet in thickness. Many beds of quartzite
contain clay flakes or thin flat clay pebbles.

OTHER EXPOSURES AND DRILL-HOLE SECTIONS
OF THE MAHNOMEN FORMATION

Other excellent exposures of the Mahnomen forma-
tion in the general area of the Mahnomen mines were
seen in the Louise, Hillcrest Extension, and Alstead
mines (pl. 3).

The Mahnomen formation is exposed in several
places along the northwest side of the Maroco mine
(pl. 8) and of the Section Six mine, sec. 6, T. 46 N.,
R. 29 W. (pl. 2). Quartzite is the dominant rock in
both mines, but gray and brown slate is also present.
Clay pebbles were common near the east end of the
Maroco mine. The thickness of the dominantly quartz-
itic beds in the Maroco-Section Six mine area is not
known; it may be as little as 100 feet or as much as
1,000 feet.

There are several good exposures of the Mahnomen
formation in the Sagamore mine (pl. 4). Gray and
brown slate and local lenses of greenish-gray and
brown quartzite form a prominent exposure on the
northwest bank of the No. 2 mine. Steeply plunging
folds combined with minor shearing near the contact
have complicated the geology in this exposure. The
quartzite is about 100 feet thick, and drill samples
show that it is a lens extending about 1,000 feet
southwest. No quartzite was found in drill holes
northeast of the exposure in the mine.

There were several small exposures of the Mah-
nomen formation at the northeast end of the Saga-
more No. 1 mine. The exposures were of soft gray
and brown siltstone and argillite.

Many drill holes penetrate the Mahnomen forma-
tion north and east of the Sagamore mine, and many
more holes in sec. 18, T. 46 N., R. 29 W., to the north,
provide a very complete record of the nature of the
bedrock in this area (pl. 4). Quartzite is found at
the Rowe mine in sec. 18 for perhaps 100 feet below
the upper contact; the rest of the area between the
Sagamore and Rowe mines is underlain by gray, buff,
and red-brown argillite and slate; sandy argillite; and
gray or brown to white quartz siltstone. Drilling has
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also penetrated siltstone, argillite, shale, and slate of
this formation just east of the Sagamore mine as far
southwest as the center of the NW14,SE1/ sec. 19.

In the southwest end of the Sagamore No. 2 mine,
soft red-brown and gray laminated clay and silt re-
sembling and presumed to be the Mahnomen forma-
tion overlie the Trommald formation structurally and
were probably thrust faulted into place (pl. 3, section
D-D"). Farther south in the SW14,SW1, sec. 19,
several drill holes penetrated light-gray and buff ar-
gillite and gray siltstone interpreted to be Mahnomen
formation.

A remarkable group of drill holes in the Mahnomen
formation was completed in sec. 26, T. 46 N., R. 30
W., in 1913. The 34 holes extended in a somewhat

irregular north-trending line for 4,200 feet from the,

SW1,SEY, to the NE1,NW1, of the section (pl. 2).
The samples of bedrock are gray and lesser amounts
of red-brown sericitic argillite and also silty argillite,
siltstone, and sandstone south of the center of the sec-
tion. One sample was described as gray sericitic
slate. One can only guess at the stratigraphic thick-
ness represented in this group of drill holes; it is

perhaps as much as 2,000 or 3,000 feet, and this thick-
ness does not start at the top of the formation. How-
ever, the lack of definite structural information pre-
vents the use of these drill samples to increase the
known thickness of the Mahnomen formation.

Drilling northwest and west of Little Rabbit Lake
in sec. 18, T. 46 N., R. 29 W., and sec. 13, T. 46 N.,
R. 30 W. (pl. 4), revealed a thickness of perhaps 400
feet in which quartzite is interbedded with slate at
the top of the Mahnomen formation.

The Mahnomen formation was extensively drilled
along the west side of sec. 16, T. 46 N., R. 29 W.
(pl. 3), in 1911 and in 1948-49, and the samples
from 17 drill holes from the Martin mine southward
for 3,000 feet were examined. The bedrock here is
argillite, especially sericitic argillite, and slate, which
is silty in some samples near the top of the unit at
the Martin mine. One hole beneath the northeast
end of the Blackhoof Lake, about 200 feet from the
contact with the Trommald formation, was in silt-
stone. Southeast of Blackhoof Lake the Mahnomen
formation is cut off by a long mass of diorite that
is probably intrusive. The diorite contact is 3,000

TaBLE 2.—Analyses of minor

The concentrations of the elements as determined by semiquantitative spectrographic analysis are bracketed into groups each of approximately one-third of an order of
of semiquantitative results with those obtained by quantitative methods, either chemical or spectrographie,

Percent
Sa&nple Labg{atory Description of sample
0. 0.
8i | Al Fe| Ti | TiOs!| Mn Ca | Mg | Na K As B Ba Be Ce
Argillite and slate
=]
2
‘2 | 665..__| D-985243___| Gray and brown silty argil- (xx. |x.+ |% 0.0X+ |-cceooan 0.0x— (0.xX 0. X+ |0.0X+ [X.— joeoeo_. 0.00x- |0.0%X+ | Trace [0
g lite, Mallen mine.
S | 666___.| D-985252___| Laminated gray argillite and |xx. [x.+ |x b S PN, .00x+| .0Xx~ | .X+ | .X b S . 00x+ | .0x+ | Trace [0
= slate, Mahnomen No. 1 mine.
a 670 3__.| D-985293___ Slat%,l east end of Maroco
mine.
§ 221___. Q) Gray slate, Alstead mine; co-
G} ordinates: 1,800 S., 1,350 W,
=207 * Slate, west end of Maroco
mine.
Iron-formation
760 53-1837SW 5| Yellow-brown ore, Ports- |._.__.| ..._|.____ 0.042 ... (135> 1 R IR IR [ 0.005 [0.0020 ]0.0026 {0.00017 [._____..
=" 1153-2640_ .. __ mou%h mine, SEYSEY,
sec. 2.
761 53-18388W 5 | Red-brown ore, adjacent to |.._.__|{_..__|_.__. 066 oo .. I S U (SR SRR S . 004 012 .0088 | .00017 |--__._._
TT\53-2641. . layer of sedimentary breccia,
Portsmouth mine, NE}{
=] NWY4, sec. 11.
2 | 73 {53—184(JSW6 Soft, “yellow-brown, lami- |.___._|_____|_____ IS T I FOR. | YR SRR PSR ORI B -007 10 L R
g ===~ 1153-2643_ . . nated ore, Sagamore No. 2
mine.
8 | 764 {53-18418W5 Hard red-brown ore, Rabbit |...___|..___|.____ 030 |oeeeo. IV S R RO UV I 006 | .018 18 | .00025 |-oeoeeen
= "o 153-2644 .. . Lake mine.
]
g .
g Argillaceous in iron-fc
&
762 {53—1839SW~" Red slate containing white |._____|.____[____ ) I T P 0.17  |eoeoemee et 0.0030 |0.0060 {0.020 [0.00009 |{-.._...-
~---|153-2642_ __ ._ fragments or flakes, Ports-
mouth mine, NEYZNW,
sec. 11
245 *) Same, Portsmouth mine; co- (... _{_____{_____(.______ 1.8
ordinates: 2,480 N, 430 E.
246__ .. (4) Same, Portsmouth mine; eo- |._____{_____{_____{_.____. 2.0
ordinates: approx. 2,550 N.,
400-600 E.

See footnotes at end of table.
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feet southeast of the Trommald formation contact at
the Martin mine; the contacts diverge slightly to the
southwest and converge to the northeast. The bed-
rock here is on the southeast limb of a major syn-
clinal fold, probably considerably complicated by drag
folding. It cannot be assumed that the 8,000 feet of
bedrock outcrop represents 3,000 feet of stratigraphic
section, although the beds are assumed to dip at a
high angle; but the writer considers that the thick-
ness is probably at least 2,000 feet. Beyond the dio-
rite in the NE1,SE1, sec. 15, T. 46 N, R. 29 W. (pl.
2), three holes were drilled in sericitic argillite inter-
preted to be Mahnomen formation. These holes are
more than a mile from the nearest Trommald forma-
tion and are nearly a third of the distance to the
South range. If the entire area between the two
ranges is underlain by Mahnomen formation, it seems
that, though drag folded, the total thickness of the
formation may greatly exceed 2,000 feet.

Samples of the Mahnomen formation were exam-
ined from 33 drill holes in the general area north of
the Maroco and Section Six mines in secs. 5 and 6,
T. 46 N, R. 29 W., and south and west of the Merritt

constituents of Cuyuna district rocks

magnitude, X+ indicating the higher portion (10 to 5 percent); x the middle portion (5 to 2 percent) and x— the lower portion (2 to 1 percent).
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mine in secs. 81 and 32, T. 47 N, R. 29 W. (pl. 3).
As in other localities, the quartzite so conspicuous in
the exposures in the Maroco and Section Six mines is
actually a minor rock occurring interbedded with ar-
gillite or slate in the uppermost 100 to perhaps 1,000
feet of the formation. Most of the samples from the
33 drill holes are sericitic argillite, silty argillite, and
fine siltstone.

Wolff has shown an area underlain by “pre-Ani-
mikie slates and schists” in the middle of the area
discussed in the previous paragraph. The samples
examined by the writer included those from five holes
in this supposedly older unit; one hole was in sec. 6,
two were in sec. 5, and two were in sec. 32. The
samples are argillite and slate identical to the sur-
rounding Mahnomen formation. If such an older
unit exists, it must occupy a smaller area than Wolff
shows.

Other drill holes that provided good samples rela-
tively great thi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>