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THE CRETACEOUS SYSTEM 
IN 

MINNESOTA 
R. E. Sloan 

ABSTRACT 

The Cretaceous rocks of Minnesota are flat-lying, loose
ly consolidated sediments of variable lithology. Two forma
tions, both showing wide facies variation are recognized, 
the predominantly marine Coleraine Formation in northern 
Minnesota and the predominantly nonmarine Windrow Forma
tion in southern Minnesota. Elsewhere in the State the stra
ta are poorly exposed and knowledge of their lithology, thick
ness, and correlation is fragmentary. 

The strata rest unconformably and with profound hiatus 
on a surface with a maxim-.lm relief of 1,400 feet, which de
veloped during a long interval of erosion and weathering that 
extended from sometime after the Devonian into the Creta
ceous. In general, marine sandstone s and shales deposited 
in the western and northern parts of the State grade eastward 
into estuarine, paludal, deltaic, and lacustrine sediments. 
The sediments lie. on rocks ranging in age from Precambrian 
to Devonian. 

The distribution and character of the sediments are in
terpreted to indicate that they formed in and adjacent to the 
Late Cretaceous sea that invaded Minnesota from the west 
and continued to advance eastward over an irregular ter
rain. In general, the vertical succession at any particular 
locality consists of a basal regolith developed on pre-Creta
ceous bedrock, an unconformity, basal nonmarine stream 
deposits, and finally marine clastic sediments; but the full 
succes sion is not pre sent at all localitie s. 

The fossil record indicate s that the strata can be corre-
1ated with the entire Colorado Group of the western interior 
United State s. Sediments that were deposited at lower pres
ent-day altitudes are Cenomanian in age, whereas those de
posited on bedrock at higher altitudes are Turonian and later 
in age. 

(1 ) 
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INTRODUCTION 

Cretaceous rocks occur over a large part of Minnesota. They are 
more or less continuous beneath glacial drift throughout the western half 
of the State and form numerous outliers in the eastern half. Exposures 
are sparse except in the M·~sabi range of northern Minnesota, where Cre
taceous rocks have been exposed by iron mining, at scattered localities 
in central and southeastern Minnesota, and in and adjacent to the Minne
sota River valley (fig. I and pI. l). This paper attempts to summarize 
the present knowledge of these rocks obtained by a study of the exposed 
rocks, water well data, and existing literature. 

The Cretaceous rocks have been substantial sources of mineral de
posits. They have yielded moderate quantities of iron ore in the Mesabi 
district, northern Minnesota, and in the Fillmore County district, 
southern Minnesota; and they are a source of ceramic clays in Brown 
and Goodhue counties. The total value of the contained mineral deposits 
that have been exploited probably exceeds $100 million. A substantial 
yield of kaolinitic clays from certain localities can be expected in the 
future. 

Previous Work 

Cretaceous rocks were first recognized in the State in l872, when 
Kloos described deposits of this age from the valley of the Sauk River in 
Stearns County (fig. l). Subsequently, many exposures were described 
in reports of the Minnesota Geological and Natural History Survey pub
lished between l875 and 1901. During the years 1923-1945 sporadic local 
studies that supplemented the earlier work were made by C. R. Stauffer 
and graduate students in the Department of Geology, University of Minne
sota. Chief among the students who contributed to the general knowledge 
of the Cretaceous strata are H. R. Bergquist, who completed a summary 
paper on the Mesabi district in 1944, and Richard Gile and Gilman Berg, 
who completed studies now on file in the Minnesota Geological Survey. 
Regional summaries based on available surface and subsurface data were 
published by Allison (l932), Stauffer and Thiel (194l), and Thiel (l944; 
1947 ). 

Present Study 

The present study was started in 1954 and carried on through 1960. 
During the field seasons from 1954 to 1958 most of the known exposures 
in the State were visited and all available well data were examined. In 
conjunction with these studies, all the known information on the paleon-
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Figure 1. - -Index map of Minne sota 

tology and paleobotany of the Cretaceous strata were examined critically, 
to assist in determining the environment of deposition and correlation. 

Acknow le dgment s 

Field work for this study was sponsored by the Mi nnesota Geological 
Survey. R . L . Pierce assisted during one field season. Unpublished 

data collected by Richard Gile, Gilman Berg, Robert Schneider, and 
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Thomas Bayer are incorporated in the report. Many problems related 
to the study were discussed with G. M. Schwartz, former Director of 
the Survey, and with S. S. Goldich, formerly of the Department of Geol
ogy, University of Minnesota. P. K. Sims advised me on many aspects 
of the report and assisted materially in its preparation. F. M. Swain 
and W. E. Parham critically read the manuscript. 

STRATIGRAPHY OF CRETACEOUS ROCKS 

General Relations 

Flat-lying sedimentary rocks of Cretaceous age form the youngest 
pre-glacial deposits in the State. The strata comprise loosely consoli
dated sediments that vary markedly in lithology, even between closely 
spaced outcrops. They are mantled by Pleistocene deposits in most 
areas, and outcrops are sparse and virtually limited to stream banks 
and artificial cuts. Accordingly, knowledge of the succession is frag
mentary and correlation from area to area is uncertain. The strata are 
sufficiently well exposed and sufficiently uniform in lithology in two parts 
of the State, however, to warrant the assignment of a formal terminol
ogy. Two formations have been defined: (l) the predominantly marine 
Coleraine Formation of the Mesabi iron-mining district and adjacent 
areas in northern Minnesota, and (2) the predominantly nonmarine Win
drow Formation of southern Minnesota and adjacent areas in Wisconsin 
and Iowa. The designation of a formal terminology in other areas will 
require substantial additional subsurface data. 

The approximate areal extent of Cretaceous rocks in Minnesota, as 
determined from available outcrops and from water wells, is shown in 
plate L. The map does not differ materially from the published geologic 
map of the State (Grout and others, 1932) except for northern Minnesota. 
The discovery of fossiliferous Cretaceous sediments in Aitkin and Crow 
Wing counties (Bolin 1956) and of Cretaceous strata in Becker and 
Otter Tail counties!) indicates that the rocks extend considerably fur
ther eastward in the northern part of the State than thought previously. 
A summary of salient data used in compiling plate 1 is given in Appendix 
A. The numbered localities on plate l are listed in order in the Appen
dix. 

l/ 
- Anderson, E. E., 1957, Petrography and petrology of some 

bedrock types in Becker and Otter Tail counties, Minnesota: Unpublished 
M. S. thesis, Univ. of Minnesota. 



THE CRETACEOUS SYSTEM IN MINNESOTA 5 

The distribution and lithology of the Cretaceous sediments were con
trolled to a marked extent by the topography that existed at the time of 
deposition. For this reason a topographic map was prepared of the un
conformity beneath the Cretaceous sediments (plo 2). The map shows 
the present altitude of the unconformity, and is thought to approximate 
the actual surface that existed in Cretaceous time because there has 
been little tilting in the region since then. 

The data on plate 2 suggest: (1) that the relief prior to deposition of 
the Cretaceous strata was considerably greater than at present, a:J much 
as 1,400 feet, and (2) that stream drainage was dominantly westward 
during Cretaceous time. Field observations of current bedding and 
rock types found as pebbles in the Cretaceous rocks as well as regional 
knowledge of Cretaceous sea and land masses support a dominant west
ward drainage. 

The Cretaceous strata were deposited on a variety of older rocks, 
ranging in age from Precambrian to Devonian, as can be seen by com
paring plate 1 and figure 2, a paleogeologic map of the pre-Cretaceous 
erosional surface. At most places the strata were deposited directly 
on Precambrian bedrock. 

Cretaceous sediments are thin or missing from topographically 
higher parts of the buried pre-Cretaceous surface, but are as much as 
500 feet thick in valleys and depressions. Available data suggest that 
the topography of the pre-Cretaceous surface was related primarily to 
differences in resistance of the older rocks to weathering and erosion. 
Topographic "highs" in northern Minnesota which form the Giants range 
on the north side of the Mesabi range are underlain by Algoman granitic 
rocks, whereas those on the north shore of Lake Superior are underlain 
by Keweenawan rocks. The broad "high" in west-central Minnesota 
appears to consist of high-grade metamorphic rocks that are intruded 
by intrusive bodies of Penokean age (Goldich and others, 1961), and 
topographic "highs" in southwestern Minnesota clearly are underlain by 
the resistant Sioux Quartzite. Depressions seem to be underlain by less 
resistant, low-grade metamorphic rocks, and by late Keweenawan and 
Cambrian sandstones. The broad relatively uniform surface in northern 
Minnesota is underlain dominantly by low-grade metamorphic rocks of 
the Ely Greenstone and the Knife Lake Group. 

In general, the basal Cretaceous sediments throughout the State con
sist mainly of weathered materials derived from the underlying bedrock, 
with only slight transport, whereas the younger sediments are clastic 
sediments farther from their source. A discussion of the basal materials 
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Figure 2. --Generalized map of the geology of the pre-Cretaceous 
unconformity in Minne sota 
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Cedar Valley Limestone 

Sedimentary rocks 

(Includes, rocks ranging from 
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the Maquoketa Formation (young

est); rocks in the northwestern 
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~ 
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(Includes Fond du Lac Formation 
and Hinckley Sandstone) 

~ 
Duluth Gabbro Complex 

(Age is 1. 1 billion years) 

~ 
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(Dominantly basaltic flows) 

~ 
Sioux Quartzite 

EKPLANATION 

(for figure 2) 

~ 
Penokean intrusive rocks 

(Age is 1. 7 billion years) 

~ 
Dominantly argillite and graywacke 

(Includes Virginia Argillite and 
Thomson Slate of northern Minne

sota; metamorphic grade increases 
to south; southern extent is un

certain 

Iron- formation 

(Includes Biwabik Iron- formation 
of Mesabi district and Trommald 

Formation of Cuyuna district) 

~ 
Undifferentiated metamorphic 

and intrusive rocks 

(Includes Ely Greenstone, Knife 
Lake Group, Giants Range Granite 
and Verm~lion Granite of northern 

Minnesota; and high grade gneisses 
and intrusive igneous rocks of the 
Minnesota River valleYI described 
by Lund (1956). Soudan Iron- for
mation, which is interbedded in the 

Ely Greenstone I is distinguished 
separately in the Vermilion district) 
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and evidence for their Cretaceous age are presented in a later section. 
The sediments that overlie the basal materials are dominantly marine 
in the western and northern parts of the State and grade eastward into 
estuarine, paludal, deltaic, and lacustrine deposits. 

A major problem in studies of the Cretaceous System is the diffi
cultyof distinguishing Cretaceous nonmarine sediments from Pleisto
cene glacial outwash deposits. The primary means of distinguishing 
Cretaceous and Pleistocene materials can be summarized as follows: 
(1) diagnostic marine fossils are present in some Cretaceous strata, 
but are rare except on the Mesabi range, (2) some nonmarine Cretaceous 
sediments can be distinguished from glacial outwash deposits by the 
direction of current crossbedding, (3) a heavy mineral suite character
ized by abundant titanium-bearing minerals and lack of magnetite serves 
to distinguish Cretaceous sediments from glacial sediments in several 
parts of the State (Andrews, 1958; McGil~/; Humphreyl/), (4) Creta
ceous nonmarine sediments commonly contain pebbles derived from the 
underlying bedrock or rocks exposed to the east in Wisconsin, whereas 
the glacial deposits typically contain pebbles that were derived from 
areas to the north or northwest, (5) strongly compressed scraps of 
black, carbonized wood of gymnosperm types characterize the Creta
ceous rocks, whereas both angiosperm and gymnosperm wood that is 
little altered and at most slightly compressed and stained brown charac
terizes the Pleistocene materials, (6) leaves of Cretaceous plants are 
scarcer than wood at most localities, but are quite abundant locally and 
where present are diagnostic, and (7) a large, distinctive suite of pollen 
and spores occurs in some of the finer-grained, unoxidized, nonmarine 
Cretaceous sediments (Pierce, 1957; (961). 

CoLeraine Formation of Northern Minnesota 

The Coleraine Formation was named by Stauffer and Thiel (L941, 
p. 99) from exposures in open-pit mines on the western part of the 
Mesabi iron-mining district in northern Minnesota (pl. L). Rocks that 

~/McGiLL, G. E., 1955, The geology of the Elburn and Judson open 
pit mines with special reference to the Cretaceous: Unpublished M. S. 
thesis, Univ. of Minnesota. 

~/ Humphrey, W. R., 1958, The lithology of the Cambrio-Ordovician 
contact in the Mankato, Minnesota area: Unpublished M. S. thesis, 
Univ. of Minnesota. 
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contain Cretaceous fossils are found locally in Koochiching County to the 
north and in Aitkin and Crow Wing counties to the south, and are corre
lated tentatively with the Coleraine Formation of Stauffer and Thiel (1941). 
The formation probably is almost continuous beneath the drift in the area 
between the Mesabi district and the Cuyuna district, as indicated on 
plate l. 

M·e sabi District 

The Coleraine Formation in the Mesabi district comprises iron-ore 
conglomerate, shale, and sandstone that form a thin irregular mantle 
over an uneven surface on the underlying Precambrian bedrock. It is 
exposed beneath glacial drift in mines from the vicinity of Coleraine 
eastward beyond Virginia (pl. 1, loco 2-U). The rocks are dominantly 
of marine origin in the west, but grade eastward into continental sedi
ments. Several localitie s have been studied, and the locations of most 
are shown on plate 1 (localities 2-11). Sections measured by C. R. 
Stauffer and R. E. Gile in 1928, and reported by Bergquist (1944), are 
reproduced in Appendix B. More recejtly , studies were made of selec
ted areas by Bergquist (1944), McGiU.1 , Burgess2/, Everett (1956), 
and Owens (1956). Bergquist described the rather abundant fauna of the 
marine sediments. Many of the sections studied by the earlier workers 
no longer can be observed, either because they have been removed in 
the course of mining or because they have slumped and been overgrown 
by vegetation. Sections available for this study were limited to the cen
tral part of the Mesabi district, near Virginia. 

As a generalization, the formation consists of a widespread basal 
conglomerate composed of fragments of iron ore, paint rock, taconite, 
and porphyry, which locally is gradational with overlying fine pebble 
conglomerate or grit. In the western part of the district the fine con
glomerate grades upward into a ferruginous grit and sandstone. In the 
Hill Annex mine near Calumet, and other places, pockets of bluish-green 
shale occur in the upper part. Bergquist (1944, p. 2) reported that 
shale occurs in the upper part of the formation over a wide area around 
Bovey and Coleraine. The maximum thickness of Cretaceous strata of 
that area is about 100 feet. The iron-ore conglomerate has been mined 

4/ . 
- McGlll, G. E., op. cit. 

~..surgess, J. D., 1955, Cretaceous deposits of part of the Mesabi 
range: Unpublished M. A. thesis, Univ. of Missouri. 
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at several localities as an ore. Two localities mined in recent years 
are described by O.vens (l956) and Everett (t956). 

The Cretaceous strata are virtuaUy horizontal except locaUy where 
they are interpreted to have slumped or to have compacted differentially 
over depressions in the underlying bedrock. One such occurrence has 
been described briefly and illustrated by Owens (l956, p. t73). 

The Cretaceous sediments at an localities can be interpreted to 
have been derived locaHy. The basal iron-ore conglomerate represents 
reworked and redeposited material from the underlying Precambrian 
Biwabik Iron-formation. Both the unaltered iron-formation and the soft 
high-grade hematite-goethite ores were reworked. The conglomerate 
probably formed in an estuarine environment, as the basal unit of a 
transgressive succession. The eroded iron ore was transported short 
distances southward and deposited mainly in northwestward-trending 
channels cut in the underlying bedrock, and it is thickest in channels 
such as at the Judson mine (Everett, 1956). The argillite beneath the 
Cretaceous rocks, like the iron-formations, is weathered intense l y; it 
was changed to kaolinite and other clay minerals to depths of at least 
50 feet. 

Exposures of continental Cretaceous sediments at the Enterprise 
mine north of Virginia (Owens, 1956) indicate that the marine facies 
passes eastward into a nonmarine facies between the towns of Buhl and 
Virginia. The nonmarine sediments lie directly on the upper part of the 
Biwabik Iron-formation and the lower part of the Virginia Formation. 
The Cretaceous sediments are slightly folded, probably as a result of 
differential compaction and slump into an east-trending syncline that is 
parallel to a similarly oriented syncline in underlying Animikian rocks. 
A panoramic view of the east waH of the Enterprise mine is shown in 
figure 3. 

A stratigraphic section of the Cretaceous rocks on the southeast face 
of the Enterprise mine, SW t/4 NW l/4 sec. 5, T. 58 N., R. l7 W., St. 
Louis Co., Minn., measured in 1954 by R. L. Pierce and me, fonows: 

Feet 

Pleistocene: 
Glacial tHL _______________________________________________ 2t. 5 

Cretaceous: 
Coleraine Formation: 

Iron-ore conglomerate ---------------------------------- 9.0 
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Feet 

Red and white shales interbedded with thin, friable 
limonitic sandstone s and thin lignite beds - - - - - - - - - - - - - - - - 16. 5 

Lignite with local lenses of s hale and gray siltstone ________ 15.5 
Iron-ore conglomerate __________________________________ 22 .5 

Total Cretaceous 

Precambrian: 
Animikian Group. 
Biwabik Iron-formation. 

The Upper Slaty Member contact is about 1,455 feet 
above sea level 

63.5 

Figure 3 . --Panoramic view of the Enterprise mine near Virginia, 
Minnesota. The slump area in the foreground is plant-bearing Creta
ceous sandstone. The base of light-tinted rocks in the background is 
the base of the Cretaceous. 
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The section was measured a short distance south of that measured by 
Owens (l956), and is similar to but thinner than it. Scraps of carbon
ized gymnosperm wood are common; although angiosperm wood was not 
found, angiosperm leaf impressions are common in some of the gray 
siltstone . 

Eastward from the Enterprise mine the only Cretaceous sediments 
that have been found are iron-ore conglomerates near Gilbert (pl. l, 
loc. 2) . 

The biofacies of the Coleraine Formation changes drastically in 
character from the western part of the Mesabi district to the central 
part, as shown in figure 4. Species of Ostrea and Exogyra make up 75 

WE ST 

Figure 4. --Faunal composition of the Coleraine Formation, 
Mesabi district, Minnesota 

EAST 

percent of the marine fauna in the sediments exposed on the western part 
of the range in the Morrison, Walker, and Canisteo mines near Bovey 
(pl. l, loc o U). These are the westernmost fossiliferous exposures of 
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the Coleraine Formation. The percentage of Ostrea and Exogyra in the 
fauna decreases more or less regularly to the east. The easternmost 
known occurrence of Ostrea is in the Hill Annex mine (pi. I, loco 9), 
near the town of Calumet. Two specimens of Exogyra were found in the 
Elburn mine (pi. I, loc. 5), near Buhl. Probably owing to environmental 
factors the pelecypods Cardium and Tapes take the place of the oysters 
in the Elburn and nearby Judson min~astropoda are relatively rare 
in the westernmost localities but become more common eastward. 
Aporrhais nuptialis White, the most common snail, has been found at 
all fossil-bearing localitie S. These changes in the fauna probably can 
be accounted for by differences in the distance from the shoreline, the 
western faunas having been deposited in an open shelf environment and 
the eastern ones in an estuarine environment. Bergquist (1944, p. 9) 
considers the invertebrate fauna, which comprises 60 species and vari
eties, to indicate an age equivalent to the lower Benton shales of the 
Colorado Group. 

Carbonized wood of gymnosperm type is scattered through the con
glomerates of the Coleraine Formation, but is not abundant. For the 
most part the wood has not been identified, but according to Burgess the 
Cretaceous red pine, Pinus clementsii Cheney, occurs in the conglom
erate at the Judson mine .. §l 

Aitkin and Crow Wing Counties 

Cretaceous sediments referable to the Coleraine Formation have 
been encountered by exploratory drilling beneath glacial drift in Aitkin 
and Crow Wing counties (pI. I, localities 12-18), between the Mesabi 
district and the Cuyuna district, and occur locally in the Cuyuna district 
in southern Crow Wing County. Seven drill holes were studied by Bolin 
(1956, p. 281, 283), who described the lithology and microfossils of the 
strata. Figure 4 of Bolin's report was redrafted and is included in this 
report (fig. 5) to show the altitude of the Cretaceous sediments. 

The drill cuttings indicate that Foraminifera-bearing sandy shales 
and shales grade northward (fig. 5) into sand, probably indicating a 
change from a dominant marine to a dominant nonmarine environment 
of deposition to the northeast. The sediments lie directly on Animikian 
Precambrian slate and contain fish teeth, scales, and bone fragments 
as well as Foraminifera. The Foraminifera were judged by Bolin (1956, 
p. 281) to be of probable Cenomonian age. 

6/ . 
- Burgess, J. D., op. Clt. 
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s.w. N.E. 

Loc.IS Loc.17 Loc.16 Loc.15 Loc. 13 Loe. 12 

I 

1300' 

1200' GLACIAL 

1100' 

sandy shale 
Foraminif.ra 

DR 1FT 

C RET ACE 0 U 5 

1000' 

Fin-;- ___ 
~o'''.d-;;; __ __ 

o , 

----...:. 1'lond ----

:I , 
PRECAMBRIAN 

900'L---------------------------~~~~------------------~ 
Modified from BOLIN I 1956, fig,4 

Figure 5. --Generalized section of the Cretaceous rocks in northwestern 
Aitkin and northeastern Crow Wing counties 

Hubbard County 

The depth to Precambrian basement rocks is not known in Hubbard 
County, but available wells indicate that the basement lies below an 
altitude of 1, lOO feet above sea level. Accordingly, it is probable that 
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the Coleraine Formation extends westward from the Mesabi range and 
Aitkin and Crow Wing counties through northern Cass and Hubbard 
counties to connect with the marine Cretaceous shales known in the Red 
River Valley (Grout and others, 1932). 

Koochiching County 

Fossiliferous marine sedimentary rocks that contain typical Creta
ceous fossil::; crop out at several places in the banks of the Little Fork 
River in Koochiching County (Thiel, 1947, p. 150-151). The strata are 
unconsolidated, and where lacking in fossils are difficult to distinguish 
from glacial or postglacial lake sediments. Thie 1 reported that forty 
feet of horizontal bluish-gray clay exposed in the bank of a creek that 
enters the Little Fork River (pi. 1, locality 1) contains fish scales and 
characteristic Cretaceous Foraminifera. 

Unnamed Strata in Western Minnesota 

Cretaceous sediments occur beneath the glacial drift in much of 
western Minnesota, but because of the sparse exposures and scarcity 
of subsurface information, detailed knowledge of them is lacking. 

Cretaceous strata of definite marine origin are exposed locally at 
the western end of the Minnesota River valley near Ortonville. These 
rocks comprise a thin layer of reworked material that rests on the Pre
cambrian Odessa Granite of Goldich and others (1961, p. 145), and are 
somewhat older than the nonmarine sediments exposed in Lyon, Redwood, 
and Cottonwood counties. They include boulder beach conglomerates, 
sandstones, and shales and represent deposits formed by the transgres
sion of a sea over granitic islands. The strata are fossiliferous, and 
commonly contain shark teeth, teleost fish vertebra, and pyritized 
microfossils. The most abundant fossiliferous locality is in a quarry 
located in SWl/4 sec. 18, T. 120 N., R. 46 W., Grant County, South 
Dakota. Other fossiliferous localities include (1) the quarries in SEl/4 
sec. 13, T. 120 N., R. 47 W. and NEl/4 sec. 17, T. 120 N., R. 46 W., 
Grant County, South Dakota; (2) the Odessa quarry in SEl/4 sec. 32, 
T. 121 N., R. 45 W., whe re Inoceramus barabina Morton was recovered; 
and (3) two quarries in sections 15 and 16, T. 120 N., R. 45 W., Lac qui 
Parle County, Minnesota, north of the town of Bellingham. 

The most common fossils at these localities are teeth of the shark 
Isurus. Next in abundance are the teeth of the shark Squalicorax. The 
ptychodont shark Ptychodus janewayii Cope is rare. Isolated vertebra 
of small clupeoid fish are numerous, a 6-foot species of the Cretaceous 
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tarpon Ichthyodectes is present, and teleost fish scales as much as 1 inch 
in diameter are fairly common. A few large marine reptilian vertebra 
probably pertaining to a mosasaur as well as reptilian teeth are present. 
A single nearly complete specimen of the sea turtle Desmatochelys lowii 
Williston was found (Zangerl and Sloan, 1960). In addition, carbonized 
scraps of gymnosperm wood are moderately abundant. 

Pyrite molds of microfossils can be recovered from the insoluble 
residues of the calcareous shales at the quarry in sec. 18, T. 120 N., 
R. 46 W., Grant County, South Dakota, and include the protoconchs of 
gastropods and of coiled ammonities, the prodissoconchs of pelecypods, 
and whole specimens of Globigerina. 

The fauna is interpreted to be the equivalent of the Carlile Shale of 
late Benton age. 

In the subsurface in Lyon County, Cretaceous strata occur within a 
broad northwest-trending basin cut in Precambrian rocks between alti
tudes of 630 and 1,311 feet (Rodis, 1963, p. Nll-N13). The strata are 
approximately 550 feet thick near the center of the basin and thin gradu
ally to a feather edge against its flanks. The rocks are flat lying and 
consist dominantly of soft dark bluish-gray shale that contains thin beds 
of poorly consolidated water-bearing sandstone and limestone. Accord
ing to Rodis (1963, p. N13): "The beds of sandstone are of small geo
graphic extent and generally occur at each of the following stratigraphic 
intervals: between the Precambrian bedrock surface and an altitude of 
825 feet, at altitudes of 890 to 1,020 feet, and at altitudes of 1,050 to 
1,160 feet .... Limestone was found only in the northwestern part of the 
county at altitudes of 1,240 to 1,260 feet." Rodis (1963, p. N13) interpre
ted the sandstone strata at altitudes between 890 to 1,020 feet to have 
been deposited by a transgressing sea; the sandstone beds are thinly 
interbedded with shale and siltstone and overlap one another in a north
east direction. 

The strata penetrated by drilling in Lyon County extend northwest
ward into adjacent Lincoln County. Little is known of the strata in this 
area aside from sparse outcrops in the northeastern part of the county 
in the valley of the North Branch of the Yellow M,:!dicine River (Thiel, 
1944, p. 269). Eastward the marine Cretaceous sediments pass later
ally into dominantly non-marine strata, described in a following section. 

It is not practical at present to attempt to subdivide the Cretaceous 
sediments of western Minnesota. Many additional subsurface samples 
are needed to determine the lithology and paleontology. To judge from 



THE CRETACEOUS SYSTEM IN MINNESOTA 17 

the substantial thicknesses present locally,it is probable that equiva-
lents of the Belle Fourche Shale, shales equivalent to the Greenhorn 
Limestone, the Carlile Shale, and shales equivalent to the Niobrara Chalk 
of South Dakota extend into western Minnesota, at least for a short dis
tance from the border. Possibly also the basal part of the Pierre Shale 
is present beneath the drift in Lincoln and the western part of Yellow 
Medicine counties. 

Nonmarine Windrow Formation of Southern Minnesota 

Nonmarine sediments of Cretaceous age are exposed discontinuously 
in the southern part of the State, from the Mississippi River westward to 
about longitude 95°W. (pl. 1). The sediments lie upon the post-Devonian 
erosion surface, and except locally are covered by Pleistocene deposits. 
The glacial cover is thin in the easternmost tier of counties, and the 
Cretaceous sediments lie at or near the present surface. Exposures are 
poor, however, except at recent excavations. The cover increases in 
thickness to the west, and completely obscures the underlying rocks. 

The Cretaceous deposits of southeastern Minnesota previously have 
been referred to collective 1 y as the Ostrander Member of the Dakota 
Formation (Stauffer and Thiel, 1941, p. 103). In 1958, Andrews, in a 
summary paper on Cretaceous deposits in the upper Mississippi valley 
region, included the most easterly occurrences of these sediments in 
the Windrow Formation, a formal name proposed earlier by Thwaites 
and Twenhofel (1921) for similar strata in Wisconsin and adjacent areas. 
Andrews (1958, p. 598-599) distinguished two members, a lower Iron 
Hill Member, an iron-oxide-rich regolith on pre-Cretaceous bedrock, 
and an upper East Bluff Member, a clastic unit. In the present report, 
the Iron Hill Member, as defined by Andrews, is used to designate the 
weathering residuum at the base of the Windrow Formation, whereas 
the Ostrander Member is used for the overlying clastic sediments. The 
term Ostrander is well established in the literature and is preferable to 
East B luff as a formal name for Cretaceous clastic sediments in Minne
sota. 

The Windrow Formation is important economically in the State. It 
has been a significant source of brown iron ore in Fillmore and adjacent 
Olmsted counties (Stauffer and Thiel, 1944; 1949; Wade and AIm, 1962) 
and a source of ceramic clay in Goodhue County (Austin, 1963). 

Southeaste rn Minne sota 

The Windrow Formation is exposed discontinuously in Fillmore, 
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Olmsted, Winona, Wabasha, and Goodhue counties, in the region drain
ed by the Mississippi River and its tributaries. The most complete 
sections are exposed in open-pit mines in Fillmore (pL 1, locs. 81-88; 
91-119) and Goodhue counties (pL 1, locs. 73-77). The formation lies 
on Paleozoic rocks ranging in age from Cambrian to Devonian. 

The Iron Hill Member is a widespread weathering residuum on car
bonate rocks of Ordovician and Devonian age. It consists of heterogen
eous deposits of limonite (dominantly goethite) and admixed chert frag
ments, silt, and clay. It forms bouldery, irregular masses, without 
noticeable bedding or other sedimentary structures, and contains local 
residual blocks of older carbonate beds. Typically it occurs on a karst 
topography, primarily as fillings in enlarged joints and sinkholes or 
caves. In the iron ore excavations in Fillmore County, the limonite 
commonly forms irregular concretionary masses with concentric layers 
around clay centers. Cavities in the ore tend to .be partially filled with 
yellow ocherous powder, or with fine silt. Gray clay with abundant 
quartz of extremely fine grain size is associated with some of the limon
ite deposits. Angular chert fragments, which are remnants from under
lying carbonate beds, occur at most localities and locally are abundant. 
Fossils derived from weathered Paleozoic beds are not common, but 
have been noted in some of the iron mines in Fillmore County. 

The Ostrander Member is more widespread than the Iron Hill 
Member, and unlike the Iron Hill Member is not restricted to areas 
underlain by Paleozoic carbonate rocks. It is extremely variable in 
lithology, but in its type section at Ostrander in Fillmore County and at 
several other localities in the easternmost counties (see Appendix B) it 
consists dominantly of fine-grained, loosely consolidated gravels of 
chert and quartz and lesser amounts of sandstone and shale or clay. 
The sand is coated and stained by hydrous iron oxides to distinctive 
shades of orange at many localities. A large proportion of highly pol
ished pebbles also is diagnostic of the sand. These pebbles led Stauffer 
(1945) to the conclusion that they were of gastrolithic origin, an origin 
now thought to be untenable (Andrews, 1958, p. 616). Clays are inter
calated with the sands, especially in clay pits in Goodhue County. Mus
covite is moderately abundant in some sands in Goodhue County. 

Quantitative studies of the clastic sediments by Andrews (1958, 
p. 607 - 610) indicate that they lack the bimodal size distribution re suIting 
from a deficienty of particles in the 4-1/2 mm. range that characterizes 
most fluvial sediments. Andrews also showed that the sediments contain 
a characteristic heavy-mineral suite dominated by titanium-bearing 
minerals. 
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The Windrow Formation in southeastern Minnesota contains leaf 
imprints, carbonized wood, and shark teeth of Cretaceous age. A 
"Dakota" flora was described from two clay pits in Goodhue County 
(Lesquereux, 1895), and a shark's tooth has been found in place in the 
Bellechester clay pit in the same county. 
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Glacial sands and gravels that can be mistaken easily for Cretaceous 
deposits occur at many localities in this part of the State as well as in 
the counties further west. Commonly, the glacial deposits contain 
orange gravels reworked from the Ostrander Member, but they also 
contain Precambrian gneiss and greenstone pebbles or boulders. Such 
gravels crop out south and west of Oronoco, Olmsted County, north of 
High Forest, Olmsted County, and in the clay pits in Goodhue County. 

South-Central Minne sota 

Sediments that probably correlate with the Windrow Formation of 
southeastern Minnesota occur sporadically in Mower, Freeborn, Dodge, 
Steele, and Waseca counties and are widespread in the area west of 
Mankato (pl. 1), where they form a discontinuous blanket on rocks of 
Paleozoic and Precambrian ages. Some deposits are of lacustrine ori
gin in the western part of the area, but farther westward they pass into 
marine sediments. 

Cretaceous strata east of Mankato occur as isolated, moderately 
small patches (pi. 1). They are similar lithologically to the Ostrander 
Member of the type section. Flat-lying shales and sandstones exposed 
near Austin, Mower County (pl. 1, loc. 79) contain plant remains of 
Cretaceous age (Lesquereaux, 1895) and reworked conodonts of Ordovician 
and Devonian ages (Stauffer, 1940). Fifteen feet of orange sand and grav
el in a quarry south of Mantorville, Dodge County (pl. 1, loco 78), lie 
in an east-trending fissure in a dolomitic phase of the Prosser Member 
of the Galena Formation. Patches of sediments in Steele, Freeborn, and 
Waseca counties, shown on the State geologic map (Grout and others, 
1932), were not examined during this study, but were studied prior to 
1900 by geologists working under the direction of N. H. Winchell. 

Cretaceous sediments are found at several localities in the vicinity 
of Mankato (pi. 1, locs. 70-72). At locality 68 (pl. 1) about three feet 
of interbedded sandstone and shale which lie directly on the Ordovician 
Kasota sandstone are overlain by 14.6 feet of sandstone and 4.3 feet of 
shale. A similar succession of 21 feet of interbedded sandstone and 
shale rests on residual blocks of Oneota Dolomite in the center of sec. 
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3l, T. llO N., R. 26 W (Humphrey"Y). South of Mankato (pl. l, loc. 70), 
Humphrey found pisolitic kaolinite above Ordovician Oneota Dolomite. 
He also described a typical Ostrander conglomerate composed of chert 
pebbles containing Silurian and/or Devonian fossils, pink chert pebbles, 
and kaolinite in SE l/4 SW l/4 sec. 35, T. l08 N., R. 27 W. {loco 7l}, 
just west of a bridge over the LeSueur River. He inferred that the 
source of these sediments was to the west, as kaolins are prominent in 
the regolith overlying the Morton Gneiss in the Minnesota River valley. 
He thought that the Devonian Cedar Valley Limestone might have ex
tended farther west during Cretaceous time to provide a source for the 
fossiliferous cherts. These hypotheses seem most unlikely because 
type exposures of the Big Cottonwood formation of Sardeson (1908) to 
the west and exposures of the Ostrander Member in Fillmore County to 
the east show a westerly direction of sediment transport, and Cretaceous 
sediments to the west lie on late Cambrian or Precambrian rocks as 
shown in figure 3. Other exposures of Cretaceous sediments in this 
area are found in the center W 1/2 sec. 35, T. L08 N., R. 27 W. where 
Cretaceous sediments lie on the Oneota Dolomite in an eastward-trend
ing channel. Abundant exposures of Cretaceous shales occur in road 
cuts across the river, in SW l/4 SW 1/4 sec. 35. 

Exposures of Cretaceous strata in Brown County earlier were named 
the "Big Cottonwood Formation" by Sardeson (l908); he did not designate 
a type locality. The name Big Cottonwood was preoccupied by a Pre
cambrian unit in Utah and should not be applied to these sediments. 
Stauffer and Thiel (1941) referred them to the Ostrander Member. To 
the west near Redwood Falls the sediments are overlain conformably by 
marine shales containing fossils of late Niobrara age. 

Nonmarine facies of the Windrow Formation in eastern Brown County 
include interbedded lacustrine alluvial-deltaic sands and equivalent semi
varved clay. Near New Ulm, where the bedrock topography was very 

irregular, a channel in a breached, northeast-trending synCline in the 
Precambrian Sioux Quartzite was filled with about 70 feet of Cretaceous 
red and green siltstone in which occur interbedded nodular, cavernous, 
algal limestone. These sediments extend along the Minnesota River 
valley for a distance of about six mile s, and project into the valley of the 
Cottonwood River. They also form a prominent terrace on which is 

7/ 
- Humphrey, W. R., op. cit. 
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built part of the city of New Ulm. The red color of the sediments appar
ently was derived from iron in red shales of the Sioux Quartzite. It 
becomes less prominent away from the quartzite outlier in a south-
erly direction. These shales are overlain and laterally grade transi-
tionally into about 50 feet of a relatively clean quartz sandstone, which 
shows torrential deltaic crossbedding in sedimentation units from 6 to 
l8 inches thick. The direction of sediment transport as shown by cross
beds is almost due west. Thin laminae of gray clay separate these units, 
and individual clay layers can be traced along topset, foreset, and bottom
set beds in many crossbedded units. Most bedding planes are marked 
by yellow limonite stains on the surface of sand grains. Silty layers 
commonly contain leaf impressions and a few are thoroughly cemented 
with siderite. Some coarser layers of this sandstone include granules 
of chert derived from Paleozoic rocks to the east. This succession of 
Cretaceous rocks was one of the main sources for the fossil plants in
cluded in Lesquereaux's work of l895. The clay of some of the seams is 
dark, unctuous, and contains unaltered leaf cuticles and pollen grains. 
The seams are particularly well preserved at the Metzen farm locality 
(pl. l, Loco 60) described by Stauffer and Thiel (l94l), at the Cobbs Creek 
locality (loc. 59) described as the Kalb Creek locality in Stauffer and 
Thiel (l94l), and at a locality in New Ulm (loc. 56). Pierce (l96l) collec
ted pollen grains from all three sections. These sandstones and shales 
are preserved as far east as sec. l5, T. l09 N., R. 29 W. and as far 
west as sec. 36, T. LlO N., R. 32 W. Exposures of sandstones and 
shales are nearly continuous between these points along the Cotton-
wood River and the Minnesota River. A geologic map and section of the 
Cretaceous rocks along the Cottonwood River between localities 47 and 
53 is given in figure 6. A section correlating all exposures along the 
Cottonwood River and the Minnesota River below the mouth of the Cotton
wood River is given in figure 7. 

Cretaceous sediments that are quite different from those exposed 
farther east occur in western Brown County, near the town of Spring
field, in the center of sec. l6, T. l09 N., R. 34 W., and in two clay pits 
of the A. C. Ochs Brick and Tile Company in NE l/4 sec. l7, T. l09 N., 
R. 34 W. and NE l/4 sec. 26, T. l09 N., R. 35 W. A part of the.clay 
pit (locality 43) is shown in figure 8. On the basis of exposures in the 
pit and a log of the Springfield city water well, it appears that about 
200 feet of light gray shale occurs above a basal quartzose sandstone 
that contains scraps of amber. The shales appear to be varved, with a 
varve spacing of 8 to 12 pairs of layers per inch. Spheroidal nodules of 
pyrite are common throughout the exposed pit section (table l). A bottom 
environment of deposition saturated with H2S is suggested by the presence 
of pyrite and by the absence of a fauna in most of these shales. Siderite 
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Table L --Section at the A. C. Ochs Brick and Tile Company clay pit, 

Springfield, Brown County, Minnesota (Locality 43, NE l/4 sec. 26, 
T. LD9 N., R. 35 W. ) 

Feet 

P lei stoc ene: 

20. Till, buff colored ________________________________ l.7 

Cretaceous: 
Windrow Formation. 
Ostrander Member: 

19. Dark gray shale ___________________________________ 3.0 

l8. Nodular, siderite cemented, shale __________________ 0.4 

l7. Dark gray shale with thin siderite-cemented 
la ye r s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7. 6 

l6. Siderite-cemented sandstone, ripple marked, 
the ripples trend north-south ______________________ 0.7 

l5. Gray siltstone with thin layers of siderite cemenL ____ 3.5 
l4. Iron-stained silty sandstone containing shark 

ve rte brae - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - O. 5 
l3. Gray shale, top of working face--------------------- 2.8 
12. Light gray shale ---------------------------------- 1.5 
ll. Dark gray shale ___________________________________ l.5 
lO. Lignite ___________________________________________ l.O 

9. Gray shale --------------------------------------- 3.6 
8. Poorly cemented, very angular coarse quartz 

sand- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - O. 3 
7. Varved gray shale _________________________________ 7.0 

6. Siderite -cemented siltstone - - - -- - - - - -- -- -- - - - -- -- - - O. 1 
5. Varved gray shale--------------------------------- 3.7 
4. Siderite-cemented siltstone ------------------------ O.l 
3. Dark gray shale ___________________________________ O.l 

2. Siderite-cemented siltstone containing leaf 
impressions _____________________________________ 0.8 

L Varved gray shales to base of pit at about 989 ft. 
altitude ----------------------------------------- ll.5 

Total Cretaceous_ - -- - -- - _____ -- -- - ___ -_ - __________ 49.7 
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EXPLANATION 

A,----~~~-------------+------------~------~~~~~--~~~~==#~ 

A 

T 
109 
N "-

Strike and dnction d ~ 
of cross beddinQ 

Scole 

L--. F+3 

Ootum is mean sea WNef 

G#oIogy by R E. SIoon, J9!J 

Figure 6. --Map and section of exposures of Cretaceous strata aLong the 
Cottonwood River in centraL Brown County 

is common as a cementing agent , and tends to be associated with abun
dant Leaf impressions. Some varved Layers have been distorted into 
osciLLation rippLe marks. This is particuLarLy true near the top of the 
exposed section near a prominent L 7 -inch Lignite bed. Above the Lignite 
bed the shaLes become somewhat more siLty and sandy and more heaviLy 
cemented with siderite . The shaLes are of poor quaLity for the manu
facture of brick , and accordingLy are stripped as overburden. SeveraL 
vertebra of sharks occur in this stripped materiaL, suggesting a transi
tion from nonmarine, perhaps estuarine conditions to near shore marine 
environments for the majority of these shaLes. 

In the northwest corner of the clay pit at SpringfieLd, flat Lying Cre
taceous shaLes are Locally entrenched by a west-southwest-oriented 
channeL filled with sands and shaLes LithoLogically simiLar to those exposed 
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Figure 7 . - -Se ction showing Cretaceous strata along the Cottonwood 
and Minnesota r ivers from Springfield to St. Peter 

elsewhere in the pit . The basal sediment in the channel-fill is a loose 
angular coarse-grained sand . A small Cretaceous marine vertebrate 
faunule was recovered from the sand. Dr . Richard Estes of the Depart
ment of Biology, Boston University, has kindly furnished the following 
faunal list for this locality: 

.,. .. 
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Class Selachii 
Subclass Euselachii 

Order Pleurotremata (Sharks) 
Suborder Galeoidea 

Family Carchariidae 

Odontaspis sp. 

Family Orectolobidae 

Squatirhina sp. 

Suborder Squaloidea 
Family Hybodontidae 

Synechodus sp. 

Order Hypotremata 
Suborder Batoidea (Rays) 

Family Dasyatidae 

Myledaphus sp. 

Class Osteichthyes (Bony Fish) 
Subclass Actinopterygii 

Superorder Holostei 
Order Pycnodontoidea 

Family Pycnodontidae 

Pycnodus? sp. 

Superorder Te leostei 
Order Isospondyli 

Suborder Stomiatoidea 
Family Enchodontidae 

Enchodus sp. 

C la s s Repti lia 
Subclass Diapsida 

Order Crocodilia 

unidentified genus and specie s 
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Lignites similar to those in the Ochs pit occur north of Springfield 
in the Minnesota River valley. Three localities where they have been 
observed are: the George Floerup farm in sec. 32, T. ll2 N., R. 32 W. 
along Fort Creek, NW 1/4 sec. 2, T. ll2 N., R. 35 W., and sec. 30, 
T. 113 N., R. 35 W. The lignite beds contain pollen grains, which have 
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Figure 8. - -Photograph showing Cretaceous lake sediments in the 
Springfield pit of the A. C. Ochs Brick and Tile Company, Brown County 

been described by Pierce (l96l). Silts and fine-grained sandstones of the 
type seen above the lignite in the Ochs clay pit in sec. 26 have been ob
served in SE l/4 sec. 29, T. ll2 N., R. 33 W. and also in sec. 27, 
T. ll2 N., R. 33 W. In the latter areas, lignites and fine-grained sand
stones and silts rest on a well-developed kaolinitic regolith derived from 
the Precambrian Morton Gneiss (Goldich, and others, 1961). This rego
lith, about 90 feet thick, was described by Goldich (l938, p. 26), and 
possibly can be correlated with the Iron Hill Member of the Windrow 
Formation. 

A sample of fossiliferous Cretaceous rocks studied by Bolin (l956) 
from the "Sodergren quarry" near the town of North Redwood, in sec. l, 
T. l13 N., R. 35 W. apparently was taken from sediments above the lig
nites, as the lignite rests directly on the regolith. Bolin found 7 species 
of Niobrara Foraminifera and a Niobrara ostracode in the sample, as 
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follows: 

Foraminifera: 
Glimbelina globulosa (Ehrenberg) 
Glimbelina moremani Cushman 
Glimbelina d. G. striata (Ehrenberg) 
Loxostomum cruhmani Wickenden 
Gyroidina sp. 
Globigerina cretacea d'Orbigny 
Planulina kansasensis Morrow 

Ostracoda: 

Cythereis aff. C. quadrialira Swain 
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Winchell (1895) collected Cretaceous fossils from an excavation in 
T. 111 N., R. 38 W., Redwood County. He lists "Scaphites nodosus var. 
quadrangularis, Meek and Hayden, Inoceramus cripsii var. barabina 
Morton, Lucina occidentalis Morton, and Viviparus raynoldsanus Meek 
and Hayden." These fossils are suggestive of a correlation with the 
Pierre Shale. However, Inoceramus barabina has been found in shales 
equivalent to the Carlile Shale at Odessa, Minnesota. 

A cast of the living chamber of the large ammonite Dunveganoceras 
cf. pondi Haas was found in the town of Comfrey in southern Brown 
County in an excavation in the SE 1/4 sec. 34, T. 108 N., R. 34 W. The 
cast is composed of a red shale probably derived from the Sioux Quartzite 
south of Comfrey. A well preserved specimen of the Niobrara ammonite 
Scaphites impendicostatus Cobban was recovered from a well in Camden 
State Park, Lyon County in SE 1/4 sec. 32, T. III N., R. 42 W., at an 
elevation of between 1,158 and 1,223 feet above sea level. Another Nio
brara ammonite, Baculites gracilis, author Shumard, was recovered 
from a well near the town of Mountain Lake in T. 106 N., R. 35 W. in 
southeastern Cottonwood County. Stauffer, in an unpublished manuscript 
on file in the Minnesota Geological Survey, reports Inoceramus, Baculites, 
Placenticeras and Scaphites from a well in the town of Crampton, in the 
SW 1/4 sec. 8, T. 113 N., R. 43 W., Lyon County. Bolin (1956) reports 
Niobrara Foraminifera and Radiolaria from sec. 7, T. 113 N., R. 24 W. , 
Lyon County, as follows: 

Foraminifera: 

Glimbelina globulosa (Ehrenberg) 
Glimbelina pseudotessera Cushman 
GUmbelina d. G. striata (Ehrenberg) 
Neobulimina sp~ 
Globigerina cretacea d'Orbigny 
Globigerinella aspera Ehrenberg 
Anomalina sp. 
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Radiolaria: 
Dictyocephalus d. D. macrostoma Rust 
Dictyomitra sp. 
Dictyomitra (Dictyomitra) d. D. (D.) multicostata (Zittel) 

Nonmarine Deposits in Central Minnesota 

RI 5 

Shale and less commonly lignite are exposed sporadically along the 
Mississippi River and its tributaries between Little Falls and Royalton 
in Morrison County and in the Sauk River valley near Richmond in Stearns 
County. These have been described briefly by Stauffer and Thiel (1941), 
Grout and Soper (1914), and H. R. Bergquist (written communication, 
1943 ). 

In Morrison County a bed of kaolinitic clay and overlying shale, 
above decomposed mica schist (Grout and Soper, 1914, p. 132-133), are 
exposed discontinuously for a distance of about 400 feet upstream along 
the west bank of the Mississippi River from the Royalton-Bowlus Highway 
1 bridge. The clay is about 6 feet thick and is white to brown, sandy, and 
fragmental; it is overlain by 3.5 feet of ferruginous pisolitic clay which 
in turn is overlain by about one foot of pisolitic fragmental clay (H. R. 
Bergquist, written communication, 1943). The lateral extent of the 
deposits are not known because of a drift cover. Fresh water mussels 
of the genus Unio have been found in the shale. 

In Stearns County, kaolin clay overlain by dark gray shale containing 
thin lignite beds is exposed in a small gully on the west bank of Sauk 
River about 100 yards upstream from the old highway bridge one-half 
mile southwest of Richmond. The clay lies on granitic rocks, and grades 
downward into clayey material with a distinct granitoid texture (Grout 
and Soper, 1914, p. 157). Similar clay was observed by me in a ravine 
two miles north of Richmond, indicating that the material may be wide
spread in this area. Pollen of Cretaceous age has been collected by 
Pierce (1961, p. 8) from a lignite interlayered with the gray shales near 
Richmond in NE 1/4 sec. 23. 

PALEOBOTANY 

The Cretaceous flora of Minnesota listed by Stauffer and Thiel (1941) 
includes 3 conifer species and 37 dicotyledonous angiosperm species. 
This list is based on the original work of Lesquereux (1895) involving 
primarily leaf impressions. Lesquereux indicated, on the basis of leaf 
impressions collected by N. H. Winchell, an overwhelmingly dicotyledon 
flora that he correlated with the Dakota Formation. John Hall of the 
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Department of Botany, University of Minnesota, has stated (oral commun
ication, 1959) that the leaf impression record is much more varied than 
suggested by Lesquereux. Ferns and small gymnosperm needles, for 
example, are fairly common but are not noted in any of the floral lists. 
It also is probable (according to Hall) that many leaves in the leaf impres
sion record have been misidentified. 

All carbonized wood in Minnesota Cretaceous rocks is of gymnosperm 
(conifer) origin. This is in sharp contrast to the leaf impression record, 
which is overwhelmingly angiosperm. Angiosperm wood apparently did 
not preserve well. 

Recently, Pierce (1961) described 102 species of pollen and spores 
derived from samples of nonmarine Cretaceous rocks from 10 widely 
scattered localities in Minnesota, representing a variety of depositional 
environments. This study showed a different floral aspect than that of 
the earlier work. In contrast to the high proportion of dicotyledon species 
in the flora indicated by the leaf impression record, the spore and pollen 
record showed an average of 26.9 percent spores, 20.5 percent a:'lgiosperm 
pollen, and 52.6 percent gymnosperm pollen. The record showed further 
that of these 102 species, only 25 species were dicotyledon pollen, 33 
species were coniferous pollen, and 22 species belonged to ferns. The 
remainder of the species belonged to other botanical groups. These are 
summarized in table 2. 

Pierce was able to obtain an estimate of the botanical affinities of 
most of the pollen and spores recovered, in many cases to the generic 
level. He found only 4 of the 23 genera in the leaf impression floral list 
of Stauffer and Thiel (1941) to be represented by pollen in the same depos
its. He was not able to find pollen remotely comparable to the genera 
Sequoia, Juglans, Alnus, Sapindus, and Burne lia, all reported from leaf 
impressions. This may imply that Cretaceous leaves are more modern
ized than pollen grains, or that the record of these genera has been based 
on misidentified leaf impression material. Except for Populus, those 
leaf impression genera not recorded from the pollen record are insect 
pollinated. Populus pollen does not preserve well today. Four genera 
for which both leaves and pollen have been recorded are Protophyllocladus, 
Pinus, Magnolia, and Platanus. 

Pierce was not able, on the basis of Cretaceous pollen and spores, 
to correlate the Cretaceous rocks of Minnesota with other Cretaceous 
rocks in North America, because of a lack of published data. Based on 
European studies, however, the small number of types of angiosperm 
pollen suggests an age of earlyLate Cretaceous. 
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Table 2. --Botanical Affinities of Minnesota Cretaceous Pollen 
(after Pierce, 1961£/) 

Species 

BRYOPHYTA _ -- -- __________ - ___________ -- - ___ -- -- -- -- -- - - -- 1 
LYCOPSIDA (Lycopodium, Selaginella) ________________________ 7 
FILICINEAE (Osmunda, Schizaea, Gleichenia) _________________ 22 

Botanically unassigned spores------------------------------- 4 
Total cryptogam species _________________________________ 34 

G YMNOSPERMEAE 
Cycadaceae (Dioon or Microcycas)- - - __ -- -- -- -- -- -- -- -- - - - ---
Ephedraceae _____________________________________________ _ 

Coniferae (Podocarpaceae: Phyllocladus, Podocarpus; 
Pinaceae: Pinus, Pice a, Thuja) ___________________ 36 

Botanically unassigned gymnosperm pollen -__________________ 7 
Total gymnosperm species _______________________________ 45 

ANGIOSP ERMEAE 
Monocotyledoneae (Liliaceae) - - - - -- -- -- -- - - - --- - - - - -- --- - --
Dicotyledoneae (Magnolia, Hamamelis, Quercus, 

*/ 

Lithocarpus, Platanus) ______________________ 23 
Total angiosperm species -- ______________________________ 24 

Pierce was not able to obtain generic affinities for all pollen species; 
accordingly, not all of his species belong to the listed genera. 

Chaney (1954) related the Dakota flora to tropical rather than to tem
perate deciduous forests on the basis of the venation of leaf impressions, 
and concluded that the Dakota flora lived under subtropical conditions. 
Pierce (1961), however, compared the flora of the Cretaceous of Minne
sota to coniferous rain forests of the Pacific Northwest of the United 
States and of the east coast of Asia on the basis of the pollen record and 
physiognomic analogy. Comparable modern coniferous forests are char
acterized by mild winters and cool summers with little difference between 
the mean temperatures of the coldest and warmest months. Precipitation 
is high and regular, fog is abundant, and the overall climatic pattern is 
humid temperate. This is in striking contrast to Chaney's suggestion of 
moist subtropical climate for the region. This implication is very im
portant for determining the nature of the weathering involved in produc
tion of the Iron Hill Member of the Windrow Formation and the deeply 
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weathered pre-Cretaceous bedrock topography throughout the State. The 
source for the high humidity shown by the plant record is very likely the 
epicontinental sea of the western United States. This sea was approx
imately 1,500 to 2,000 miles wide from east to west, of ample size to 
provide large quantities of moisture. The data also suggest that the pre
vailing direction of air mass movement during the Cretaceous in Minne
sota was predominantly from west to east. 

Chaney (1954) and Pierce (1957) both found evidences of a Cretaceous 
pine indistinguishable morphologically from the modern RedPine, Pinus 
resinosa, in association with the leaf impression flora. This occurrence 
cannot be explained at present because RedPine today exists only in cool 
temperate to cold climates. 

Figure 9, derived from the pollen data of Pierce (1961), shows an 

SPORES 
100% 

o LIGNITE 
• DELTAIC CLAY 
/1 LAKE CLAY FROM 

LOCALITY 43 

100% 
GYMNOSPERMS 

Figure 9. --Ternary diagram of pollen from several 
Minne sota localities 

extremely interesting relationship between the overall aspect of the pollen 
flora and the nearness to the coast. The four samples which on geologic 
evidence were nearshore coastal plain bogs, represented today by lignites 
(Redwood Falls, sample 1, locality 38; Enterprise mine, sample 6, local
ity 2; Floerup farm, sample 4, locality 42; and Richmond, sample 5, 
locality 20), show a high percentage of spores. The samples from Cobbs 
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Creek, New Ulm, and Metzen farm lie close to the opposite edge of the 
triangular diagram and were from quiet water clay seams in a delta. 
Samples 2 (locality 60) and 7 (locality 59) are from the same stratigraphic 
horizon, separated by a horizontal distance of one half mile. Samples 7, 
8, 9, and to are from the same locality, separated seven feet vertically, 
and sample 3 is from another locality (locality 56) in the same delta. 
Samples ll, l2, and l3 are from lake sediments at locality 43. Sample 
H is from the lowest exposures in the pit and l2 and l3 are from beds 
four and eight meters higher respectively. The latter three are from 
unpublished work of E. Cahoon (oral communication, 1959). Differences 
between these samples reflect local differences in ecology as well as 
varying amounts of rafted accumulations of conifer pollen. 

EARLY CRETACEOUS REGOLITH AND WEATHERING 

The stratigraphic position, distribution, and composition of the 
regoliths on pre-Cretaceous bedrock, together with the inferred climatic 
conditions indicated by the paleobotanical data, are consistent with an 
interpretation that the weathering residuum beneath the stratified Creta
ceous rocks in Minnesota formed principally in Early Cretaceous time. 

The type of regolith that formed at any particular locality depended 
mainly upon the nature and composition of the underlying bedrock. Clay 
minerals, quartz, and limonite in different proportions and amounts 
characteristicaHy formed as a result of the weathering. In general, 
weathering of Paleozoic limestones yielded a limonite-rich residuum, 
whereas weathering of more argillaceous sediments and granitic rocks 
yie lded products composed mainly of clay minerals. 

The regoliths belong to the general pedalfer group of soils, for they 
are enriched in sesquioxides of aluminum and iron rather than in alkalies 
and alkaline earth elements. They resemble to some degree both podzols 
and laterites, which are typical pedalfer soils. These soil types develop 
characteristically beneath mixed evergreen and deciduous forests in 
humid, warm temperate or subtropical climate s. 

The time interval during which the regoliths were produced has been 
subject to some debate, but the fact that they are interbedded at nearly 
aU localities with stratified Cretaceous sediments and lack weathering 
products other than those that would be produced under the climate 
suggested by the plant record requires that they were being formed up to 
and including the time of initial Cretaceous sedimentation. The warm 
humid climate, deduced from the plant record, and the nature of the 
regoliths, implies the presence of a widespread epicontinental sea in the 
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western United States and a somewhat warmer climate than at present. 
To judge from the sedimentary record in the Mesozoic, epicontinental 
seas in close proximity to Minne sota did not exist prior to the Late Jur
assic, approximately equivalent in time to the Sundance Formation. 
During the Triassic and Early Jurassic, and still earlier, in Permian 
time, the western epicontinental seas were restricted in area and rela
tively distant from Minnesota. It can be inferred therefore that the 
duration of accelerated weathering probably extended from Late Jurassic 
into Cretaceous time. Considering the rapid rate of weathering observed 
today in humid warm-temperature to sub-tropical climates, the observed 
depth of weathering probably could have formed in a few, perhaps one to 
5 million years. As the climate would have warmed as the seas trans
gressed and altitudes of land surfaces were lowered, the rate of weather
ing would have increased more or less steadily during the time interval. 
The latter part of this interval, in the Early Cretaceous, would therefore 
have been most important in producing the regoliths. 

Goldich's (1938) classic study of weathering of the Morton Quartz 
Monzonite Gneiss near Morton, Renville County and Redwood Falls, 
Redwood County illustrates one phase of the weathering. The Morton 
Gneiss was weathered to a mixture composed predominantly of kaolin 
and angular grains of quartz, commonly to depths of more than 100 feet. 
Pisolitic clays are fairly common and associated with this type of rego
lith in several areas. At the Morton clay pit of the A. C. Ochs Brick 
and Tile Co., a fossil humus layer containing root channels is found on 
the Morton regolith beneath bog deposits of Cretaceous age. Similar 
deep weathering developed on Precambrian amphibolites, greenschist, 
basalt, and iron-formation has been noted in cores from deep exploratory 
drill holes in Becker and Otter Tail counties by E. E. Anderson~/. 
Anderson described a pisolitic, bauxitic, lateritic conglomerate, pre
sumably of Cretaceous age, which rested on the regolith. Such weather
ing products have been observed in many we 11s in the western half of the 
State in which Cretaceous sediments overlie Precambrian igneous and 
metamorphic rocks (Allison, 1932; Thiel, 1944, 1947). These weathering 
products of basement rocks are distinctive, and their preservation in any 
locality suggests that some Cretaceous sediments have been preserved 
above them. Distribution of these weathering products were used to aid 
in the construction of plate 1. 

The weathering and consequent enrichment that yielded the soft iron 
ore bodies of the Mesabi district also may have taken place largely in 

~/ Anderson, E. E., op. cit. 
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Early Cretaceous time. A large proportion of these high grade ore bodies 
are overlain by Cretaceous sediments, including the iron-ore conglomer
ates, and are connected either vertically or laterally with the pre-glacial 
surface (White, 1954, pI. 4), which is mainly an exhumed pre-Cretaceous 
surface. It would be surprising, therefore, if evidence of pre-Cretaceous 
weathe ring did not exist on the Mesabi range, considering the great amOllllt 
of weathering on the pre-Cretaceous surface elsewhere in the State. The 
Precambrian Virginia Argillite where observed beneath Cretaceous de
posits has been weathered to kaolinite-rich clays to a depth of more than 
50 feet (Gruner, 1946, p. 106). The fractured Biwabik Iron-formation 
would weather more easily than the less permeable Virginia Argillite, 
thus accounting for the greater observed depths of weathering in the Biwa
bik formation. White (l954, p. 84) notes that the iron-formation is most 
altered immediately beneath the glacial drift, and becomes fresher at 
depth. The depth of this alteration is commonly five to ten feet and in
creases near the soft ore bodies. The ore bodies are simply enlarge
ments of this zone of alteration, and generally do not extend more than 
500 feet below the pre-glacial surface. The shapes of ore bodies are 
controlled by fracturing and stratigraphic and mineralogic variation 
according to White. Available evidence thus favors the weathering hy
pothesis to account for the high-grade, soft Mesabi ores, and probably 
much of this weathering took place at the same time as the deep weather
ing observed elsewhere in the State. 

Northern St. Louis County and all of Lake and Cook counties lack 
Cretaceous sediments and evidence of deep weathering, but these materi
als could have been removed by Pleistocene glaciation. The topographic 
contours of this area in plate 2 are generalized from the present bed
rock topography, which is little masked by glacial drift, and may there
fore be too low in altitude. It is certain, however, that this was a high 
land area during the Cretaceous. 

The soft ores that were produced from Animikian iron-formation in 
the Cuyuna district, in Aitkin and Crow Wing counties, may also have 
been formed in part by the same period of weathering. Both Grout and 
Wolff (1955) and Schmidt (1963, p. 6l-62) give evidence for the production 
of ore both by hydrothermal alteration and by deep weathering. Creta
ceous sediments that rest on deeply weathered Precambrian rocks have 
been reported northeast of the Cuyuna district in Aitkin County and south
west of the area in Morrison County. 

Evidence of Cretaceous sediments or pre-Cretaceous weathering is 
absent over a triangular area east of a line extending from Duluth at the 
head of Lake Superior southwestward to eastern Benton County and from 
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there southeastward to Red Wing in Goodhue County. The one possible 
exception is a sandy iron-rich crust developed on top of the Jordan Sand
stone of Late Cambrian age or the top of exposures of the Early Ordovician 
Oneota Dolomite near Osceola, Wisconsin, on both the Minnesota and 
Wisconsin sides of the St. Croix River. This lack of Cretaceous sedi
ments and pre-Cretaceous regolith is apparently due to widespread re
moval by erosion of Late Keweenawan, Late Cambrian, and Ordovician 
sediments during the Pleistocene by meltwater streams ancestral to the 
present Mississippi and St. Croix rivers. Topographic contours (pl. 2) 
of this area have been generalized on the basis of altitudes of bedrock on 
the divides of glacial meltwater streams and so represent minimum alti
tudes on this surface. Late Cambrian sandstones were not exposed in 
Minnesota along the Wisconsin border south of Osceola on the St. Croix 
River, and hence show no effects of weathering along the Mississippi 
River. 

The regolith beneath clastic Cretaceous sediments in southeastern 
Minnesota- -named the Iron Hill Member of the Windrow Formation 
(Andrews, 1958)--is associated with a karst topography developed on the 

Early Ordovician Oneota and Shakopee dolomites, the Middle Ordovician 
Stewartville Member of the Galena Limestone, and the Middle Devonian 
Cedar Valley Limestone. It is in part residual material in place, in 
part residual material concentrated in depressions by slope creep, and 
in part a replacement of the underlying limestones, presumably by solu
tions generated at the surface. This regolith resembles the terra rossa 
soils developed on limestones in areas along the Mediterranean today. 
The water table was close to the surface at the time of weathering, as 
shown by numerous shallow caves and sinkholes partially filled with 
weathered detritus. 

As a result of extensive Pleistocene erosion, the Cambrian sand
stone s and the Middle Ordovician St. Peter Sandstone, Platteville Lime
stone, Decorah Shale, and the Cummingville shaly limestone member of 
the Galena Formation show little evidence of weathering. Deep gorges 
of the Cannon, Zumbro, Root, and Mississippi rivers in southeastern 
Minnesota seem to be of relatively recent age. The valley floors are 
relatively flat and are composed of late Pleistocene fill to depths up to 
175 feet. Cretaceous sediments, where present, are located on the flat 
upland divides between these streams. The pre-Cretaceous topography 
was a surface of low relief which beveled all of the Paleozoic formations. 
This surface may be the same as the Dodgeville peneplain of southern 
Wisconsin (Trowbridge, 1921). 

The average altitude of the upland erosion surface in the Fillmore 
County iron-mining district is approximately 1,280 feet above sea level. 
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The Iron Hill Member of the Windrow Formation, where it has been 
developed on the Devonian Cedar VaHey Limestone and on the Stewart
ville Member of the Ordovician Galena Formation, is like ly to be thick
est in surface fissures which are enlarged joints, or in collapsed caves, 
and locally is thick enough to warrant iron mining operations. These 
ores have been discussed by Stauffer and Thiel (1944; 1949). 

Some Cretaceous sediments in LeSueur, Nicollet, and Blue Earth 
counties, near Mankato and St. Peter, were deposited in several caves 
in the lower part of the Ordovician Oneota Dolomite; subsequently, they 
slumped owing to removal of the dolomite in solution. Cave-formation 
was confined to the Oneota Dolomite because of a thin underlying imperv
ious horizon, locally known as the Blue Earth siltstone. 

The Oneota and Shakopee dolomites that form the crests of bluffs in 
the tier of counties adjoining the Mississippi River south of Minneapolis 
and St. Paul apparently represent an exhumed pre-Cretaceous surface. 

SUMMARY OF AGE AND CORRELATION OF MINNESOTA CRET ACEOUS 

The Cretaceous rocks in Minnesota can be correlated with the entire 
Colorado Group of the western interior United States. A summary chart 
indicating the inferred correlations of the strata is given in figure LO. 
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Figure lO. --Correlation chart of the Cretaceous System in Minnesota 

The marine Coleraine Formation of northern Minnesota has been 
correlated by Bergquist (l944) and Bolin (l956) on the basis of its fauna 
with the lower part of the Benton Group. However, the ammonitie s de s
cribed by Bergquist from the Mesabi District suggest a Turonian age or 
rough equivalence to the Greenhorn and Carlile Formations of the 
western interior United States. Most of the arenaceous Foraminifera 
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described by Bolin (l956) are new species; he suggests a Cenomanian age 
for the sediments encountered in wells in Aitkin and Crow Wing counties. 
His samples were obtained at altitudes more than 300 feet lower than the 
outcrops on the Mesabi range studied by Bergquist, and can be inferred 
to be somewhat older. 

The rocks of southwestern Minnesota, which are composed of marine 
sandstones and shales that grade eastward into estuarine, paludal, del
taic, and lacustrine sediments of the Windrow Formation, contain ammon
ites and Foraminifera of early Niobrara age; Desmatochelys, the sea 
turtle, found in the Dakota Rose granite quarry near Milbank, South 
Dakota, is found in beds equivalent to the Carlile Shale (ZangerL and 
Sloan, 1960). The more deeply buried parts of the Cretaceous System 
in Linco in and Lyon counties, south of the granite islands near Orton
ville, and Milbank at the western end of the Mi=esota valley, and north 
of the quartzite islands of Murray, Pipestone and Rock counties probably 
are correlative with the Graneros and Greenhorn formations because of 
the observed low dips and the known stratigraphic thicknesses of these 
units in eastern South Dakota (Petsch,l953; Rothrock,1955). 

The Ostrander Member of the Windrow Formation grades westward 
into the upper part of the marine Colorado Series, and probably correlates 
with the upper Carlile and the basal Niobrara Formations. It was depos
ited on the coastal plain during maximum eastward transgression of the 
Cretaceous epicontinental sea. 

A tentative paleogeographic map of Mi=esota near the end of the 
Cenomanian Stage or a time roughly equivalent to the beginning of deposi
tion of the Greenhorn Limestone is shown in figure Ll. It is based on the 
approximate altitude of the top of the Cenomanian Stage at a few localities 
in Aitkin, Lyon, and Lac Qui Parle counties, the Mesabi district, and on 
the topography shown in plate 2. The coastline at the end of the Turonian 
stage or early in the depositional history of the Niobrara Formation would 
be 200 to 300 feet higher, and can be inferred approximately from plate 
2. This suggests the possibility that the Niobrara sea may have extended 
further eastward into the Lake Superior basin. 

More detailed knowledge of the age and correlation of the Cretaceous 
strata of Mi=esota must await the availability of much additional subsur
face information. Drill hole information is needed from the western part 
of the State to provide the stratigraphic and paleontologic data useful for 
determining correlation with thicker successions to the west and south
west, and additional drill data are needed in the inner parts of the State 
to determine more precise ly the relationships between marine and non
marine facies. 
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Locality 
number 

2 

3 

4 

5 

6 

Section 

9 

SE 1/4 NW 1/4 25 

NW 1/4 5 

SE 1/4 SW 1/4 20 

SE 1/4 NW 1/4 25 

SW 1/4 SW 1/4 24 

APPENDIX A 
List of localitie s 

(Locations shown on plate l) 

Twp. Range County 

64N 23W Koochiching 

58N 17W St. Louis 

58N 17W St. Louis 

58N 19W St. Louis 

58N 20W St. Louis 

58N 20W St. Louis 

De scription 

Described by Thiel (1947, p. 15l); 
40 feet blue marine shale with 
Foraminifera. 

Easternmost occurrence of iron
ore conglomerate on Mesabi 
range. 

Enterprise mine; 100 feet non
marine sediments. Geologic map 
and description by Owens (1956). 

Judson mine; described by McGill 
(1955), Burgess (1955), Everett 
(1956). Marine sandstone above iron
ore conglomerate. 

Elburn mine; described by McGill 
(1955); marine sandstone above 
iron-ore conglomerate. 

Sherman mine; 25 feet nonmarine 
Cretaceous sediments. 

..,.. ..,.. 

~ 
H 

~ 
CIl 
o 
t--3 
~ 

~ 
o 
t"' 
o 
8 
() 

~ 
t"' 
CIl 
c:: 
!:I:J 
<: 
trJ 
>-<! 

!:I:J ...... 
lJ1 



7 NW 1/4 6 57N 20W St. Louis Sellers mine; iron-ore conglom-
erate. Described by Bergquist 
(1944). 

8 SE 1/4 13 57N 22W Itasca Bennett mine; iron~ore conglom-
erate and unfossiliferous shales. t-3 
Described by Bergquist (1944). ::r: 

1?1 
() 

9 NW 1/4 16 56N 23W Itasca Hill-Annex mine; 32 feet ore ::0 
conglomerate and marine shales. 1?1 

t-3 
Described by Bergquist (1944). :> 

() 
1?1 

10 SE 1/4 SE 1/4 13 56N 24W Itasca Arcturus mine; 12 feet fossilifer- 0 
ous iron-ore conglome rate. 

C! 
Ul 

Described by Bergquist (1944). C/l 
><: 
C/l 

II W 1/2 29 56N 24W Itasca Morrison- Walker and Canisteo t-3 
1?1 

SE 1/4 30 mines; 20 feet of shale and iron- ~ 
ore conglomerate s. Described H 

by Bergquist (1944). ~/ 
Z 
~ 
H 

12 NW 1/415 52N 25W Aitkin Drill hole 1 of Bolin (1956); 132 Z 
Z 

feet unfossiliferous sandstone. 1?1 
C/l 
0 

13 20 52N 25W Aitkin Drill hole 2 of Bolin (1956); 75 t-3 
:> 

feet of unfossiliferous sandstone. 

14 SW 1/4 NW 1/4 6 50N 25W Aitkin Test hole 1 of Bolin (1956); gray 
sandy shale with Foraminifera. 

3:./ Other areas of Cretaceous ore conglomerate on the Mesabi range >I> 
U'1 

are listed in White (1954, pI. 4). 



.". 
0' 

15 NE 1/4 SE 1/4 35 51N 26W Aitkin Test hole 7 of Bolin (1956); 195 
feet of gray sandy shale with 
Foraminifera. 

16 SW 1/4 SW 1/4 23 50N 27W Aitkin Test hole 19 of Bolin (1956) 160 
feet of gray sandy shale with 
Foraminifera. 

~ 
17 SE 1/4 SE 1/421 49N 26w Aitkin Test hole 28 of Bolin (1956); 55 ~:! 

L., 

feet of unfossiliferous sand. Z 
M 
Ul 

18 SW 1/4 NW 1/4 24 137N 25W Crow Wing Test hole 30 of Bolin (1956); 65 0 
f-j 

feet of gray sandy shale with ~ 

Foraminifera. 0 
M 
0 

19 8 127N 29W Morrison Two Rivers locality, described by t-' 
Stauffer and Thiel (1941, p. 175). 0 

0 
Also lignite and bauxite exposed H 

() 

on the bank of the Mississippi ~ 

River in this area. 
l' 
Ul 
C 

20 NW 1/4 NE 1/4 23 123N 31W Stearns John Jacob farm; nonmarine shale ~ 
< 

and lignite, described by Stauffer M 
and Thiel (1941, p. 197). to<: 

21 SW 1/4 35 123N 31W Stearns Sieverding well, described by 
Stauffer & Thiel (1941, p. 105). 

22 36 139N 37W Becker Holes 6-1 to 6-3, Anderson ~ 
H 

(unpublished M. S. thesis, Univ. <..n 

Minn. ). 



23 

24 

25 

26 

27 

28 
29 

30 

31 

32 

6 

36 

23 

7 

SW l/4 18 

SE 1/4 13 
NE 1/4 17 

SE 1/4 32 

15 & 16 

SW 1/4 8 

138N 

138N 

137N 

136N 

120N 

120N 
120N 

120N 

120N 

113 

37W 

37W 

39W 

40W 

46W 

47W 
46W 

45W 

45W 

43W 

Becker 

Becker 

Otter Tail 

Otter Tail 

Grant, South 
Dakota 

Grant, South 
Dakota 

Lac Qui 
Parle, Minn. 

Holes 1-1 to 1-6, Anderson, 
op. cit. 

Holes 4-1 and 4-2, Anderson, 
op. cit. 

Hole 2-1, Anderson, op. cit. 

Hole 7-1, Anderson, op. cit. 

Dakota Rose granite quarry; 
arkosic chalky marl and boulder 
conglomerate with Carlile age 
marine fo s sits. 

Granite quarries; granitic rocks 
overlain by fossiliferous sediments 
similar to above. 

Odessa Granite quarry; 12 feet of 
fossiliferous gray marine shale. 

Lac Qui Bellingham Granite quarries; 
Parle, Minn. fossiliferous arkose. 

Lyon Crampton well; C. R. Stauffer 
noted marine fossils. 

t-j 

~ 
() 

~ 
t-j 

> 
() 
trI 
o 
c: 
C/l 
C/l 
>-<: 
C/l 
t-j 
trI 
;;:: 
H 

Z 
;;:: 
H 

Z 

~ 
C/l 
o 
t-j 

> 

"'" -.J 



*'" ex> 

33 7 lUN 42W Lyon NiobraraForaminifera reported 
by Bolin (1956). 

34 NE 1/4 SE 1/4 32 lllN 42W Lyon Well in Camden State Park; 
shales of Niobrara age. 

35 ill 38W Redwood Fossils reported by Winchell 
(1895). ~ 

H 

Z 
36 113N 35W Redwood Sodergren quarry; Niobrara 

Z 
M 

Foraminifera reported by Bolin CIl 
0 

(1956) near town of North Redwood. ~ 
!J> 

37 30 lUN 35W Redwood Lignite over Morton regolith. Cl 
M 
0 

38 NW L/4 2 112N 35W Redwood Redwood Falls clay pit of A. C. t"' 
0 

O..::hs Brick and Tile Co. Lignite Cl 
H 

overlies Morton regoLith. Section () 

!J> described by Pierce (196L), Stauf- t"' 
fer and Thiel (L94L, p. 189), and CIl 

Goldich (L938). c::: 
:::0 
<: 

39 SE L/4 4 Ll2N 34W Renville Morton regoLith. M 
r< 

NW L/4 11 
NE 1/4 L3 

40 SE t/4 29 112N 33W Brown 20 feet sideritic siltstone, 
nonmarine. :::0 

H 

4L 27 Ll2N 33W Renville 20 feet sideritic siltstone, non-
U1 

marine. 



42 32 U2N 32W Renville Floerup farm section; shales and 
lignites overlie Morton regolith. 
Di"scribed by Pierce (l961) and 
Stauffer and Thiel (l94l, p. 179). 

43 NE 1/4 26 109N 35W Brown New clay pit of A. C. Ochs Brick t-3 
and Tile Co., Springfie Id. 50 feet ~ 
gray laminated sideritic nonmarine () 
shale and lignite. t;l 

t-3 
44 NE 1/4 17 109N 34W Brown Old clay pit of A. C. Ochs Brick ~ 

and Tile Co. Described by Stauf-
() 

M 
fer and Thiel (1941, p. 130). 0 

c:: 
Ul 

45 Center 16 lO9N 34W Brown 10 feet of siltstone similar to Ul 

localities 43 and 44. >< 
Ul 
t-3 

46 
M 

34 108N 34W Brown Ammonite found in red shale in ~ 
excavation at Comfrey. ..... 

Z 

47 SE 1/4 SE 1/4 36 1l0N 32W Brown 10 feet crossbeddecl sandstone. ~ 
H 

Z 

48 SW 1/4 SW 1/4 31 1l0N 31W 6 feet crossbedded sandstone. 
Z 

Brown M 
Ul 
0 

49 SE 1/4 NE 1/4 6 109N 31W Brown 17 feet interbedded sandstone and t-3 

gray siltstone. 
~ 

50 5 109N 31W Brown 20 feet interbedded sandstone and 
gray siltstone with siderite con-
cretions in beds. 

>l'-
...0 



lJ1 
0 

5l 4 109N 3lW Brown 30 feet gray siltstone with siderite 
concretions interbedded with cross-
bedded sandstone. 

52 N l/2 3 109N 3lW Brown 57 feet gray siltstone and shale 
with siderite concretions. 

53 SE l/4 SE l/4 34 lION 3lW Brown 40 feet gray shale with interbedded ~ 
H 

crossbedded sandstone. Z 
Z 
M 

54 SW 1/4 SW L/4 25 1l0N 3lW Brown 30 feet yellow sandstone. CIl 
0 
I-'j 

55 36 1l0N 3lW Brown 53 feet sandstone, crossbedded, !J> 
with clay seams containing fossil Cl 

M 
leaves, overlain by 6 feet gray 0 
shale. t-' 

0 
Cl 

56 N 1/2 31 30W 
H 

lION Brown Sandstone. Locality 50 of Andrews () 

(1958); measured section in Stauf- !J> 
t-' 

fer and Thiel (l94l, p. 129 ). CIl c:: 
57 32 1l0N 30W Brown Several small exposures in the 

::0 
-< 

bank of the lake exposing 3 feet M 

shale overlain by about 10 feet 
K! 

sandstone. 

58 33 lION 30W Brown 15 feet Cretaceous sandstone ex-
posed at north end of the darn on 

::0 the Cottonwood River, above the H 

level of the darn. lJ1 



59 NE 1/44 109N 30W 

60 SW 1/4 34 110 30W 

61 NE 1/4 34 llON 30W 

62 NE 1/4 3 L09N 30W 

63 Center 12 109N 30W 

64 NW 1/4 NE 1/4 18 109N 29W 

65 NE 1/4 NE 1/4 16 109N 29W 

66 NW 1/4NW l/4 15 L09N 29W 

Brown 

Brown 

Nicollet 

Brown 

Brown 

Blue Earth 

Nicollet 

Nicollet 

Cobbs Creek - Kalb Creek locality 
of Stauffer and Thiel (1941, p. 129); 
measured section. 

Metzen Farm locality; measured 
section in Stauffer and Thiel (1941, 
p. 104). Locality 51 of Andrews 
(1958). 

Heimans Quarry; red and green 
clays, nodular algal limestone; 
measured section in Stauffer and 
Thiel (1941, p. 128). See also 
Stauffer and Thiel (1941, p. 130). 

Winkleman Quarry locality; red 
and green shales and nodular 
limestone, measured section in 
Stauffer and Thiel (1941, p. 130). 

5 feet red shale and nodular lime
stone exposed in creek at road
side. 

5 feet red shale and nodular lime
stone overlain by 18 feet yellow 
Cretaceous sandstone. 

Localities 65 and 66 expose 73 
feet Cretaceous sandstone. The 
uppermost 10 feet is well cemented, 

I-j 

::r: 
M 
Cl 
::0 
M 
I-j 

~ 
Cl 
M 
o 
q 
Cfl 

Cfl 
t-<! 
Cfl 
I-j 

M 
~ 

Z 
~ 
Z 
~ 
Cfl 
o 
I-j 

~ 

U1 



U1 
N 

the remainder is poorly cemented. 

67 NE 1/4 NW 1/4 1 108N 28W Nicollet 10 feet Ostrander chert conglom-
erate resting on Cambrian Jordan 
Sandstone. 

68 SW 1/4 SW 1/4 12 109N 27W Nicollet Described by Humphrey (unpub-
lished M.A. thesis, Univ. of ii::: 
Mi.nn. ); 23 feet of nonmarine inter- H 

Z 
bedded sandstones and shales. Z 

M 
lfJ 

69 Center 31 lION 26W Nicollet 21 feet nonmarine interbedded sand- O 
1-3 

stone and shale, described by ~ 
Humphrey (op. cit.). Cl 

M 
0 

70 SW 1/4 25 108N 27W Blue Earth Pisolitic, kaolinitic clay. Des- t-' 
cribed by Humphrey (op. cit.). 0 

Cl 
H 
() 

71 SE 1/4 SW 1/4 35 108N 27W Blue Earth Chert pebble conglomerate. Des- ~ 

cribed by Humphrey (op. cit.). t-' 
(fJ 

c:: 
72 W 1/2 35 108N 27W Blue Earth Nonmarine shales, described in ?:I 

-< 
text. M 

><: 

73 SE 1/4 9 lllN 15W Goodhue Clay Bank pits; interbedded sand-
stone and shale in c lay pit. Local-
ity of Austin (1963). 

74 Center-north lllN 15W Goodhue Interbedded sandstone and shale ?:I 
H 

edge 10 in clay pit, Austin (1963). U1 



75 

76 

77 

78 

79 

80 

8l 

82 
83 

NE l/4 NW t/4 26 tuN 

SW l/4 SE l/4 3 tUN 

NW l/4 SW l/4 33 tUN 

NE 1/4 NW t/4 21 to7N 

to2N 

SE l/4 NW t/4 n to3N 

NW l/4 SE t/4 l L04N 

NE 1/4 SE l/4 l 
S l/2 6 

to4N 
to4N 

l5W 

l4W 

l4W 

l6W 

l8W 

14W 

t3W 

l3W 
l2W 

Goodhue 

Goodhue 

Goodhue 

Dodge 

Mower 

Mower 

FiUxnore 

FiUxnore 
FiUxnore 

C lay pit; interbedded santstone 
and shale; Andrews (t958, loco 
27 ). 

C lay pit; interbedded sandstone 
and shale; Andrews (t958, loco 28). 

BeHechester clay pit, interbedded 
sandstone and shale (Austin, 1963; 
Stauffer and Thiel, 1941, p. 155). 
Measured section, locality 29 of 
Andrews (1958). 

15 feet orange sandstone and con
gloxnerate in fissure in Prosser 
Member. 

Sandstones and shales containing 
Ordovician and Devonian cono
donts; Cretaceous leaves described 
by Stauffer (l940). Extensive ex
posures were not studied in detail. 

Andrews (l958, loco 30). 

Engel gravel pit; 20 feet Ostrander 
chert gravel. Described by Stauf
fer and Thiel (194l, p. 181). 

Localities 82-86 are iron mines 
operated by Schroeder Mining Co. , 

I-j 

~ 
() 

~ 
I-j 

> 
() 
M 
o c:: 
C/l 
C/l 
>-<1 
C/l 
I-j 

M 
s:: 
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C/l o 
I-j 
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U1 
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84 SW l/4 5 L04N l2W Fillmore StewartviLLe, Minn.; expose Iron 

85 NE l/4 SW l/4 4 L04N l2W Fillmore Hill and Ostrander member s of 
86 N l/2 9 L04N l2W Fillmore the Windrow Formation. 

87 SE 1/4 29 102N 13W Fillmore Chert conglomerate; type section 
of the Ostrander Member, Win-
drow Formation; described by 

~ Stauffer and Thiel (1941, p. 103). H 

Z 

SE 1/4 20 
Z 

88 L02N l3W Fillmore Chert conglome rate; secondary t<:I 
type section of the Ostrander 

til 
0 

Member described by Stauffer 1-3 

and Thiel (l941, p. 148). > 
~ 

89 W l/2 1 103N 14W Mower Localities 89-119 are iron mines 0 
t"' 

90 N l/2 21 l02 l3 Fillmore operated by Hanna Mining Company, 0 
91 22 102 l3 Spring Valley, Minnesota; expose Cl 

H 

92 23 L02 l3 Iron Hill and 03trander Members () 

> 
93 S 1/2 l5 102 13 of the Windrow Formation. De- t"' 
94 NE 1/4 24 l02 l3 tailed descriptions of locations til 

q 
95 NE 1/4 24 102 l3 and production in Wade and Alm ::0 
96 SE 1/4 l3 L02 l3 (L962, p. 2l3-2L7). <: 

t<:I 
97 E l/2 25 102 l3 ><! 
98 SW 1/4 35 102 13 
99 S 1/2 36 102 13 

100 NW 1/4 1 lOl l3 
LOl NW l/4 6 LOl 12 
102 NW 1/4 22 lOl 12 ::0 
l03 SW 1/4 l8 102 12 H 

U1 
104 NE 1/419 102 12 
105 SW L/4 19 102 l2 



L06 W 1/2 30 102N 12W 
107 SE 1/4 30 102 12 
L08 SW 1/4 29 102 12 
109 W L/2 32 102 L2 
1L0 NE 1/4 20 L02 12 
III N 1/2 14 L02 12 f-3 
112 1L 102 12 ::r: 
113 NE 1/4 26 L02 12 trJ 

1L4 N 1/2 25 102 12 
() 

115 NW 1/4 30 102 11 ~ 
116 E 1/2 30 102 11 

f-3 
» 

117 NW 1/4 29 102 11 () 

trJ 
118 NW 1/4 28 102 11 0 
119 W 1/2 33 102 11 q 

en 
en 

120 NE 1/4 SW 1/4 25 106N 12W Olmsted Unknown thickness of the Iron ><! 
en 

Hill Member of the Windrow For- f-3 

mation; property leased by Shasta trJ 
~ 

Coal and Iron Company. ~ 

Z 

121 NE 1/4 SE 1/4 5 L05N llW Olmsted LO feet Ostrander chert gravel in ~ 
~ 

gravel pit. Z 
Z 
trJ 

122 NE 1/4 NE 1/4 36 107N R8W Winona Stockton Hill locality; red sink en 
0 

fillings in the Ordovician Oneota f-3 

Dolomite. Typical of many upland » 
sink fillings along the Minnesota-
Wisconsin border developed on 
Early Ordovician dolomites. 

U1 
U1 



56 MINNESOTA GEOLOGICAL SURVEY 

APPENDIX B 
Measured sections 

(Locations shown on plate l) 

RI5 

Frank FarnhiLL Farm, near Ostrander, FiLLmore Co., SE l/4, 
sec. 20, T. l02 S., R. l3 W. (Source: Thiel, 1941, p. 14B) 

Feet 

Quaternary: 

4. Soil, with float of the iron conglomerate ______________ L. 0 

Cretaceous: 
Windrow Formation. 
Ostrander Member: 

3. 

2. 

L. 

Gravel, fine-grained sand, yeLLow, cross-bedded, 
with streaks of coarse sand, poorlyassorted _________ _ 

Gravel, coarse, mixed with argiLLaceous sand, poorly 
assorted. Pebble size varies from LIB to l/2 inch, 
minor 3/4 to 1 inch pebbles, bottom portion has large 
pebbles and cobbles 2 to 6 inches or more ___________ _ 
Clay streak in east side of pit ______________________ _ 

3.0 

10.0 
0.5 

Total Cretaceous ___________________________________ 13.5 

Gravel pit, south end of Ostrander, FiLLmore Co., SE 1/4, sec. 29, 
T. 102 N., R. 13 W. (Source: Thiel, 1941, p. 103) 

Feet 

Quaternary: 

B. Loess and soil _____________________________________ 2.0 
7. Drift, with a few boulders- __________________________ 2.0 

Cretaceous: 
Windrow Formation. 
Ostrander Member: 
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Feet 

6. Sandstone, brown, coarse, pebbly, iron-stained and 
iron-cemented, very hard--------------------------- 2.5 

5. Sand, coarse, and sandy yellow gravel, pebbles are 
smooth, rounded to ellipsoidal, pink and white quartz, 
together with sub angular flint and chert pebbles ------- to. 0 

4. Sandstone, brown, pebbly, hard; in part conglomerate-- 1. 5 
3. Gravel, yellow, medium- to fine-grained sands, 

pebbles of flint and quartz--------------------------- 1. 5 
2. Sandstone, brown, coarse, pebbly, poorly cemented--- 1. 0 
1. Gravel, yellow-stained, poorly sorted, medium- to 

coarse-grained sand, some pebbles greater than inch 
in diameter, the pebbles are quartz and flint, some 
residual siliceous fossils of large size; in the Farnhill 
pit a mile northeast this bed is underlain by clay ------ 5.0 

Total Cretaceous--- - -- - - -- -- -- - -- -- - -- -- -- -- -- -- -- - 21. 5 

East side of Sellers mine, Hibbing, St. Louis Co., July 15, 1928, 
Nl/2NEl/4NWl/4sec. 6, T. 57W., R. 20W. (loc. 7, p1. l) 

(Source: Bergquist, 1944, p. 5) 

Feet 

Pleistocene: 

lO. Drift, boulder-bearing gray hardpan _________________ 34.0 
9. Sand and gravel, aqueo-glacial ______________________ 16.4 

Cretaceous: 
Coleraine Formation: 

8. Conglomerate, red angular unpolished pebbles, 
minor pebbles of iron-formation in white matrix _______ 12.0 

Total Cretaceous - -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ---- 12. 0 

Precambrian: 
Biwabik Iron-formation. 
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South face of Sellers mine, near Hibbing, St. Louis Co., Juty t5, t928, 
SW 1/4 NE t/4 sec. 6, T. 57 N., R. 20 W. (toc. 7, pi. t) 

(Source: Bergquist, t944, p. 5) 

Feet 

P teistocene: 

t2. Drift, gray boutder hardpan, many·targe boutders of 
granite and gabbro _________________________________ 25.0 

11. Ctay, gravet and sand; stratified aqueo-gtaciat day 
at base, bedded gravel and sand above-- ______________ to. 0-30. 0 

to. Drift, red hardpan; boutders numerous though not targe, 
mostly less than under t foot ________________________ 30.0 

Cretaceous: 
Coteraine Formation: 

9. Congtomerate, fine pebbles of hematite in white 
matrix ____________________________________________ 2.0- 4.0 

8. Congtomerate, massive, fine, angutar hematite 
pebbles in green matrix _____________________________ 1. 0- 5.0 

7. Congtomerate, fine, angutar, red-hematite pebbtes in 
white matrix; beds fiat tying _________________________ 5. 0-20. 0 

Totat Cretaceous ___________________________________ 8.0-29.0 

Precambrian: 
Biwabik Iron-formation. 

North face Bennett mine, near Keewatin, Itasca Co., Juty 24, t928, 
N t/2 sec. 6, T. 57 N., R. 22 W. (toc. 8, p1. t) 

(Source: Bergquist, 1944, p. 5) 

Feet 

Pleistocene: 

tS. Drift, gray hardpan, contains boulders which average 
1 foot in diameter __________________________________ 25.0-40.0 
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Cretaceous: 
Coleraine Formation: 

14. 

13. 
12. 
It. 

Conglome rate, coarse, brown, composed of polished 
pebbles of hematite and limonite, and pebbles of 
cherty and slaty iron-formation-------------------- __ 
Shale, rudely laminated,dark greenish-red ___________ _ 

Iron ore, fine-grained to gritty; massive, reddish ---- __ _ 
Iron ore, finely granular. lean,gritty, streaks of red 

Feet 

7.0 
7.4 

10. 0 
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10. 
9. 

and yellow clay--- - -- -- --- ----- - -- - -- -- - __ - ________ _ 
Conglomerate, fine pebbles in green matrix __________ _ 

6.0- 7.0 
0.5 

8. 
7. 

6. 

Iron ore, lean,massive,greenish-red, contains many 
tiny pebbles _______________________________________ _ 

Limonite, concretionary -------------- _____________ _ 

Iron ore, massive,fine-grained to earthy, streaks of 
ochre, few small pebbles at base- ___________________ _ 

Conglomerate, coarse basal, pebbles of polished 
hematite and limonite and of iron-formation, porphyry 
and quartz ________________________________________ _ 

6.0 
0.4 

2.0 

2.3 

Total Cretaceous ___________________________________ 4t. 6-42. 6 

Precambrian: 
Biwabik Iron-formation. 

Near east end of north face of Bennett mine, near Keewatin, Itasca Co. , 
July 24, 1928, Nl/2NEI/4sec. 6, T. 57N., R. 22W. (loco 8, pl.l) 

(Source: Bergquist, 1944, p. 6) 

Feet 

Cretaceous: 
Coleraine Formation: 

11. Conglomerate and intercalated gray and yellow clay, 
possibly not in place----- ___________________________ 5.5 

10. Conglomerate, fine-grained, soft clay limonite 
matrix - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ O. 7 

9. Iron ore, lean rudely laminated,clayey, red and yellow 
clay streaks, gritty,reddish-brown;clay at top--_______ 1. 4 
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Feet 

8. Iron ore, gritty dark to aLmost bLack, Limonitic clay 
streaks at all angLes, rudeLy Laminated near top _______ 5.5 

7. Covered by thick surface sLump, contains pebbLes--
some of highLy poLished hematite and limonite --------- 12.0 

6. Iron ore, fine-grained, greenish.lean, red hematite 
streaks in all directions, a few scattered small 
pebbles ___________________________________________ 6.5 

5. Conglomerate, fine pebble, matrix Like that of bed 6 _ _ _ 0.4 
4. Iron ore, massive,somewhat gritty,greenish-maroon, 

contains fine pebbles ------------------------- ______ 5.9 
3. Limonite, soft earthy, contains hard concretions - _____ 0.3 
2. Iron ore, fine-grained, earthy, maroon, streaks of 

yellow and red ochre, rudely laminated_______________ 2.0 

1. Conglomerate, coarse pebble, contains large rounded 
boulders of iron-formation, paint rock and large and 
small polished pebbles of limonite and hematite in a 
light-colored gritty matrix- _________________________ 2.5 

Total Cretaceous----- ______________________________ 42.7 

Near east end of south face of Hill Annex mine, near Calumet, Itasca Co. , 
August 10, 1928, E 1/2 sec. 16, T. 56 N., R. 23 W. (loc. 9,. pI. 1) 

(Source: Berquist, 1944, p. 7) 

Pleistocene: 

11. Drift, gray hardpan; upper portion contains large 
boulders of fresh granite, syenite, and gabbro; lower 
portion largely of fine water-lain stratified sand and 

Feet 

gravel with local bluish-gray clays ___________________ 88.0 

Cretaceous: 
Coleraine Formation: 

10. Iron ore, gritty; fine - grained, greenish- red, contains 
rounded hematite pebbles ___________________________ 6.2 

9. Conglomerate, rounded 1 inch pebbles in reddish-green 
cement __________________________________________ _ 0.7 
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Feet 

8. Iron ore, lean, fine-grained, green to red, gritty, 
locally bluish in color _______________________________ 5.2 

7. Conglomerate, coarse, contains large rounded pebbles 
of fresh and altered iron-formation, hematite, porphyry, 
paint rock, slate, quartz, in order of abundance _______ 18.0 

Total Cretaceous ___________________________________ 30.1 

Precambrian: 
Biwabik Iron-formation. 
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South face of Hill Annex mine near Calumet, Itasca, Co., July 13, 1928, 
NW 1/4 sec. 16, T. 56 N., R. 23 W. (loc. 9, pL 1) 

(Source: Bergquist, 1944, p. 7) 

Feet 

Pleistocene: 

12. Drift composed of. sand, gravel, and boulders 125.0 

Cretaceous: 
Coleraine Formation: 

11. Iron ore, redeposited, red and gray, soft, massive 
with fine pebbles; fossils common-------------------- 9.0 

10. Conglomerate, red pebbles in a gray matrix ---------- 6.3 
9. Iron ore, redeposited, red to gray, gritty, with frag-

ments of wood at some places; other places abundant 
molluscan fauna in this horizon---------------------- 3.0 

8. Conglomerate, coarse, pebbly, unsorted _____________ 0.5 

7. Iron ore, redeposited, green, gritty, with occasional 
pebbles of chert and iron-formation------------------ 4.0 

6. Conglomerate, gray, coarse pebbles cemented by a 
green iron sand ------- _____________________________ 0.7 

5. Conglomerate, very coarse, with polished black 
pebbles, chert, taconite, paint rock, hematite, slate, 
quartz, and other pebbles and cobbles up to 8 inches 
in diameter_ ___ __ __ _ __ __ _ _ _ _ _ __ __ ___ __ __ __ __ __ ____ _ 8.2 
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Feet 

Total Cretaceous ___________________________________ 31. 7 

Precambrian: 
Biwabik Iron-formation. 

Lowest point in east end of pit to top on north side, Arcturus mine, 
Marble, Itasca Co., August 8, 1928, SE 1/4 SE 1/4 sec. 13, 

T. 56 N., R. 24 W. (loc. 10, pI. 1) (Source: Bergquist, 1944, p. 6-7) 

Feet 

Pleistocene: 

9. Drift, gray; pebbles of light and dark igneous and 
metamorphic rocks _________________________________ 30.0-40.0 

8. Drift, red hardpan, boulder s of iron-formation, slate, 
and igneous rocks __________________________________ 5.0-15.0 

Cretaceous: 
Coleraine Formation: 

7. Conglomerate, clayey; grayish-brown, polished pebbles 
of hematite and limonite, no fossils __________________ 5.2 

6. Covered; fossiliferous shale top of bench _____________ 5.0 
5. Iron ore, lean,clayey, gray, contains oyster shells _____ 7.2 
4. Conglomerate, hard,fine, polished limonite and 

hematite pebbles, yellow limonitic clay matrix ________ 0.7 
3. Conglomerate, coarse basal, pebbles of iron-

formation _________________________________________ 1. 2 

Total Cretaceous _ _ _ _ __ __ _ __ _ _ _ _ _ __ __ _ _ _ _ _ _ __ __ _ _ _ _ _ 19. 3 

Precambrian: 
Biwabik Iron-formation: surface irregular unconformity 
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West side of northeast cut of Canisteo mine, Coleraine, Itasca Co., 
July IB, 192B, W 1/2 NW 1/4 sec. 30, T. 56 N., R. 24 W. (loc. 11, pI. 1) 

(Source: Bergquist, 1944, p. 6) 

Pleistocene: 

11. Drift, gray; boulders mostly dark schist, some 
granite of various sizes, many over 2 feet in 

Feet 

diameter ------------------------------------------ 25.0-40.0 

Cretaceous: 
Coleraine Formation: 

10. Shale, soft,massive, greenish-red; contains small, 
rounded,polished pebbles of hematite and limonite- - - - - - 4. 0- lO. 0 

9. Shale-conglomerate, greenish-red, somewhat hardened- 2.2 
B. Shale, soft massive gritty greenish-red, contains 

very few pebbles ___________________________________ 3.0 

7. Conglomerate, coarse, pebbles of iron-formation and 
hematite, and of polished limonite and hematite ______ 1. 2 

Total Cretaceous ______________ '- ____________________ 10.4-16.4 

Precambrian: 
Biwabik Iron-formation. 

Canisteo mine near entrance to Walker mine, Coleraine, Itasca Co. , 
July lB, 192B, S l/2 SW l/4 sec. 29. T. 56 N .• R. 24 W. (lac. LL, pI. l) 

(Source: Bergquist, 1944, p. 6) 

Feet 

Cretaceous: 
Coleraine Formation: 

7. Iron are, shaly. brown, lean; laminae prominent on 
weathered surface __________________________________ 1.7 

6. Iron are, massive,blocky,fine-grained,green to red; 
almost black in patches; contains questionable fish 
scales ____________________________________________ 2.0 
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Feet 

5. Concretionary layer, concretions black_______________ 0.2 
4. Iron ore, soft,massive.fine-grained.reddish-green. 

lean; questionable fish scales and one tooth noted______ l. 4 
3. Conglomerate, hard.massive.fine hematite pebbles; 

greenish-red matrix- --- - -- -- -- -- -- -- -- -- -- -- -- - - - _ _ 0.4 
2. Conglomerate; pebbles up to about 2 1/2 inches in 

diameter, of quartz, "iron-formation and highly 
altered igneous and metamorphic rock, aU firmly 
cemented------------------------------------------ 1.3 

Total Cretaceous ___________________________________ 7.0 

Precambrian: 
Biwabik Iron-formation. 
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