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Note on measurements used in this
report
Although the metric system is preferred in scientific
writing, certain measurements are still routinely made
in English customary units; for example, distances on
land are measured in miles and depths in drill holes are
measured in feet. Preference was given in this report to
retaining the units in which measurements were made. To
assist readers, conversion factors for some of the common
units of measure are provided below.
English units to metric units:
To convert from
inch
inch
foot
mile

to
millimeter
centimeter
meter
kilometer

multiply by
25.40
2.540
0.3048
1.6093

Metric units to English units:
To convert from
millimeter
centimeter
meter
kilometer

to

multiply by

inch
inch
foot
mile

0.03937
0.3937
3.2808
0.6214
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Quaternary lithostratigraphic unIts of
Minnesota
Mark D. Johnson, Roberta S. Adams, Angela S. Gowan, Kenneth L. Harris,
Howard C. Hobbs, Carrie E. Jennings, Alan R. Knaeble, Barbara A. Lusardi,
and Gary N. Meyer

ABSTRACT
Much of Minnesota is covered by sediment of Quaternary age that was deposited
during numerous glaciations by ice, wind, and water. In this report, we follow guidelines
of the North American Stratigraphic Code (North American Commission on Stratigraphic
Nomenclature, 2005) to create a framework for establishing formal lithostratigraphic units
in Minnesota. We evaluate over 100 lithostratigraphic units that have been identified in
Minnesota. Eighty (80) units are considered to be useful lithostratigraphic units of formation
and member rank, and these are formally accepted in this report or are recommended to be
so in future publications. These 80 units include previously named formal lithostratigraphic
units that are recognized and accepted as originally defined, but also formally defined
units that we have revised or redefined to better fit into our stratigraphic framework.
The remaining lithostratigraphic units have been used informally in earlier reports or are
newly named in this report.
Additional units that are no longer considered necessary as lithostratigraphic units
are abandoned in this report. These units include previously used units of both formal
and informal status.
Of the 80 lithostratigraphic units recommended to be retained, 47 are formally defined,
revised, or redefined in this report. The remaining 33 units are recommended to be formally
named in a future Minnesota Geological Survey Report of Investigations.

INTRODUCTION

in Minnesota are for the most part unlithified and
consist primarily of diamicton1, sand and gravel, and
silt and clay. The characteristics of these materials
vary mainly in their color, grain size, sedimentary
structures, and lithologic composition. Other
types of stratigraphic units such biostratigraphic,
chronostratigraphic, and diachronic units, although
important for understanding Quaternary history, are
not addressed in this report. See the Appendix for a
short glossary of the various terms used in this report
referring to geologic time and the glacial events of
the Quaternary Period in Minnesota.

Minnesota was glaciated numerous times during
the Quaternary Period (2.6 million years to present;
Fig. 1). The record of these glaciations exists in
the complex layers of deposits left behind by these
glaciers and associated rivers and lakes. The objective
of this report is to name and catalogue these layers in
Minnesota, as well as define a stratigraphic framework
that can be built upon as future investigations discover
more units and refine our knowledge of existing
units. In this report, we identify 80 lithostratigraphic
units that we consider are sufficiently well known
and defined to be formally recommended for use in
Minnesota (Table 1). However, only those 47 units in
the following chapters of this report are considered
formally named at this time. The remaining 33 units
remain informal until they are published in future
volumes.
A lithostratigraphic unit is a three-dimensional
body of rock or sediment that is identified and
defined on the basis of its stratigraphic position
and lithologic content. Units of Quaternary age

Diamicton is sediment that is unsorted and
commonly unbedded with a bimodal to polymodal
distribution of grain sizes, having a fine-grained matrix
(clay to sand) and supporting clasts (pebble to boulder). No
genesis is implied in the term. Most diamicton in Minnesota
is interpreted to have been deposited by glacial ice and can
be called till. However, because lithostratigraphic units are
characterized on the basis of physical characteristics rather
than perceived genesis, we use the term diamicton to define
formal lithostratigraphic units.
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Figure 1. A record of global climate variations over the last 5 million years based on the oxygen-isotopic composition of marine benthic
foraminifera (Lisiecki and Raymo, 2005). Change in the oxygen-isotope composition of marine foraminifera directly relates to the volume
of ice on Earth, where high values of δ 18O indicate large ice volumes. Thus, the record of global glaciation is best represented by these
marine data.
A. Oxygen isotope variations over the last 1.8 million years. The curve is numbered and these numbers identify time units that are referred
to as the marine isotope stages (MIS). Even numbers refer to glaciations and odd numbers refer to interglacial and interstadial times. Most of
the surface of Minnesota is covered by deposits from the most recent MIS 2 glaciation (also referred to as the late Wisconsinan glaciation).
B. Oxygen-isotope variations over the last 5 million years. This diagram shows a strong cooling trend over the last 3.5 million years.
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Most recent interglacial period—125,000 Ka (Marine Isotope Stage 5)

Late Wisconsinan glaciation (Marine Isotope Stage 2)

Formal lithostratigraphic names are conferred
upon lithostratigraphic units for the purpose
of consistent identification and clarity of
communication. The names and definitions of the
various lithostratigraphic units catalogued within this
report have been chosen using principles adopted by
the North American Commission on Stratigraphic
Nomenclature in the North American Stratigraphic
Code (2005), as well as some additional principles
defined herein. These principles are needed to create
a common set of definitions for stratigraphic units
that geologists can mutually agree upon so that
they can "…allow their efforts to be concentrated
effectively on the many real scientific problems of
stratigraphy, rather than being wastefully dissipated
in futile argument and fruitless controversy arising
because of discrepant basic principles, divergent
usage of terms, and other unnecessary impediments
to mutual understanding (Hedberg, 1976, p. v)."
Since the initial investigations of Minnesota's
surficial deposits in the late 1800s (as reported in
Wright, 1972b), numerous units of diamicton and
other sediment types have been described, and some
have been named formally. However, prior to this
report, most of Minnesota's glacial deposits were
named only informally. Minnesota has a notably
complex Quaternary stratigraphy, and deposits can
be up to 750 feet (250 meters) thick in some areas (Fig.
2). The complexity comes from the fact that multiple
glacial lobes traversed the state (Figs. 3, 4). These ice
lobes emanated from different source areas within the
Laurentide Ice Sheet, each with its own distinctive
bedrock (Fig. 5). For many years, geologists in
Minnesota have characterized glacial deposits by
the provenance of their clast lithology, especially the
very coarse-grained sand (1-2 millimeter) fraction
(Hobbs, 1998b), and four, broad source regions have
been recognized (Fig. 5). The lithologies typical of
these four provenance regions are shown in Figures
6 through 9 and summarized in Table 2. The distinct
lithologic make-up of the sediment derived from
these four provenance regions is a key parameter
for lithostratigraphic characterization, and it also
yields insight into aspects of glacial dynamics within
the Laurentide Ice Sheet during the Quaternary
Period.
In this report, we first outline the guiding
principles that have been adopted for naming formal
lithostratigraphic units in Minnesota. Second, we
broadly outline the nature of these formal units in
the various regions of the state. And third, we define
individual units in separate chapters.

We have attempted to include in this report
all lithostratigraphic units that have been used in
Minnesota by geologists over the past 100 years. Due
to the accumulation of over a century of observations,
as well as changing ideas about lithostratigraphy, the
Quaternary units of Minnesota have been defined
differently at different times, and our intent in this
report is to put all these units on equal footing.
Therefore, in Table 3, for the units included in this
report that have been formally named previously
(column A, bold), we affirm their use in the state
and describe their characteristics in the chapters
of this report. Other units that have been formally
named are revised or redefined (column B, bold). The
majority of the units are formally named for the first
time but may have been informally named in previous
reports (column C, bold). We also discontinue several
units, some of which were considered formally
named. These units are now judged to be outdated,
misused, or they fail to fit the guiding principles we
have adopted here (column D; see Appendix). Finally,
there are some stratigraphic units (column E) used
previously in Minnesota for which no action is taken
at this time. These units are either poorly known
or the subject of current investigations and may be
better defined in the future (see Appendix).
Any formal lithostratigraphic classification is an
approximation of reality. Although we believe the
units formally named in this report to be legitimate
lithostratigraphic units with the characteristics we
describe them to have, we also realize that future
investigations will uncover new data and relationships
among these units that will necessitate not only
identification of new lithostratigraphic units, but
also modification and redefinition of units included
in this report. Formal lithostratigraphy is always a
work in progress.
Figure 10 shows the lithostratigraphic units
named in this report that occur at the surface in
Minnesota. Subsurface units are also defined herein,
but because of the complexity and obscurity of
the subsurface deposits, we have developed local
stratigraphic columns in various parts of the state.
Figure 11 shows these stratigraphic columns for nine
regions in the state, and their vertical placement
indicates a suggested correlation. A general summary
of the lithostratigraphic sequence of each of these
regions is described below. The vertical axis in Figure
11 is relative age, even though we broadly correlate
the units to the marine isotope stages.
Almost all of the surface units in the state (Fig.
10) were deposited during the most recent glaciation,
which is referred to as the "Wisconsinan glaciation."
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Table 1. A list of 80 lithostratigraphic units considered to be useful and recommended for Minnesota by the Minnesota
Geological Survey. Units listed in bold type are included in the chapters of this report and are therein formally defined.
Units listed in regular type are not described in this publication and include units already formalized and units that may be
formalized in future volumes. Only those units that have been formally defined elsewhere or in this report are shown with
capitalized member and formation names.
UNIT

SHORT DESCRIPTION AND INTERPRETATION

Aitkin Formation (new)
		
Alborn Member (revised) of the Aitkin Formation
Nelson Lake Member (new) of the Aitkin Formation
Prairie Lake Member (revised) of the Aitkin
Formation
Argusville Formation
		
Barnum Formation (new)
		
Knife River member (new) of the Barnum Formation

Loam to clay-loam till deposited by the St. Louis sublobe and lake sediment of glacial Lakes Aitkin and
Upham in north-central Minnesota
"Reddish" loam to clay loam till deposited by the northeast arm of the St. Louis sublobe
Brown loam to clay loam till deposited by the southwest arm of the St. Louis sublobe
Gray loam to clay loam till containing Pierre Shale overlying lake sediment and till of the Alborn and
Nelson Lake Members
Lake sediment deposited during the Cass and Lockhart phases of glacial Lake Agassiz (Moran and
others, 1976)
Red clay to loam till in northwest Minnesota deposited by the Superior lobe; includes sediment of
glacial Lake Duluth
Red clay till, youngest of these four members, composed of sediment reworked from the Wrenshall
member
Mahtowa member (new) of the Barnum Formation
Red silty till, oldest of these four members
Moose Lake member (new) of the Barnum Formation Red clayey till
Wrenshall member (revised) of the Barnum Formation Glacial Lake Duluth sediment overlain in places by Knife River member till
Bigfork Formation (new)
Pre-Wisconsinan Winnipeg-provenance till in the subsurface in north-central Minnesota
Blackduck Formation (new)
A formation with at least three layers of silty and loamy till and related sediments associated with the
		
late Wisconsinan advance of the Koochiching lobe in north-central Minnesota
Boundary Waters Formation (new)
Thin, patchy, and coarse-grained "shield till" and associated sediment of Rainy provenance in
		
northeast Minnesota, from the Vermilion moraine to the Canadian border
Brenna Formation
Lake sediment deposited during the Lockhart phase of glacial Lake Agassiz (Harris and others, 1974)
Browerville Formation (new)
Widespread subsurface till of Winnipeg provenance occurring from north-central to southeast
		
Minnesota
Buffalo River formation (new)
Sandy loam till of northeast provenance in the Red River Valley in the subsurface
Cromwell Formation (revised)
Red sandy loam till and associated deposits of the late Wisconsinan advance of the Superior lobe to
		
the St. Croix moraine
Mille Lacs Member (new) of the Cromwell
Loam to sandy loam till deposited during a readvance of the Superior lobe called the Automba phase
Formation
Sunrise Member (redefined) of the Cromwell
Red, varved sediment of glacial Lake Lind in the St. Croix River valley
Formation
Crow Wing River formation (new)
Sandy loam till of northeast provenance in the Red River Valley in the subsurface
Marcoux member (revised) of the Crow Wing River
Sandy loam till of northeast provenance in the Red River Valley in the subsurface
formation
Sebeka member (revised) of the Crow Wing River
Sandy loam till of northeast provenance in the Red River Valley in the subsurface
formation
Eagle Bend Formation (new)
Pre-Wisconsinan Winnipeg-provenance till in the subsurface in central and north-central Minnesota
Elmdale Formation (new)
Pre-Wisconsinan Winnipeg-provenance till in the subsurface in central, south-central, and southeast
		
Minnesota; one of the oldest tills in the state.
Forest River formation (new)
Clay loam till deposited by the Red River lobe advancing into glacial Lake Agassiz during the Lockhart
		
phase; at the surface in northwest Minnesota
Falconer member (revised) of the Forest River
Silty, clayey loam till, laterally equivalent to Huot member till
formation
Huot member (revised) of the Forest River formation Clay till laterally equivalent to Falconer member till
Funkley Formation (new)
Pre-Wisconsinan Winnipeg-provenance till in the subsurface in north-central Minnesota
Gardar Formation
Shale-rich loam till of Riding Mountain provenance in the subsurface in the Red River Valley (Moran
		
and others, 1976)
Gervais Formation
Pre-Wisconsinan Winnipeg-provenance till in the subsurface in the Red River Valley (Harris and
		
others, 1974)
Goose River formation (new)
Loamy till of Riding Mountain provenance occurring at the surface in the southern Red River Valley
Dahlen member (revised) of the Goose River
Loamy till of Riding Mountain provenance occurring at the surface in the Big Stone moraine, Red
formation
River Valley
St. Hilaire member (revised) of the Goose River
Loamy till of mixed Winnipeg and Riding Mountain provenance in the subsurface in the Red River
formation
Valley
Hawk Creek Formation (revised)
Sandy loam till of Superior provenance exposed in stream cuts in the central and upper Minnesota
		
River valley
Henderson Formation (new)
Sandy loam till of Superior provenance exposed in the Minnesota River valley in south-central
		
Minnesota
Hewitt Formation (new)
Sandy loam till of Rainy provenance in central Minnesota; the till is at the surface in the Wadena
    drumlin field
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Table 1. Continued.
Hillside Sand
		
Independence Formation (revised)
		
South Long Lake Member (new) of the
Independence Formation
James River formation (new)
Lake Henry Formation (new)
Meyer Lake Member (new) of the Lake Henry
Formation
Sauk Centre Member (new) of the Lake Henry
Formation
Loveland Formation (redefined)
Mulligan Formation (new)
		
New Brighton Formation (revised)
		
New Ulm Formation (revised)
		
Dovray Member (new) of the New Ulm Formation
Falun Member (redefined) of the New Ulm
Formation
Garden City Member (new) of the New Ulm
Formation
Heiberg Member (new) of the New Ulm Formation
Ivanhoe Member (new) of the New Ulm Formation
Moland Member (new) of the New Ulm Formation

Glacial stream sediment in the Twin Cities area deposited by meltwater streams from the Grantsburg
sublobe and Superior lobe, buried by Twin Cities Member till
Sandy loam till and associated sediment of Rainy provenance mostly at the surface and deposited by
the Rainy lobe in north-central and northeast Minnesota
Till, and meltwater and lake sediment, deposited during the advance of the Brainerd sublobe in northcentral Minnesota
Loam till of Riding Mountain provenance in the subsurface in the Red River Valley
Pre-Wisconsinan Winnipeg-provenance till in the subsurface in central Minnesota
Older of the two members of this formation, underlying St. Francis Formation till
Younger of the two members overlying St. Francis Formation till
"Illinoian" loess, mainly in southeast Minnesota
Sandy loam till of Rainy provenance in the subsurface in north-central Minnesota; one of the oldest
tills in the state
Predominantly fine-grained sand, but also clay, silt, and coarser-grained sand, deposited in glacial
Lake Anoka, which lay north of the Twin Cities
Shale-rich loam to clay loam till deposited by the Des Moines lobe in southern Minnesota; also
contains lake and stream sediment; the dominant surface unit in the southern half of the state
Surface New Ulm Formation till in southernmost Minnesota
Bedded silt and clay deposited in glacial Lake Grantsburg
Subsurface shale-rich New Ulm Formation till exposed along the Watonwan River
Surface New Ulm Formation till bordering the Minnesota River valley
Till of the Bemis moraine in southwestern Minnesota
New Ulm Formation till older than the sediment in the Bemis moraine in southeast Minnesota and
occurring in the subsurface in south-central Minnesota
Till deposited by the Grantsburg sublobe

Twin Cities Member (revised) of the New Ulm
Formation
Verdi Member (new) of the New Ulm Formation
Older, "extramorainic" New Ulm Formation till southwest of the Bemis moraine in southwestern Minnesota
Villard Member (new) of the New Ulm Formation
Surface New Ulm Formation till deposited along the northern flank of the Des Moines lobe
Otter Tail River formation (new)
Till of mixed Riding Mountain and Winnipeg provenance deposited by the Red River/Des Moines lobe
Hawley member (new) of the Otter Tail River formation Till in the subsurface in the Red River Valley
New York Mills member (new) of the Otter Tail River
Till in the subsurface in the Red River and upper Minnesota River valleys
formation
Peoria Formation (revised)
Late Wisconsinan loess with some sand and slope sediment; thick and at the surface in southwestern
		
and southeastern Minnesota
Pierce Formation
Loam till older than 780,000 years of Winnipeg provenance and reversed magnetic polarity, named in
		
Wisconsin, but occurring in east-central Minnesota (Baker and others, 1983)
Poplar River Formation
Stream sediment deposited in the glacial Lake Agassiz basin during the Moorhead low-water phase
		
(Harris and others, 1974)
Harwood member (new) of the Poplar River Formation Brownish silty clay stream sediment overlying and underlying glacial Lake Agassiz sediment
West Fargo member (new) of the Poplar River
Silt, clay sediment deposited by streams and overlying and underlying glacial Lake Agassiz sediment
Formation
Red Lake Falls Formation
Till of Winnipeg and Riding Mountain provenance in the Red River Valley and northwest Minnesota
		
(Harris and others, 1974)
Upper member (new) of the Red Lake Falls Formation Till of mixed Riding Mountain and Winnipeg provenance deposited by the Red River lobe
Lower member (new) of the Red Lake Falls Formation Till of predominantly Winnipeg provenance deposited by the Red River lobe
River Falls Formation
Pre-Wisconsinan Superior provenance sandy loam till named in Wisconsin and extending into east		
central Minnesota (Baker and others, 1983)
Rose Creek Formation (new)
Till, predominantly of Rainy provenance occurring in places at the surface in southeast Minnesota
Bennington Member (new) of the Rose Creek
Silt and organic material, likely marsh and hillslope sediment occurring at the top of the
Formation
Rose Creek Formation till
Roxana Silt
Slightly older late Wisconsinan loess, lying under Peoria Formation loess in southern Minnesota
Saum Formation (new)
Rainy provenance till below the Browerville Formation in north-central Minnesota
Sherack Formation
Sediment deposited in glacial Lake Agassiz (Harris and others, 1974)
Sheyenne River formation (new)
Pre-Wisconsinan (?) till of Riding Mountain provenance in the Red River Valley
Shooks Formation (new)
Till of Rainy provenance near the bottom of the Quaternary sequence in central and north-central
		
Minnesota
St. Francis Formation (new)
Pre-Wisconsinan till of Superior provenance in the subsurface in central and north-central Minnesota
Traverse des Sioux Formation (new)
Tan sandy loam till, meltwater sediment, and varved clay and silt exposed below the New Ulm
		
Formation till in the lower Minnesota River valley
Whetstone Formation (new)
Pre-Wisconsinan Winnipeg-provenance till in southwest Minnesota below the "gastropod silts"
Wirt Formation (new)
Till of Winnipeg provenance near the bottom of the Quaternary sequence in north-central Minnesota
Wylie Formation
Lake sediment deposited during the Lockhart phase of glacial Lake Agassiz (Harris and others, 1974)
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age sediment in Minnesota (in feet,
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This term is from the time that geologists had inferred
four major glacial episodes (Nebraskan, Kansan,
Illinoian, and Wisconsinan). A discussion of how we
use these terms can be found in the Appendix.
Determining numeric ages of these units is
difficult because datable carbon material is rare, and
the radiocarbon method extends only to about 40,000
yr BP. Therefore, very few of the units described in
this report are well dated. Radiocarbon dates are
reported here as noncalibrated radiocarbon dates
and also as calibrated dates using CalPal Online
Radiocarbon Calibration (quickcal2007 version 1.5).
Optically stimulated luminescence (OSL) dates are
reported in this volume for a few units, but little of
this dating has been carried out in Minnesota. For
older layers, dating is possible by using fission-track
dating of ash layers (if present), paleomagnetic
analysis of till and lake sediment, uranium series
(U/Th) dating, or cosmogenic radionuclide dating;
but all of these techniques have been applied only
to a limited degree in Minnesota. Ash layers have
been used to date diamicton units elsewhere in the
Midwest (Boellstorff, 1978), but none have been found
in Minnesota. The Brunhes-Matuyama magnetic
reversal boundary occurred 780,000 yr BP, prior to MIS
18 (Fig. 1). One unit, the Pierce Formation, has been
interpreted to be magnetically reversed and therefore
older than 780,000 yr BP (Baker and others, 1983),

but this technique has not been applied broadly in
Minnesota and the few attempts at its use have been
met with equivocal results. With future successful
paleomagnetic investigations, it is likely that some
of the units shown to date from MIS 6 to MIS 18
in Figure 11 will prove to be older. Cosmogenic
exposure dating has yielded preliminary dates for
pre-Wisconsinan glacial events in southwestern
Minnesota (Bierman and others, 1999), but these
ages are difficult to tie to stratigraphic units. The
direct dating of stratigraphic units by cosmogenic
dating results in only broadly bracketed ages (Balco
and others, 2005).
Despite difficulties in determining ages for these
units, the dates that exist combined with stratigraphic
and geomorphic constraints allow for the construction
of time lines for the ice-margin positions during the
last part of the Wisconsinan glaciation (Fig. 12).
In addition to the complex lithostratigraphy of
deposits in Minnesota, the ice sheets also shaped the
land surface. Many of the lithostratigraphic units
defined in this report are associated with major
landforms and landscapes that were produced during
the late Wisconsinan glaciation. Figure 13 shows
some of the major end moraines, drumlin fields, and
large former glacial lakes that occur in Minnesota and
which are mentioned in the chapters that follow.
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Figure 3. Names of glacial lobes used in this
report. These diagrams are not meant to represent
the paleogeography of the glacial lobes at precise
times, but rather show the change in names
as the geometry of the lobes evolved during
the late Wisconsinan glaciation (MIS 2). The
precise shapes of the lobes during earlier, prelate Wisconsinan glaciations varied from those
shown here.
A. Lobes during the last glacial maximum.
B. Lobes following retreat from the last glacial
maximum.
C. Lobes of the latest glacial phases.
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The stratigraphic and geomorphic record of
the latest glaciation reveals that glacial events were
complex and occurred in identifiable stages. For
example, Wright (1972b) observed that the Superior
lobe had four distinct phases (Table 4), and it was
convenient to refer to these by name: the St. Croix
moraine was formed during the "St. Croix phase,"
the Mille Lacs moraine during the "Automba phase,"
and so on. Similarly, the history of glacial Lake
Agassiz, with its complex stratigraphy, shoreline
history, and ice readvances, is best retold using

phase terminology (Table 4). In Table 4, we list
the phase names that are mentioned in this report.
According to the North American Stratigraphic
Code (North American Commission on Stratigraphic
Nomenclature, 2005), a "phase" can be formally
defined as a so-called "diachronic unit," and as a
subdivision of an "episode." However, we use the
term "phase" informally and its use herein does
not imply that these terms are formalized. See the
Appendix for further explanation.
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Figure 4. Digital elevation map (DEM, 90-meter resolution) of North America showing the extent of ice during the last
glacial maximum at 18,000 14C yr BP (blue; adapted from Dyke and others, 2003).

PRINCIPLES OF MINNESOTA
QUATERNARY LITHOSTRATIGRAPHY

in Minnesota. According to the North American
Stratigraphic Code, to formally name, revise, redefine,
or discontinue a lithostratigraphic unit, eleven points
need to be addressed: 1. The person naming a unit
must clearly indicate their intent to name a unit; it
cannot be implied or inferred; 2. The category and
rank of the units must be identified. In this report,
all units defined are lithostratigraphic units, and all
are defined with the rank of formation or member; 3.
A unit is given an appropriate name. The name is
a geographic place name that is prominent in the

Although there is no official body of geologists
that approves newly named units, it is critical that
geologists voluntarily adopt a uniform code of
stratigraphic nomenclature for clarity. The principles
outlined in the North American Stratigraphic Code
(North American Commission on Stratigraphic
Nomenclature, 2005) are used in this report for
naming formal Quaternary lithostratigraphic units
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Figure 5. A simplified bedrock geologic map of the region around Minnesota
showing provenance zones. Glaciers came into Minnesota from the north,
northwest, and northeast and incorporated bedrock from these regions
(modified from Lusardi and others, 2011).

vicinity of the type section or within the distribution
of the unit. Additionally, the name should not be a
name currently used to apply to already established
stratigraphic units; 4. Lithostratigraphic units are
defined on the basis of their stratigraphic position and
lithologic characteristics. A unit's formal definition
needs a detailed lithologic description. The majority
of the units in this report are composed of diamicton,
and the grain size, color, pebble lithology, and
mineralogy of the very coarse-grained sand fraction
(1-2 millimeter) are the most common parameters
used to describe these diamictons, the vast majority
of which were deposited by glacial ice and are
interpreted to be till; 5. The nomenclatural history of
each unit is described, noting when the name was first
used or if the unit has been referred to by other names
no longer recognized; 6. A type section is identified.
The type section is a specified geographic location (for
example a road cut, gravel pit, or drill hole) where

the unit is defined, best displayed, and where other
researchers can best observe it for the purposes of
correlation. A detailed description of the type section
should be included. Other reference sections may
also be included to assist in understanding variations
within the unit; 7. The upper and lower boundaries
of the unit must be defined and described; 8. The
thickness and geographic distribution are described;
9. The geologic age of the unit is indicated; 10. Other
stratigraphic units to which the unit correlates are
described; and 11. The genesis of the material in the
unit is explained.
In addition to the principles numbered above,
the character of the Quaternary units in Minnesota
has led us to use some additional guiding principles:
1. We use formation as the basic lithostratigraphic
unit, and these formations will be based primarily
on diamicton units; 2. Most non-diamicton units,
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RIDING MOUNTAIN PROVENANCE "NORTHWEST"

Red volcanic

Felsic intrusive
and high-grade
metamorphic
Ironstone

Dark metasedimentary
and metavolcanic

Quartzite
Carbonate
1 cm

Shale

Figure 6. End-member example of Riding Mountain-provenance material; 8
to 16 millimeter fraction from site N4 of Thorleifson and others (2007); from
left to right: Cretaceous shale, Paleozoic carbonate, felsic intrusive and highgrade metamorphic, dark metasedimentary and metavolcanic, and from top
down: reddish volcanic, ironstone, and quartzite.

for example those composed of sorted and stratified
sediment, will be included within the same formation
as the diamicton to which it is compositionally and
stratigraphically related; 3. Prominent non-diamicton
units that cannot be clearly associated with individual
diamicton units can be defined as formations (for
example loess units, units of bedded silt and clay in
glacial Lake Agassiz, and units of gravel in terraces
along the Mississippi River); 4. Formations should
be defined primarily on criteria observable in the
field and should not require extensive laboratory
analysis to differentiate them; 5. However, members
of formations may be defined on the basis of lab
criteria; 6. Because of lateral changes in the thickness
and composition of lithostratigraphic units, arbitrary
cutoffs are necessary in places; 7. We are cautious in
correlating subsurface units extensively because it

is more difficult to correlate subsurface units than
surface units (see Fig. 11); 8. Similarly, we avoid the
use of lobe names for these older units, because the
lobate shape of the ice that deposited these units
cannot be discerned. The late Wisconsinan ice-sheet
dynamics were complex and changing through time
(Fig. 3). It is likely that the shape and location of
lobes in earlier glaciations were different enough to
warrant a different set of names. We have found it
more convenient to refer to the provenance of older
tills rather than use a specific lobe name (Fig. 5).

QUATERNARY LITHOSTRATIGRAPHIC
UNITS OF MINNESOTA
Table 3 lists over 100 stratigraphic units that
have been evaluated for this report. Twelve of the
units have been formally defined in earlier reports
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WINNIPEG PROVENANCE "NORTH"

Dark metasedimentary
and metavolcanic

Shale

Quartzite

Felsic intrusive and highgrade metamorphic

Red volcanic

Mafic intrusive and highgrade metamorphic
1 cm

Carbonate

Ironstone

Figure 7. End-member example of Winnipeg-provenance material; 8 to 16
millimeter fraction from site U3 of Thorleifson and others (2007); from left
to right: Cretaceous shale, Paleozoic carbonate, felsic intrusive and highgrade metamorphic above mafic intrusive and high-grade metamorphic,
and from top down: dark metasedimentary and metavolcanic, quartzite,
reddish volcanic, and ironstone.

and are accepted here as formal units that are to be
used in Minnesota (Table 3, column A). Sixteen units
had been formally defined prior to this report, but are
revised or redefined herein (column B). Most of the
units in Table 3 (column C, 52 units) have either been
named informally in earlier reports or are introduced
in this report for the first time. We discontinue 22
units that include informal, formal, or units of unclear
status (column D). Too little information is available
for the units listed in column E, and no action is taken
on these units in this report.
Collectively, the units shown in columns A, B,
and C of Table 3 are, with this publication, recognized

as useful lithostratigraphic units by the Minnesota
Geological Survey. However, for formal definition,
a chapter for each unit is required, and this chapter
needs to include the defining aspects mentioned in
the previous section. Therefore, the only units that
are considered formally defined with this publication
are the units listed in column A and the units printed
in bold in columns B and C. In future reports, the
non-bold units in columns B and C are recommended
to be formally defined, and until that time they are
considered to be informal units.
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RAINY PROVENANCE "NORTH–NORTHEAST"

Sandstone

Quartz
Felsic intrusive
and high-grade
metamorphic
1 cm

Dark metasedimentary
and metavolcanic

Figure 8. End-member example of Rainy-provenance material; 8 to 16 millimeter
fraction from site S10 of Thorleifson and others (2007); from left to right: felsic
intrusive and high-grade metamorphic, dark metasedimentary and metavolcanic,
and from top down: sandstone and quartz; elsewhere, felsic may dominate.

Units formally defined in earlier reports and
recognized in this report

Twin Cities region and was defined by Stone (1972).
The River Falls and Pierce Formations were defined
in northwestern Wisconsin by Mickelson and others
(1984), and these units extend into eastern Minnesota.
The Roxana Silt occurs in southeastern Minnesota
and is accepted as revised by Hansel and Johnson
(1996).

Table 3, column A, lists twelve units that have
been formally named in earlier reports and that we
in this report recognize as units that will continue
to be used in Minnesota. Many of these units were
defined in the 1970s in northwestern Minnesota and
northeastern North Dakota and consist of diamicton
of the Red River lobe and lake sediment deposited
in glacial Lake Agassiz. These include the Brenna,
Gervais, Poplar River, Red Lake Falls, Sherack,
and Wylie Formations as defined by Harris and
others (1974), the Argusville Formation defined by
Arndt (1977), and the Gardar Formation defined by
Salomon (1975). The Hillside Sand is found in the

Units formally defined in earlier reports but
revised or redefined in this report
The 16 units listed in Table 3, column B, were
formally named in Minnesota but are herein revised
or redefined so that their definitions fully align with
the principles we listed above for lithostratigraphic
units in Minnesota. The North American Stratigraphic
Code (North American Commission on Stratigraphic
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SUPERIOR PROVENANCE "NORTHEAST"

Mafic intrusive and highgrade metamorphic

Quartzite

Felsic intrusive and highgrade metamorphic

Ironstone
1 cm

Dark metasedimentary
and metavolcanic

Sandstone

Red volcanic

Figure 9. End-member example of Superior-provenance material; 8 to 16 millimeter
fraction from site O11 of Thorleifson and others (2007); from left to right: felsic
intrusive and high-grade metamorphic above ironstone, dark metasedimentary and
metavolcanic, and from top down: mafic intrusive and high-grade metamorphic,
quartzite, sandstone, and reddish volcanic rocks.

Nomenclature, 2005) requires documentation of
modified lithostratigraphic units to be as complete
as new units, so each of the modified units is newly
defined in a chapter. We have chosen to retain
the names for these units because of priority of
usage and the fact that their use is well entrenched
in Minnesota's geologic literature. Much of the
change in these units is due to the change of their
unit name as well as the expansion of the unit to
include not only a single diamicton unit, but also
associated facies and multiple diamicton units.
According to the North American Stratigraphic
Code (North American Commission on Stratigraphic
Nomenclature, 2005), a unit needs to be revised

when the rank or boundary of a unit is changed (for
example, the "New Ulm Till" of Matsch becomes the
"New Ulm Formation" because it has been expanded
to include associated sorted sediment such as outwash
and lake sediment), and a unit needs to be redefined
when there is a change in the name of the unit (for
example, the "Sunrise Member of the Copper Falls
Formation" of Johnson [2000] is redefined for use in
Minnesota as the "Sunrise Member of the Cromwell
Formation," because "Cromwell Formation" has
priority in Minnesota).
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Table 2. Physical characteristics of glacial deposits in Minnesota based on their provenance (modified from Meyer
and Knaeble, 1996).
ICE SOURCE
RELATIVE TO
MINNESOTA
PROVENANCE

NORTHWEST		
RIDING MOUNTAIN

NORTHEAST

WINNIPEG

RAINY

DIAMICTON TEXTURE Loamy to clayey
Loamy to clayey
Sandy
				
TILL COLOR
Oxidized
Unoxidized

SUPERIOR
Mostly sandy but can be
clayey

Yellow-brown to olive-brown Yellow-brown to olive-brown Yellow-brown to olive-brown
Gray
Gray, dark gray, green-gray
Gray to green-gray

PEBBLE TYPE
Carbonate
Common
Black, gray, green
crystalline rock
Uncommon to common
Red felsite and
sandstone
Absent to uncommon
Gray shale
Common to abundant

Brown to red-brown
Gray to red-gray

Uncommon to abundant

Rare to common

Rare to common

Uncommon to common

Uncommon to common

Common to abundant

Absent to uncommon
Absent to uncommon

Rare to uncommon
Absent to rare

Uncommon to common
Absent

Units informally named in earlier reports
and units mentioned in this report for the
first time

occur in regions that are being mapped at the present
time, and we chose to wait until more information is
available. However, we include a brief description
of these units in the Appendix.

Most of the 52 units listed in Table 3, column C,
have been previously named in Minnesota but never
formally described. A number of units in this group
are mentioned in this report for the first time.

REGIONAL LITHOSTRATIGRAPHY IN
MINNESOTA
In the section that follows, a brief overview of
the lithostratigraphy is given for the nine regions
of the state shown in Figure 11. In the following
sections, little lithologic information is contained, but
some broad aspects of geologic history and regional
correlations are mentioned.

Units formally and informally named in
earlier reports but discontinued in this
report
Twenty-two units in Table 3, column D, have
been named formally or used informally in earlier
reports, but we do not recognize them in this report
and reject them for continued usage for Quaternary
Period deposits in Minnesota. Their names and a
short rationale can be found in the Appendix. These
units are no longer needed because their definition
does not follow the principles we outlined above or
their use is outdated. Although the North American
Stratigraphic Code (North American Commission
on Stratigraphic Nomenclature, 2005) recommends
that discontinued units be given the same extensive,
eleven-point description as newly named units, we
have decided that the rationale given in the Appendix
suffices.

Red River Valley
The Quaternary lithostratigraphy of the Red
River Valley (Fig. 11) area is dominated by diamicton
units of Riding Mountain and mixed provenance
deposited by ice streams from central Canada, and
units of bedded silt and clay associated with glacial
Lake Agassiz and older glacial lakes ponded south
of advancing and retreating ice streams. Older
diamicton units of Rainy, Winnipeg, and mixed
provenance are present lower in the stratigraphic
section.
In the northern part of the Red River Valley,
Harris and others (1974) defined several formations
that are recognized in this report. These are the
Brenna, Falconer, Gervais, Huot, Marcoux, Poplar
River, Red Lake Falls, Sherack, St. Hilaire, and
Wylie formations, although the Falconer and Huot
formations herein are considered to be members
of the proposed Forest River formation, and the

Units used in earlier reports for which no
action is taken in this report
Eight units or groups of units listed in Table 3,
column E, have been used in previous reports, but
for various reasons, we have decided at this time not
to take action on them. In some cases, these units
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Units formally named in
earlier reports but revised or
redefined by the Minnesota
Geological Survey
(B)

Units informally named in earlier reports and new units
recognized as formal by the Minnesota Geological Survey
(C)

Units formally and informally
Units used in earlier
named in earlier reports reports for which no action
but no longer considered is taken in this report (see
to be valid formal units by
Appendix)
the Minnesota Geological
(E)
Survey (see Appendix; D)

Argusville Formation
Cromwell Formation
Aitkin Formation
Lower member of Red Lake Falls Formation Arsenal Sand
Coon Creek member of
					
Cromwell Formation
Brenna Formation
Dahlen member of Goose
Alborn Member of Aitkin
Mahtowa member of Barnum Formation
Barnesville formation
Good Thunder formation
River formation
Formation
Gardar Formation
Falconer member of Forest
Barnum Formation
Meyer Lake Member of Lake Henry
Brainerd till
Holocene lithostratigraphic units
River formation		
Formation
Gervais Formation
Falun Member of New Ulm
Bennington Member of Rose Mille Lacs Member of Cromwell
Falcon Heights Sand
South Fork till
Formation
Creek Formation
Formation
Hillside Sand
Hawk Creek Formation
Bigfork Formation
Moland Member of New Ulm Formation
Fridley Formation
SWRA units
Pierce Formation
Huot member of Forest River
Blackduck Formation
Moose Lake member of Barnum Formation Granite Falls Till
UMRB units
formation
Poplar River Formation
Independence Formation
Boundary Waters Formation Mulligan Formation
Hugo Sand
Windrow Formation
Red Lake Falls Formation Loveland Formation
Browerville Formation
Nelson Lake Member of Aitkin Formation Indus formation
Yellow Bank till
River Falls Formation
Marcoux member of Crow Wing Buffalo River formation
New York Mills member of Otter Tail River
Kandiyohi till
River formation		
formation
Roxana Silt
New Brighton Formation
Crow Wing River formation
Otter Tail River formation
Lake Agassiz Clay
Sherack Formation
New Ulm Formation
Dovray Member of New Ulm
Prairie Lake Member of Aitkin Formation Little Fork formation
		
Formation
Wylie Formation
Peoria Formation
Eagle Bend Formation
Rose Creek Formation
Mankato drift
St. Hilaire member of Goose
Elmdale Formation
Sauk Center Member of Lake Henry
Pierz till
River formation		
Formation
Sebeka member of Crow Wing
Forest River formation
Saum Formation
Rainy drift
River formation
Sunrise Member of Cromwell Funkley Formation
Sheyenne River formation
RRV Unit 14
Formation
Twin Cities Member of New
Garden City Member of New
Shooks Formation
St. Charles formation
Ulm Formation
Ulm Formation
		
Goose River formation
South Long Lake Member of
Superior till
			
Independence Formation
		
Harwood member of Poplar
St. Francis Formation
Toronto till
		
River Formation
		
Hawley member of Otter Tail
Traverse des Sioux Formation
Turtle Lake Sand
		
River formation
		
Heiberg Member of New Ulm Upper member of Red Lake Falls Formation Wadena drift and Wadena till
		
Formation
		
Henderson Formation
Verdi Member of New Ulm Formation
West Campus Sand
		
Hewitt Formation
Villard Member of New Ulm Formation
West Union gravel
		
Ivanhoe Member of New Ulm West Fargo member of Poplar River
		
Formation
Formation
		
James River formation
Whetstone Formation		
		
Knife River member of Barnum Wirt Formation
		
Formation		
		
Lake Henry Formation
Wrenshall member of Barnum Formation

Units formally defined
in earlier reports and
recognized by the
Minnesota Geological
Survey
(A)

Table 3. Quaternary lithostratigraphic units evaluated by the Minnesota Geological Survey. The units in columns A to C have been judged by the Minnesota
Geological Survey to be useful and are recommended for use in Minnesota. Those in bold are included in this volume. Only those units that have been formally
defined previously or in this report have "member" or "formation" capitalized.
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St. Hilaire formation is considered to be a member
of the proposed Goose River formation. Most of
these formations contain diamicton, but the Brenna,
Sherack, and Wylie Formations contain clayey lake
sediment deposited in glacial Lake Agassiz. Where
these units are not separated by diamicton of the
Forest River formation, the clays are included in the
Argusville Formation (Arndt, 1977).
Harris (1998) recognized several of these units,
as well as several other units, in the southern part
of the Red River Valley. These units were initially
coded in Harris (1998) as "Red River Valley 1," "Red
River Valley 2," and so on (RRV 1, RRV 2, etc.), but
are herein named and referred to (alphabetically)
as the Buffalo River formation, Crow Wing River
formation (with the Marcoux and Sebeka members),
Forest River formation (with the Falconer and Huot
members), Gardar Formation, Goose River formation
(with the Dahlen and St. Hilaire members), James
River formation, Otter Tail River formation (Hawley
and New York Mills members), New Ulm Formation
(with the Heiberg and Villard Members), Red Lake
Falls Formation (with the Upper Red Lake Falls and
Lower Red Lake Falls members), and Sheyenne River
formation. The Dahlen member of the Goose River
formation is found in the Big Stone moraine, which
marks the southern end of this region (Fig. 10).
Table 5 contains the list of units in the Red
River Valley that we recognize in this report. The
usage of some of these units has varied over time.
Additionally, most of these units lack chapters in
this report, and thus many of them remain officially
informal, although we regard them as useful, and
they will be used in future reports.
Many of the units we recognize in Minnesota
are also present in North Dakota, where they are
included in the Coleharbor Group, including the
Brenna, Falconer, Gervais, Huot, Marcoux, Poplar
River, Red Lake Falls, Sherack, St. Hilaire, and Wylie
stratigraphic units. Those members and formations
that are recognized in Minnesota are described herein,
but we have not chosen to use "Coleharbor Group"
in our state lithostratigraphy.
Several pre-Wisconsinan units are present in the
Red River Valley, and these include the Browerville,
Gervais, and Sheyenne River formations, as well as
four other unnamed units of Winnipeg and Rainy
provenance (Fig. 11; Harris, 2006).

the Dahlen member of the Goose River formation.
Southeast of this moraine, the surface is covered
with diamicton and lake sediment of the New Ulm
Formation that has been divided (oldest to youngest)
into the Verdi, Moland, Ivanhoe, Dovray, Villard,
and Heiberg Members. The tills in the New Ulm
Formation were deposited by ice streams emanating
from the Laurentide Ice Sheet in south-central
Canada (Lusardi and others, 2011). Fine-grained
lake sediment deposited in glacial Lake Benson is
also included in this formation, but has yet to be
defined as a member.
A regional unconformity lies below the base of the
New Ulm Formation, and several lithostratigraphic
units subcrop below it including the Traverse
des Sioux, Hawk Creek, Whetstone, and Elmdale
Formations, as well as many other diamicton units
that are not yet defined. Patterson and others (1999b)
identified several diamicton units from widely spaced
boreholes beneath the New Ulm Formation deposits,
and these could be tentatively correlated within the
region. They referred to these units initially as "Till
unit 1," "Till unit 2," etc. up to "Till unit 11," and
several of these units have now been named, but
units 7 through 11 remain uncorrelated.
A few scattered deposits of Traverse des Sioux
Formation (correlative in age and lithology to the
Hewitt Formation of central Minnesota) have been
recognized in rotary-sonic core below the New Ulm
Formation (Knaeble, 2013). Below the Traverse des
Sioux Formation, as many as three separate preWisconsinan Superior-provenance units have been
identified (Knaeble, 2013). Matsch (1972) called the
youngest one of these units the "Hawk Creek Till,"
and in this publication, this unit is revised to be the
Hawk Creek Formation.
Below the Hawk Creek Formation in western
Minnesota and into eastern South Dakota is a unit
referred to informally as the "gastropod silts." This
unit contains abundant flora and fauna indicative
of a cool, but not glacial climate, and has a poorly
constrained amino-acid date of 140,000 ± 70,000 yr
BP (Gilbertson, 1990; Pirkl and others, 1998). This
unit has a patchy distribution and its regional extent
is poorly known. We chose not to formally name
this bed at this time.
Beneath the Hawk Creek Formation and the
"gastropod silts," the stratigraphy is less apparent.
Gilbertson (1990) named three diamicton units, the
"Yellow Bank Till," "Whetstone Till," and "South Fork
Till," in western Minnesota. The Yellow Bank till is
younger, and the Whetstone and South Fork tills are
of similar age. The South Fork till was found only

Upper Minnesota River
The upper Minnesota River region is bordered
to the northwest by the Big Stone moraine (Fig.
13), which is composed of diamicton included in
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Figure 11. Stratigraphic columns and correlation for the Quaternary lithostratigraphic units of Minnesota. Each
column represents the stratigraphy for the region shown on the map (inset). The vertical scale is relative time,
although all units are broadly correlated to the marine isotope stages (MIS; left column). The Brunhes-Matuyama
magnetic-reversal boundary occurred prior to MIS 18, and sediments with known reversed polarity are therefore
considered to be older than MIS 18. However, many units have not been analyzed for their paleomagnetism,
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Table 4. Phase names used in this report, see text for explanation.
Glacial feature
		
		

Phase

Approximate age
(calendar years
before present)

Superior lobe

Nickerson phase
<14,000
Split Rock phase
14,000
Automba phase
17,300
St. Croix phase
24,000
Emerald phase
24,000-30,000
Glacial Lake Agassiz*
Nipigon phase
9,500-8,000
Emerson phase
9,900-9,500
Moorhead phase
10,900-9,900
Lockhart phase
11,700-10,900
Cass phase
11,800-11,700
Rainy lobe
Vermilion phase
13,600-12,900
St. Louis sublobe
Prairie Lake phase
13,000-16,000
			
Alborn phase
13,000-16,000
Grantsburg sublobe
Pine City phase
14,500-16,000

Stratigraphic or geomorphic evidence

Formation of the Nickerson moraine
Fine-grained till beyond the Nickerson moraine in northwestern Pine County
Formation of the Mille Lacs moraine
Formation of the St. Croix moraine
Late-Wisconsinan advance of the Superior lobe prior to the St. Croix phase
Late phase of glacial Lake Agassiz
High-water phase of glacial Lake Agassiz
Low-water phase of glacial Lake Agassiz
Earliest phase of glacial Lake Agassiz
Formation of the Vermilion moraine
Advance that deposited northwest-source, shale-baring till that overlies
Alborn-phase deposits
Advance that deposited reddish fine-grained till
Formation of the Pine City moraine

*The glacial Lake Agassiz phase names listed here are those used by various authors in this report, and they reflect the terminology of Fenton
and others (1983). However, some authors have proposed other names to refer to the phases of glacial Lake Agassiz (for example Thorleifson,
1996).

lithostratigraphic units have been described in
southwest Minnesota (Patterson, 1997), but not
enough information has been collected to warrant
formal definition of all of them. The three youngest
units, which were referred to as D-1, D-2, and D-3
by Patterson (1997), can now be identified as the
Dovray, Ivanhoe, and Verdi Members of the New
Ulm Formation (Fig. 11). Silt of the Peoria Formation
also occurs in this region, southwest of the region
covered by New Ulm Formation deposits.
Below the New Ulm Formation, and south and
west of the region affected by Des Moines-lobe
erosion, nine other diamicton units (SWRA 1 through
SWRA 9 of Patterson, 1997) are present, many of
which have been suggested to correlate to informal
till units in southeast South Dakota (the Toronto,
Crooks, Brandon, and Renner tills of Lineburg, 1993)
and to "drift complexes" in the Coteau des Prairies
region (Fig. 2) of eastern South Dakota (Gilbertson
and Lehr, 1989; Gilbertson, 1990). It is important to
note that in the stratigraphy of southwest Minnesota,
units that correlate to those in South Dakota can be
constrained by a number of dating methods. Units
SWRA 8 and 9 of Patterson (1997) are correlated to
South Dakota units that lie beneath magnetically
reversed lake sediment, making them older than
780,000 yr BP (Fig. 11). Units SWRA 4 through 7
are correlated to South Dakota units that occur

locally and its stratigraphic position is not completely
evident. Sufficient information on the Whetstone till
has allowed us to formally define it in this report,
but neither the "Yellow Bank Till" nor the "South Fork
Till" are formalized in this report (see Appendix). It
is likely that these units correlate to the numbered
units of Patterson and others (1999b), but it is not
evident to which.
More recent studies have indicated as many as
five silt-rich, carbonate-rich, Winnipeg-provenance
deposits, but it is unclear if some of these are the same
layers as the units Gilbertson (1990) mentioned. These
are informally named members of the Good Thunder
formation, and they have been recognized in the area
(Knaeble, 2013) as well as in the south-central region
(Lusardi and others, 2012; Meyer and others, 2012a,
b) interspersed with red, Superior-provenance units.
One of these Good Thunder formation members
overlies the Hawk Creek Formation in a few places,
but the others appear to be interbedded with the older,
red, Superior-provenance deposits. The stratigraphy
shown in Figure 11 is based on these studies.

Southwest Minnesota
The southwestern part of Minnesota is
characterized by Des Moines-lobe deposits of the
New Ulm Formation and older sediments occurring
at the surface on Coteau des Prairies (Fig. 2). Twelve
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Table 5. Lithostratigraphic units in the Red River Valley, their current status, and prior usage.
Unit

Status (this report)

Alternate prior usage in Minnesota Geological Survey publications

Argusville Formation

Formal (Arndt, 1977)

Buffalo River formation

Proposed new formation, not defined in this report

Brenna Formation

Formal (Harris and others, 1974)

Crow Wing River formation
Proposed new formation, not defined in this report
		
Marcoux member of the
Crow Wing River
formation

Formal formation (Harris and others, 1974) proposed
to be revised as new member in a future report

Referred to as "Crow Wing River group" (Harris and others, 1995,
1999, 2003; Harris, 1998)
Referred to as "Marcoux Formation of Crow Wing River group"
(Harris and others,1995, 1999, 2003; Harris, 1998, 2006)

Sebeka member of the
Proposed new member, not defined in this report
Crow Wing River 		
formation

Referred to as "Sebeka till" (Harris and others, 1995; Harris, 1998)
and "Sebeka formation of Crow Wing River group" (Harris, 2006)

Falconer member

Referred to as "Falconer Formation of Forest River group" (Harris
and others, 1995; Harris, 1998)

Forest River formation
Proposed new formation, not defined in this report
		

Huot member

Formal formation (Harris and others, 1974) proposed
to be revised as new member in a future report

Formal formation (Harris and others, 1974) proposed
to be revised as new member in a future report

Referred to as "Forest River group" (Harris and others, 1995;
Harris, 1998)

Referred to as "Huot Formation of Forest River group" (Harris and
others, 1995; Harris, 1998)

Gardar Formation
Formal (Salomon, 1975)
		

Referred to as "Gardar Formation of Lake Tewaukon group"
(Harris and others, 1995; Harris, 1998)

Goose River formation
Proposed new formation, not defined in this report
		
		

Referred to as "Goose River group" (Harris and others, 1995,
2003; Harris, 1998), "Upper Goose River group" and "Lower
Goose River group" (Harris and others, 1999)

St. Hilaire member of the Formal formation (Harris and others, 1974) proposed
Goose River formation
to be revised as new member in a future report
		
		

Referred to as "St. Hilaire Formation of Goose River group"
(Harris and others, 1995; Harris, 1998) and "St. Hilaire Formation
of Upper Goose River group" (Harris and others, 1999; Harris,
2006)

James River formation
Proposed new formation, not defined in this report
		

Referred to as "James River till" (Harris and others,1999) and
"James River group" (Harris and others, 1995, 2003; Harris, 2006)

Gervais Formation

Formal (Harris and others, 1974)

Dahlen member of the
Formal formation (Salomon, 1975) proposed to be
Goose River formation
revised as new member in a future report
		

Heiberg Member*
Formal member (this volume)
		
		

Referred to as "Dahlen Formation of Goose River group" (Harris
and others, 1995; Harris, 1998) and "Dahlen Formation of Lower
Goose River group" (Harris and others, 1999; Harris, 2006)

Referred to as "Heiberg till of Goose River group" (Harris and
others,1995; Harris, 1998) and "Heiberg till of Lower Goose River
group" (Harris, 1999, 2006)

Villard Member*
Formal member (this volume)
		

Referred to as "Villard formation of the Otter Tail River group"
(Harris, 2006)

Otter Tail River formation
Proposed new formation, not defined in this report
		

Referred to as "Otter Tail River group" (Harris and others, 1995,
1999, 2003; Harris, 1998, 2006)

Lower James member

Proposed new member, not defined in this report

Hawley member*
Proposed new member, not defined in this report
		
New York Mills member*
Proposed new member, not defined in this report
		
Poplar River Formation

Harwood member of the
Poplar River Formation

Formal (Harris and others, 1974)

Referred to as "Hawley formation of the Otter Tail River group"
(Harris, 2006)

Referred to as "New York Mills Formation of the Otter Tail River
group" (Harris, 2006)

Proposed new member, not defined in this report

West Fargo member of the Proposed new member, not defined in this report
Poplar River Formation

Red Lake Falls Formation
Formal (Harris and others, 1974)
		

Lower member of the Red Proposed new member, not defined in this report
Lake Falls Formation		
Upper member of the Red Proposed new member, not defined in this report
Lake Falls Formation		

Sherack Formation

Formal (Harris and others, 1974)

Wylie Formation

Formal (Harris and others, 1974)

Sheyenne River formation

Previously called James River formation

Referred to as "Red Lake Falls group" (Harris and others, 1995;
Harris, 1998)

Referred to as "Lower Red Lake Falls Formation of Red Lake
Falls group" (Harris and others, 1995; Harris, 1998)
Referred to as "Upper Red Lake Falls Formation of Red Lake
Falls group" (Harris and others, 1995; Harris, 1998)

Proposed new formation, not defined in this report

*These members are also included as members of the New Ulm Formation in the southern part of the state.
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below a Yellowstone ash layer dated to 610,000 yr
BP. Finally, a well-developed soil in unit SWRA 3
has been tentatively correlated to the Sangamon Soil
(see Appendix), suggesting that SWRA 3 is older than
about 125,000 yr BP. The SWRA units are correlative
with other pre-Wisconsinan formations in southern
Minnesota, but it is not clear with which.

is limited to the northern half of the south-central
region, where it is patchy and its age relative to the
Henderson Formation is not established.
The Henderson Formation is the youngest of as
many as four separate, red, pre-Wisconsinan Superiorprovenance units that have been identified in the
region (Lusardi and others, 2012; Meyer and others,
2012a, b), and it may correlate with the Hawk Creek
Formation in the upper Minnesota River valley region.
However, a secure regional correlation between these
two units and the older Superior-provenance units is
difficult. They are compositionally similar, and in a
few places, in a similar stratigraphic position, but we
hesitate to correlate them until more information has
been collected. Furthermore, there is also evidence in
Stearns County (central Minnesota region; Meyer and
Knaeble, 1996) for multiple similar, older, Superiorprovenance diamictons.
Beneath the Browerville, Hawk Creek, and
Henderson Formation units lies a complicated
stratigraphy with at least seven units, only one of
which (the Elmdale Formation) is named (Fig. 11).
Some of these older till units locally fill deep bedrock
valleys, thus they can have limited lateral extent and
are difficult to lithostratigraphically trace. A number
of these units have been informally included in the
Good Thunder formation, a Winnipeg-provenance
diamicton (Gramstad and others, 1997). Several
Good Thunder formation units have been identified
in this region (and the upper Minnesota River section)
intercalated with diamictons with other provenance
(Lusardi and others, 2012; Meyer and others, 2012a, b;
Knaeble, 2013). See Appendix for more information
on this unit.

South-central Minnesota
Matsch (1972) established southern Minnesota's
first formal lithostratigraphy for exposures in the
Minnesota River valley. He described the "Granite
Falls Till," "Hawk Creek Till," and "New Ulm Till"
from the middle portion of the Minnesota River
valley, roughly from Mankato northwest to Appleton.
Recent studies have expanded on this stratigraphy,
modifying his units and adding new units.
In this report, the "New Ulm Till," the surface,
shale-bearing, clay-loam to loam-textured diamicton
of primarily Riding Mountain provenance, is revised
to be part of the New Ulm Formation. Multiple
diamicton layers in the New Ulm Formation occur
in south-central Minnesota, and these include the
Dovray, Garden City, Heiberg, Moland, and Villard
Members. The geographic distribution of most
of these members can be seen in Figure 10. The
New Ulm Formation also includes sorted sediment
deposited in glacial Lake Minnesota.
At the base of the New Ulm Formation lies a
regional unconformity, eroded in part during the
late Wisconsinan advance of the Des Moines lobe,
and which varies in elevation. In many places,
this boundary is marked by a prominent boulder
pavement (Clark, 1991). This erosional surface
complicates the correlation of units lying beneath the
New Ulm Formation because some of the units that
subcrop are actually very low in the stratigraphic
sequence. As indicated above (Table 3), the "Granite
Falls Till" is no longer recognized as a stratigraphic
unit according to this report. In the Minnesota River
bend area at Mankato and northwards (Fig. 11), a
sandy loam diamicton occurs below the New Ulm
Formation. This unit was referred to as the "Granite
Falls Till" in the past, but is defined in this report
to be part of a new unit, the Traverse des Sioux
Formation.
In south-central Minnesota, numerous older
units occur below the New Ulm and Traverse des
Sioux Formations.
The pre-Wisconsinan Browerville Formation is
one of the most widespread (although discontinuous)
buried diamicton layers in the state, appearing in five
of the regions shown in Figure 11. Its distribution

Southeast Minnesota
The eastern extent of the late Wisconsinan
Des Moines-lobe advance in southeast Minnesota
is marked by the Bemis moraine (Fig. 13), which is
composed predominantly of diamicton of the Heiberg
Member of the New Ulm Formation. However,
a surface diamicton, also of Riding Mountain
provenance, occurs east of the moraine and represents
deposits from an earlier, more extensive Des Moineslobe advance, and this material is included in the
Moland Member of the New Ulm Formation.
Farther east, southeast Minnesota contains older
diamicton units. In the counties that have been
mapped, such as Goodhue (Hobbs, 1998a), Mower
(Meyer, 2000), and Olmsted (Hobbs, 1988), it is
evident that several diamicton units are present, in
some places separated by paleosols, but regional
correlations have not been firmly established. These
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diamicton units likely correlate to the Wolf Creek and
Alburnett Formations of Iowa (Hallberg, 1980), and
in part, to the Pierce Formation of Wisconsin (Baker
and others, 1983). All diamicton units are thickest
near the mapped extent of the New Ulm Formation
and they gradually thin eastward as relief increases
closer to the Mississippi River valley. Farther east,
diamicton is thin, patchy, leached, and weathered
on the underlying bedrock. Here it has not been
possible to recognize and correlate widespread
stratigraphic units. Intensive permafrost conditions
during subsequent glaciations and the location
of some of these units on steeply sloping, highly
dissected terrain have led to widespread erosion of
Quaternary units.
In Mower County, the New Ulm Formation
(Moland Member) overlies the Browerville, Rose
Creek, and Elmdale Formations. The Browerville and
Elmdale Formations are defined in central Minnesota,
but stratigraphic position and strong similarity to
the diamicton units in Mower County led Meyer
(2000) to extend them into Mower County. The Rose
Creek Formation occurs stratigraphically between
the Browerville and the Elmdale Formations and is
of Rainy provenance.
To the north in Goodhue County, Hobbs
(1998a) described four diamicton units of Winnipeg
provenance overlying bedrock. These four units
were informally included in the Pierce Formation
in Hobbs (1998a), and later referred to as diamicton
units of the "St. Charles formation," a unit we no
longer recognize (Table 3). It is likely that these
diamicton units in part correlate to the Browerville
and Elmdale Formations of Mower County, but
differences in lithologic character are great enough
to make secure correlations difficult.
Deposits of Superior provenance are not common
in southeast Minnesota, but their former presence is
suggested in Mower County (Meyer, 2000). However,
the so-called Hampton moraine of southern Dakota
County (Ruhe and Gould, 1954) contains diamicton
and sand and gravel of Superior provenance. We
include this sediment in the River Falls Formation,
originally defined in Wisconsin (Baker, 1984b).
In Dakota County, south of the St. Croix moraine
and east of the Bemis moraine (Fig. 13), valley
bottoms are filled with sand and gravel (glacial
stream sediment) of the New Ulm and Cromwell
Formations.
Three silt units are recognized in Minnesota,
and it is in southeast Minnesota that they are most
extensively found (although the Peoria Formation is
also thick in southwest Minnesota). These silt units,

the Peoria Formation, Roxana Silt, and Loveland
Formation, are for the most part found close to the
Mississippi River valley and far from the erosive
periglacial effects of the Wisconsinan ice lobes; they
are interpreted to be loess. The Peoria Formation
also contains sandy units. Much silt has also been
redeposited as slope deposits (Mason and Knox,
1997), but this hillslope material is not formally
defined lithostratigraphically at this time.

Twin Cities region
The Twin Cities region (the greater Minneapolis–
St Paul urban area) contains some older formations
(Fig. 11), but the surface units are dominated by
deposits of late Wisconsinan glacial lobes flowing to
the south, southeast, and northeast. The Superior
lobe (Fig. 3) advanced from the northeast and left
deposits included in the Cromwell Formation that
are, in much of the area, covered by deposits of the
Twin Cities Member of the New Ulm Formation,
which was deposited by the Grantsburg sublobe of
the Des Moines lobe.
Deposits of ice-dammed lakes accompanied the
retreat of these two lobes (Fig. 13). Glacial Lake
Lind formed during retreat of the Superior lobe,
and the sediment deposited in this lake is included
in the Sunrise Member of the Cromwell Formation.
This member was originally defined in Wisconsin as
part of the Copper Falls Formation (Johnson, 2000),
but in Minnesota, it is revised to be included in the
Cromwell Formation.
As the Grantsburg sublobe advanced, it formed
glacial Lake Grantsburg (Fig. 13), a short-lived glacial
lake, the sediment of which is included in the Falun
Member of the Trade River Formation in Wisconsin
(Johnson and Hemstad, 2000), redefined herein as a
member of the New Ulm Formation in Minnesota.
As the Grantsburg sublobe retreated, several stages
of glacial Lake Anoka (Fig. 13) formed the Anoka
Sand Plain region (Meyer, 1998). Sediment associated
with these lakes was initially defined in several
formations by Stone (1966a). As indicated above
(Table 3), we have chosen to discontinue Stone's
(1966a) Turtle Lake Sand and Fridley Formations,
both of which contained sediment associated with
glacial Lake Anoka. Additionally, a unit called the
"Hugo Sand" (Stone, 1972; Eginton, 1975) included
some glacial Lake Anoka sediment. This unit is not
formally recognized in this report and its usage has
been discontinued (see Appendix). However, Stone's
(1966a) New Brighton Formation is revised to include
all sorted sand, silt, and clay of Riding Mountain
and mixed provenance throughout the extent of the
glacial Lake Anoka basin (Fig. 13).
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Pre-Wisconsinan till units along the St. Croix
River have been investigated in Wisconsin and
include the Pierce and River Falls Formations (Baker
and others, 1983; Baker, 1984a, b; Attig and others,
1988). These names also have been used in Minnesota
in Washington (Meyer and others, 1990) and Dakota
(Hobbs and others, 1990) Counties, and we recognize
these as formal stratigraphic units in Minnesota. At
least two other unnamed units older than the River
Falls Formation have been found in this region.

above, is called the Nelson Lake Member. It overlies
an unnamed member composed of bedded sand,
silt, and clay (deposits of glacial Lake Aitkin I; Fig.
13) and is overlain by a similar unnamed member
(representing glacial Lake Aitkin II). The northeastern
arm of the St. Louis sublobe contains diamicton in
the Alborn and Prairie Lake Members of the Aitkin
Formation.
Beneath the surficial units of central Minnesota,
a thick sequence of older Quaternary deposits
occurs, and these have been studied by Schneider
(1961), Meyer (1986, 1997), Meyer and Knaeble
(1996), Goldstein (1998), and Knaeble and Meyer
(2007a, b). Most of these deposits are formalized
in this report. These include the Browerville, Eagle
Bend, Elmdale, Lake Henry, Shooks, and St. Francis
Formations. Additionally, there are several buried
units of Superior-provenance diamicton described
in earlier reports that are difficult to correlate and
name at this time, and these include the "Red Drift"
of Goldstein (1998) and the "Second Red till" of
Meyer (1986).

Central Minnesota
The many surficial lithostratigraphic units
in central Minnesota are associated with several
different lobes that had their terminal margins in the
central part of the state (Fig. 3). Rainy-lobe advances
left deposits included in the Hewitt Formation
(Fig. 10), the surface diamicton occurring in the
Wadena drumlins and in the Itasca moraine (Fig.
13). The prominent St. Croix moraine runs north–
south through this part of Minnesota. Its northern
portion is composed of the South Long Lake Member
of the Independence Formation, which includes
deposits associated with the portion of the Rainy
lobe that passed south of the Mesabi Iron Range
(Knaeble and others, 2004; Knaeble and Meyer,
2007a, b), and its southern portion is composed of
Cromwell Formation deposits of the Superior lobe.
The material in the Independence and Cromwell
Formations shows a gradational change across the
contact, and for this reason, an arbitrary contact
is placed along the Morrison–Crow Wing County
boundary, with the South Long Lake Member of
the Independence Formation to the north and the
Cromwell Formation to the south (Fig. 10). As the
Rainy lobe retreated, glacial Lake Brainerd formed
(Fig. 13). Its deposits are included in an undefined
member of the Independence Formation. The Mille
Lacs moraine at the west edge of Lake Mille Lacs is
composed of the Mille Lacs Member of the Cromwell
Formation (Fig. 13). The Independence and Cromwell
Formations are roughly the same age as the deposits
in the Itasca moraine, which are included in the
Hewitt Formation.
To the north, an advance of the St. Louis sublobe
(Fig. 3) left behind deposits included in the Aitkin
Formation. Diamicton of the Aitkin Formation is
similar in color (brown) and in texture (loam) to that
of the New Ulm Formation, but has less carbonate (5
to 20 percent) and significantly less gray shale (trace
amounts) in the coarse-grained sand fraction. Three
named members make up the Aitkin Formation. The
main diamicton unit in the southwest arm of the St.
Louis sublobe, whose characteristics are mentioned

North-central Minnesota
Much of north-central Minnesota is covered
by Holocene Epoch peat and bedded sand, silt,
and clay associated with glacial Lake Agassiz and
other glacial lakes (Fig. 13). Diamicton of the
Koochiching lobe (Fig. 3) occurs at the surface in
places, and this sediment is included in the Blackduck
Formation. Some areas that were not covered by the
Koochiching lobe have the Independence Formation
at the surface.
Below the surface is a thick sequence of
Quaternary lithostratigraphic units of Winnipeg,
Rainy, and Superior provenance. Similar to the older
record in central Minnesota, Winnipeg-provenance
units alternate with units of Rainy or Superior
provenance (Meyer, 1997). These include the Bigfork,
Browerville, Eagle Bend, Funkley, Mulligan, Saum,
Shooks, St. Francis, and Wirt Formations.

Northeast Minnesota
Deposits of Rainy and Superior provenance
dominate the stratigraphy in northeast Minnesota
(Fig. 11). Sediment associated with the Rainy lobe
in northeast Minnesota (Fig. 3) lies north and east of
the Giants Range and is included in the Independence
and Boundary Waters Formations. The Boundary
Waters Formation includes sediment in the Vermilion
moraine as well as related sediments north of the
moraine to the Canadian border. This material
consists of predominantly thin, patchy diamicton
that is typical shield till (Lehr and Hobbs, 1992).
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NEW, REDEFINED, AND REVISED
LITHOSTRATIGRAPHIC UNITS
The titles of the following chapters contain the
name of the lithostratigraphic unit being named
followed by the words new, redefined, or revised in
parentheses. If a unit is not followed by any of
these, it means it is an already formally defined
lithostratigraphic unit that is accepted for use in
Minnesota by the Minnesota Geological Survey.
New refers to units formally named here for the first
time. Redefined refers to those units that have been
changed in a minor way, where neither the rank
nor the boundaries of the unit have been changed.
For example, "Falun Member of the Trade River
Formation" was defined by Johnson and Hemstad
(2000) in Wisconsin, but this unit has been redefined
in Minnesota as the "Falun Member of the New Ulm
Formation." Revised encompasses a larger change of
an already established lithostratigraphic unit, where
the rank or boundaries have been changed. See the
North American Stratigraphic Code (North American
Commission on Stratigraphic Nomenclature, 2005)
for details on naming, redefining, and revising
stratigraphic units.
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Chapter 1
AitkIn Formation (NEW)
Alan R. Knaeble

Name and rank

NOMENCLATURAL HISTORY

I hereby formally name the Aitkin Formation as
a lithostratigraphic unit of formation rank. The unit
is named after the town of Aitkin, Aitkin County,
Minnesota (U.S. Geological Survey Aitkin quadrangle,
7.5-minute series, 1973).

Leverett and Sardeson (1932) recognized deposits
of the St. Louis sublobe, which have a northwest
source area, but did not differentiate subunits or
explain the variations in color. Wright (1955, 1956)
studied the area and his hypotheses evolved to
reflect the ideas proposed by his student, R.G. Baker
(1964). In Baker's study, the Alborn and Prairie Lake
Members were informally named and suggested to
have been deposited by a single ice advance of the
St. Louis sublobe. The basal portion of the deposit,
the Alborn Member, incorporated red lake sediment
of glacial Lakes Aitkin I and Upham I. The upper
portion of the deposit, the Prairie Lake Member,
reflected its far-traveled northwest source area by its
yellow-brown to gray color, and because it contained
significant amounts of carbonate and gray Pierre
Shale. Winter (1971) documented that deposits of the
western portion of the St. Louis sublobe were brown
but eastern deposits were red, which suggested the
incorporation of underlying red lake sediment as the
reason for the difference. Wright (1972b) summarized
the above studies in his regional history. Mapping
in Carlton County (Knaeble and Hobbs, 2009a, b)
confirmed that the "red till" of Baker (1964), Winter
(1971), and Wright (1972b) is the Alborn Member.
Mapping in Crow Wing County (Knaeble and Meyer,
2004; Knaeble and others, 2004, 2005) suggested that
the "brown till" of Winter (1971), comprising deposits
of the western half of the St. Louis sublobe, is the
Nelson Lake Member. The Prairie Lake Member of
Baker (1964) and Wright (1972b) was interpreted
to be a separate, younger advance of the St. Louis
sublobe whose deposits are chiefly thin and patchy
where they overlie both the Nelson Lake and Alborn
Members (Knaeble and Hobbs, 2009a, b).

Lithologic description
The Aitkin Formation consists of all deposits
associated with the St. Louis sublobe (Fig. 3). This
includes diamicton and sorted sediments in the
Alborn, Nelson Lake, and Prairie Lake Members,
which are formalized in this volume, as well as
sediments of glacial Lakes Aitkin I and II and Upham
I and II (Fig. 13), which will be formalized as members
in future reports. All three formal members have
a diverse lithologic range summarized here, but
will be described in greater detail in the individual
member chapters. Oxidized diamicton color ranges
from yellow-brown (2.5Y 5/4) to reddish-brown (5YR
4/4), and unoxidized color ranges from dark gray
(2.5Y 4/1) to dark reddish-gray (5YR 4/2). Grain size
commonly varies from loam to clay loam (Knaeble and
others, 2004; Knaeble and Hobbs, 2009b). Carbonate
sand grains in approximately 160 unleached samples
for the three members range from 1 to 20 percent,
but commonly average from 3 to 10 percent (Knaeble
and Meyer, 2004; Knaeble and Hobbs, 2009a). Gray
shale is nearly absent in the Alborn and Nelson Lake
Members and ranges from uncommon to abundant in
the Prairie Lake Member. Red, Superior-provenance
clasts are rare in the Nelson Lake and Prairie Lake
Members but average approximately 10 percent in
the Alborn Member. Carbonate leaching is commonly
less than 3 feet (1 meter) in the Prairie Lake Member
and less than 6 feet (2 meters) in the Nelson Lake
and Alborn Members. Ice that later deposited the
Nelson Lake and Alborn Members advanced into
glacial Lakes Aitkin I and Upham I and incorporated
lake sediment. In many places, the contact between
the till of the overlying member is gradational with
the underlying lake sediment. Included in these
members are associated outwash and ice-contact
sand and gravel deposits, as well as lacustrine finegrained sand, silt, and clay sediments.

Type section
The type section is located in a gravel pit in St.
Louis County, Minnesota (T. 53 N., R. 18 W., sec. 35,
BCCCCB; U.S. Geological Survey Payne quadrangle,
7.5-minute series, 1969), approximately 5 miles (8
kilometers) north of the town of Alborn near the
Birch railroad crossing (Fig. 1.1). A 30-foot (9.1meter) exposure (QDI number 26167) on the east
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Figure 1.1. Location of the type
section for the Aitkin Formation
in St. Louis County, Minnesota
(U.S. Geological Survey Payne
quadrangle, 7.5-minute series,
1969).

Aitkin Formation
Type section (ESRI)
1:24,000

side of the pit reveals 6 feet (1.8 meters) of light
yellowish-brown (2.5Y 6/3) silt loam Prairie Lake
Member diamicton containing some carbonate and
gray shale with thin layers, streaks, and pods of the
underlying red diamicton entrained at the base. The
underlying reddish-brown (5YR 4/4) loam Alborn
Member diamicton is 3 feet (0.9 meter) thick, has more
pebbles and cobbles than the diamicton above, and
contains no gray shale, little carbonate, and some red
Superior-source clasts. A cobble and boulder stone
line at the lower contact overlies 10 feet (3 meters) of
brown (10YR 5/3), stony, sandy loam Independence
Formation diamicton, which have only trace amounts
of carbonate, no shale, and some red Superior-source
clasts. There are 10 feet (3 meters) of slump beneath
these units above the pit floor.

have fewer pebbles, probably due to incorporation
of the underlying lake sediment. Banded red and
gray clay and silt of glacial Lake Aitkin I compose
the lowermost 25 feet (7.6 meters) of the hole.
Description of boundaries
The Aitkin Formation is the surface deposit in
most places, except where it is overlain by Holocene
Epoch peat, lacustrine, and/or alluvial sediments,
where its contact may be sharp or gradational.
The lower contact is commonly with deposits of
the Superior (the Cromwell Formation proper and
the Mille Lacs Member) or Rainy (Independence
Formation proper and the South Long Lake Member)
lobes. These contacts may be sharp, gradational, or
involve significant basal mixing.

Reference section

Dimensions, shape, and geographic
distribution

The reference section is a 56-foot (17-meter)
deep Giddings hole (QDI number 18654) located
approximately 6 miles (10 kilometers) northeast of
the town of Deerwood in Aitkin County, Minnesota
(T. 47 N., R. 27 W., sec. 19, BCBBCB; U.S. Geological
Survey Iron Hub quadrangle, 7.5-minute series, 1973;
Fig. 1.2). At this site, the upper 15 feet (4.6 meters)
encountered glacial Lake Aitkin II sediments—11 feet
(3.4 meters) of well-sorted, noncalcareous, fine- to
medium-grained sand over 4 feet (1.2 meters) of gray
clayey silt—which overlay 17 feet (5.2 meters) of dark
gray (10YR 4/1), clay loam Nelson Lake Member
diamicton with little carbonate and no gray shale sand
grains. The lower 5 feet (1.5 meters) of the diamicton

The Aitkin Formation consists of all deposits
associated with the St. Louis sublobe. These include
sediments of glacial Lakes Aitkin I and II and Upham
I and II (informal) and sediments of the Alborn,
Nelson Lake, and Prairie Lake Members of the
Aitkin Formation. Figure 1.3 shows the combined
lateral extent of these deposits. Total thickness of the
formation ranges from very thin along the margins
and on older protruding features (for example eskers
and drumlins of the Rainy lobe) to over 100 feet (30
meters) in the lake basin. Locally the thickness of
the formation may be highly variable as a result of
ice dynamics during deposition of each member
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Figure 1.2. Location of the
reference section for the Aitkin
F o r m a t i o n i n A i t k i n C o u n t y,
Minnesota (U.S. Geological Survey
Iron Hub quadrangle, 7.5-minute
series, 1973).

Aitkin Formation
Reference section (ESRI)
1:24,000
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Figure 1.3. Gray shading designates the distribution of the Aitkin Formation in Minnesota, which is a deposit of the
St. Louis sublobe. On the enlarged diagram the light gray area shows the estimated extent of the Nelson Lake Member
and the dark gray area shows the estimated extent of the Alborn Member. The younger Prairie Lake Member deposits
are less extensive and patchy and are not shown. They are generally not observed in the extreme northeastern and
southwestern knobs of the lobe and are rarely observed along the edge of the distribution area. Dashed lines show
where the formation boundaries are less certain.
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and subsequent erosion between and during ice
advances.

with the lower two unnamed diamicton members of
the Blackduck Formation (Chapter 4), deposits of
the Koochiching lobe (Fig. 3; Meyer, 1993), which lie
up-ice, north of the Mesabi Iron Range. Tentative
correlation to units of approximately the same age in
other parts of Minnesota is shown in Figure 11.

Differentiation from other units
The Aitkin Formation overlies deposits of the
Cromwell Formation (St. Croix phase) and its Mille
Lacs Member (Automba phase), and the Independence
Formation, as well as all older glacial materials.
Lithologically, members of the Aitkin Formation are
finer-grained than and not as deeply leached as the
underlying coarser-grained deposits. The variation in
the clast composition of the members ranges from a
composition similar to that of the New Ulm Formation
(characterized by relatively high percentages of shale
and carbonate bearing rocks) to that of the Cromwell
Formation (with relatively high percentages of red
and dark igneous and metamorphic rocks), and will
be addressed in the individual member chapters.

Genesis
The diamicton of the Aitkin Formation is
interpreted to be till deposited by the St. Louis
sublobe, an extension of the Koochiching and Red
River lobes (Fig. 3). The fine-grained laminated silt
and clay were deposited as lake sediment. The St.
Louis sublobe came from the northwest source and
has a combined Riding Mountain and Winnipeg
provenance; Aitkin Formation tills differ from one
another compositionally because of a slight change
in source area and incorporation of local material.

Age
A few dates associated with the Aitkin Formation
suggest it was deposited between 13,000 and 16,000
14
C yr BP (about 16,000 and 19,000 cal yr BP); the
most recent summary of Minnesota glacial history
suggested that the advance of the St. Louis sublobe
that deposited the Aitkin Formation occurred around
12,500 14C yr BP (about 15,000 cal yr BP; Jennings
and others, 2013).
A radiocarbon date indicated that lake sediment
of glacial Lake Aitkin II was deposited 11,635 ±
350 14 C yr BP (13,637 ± 434 cal yr BP; Farnham
and others, 1964), suggesting that the underlying
Aitkin Formation diamicton is older. However,
wood in the red clayey Alborn Member diamicton
in the Mariska Mine near Gilbert produced two
radiocarbon dates of 11,330 ± 350 and 11,100 ± 400
14
C yr BP (13,259 ± 351 and 12,998 ± 426 cal yr BP;
Winter, 1971), which are indistinguishable from the
dates from glacial Lake Aitkin II sediment, given the
margins of error. The maximum age of the Aitkin
Formation is constrained by dates from samples from
the inter-drumlin depressions in the nearby Toimi
drumlin field (Fig. 13) that lie on top of deposits
of the underlying Independence Formation, which
have ages of 14,690 ± 390 14C yr BP (W-1973; 17,906
± 502 cal yr BP) at Weber Lake and 15,850 ± 240 14C
yr BP (I-5048; 19,064 ± 283 cal yr BP) at Kylen Lake
(Wright, 1972b).
Correlation
The Aitkin Formation occupies an approximately
equivalent stratigraphic position and likely correlates
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Alborn Member (revised) of the Aitkin Formation
Alan R. Knaeble

Name and rank

the difference. Wright (1972b) proposed that the
Alborn Member was a deposit of the "Alborn phase"
(Table 4), elaborating on the complex mixing of the
red Alborn Member till with the overlying Prairie
Lake Member till. Field mapping in Carlton County
(Knaeble and Hobbs, 2009a,b) confirmed that the
"red till" of Baker (1964), Winter (1971), and Wright
(1972b) is the Alborn Member and suggested that the
"brown till" of Winter (1971), comprising deposits of
the western half of the St. Louis sublobe, is related
to the Nelson Lake Member.

I hereby formally name the Alborn Member
of the Aitkin Formation as a lithostratigraphic
unit of member rank. The unit is named after the
town of Alborn, St. Louis County, Minnesota (U.S.
Geological Survey Alborn quadrangle, 7.5-minute
series, 1953).
Lithologic description
The Alborn Member is a deposit of the St. Louis
sublobe. The oxidized diamicton color is reddishbrown (5YR 4/4) and the unoxidized color is from
dark reddish-gray (5YR 4/2) to dark gray (5YR 4/1;
Knaeble and Hobbs, 2009b). Grain-size average of the
diamicton for 119 samples from the Carlton County
area (Knaeble and Hobbs, 2009a) is 25-41-34 percent
for sand-silt-clay, respectively. The crystallinecarbonate-shale percent (after Hobbs, 1998b) for
sand grains from 68 unleached samples from the
same area is 97-3-0, and the light-dark-red percent
for 119 samples is 71-19-10. Carbonate leaching
depth varies but commonly is less than 6 feet (1.8
meters). The lower portion of this diamicton unit
commonly grades into the underlying glacial Lake
Upham I sediments. This member includes associated
sand and gravel deposits, which are rare, as well as
lacustrine fine-grained sand, silt, and clay, which are
those lake sediments not included in the underlying
lake sediments of glacial Lake Upham I.

Type section
The type section is located in a gravel pit in St.
Louis County, Minnesota (T. 51 N., R. 19 W., sec.
35, BBACBD; U.S. Geological Survey Martin Lake
quadrangle, 7.5-minute series, 1975), approximately
5 miles (8 kilometers) west of the town of Brookston
(Fig. 1.4). A 15-foot (4.5-meter) exposure (QDI
number 26127) along the west wall shows diamicton
representing three ice advances. The upper 8 feet (2.4
meters) are reddish-brown (5YR 4/3) to brown (7.5YR
4/3), leached clay loam Alborn Member diamicton
with a sharp color change at the lower contact. The
underlying 3 feet (0.9 meter) of Cromwell Formation
(Automba phase) diamicton are a brighter reddishbrown (5YR 4/3), have a sandy loam to loam texture,
and more pebbles. The lowest unit, diamicton of
the Independence Formation, is 2 feet (0.6 meter)
thick, has a brown color (10YR 5/3), and contains
abundant pebbles and cobbles. The bottom 2 feet
(0.6 meter) are sand and gravel. Another 13-foot
(4-meter) exposure on the south wall of the pit has
a truncated top with an undetermined amount of
material removed and shows 8 feet (2.4 meters)
of Cromwell Formation diamicton over 5 feet (1.5
meters) of Independence Formation diamicton, with
a cobble and boulder line at the contact. Analysis
of the Alborn Member diamicton sample shows
a sand-silt-clay percent of 22-44-34, respectively,
crystalline-carbonate-shale percent of 100-0-0 (leached
of carbonate), and light-dark-red percent of 74-17-9.
The Cromwell Formation diamicton had two samples
with an average sand-silt-clay percent of 39-46-15,
respectively, crystalline-carbonate-shale percent of
99-1-0, and light-dark-red percent of 50-29-21. The
Independence Formation diamicton had two samples

NOMENCLATURAL HISTORY
Leverett and Sardeson (1932) identified deposits
of the St. Louis sublobe and recognized they had
a northwest source area, but did not differentiate
subunits or explain the variations in color. Wright
(1955, 1956) studied the area and his hypotheses
evolved to reflect the ideas proposed by his student,
R.G. Baker (1964). In Baker's study, the Alborn
Member was informally named and was suggested
to have been deposited by St. Louis-sublobe ice. The
Alborn Member composed the basal portion of the
deposit, which was red because of the incorporation
of underlying red lake sediment. Winter (1971)
documented that deposits of the western portion
of the St. Louis sublobe were brown but eastern
deposits were red, which suggested the incorporation
of underlying red lake sediment as the reason for
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Figure 1.4. Location of the type
section for the Alborn Member
of the Aitkin Formation in St.
Louis County, Minnesota (U.S.
Geological Survey Martin Lake
quadrangle, 7.5-minute series,
1975).

Alborn Member
of the Aitkin Formation
Type section (ESRI)
1:24,000

with an average sand-silt-clay percent of 53-40-7,
crystalline-carbonate-shale percent of 99-1-0, and
light-dark-red percent of 52-31-17.

from incorporated Cromwell Formation (Automba
phase) deposits, which appear to have extended up
into the lake basin, an area later covered by glacial
Lakes Aitkin I and Upham I (Knaeble and Hobbs,
2009b). These contacts may also be sharp but are
chiefly gradational, especially where significant basal
mixing was involved.

Reference section
The reference section is rotary-sonic core CRL-1
(CWI unique number 257600), located approximately
9 miles (13.5 kilometers) northwest of the town of
Cromwell, Carlton County, Minnesota (T. 49 N., R. 21
W., sec. 3, ACABDC; U.S. Geological Survey Prairie
Lake quadrangle, 7.5-minute series, 1963; Fig. 1.5).
This 162-foot (49.3-meter) core hole penetrated 32
feet (9.8 meters) of Alborn Member diamicton with
a 2-foot (0.6-meter) sand layer at the base, which
overlies 35 feet (10.7 meters) of Cromwell Formation
(Automba phase) diamicton and bedded sediments.
Beneath a pebble and cobble stone line at the lower
contact there are 17 feet (5.2 meters) of stony, dense
Independence Formation diamicton. Another stone
line separates all the above from numerous older
diamicton units, saprolith, and bedrock (Fig. 1.6).

Dimensions, shape, and geographic
distribution
The Alborn Member is at the surface and forms
a rim that varies from 1 mile (1.6 kilometers) to 8
miles (13 kilometers) wide and extends from beneath
overlying deposits (Fig. 1.3). Thickness varies from 1
foot (0.3 meter) to greater than 35 feet (10.5 meters),
but is commonly in the 10- to 25-foot (3- to 7.6-meter)
range.
Differentiation from other units
Stratigraphically, the Alborn Member underlies
deposits of the Prairie Lake Member and glacial Lake
Upham II. It overlies deposits of glacial Lake Upham
I, the Cromwell and Independence Formations, and
all older early Wisconsinan and pre-Wisconsinan
glacial deposits. Lithologically, the Alborn Member
is a fine-grained, loam to clay loam diamicton,
which distinguishes it from underlying coarsegrained deposits of the Cromwell and Independence
Formations. The lower contact with glacial Lake
Upham I is commonly gradational, which in places
makes it difficult to draw a precise contact between
the two units. The absence of pebbles in the glacial

Description of boundaries
Alborn Member deposits are overlain by Prairie
Lake Member and glacial Lake Upham II sediments.
These contacts may be sharp or gradational, and in the
case of the Prairie Lake Member involve significant
basal mixing. The lower contact is commonly with
glacial Lake Upham I sediment, but can also be with
Cromwell or Independence Formation deposits.
Much of the red Superior-source material in the
Alborn Member diamicton is interpreted to have come
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Alborn Member
of the Aitkin Formation
Reference section (ESRI)
1:24,000

Figure 1.5. Location of the
reference section for the Alborn
Member of the Aitkin Formation
in Carlton County, Minnesota
(U.S. Geological Survey Prairie
Lake quadrangle, 7.5-minute
series, 1963).

lake sediment, as well as in the overlying glacial Lake
Upham II sediment, helps differentiate the Alborn
Member from these units. The Alborn Member's
red color and red Superior-source clast content
distinguish it from the brown color and clast content
of the contemporaneous Nelson Lake Member. Its
lack of gray Pierre Shale and red color differentiates
it from the overlying Prairie Lake Member.

of the underlying Independence Formation. The
samples have ages of 14,690 ± 390 14C yr BP (W-1973;
17,906 ± 502 cal yr BP) at Weber Lake and 15,850 ±
240 14C yr BP (I-5048; 19,064 ± 283 cal yr BP) at Kylen
Lake (Wright, 1972b).
CorrelatioN
The Alborn Member occupies an equivalent
lithostratigraphic position and correlates to the Nelson
Lake Member of the Aitkin Formation (Knaeble
and Meyer, 2004; Knaeble and others, 2004, 2005),
both deposits of the St. Louis sublobe. It occupies
an equivalent lithostratigraphic position as the
lower unnamed diamicton member of the Blackduck
Formation (Meyer, 1993; Chapter 4), which lies up-ice,
north of the Mesabi Iron Range. Tentative correlation
to units of approximately the same age in other parts
of Minnesota is shown in Figure 11.

Age
Few dates exist associated with the Aitkin
Formation, but those that do suggest the formation
was deposited between 13,000 and 16,000 14C yr BP
(about 16,000 and 19,000 cal yr BP); the most recent
summary of Minnesota glacial history suggested that
the advance of the St. Louis sublobe that deposited
the Aitkin Formation occurred around 12,500 14C yr BP
(about 15,000 cal yr BP; Jennings and others, 2013).
A radiocarbon date indicated that lake sediment
of glacial Lake Aitkin II, the informal youngest
member of the Aitkin Formation, was deposited 11,635
± 350 14C yr BP (13,637 ± 434 cal yr BP; Farnham and
others, 1964). Wood in the red clayey Alborn Member
till in the Mariska Mine near Gilbert produced
radiocarbon dates of 11,330 ± 350 and 11,100 ± 400
14
C yr BP (13,259 ± 351 and 12,998 ± 426 cal yr BP;
Winter, 1971), which are indistinguishable from the
dates from glacial Lake Aitkin II sediment, given the
margins of error. The maximum age of the Alborn
Member is constrained by dates from samples from
the inter-drumlin depressions in the nearby Toimi
drumlin field (Fig. 13), which consists of deposits

Genesis
Alborn Member diamicton is interpreted to be
till deposited by the St. Louis sublobe. Sand and
gravel in this member are interpreted to be outwash
and other ice-contact sorted sediment. The Alborn
Member ice may have incorporated some material
from glacial Lake Aitkin I, but appears to have
incorporated most of its material from the underlying
sediment of glacial Lake Upham I, as well as red
material from the Cromwell Formation (Automba
phase), resulting in its red color and a lithology
similar to but not as pure as that of Superior-lobe
deposits.
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Unique number:
Elevation:		
Driller:		
Gamma logged:
0-0.5'
0.5-19'

257600		
1,315 ± 3		
Boart-Longyear
Bruce Bloomgren

Location:
Completed:
Geologist:

Prairie Lake quadrangle; T. 49 N., R. 21 W. , sec. 3, ACABDC
12-15-2007
Alan Knaeble

Topsoil
Red-brown (7.5YR 4/4 to 5YR 4/3) oxidized loam to clay loam till; calcareous below 5'; pebbles vary from some to
common; darker layer 14-15'.

St. Louis sublobe—Alborn Member of the Aitkin Formation.
19-32'

Red-brown-gray (7.5YR 4/2 to 5YR 4/2 or 4/1) unoxidized loam to clay loam till; calcareous; pebbles vary from
some to common; trace carbonate.

St. Louis sublobe—Alborn Member of the Aitkin Formation.
32-34'
34-35'
35-43'

Dark red-brown fine- to coarse-grained sand; moderately well sorted; uniform; noncalcareous.
Dark brown-gray unoxidized sandy till; slightly calcareous; some pebbles. Superior lobe—Cromwell Formation.
Dark brown-gray fine- to coarse-grained sand and a little gravel; moderately to poorly sorted; noncalcareous; 4143' gravel decreases, fining with depth.

Superior-lobe outwash, Automba phase—Cromwell Formation.
43'
43-69'

Red-brown clayey silt layer 2-4' thick at contact—lacustrine?
Red-brown-gray (7.5YR 4/2 to 4/1 to 5YR 4/1) unoxidized sandy loam till; slightly calcareous; pebbles and cobbles
abundant; from 43-44' slightly oxidized red-brown; 56-69' till is sandier (possibly Superior lobe, St. Croix phase).

Superior lobe, Automba phase—Cromwell Formation.
69-70.5'
70.5-87.5'

Pebble and cobble "stone line or pavement" with till matrix; very calcareous; lag at top of underlying till.
Red-brown-gray (10YR 4/2 to 7.5YR 4/2) unoxidized stony dense sandy to sandy loam till; pebbles and cobbles
abundant; calcareous; some pebble orientation, possibly subglacial.

Rainy lobe—Independence Formation.
87.5'
87.5-95'
95-108'
108-112'
112-124'
124-131'
131-134.5'
134.5-135'
135-138.5'
138.5-139.5'
139.5-142.5'
142.5-146.5'
146.5
146.5-147.5'
147.5-148'
148-160'
160-162'

Pebble and cobble stone line or layer at top of underlying till.
Red-brown (7.5YR 4/3 to 5YR 4/3) oxidized sandy loam till; calcareous; pebbles and cobbles common to abundant.
First old red till; probably pre-late Wisconsinan or pre-Wisconsinan.
Red-brown-gray (7.5YR 4/2 to 5YR 4/2) unoxidized sandy loam till; calcareous; pebbles and cobbles common to
abundant; thin sand layer at 104'. First old red till; probably pre-late Wisconsinan or pre-Wisconsinan.
Red-brown fine- to coarse-grained sand and fine- to coarse-grained gravel; calcareous; fewer pebbles below 110'.  
Old red outwash.
Red-brown-gray (7.5YR 4/2 to 5YR 4/2) unoxidized sandy loam till; calcareous; pebbles and cobbles common to
abundant; some carbonate pebbles; inclusion of dense gray pebble-poor clayey till from 113.5-115'; abrupt contact
at top and bottom of till. Second old red till, Superior source; probably pre-Wisconsinan.
Dark brown fine- to coarse-grained sand and fine- to coarse-grained gravel; calcareous; poorly sorted; from128130.5' abundant pebbles and cobbles. Ice contact and/or outwash from old red till, Superior source.
Yellow-brown (2.5Y 4/2 to 4/1) fine- to coarse-grained sand; moderately-well sorted; calcareous; grading finer with
depth; gray fine-grained sand from 134-134.5'.  Lacustrine or distal outwash, non-Superior source.
Blue-gray silty chunk of saprolith; noncalcareous.
Dark gray (2.5Y 3/1 to 4/0) dense, stony clay loam till with interbedded thin sand layers, thin blue saprolith streaks
and layers; and thin layers of red-brown till; noncalcareous; abundant pebbles and cobbles in clay matrix; clay has
sheen in places. Old gray till; probably "W" sequence—Winnipeg source area; with lots of incorporated material.
Dark gray-green fine- to medium-grained sand; calcareous; fining with depth.
Dark gray till, similar to description above; more sand and less clay with depth. Old gray till; probably "W"
sequence—Winnipeg source area; with lots of incorporated material.
Dark brown-gray fine- to coarse-grained sand and fine- to coarse-grained gravel; calcareous; moderately to poorly
sorted; 144-145' less gravel. Basal outwash.
Cobble lag.
Tan-brown and blue-green clayey silt saprolith chunks mixed with a few glacial pebbles; noncalcareous.
Yellow-brown sandy loam till; calcareous; gritty.
Tan-brown and blue-green clayey silty saprolith; dense; coloring layered, streaky, and blotchy; sharp upper contact
with till. Saprolith—weathered bedrock.
Hard bedrock (drilled like bedrock)? Core vibrated loose from core barrel and lost down hole.

Total depth = 162'

Figure 1.6. Borehole summary log for rotary-sonic drill hole CRL-1, the reference section. Alborn Member
deposits comprise the upper 32 feet (9.8 meters) of the core hole.
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Nelson Lake Member (new) of the Aitkin Formation
Alan R. Knaeble

Name and rank

but eastern deposits were red, which suggested the
incorporation of underlying red lake sediment as the
reason for the difference. Mapping in Crow Wing
County (Knaeble and Meyer, 2004; Knaeble and
others, 2004, 2005) suggested that the "brown till" of
Winter (1971), comprising deposits of the western half
of the St. Louis sublobe, is the Nelson Lake Member,
and the Prairie Lake Member of Baker (1964) and
Wright (1972b) is interpreted to be a separate, younger
advance of the St. Louis sublobe, whose deposits
are chiefly thin and patchy where they overlie both
the Nelson Lake and Alborn Members (Knaeble and
Hobbs, 2009a, b).

I hereby formally name the Nelson Lake Member
of the Aitkin Formation as a lithostratigraphic unit
of member rank. The unit is named after Nelson
Lake, Crow Wing County, Minnesota (U.S. Geological
Survey Iron Hub quadrangle, 7.5-minute series,
1973).
Lithologic description
The Nelson Lake Member is a deposit of the
St. Louis sublobe. The oxidized diamicton color
is yellow-brown (10YR 5/4) to brown (7.5YR 5/4),
but is more reddish-brown in places where basal
mixing has incorporated underlying red Mille Lacs
Member of the Cromwell Formation materials. The
unoxidized color is gray (10Y 5/1) to dark gray (10YR
4/1; Knaeble and others, 2004). Grain-size average
of the till for 80 samples from the Crow Wing County
area (Knaeble and Meyer, 2004) is 24-39-37 percent
for sand-silt-clay, respectively. The crystallinecarbonate-shale percent (after Hobbs, 1998b) for 70
samples from the same area is 93-7-0, respectively,
and the light-dark-red percent is 84-14-2, respectively.
Carbonate leaching depth varies but generally is less
than 6 feet (1.8 meters). The lower portion of this
till unit commonly grades into the underlying glacial
Lake Aitkin I sediments. This member includes
associated sand and gravel outwash and ice-contact
deposits as well as lacustrine fine-grained sand, silt,
and clay, but does not include the underlying lake
sediments of glacial Lake Aitkin I or the overlying
lake sediments of glacial Lake Aitkin II.

Type section
The type section is a 22-foot (6.7-meter) exposure
(QDI number 17704) along the Mississippi River
located in Crow Wing County, Minnesota (T. 47 N., R.
28 W., sec. 1, CBA; U.S. Geological Survey Iron Hub
quadrangle, 7.5-minute series, 1973) approximately
9 miles (13.5 kilometers) northeast of the town of
Deerwood (Fig. 1.7). Brown (10YR 5/3), calcareous
loam to silt loam Nelson Lake Member diamicton
is exposed in the upper 11 feet (3.4 meters) and
grades to sediment of glacial Lake Aitkin I, which is
composed of 7 feet (2.1 meters) of light gray, clayey
silt and silty clay with some reddish-brown zones
overlying 4 feet (1.2 meters) of brown, fine-grained
sand with cross beds and ripples. Two diamicton
samples had 4 and 9 percent carbonate, no shale, and
a trace amount of red Superior-source clasts in the
1-2 millimeter coarse-grained sand fraction.
Reference section

NOMENCLATURAL HISTORY

The reference section is a Giddings hole (QDI
number 18637) located approximately 12 miles (19
kilometers) northeast of the town of Deerwood,
Crow Wing County, Minnesota (T. 136 N., R. 25 W.,
sec. 2, BABBBB; U.S. Geological Survey Ross Lake
quadrangle, 7.5-minute series, 1973; Fig. 1.8). The
upper 4 feet (1.2 meters) of material are brown (10YR
5/3), clay loam diamicton with a few pebbles that
overlay 11 feet (3.4 meters) of brown loam diamicton
that appear similar to the diamicton above, except
they have more reddish color (incorporated material
from the underlying unit) and more pebbles, all
interpreted to be Nelson Lake Member diamicton.

Leverett and Sardeson (1932) recognized deposits
of the St. Louis sublobe, which have a northwest
source area, but did not differentiate subunits or
explain the variations in color. Wright (1955) studied
the area and his hypotheses evolved to reflect the
ideas he proposed in his summary of the regional
history (Wright, 1972b). Schneider (unpub. data)
conducted fieldwork in the western portion of the
St. Louis sublobe in the 1950s and concluded that
multiple tills were deposited by the sublobe in the
area. Winter (1971) documented that deposits of the
western portion of the St. Louis sublobe were brown
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Nelson Lake Member
of the Aitkin Formation
Type section (ESRI)
1:24,000

Figure 1.7. Location of the type
section for the Nelson Lake
Member of the Aitkin Formation
in Crow Wing County, Minnesota
(U.S. Geological Survey Iron Hub
quadrangle, 7.5-minute series,
1973).

Figure 1.8. Location of the
reference section for the Nelson
Lake Member of the Aitkin
Formation in Aitkin County,
Minnesota (U.S. Geological Survey
Ross Lake quadrangle, 7.5-minute
series, 1973).

Nelson Lake Member
of the Aitkin Formation
Reference section (ESRI)
1:24,000

Beneath a stony layer at the lower contact, the
underlying 7 feet (2.1 meters) of the boring are
reddish-brown (5YR 4/4) to brown (7.5YR 4/4), loamtextured Mille Lacs Member (Cromwell Formation)
diamicton, which contains more pebbles. All units are
leached or only slightly calcareous and have no gray
shale. The top 4 feet (1.2 meters) of the Nelson Lake
Member diamicton contain 2 percent red Superiorsource, 1-2 millimeter-sized sand grains, and the
underlying 11 feet (3.4 meters) contain an average of 8
percent, attributed to incorporation and basal mixing

with the underlying Mille Lacs Member diamicton,
which averages 15 percent red grains.
Description of boundaries
Nelson Lake Member deposits are overlain in
places by sediments of the Prairie Lake Member,
glacial Lake Aitkin II, or both. These contacts may
be sharp, gradational, or involve significant mixing.
The lower contact may be with deposits of glacial
Lake Aitkin I, the Mille Lacs Member of the Cromwell
Formation, or less commonly with the South Long
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Lake Member of the Independence Formation. These
contacts may also be sharp, gradational (particularly
where ice overrode glacial Lake Aitkin I), or involve
inter-layering, streaking, and mixing, as is the case
with the lower contact of the Mile Lacs Member.

± 350 14C yr BP (13,637 ± 434 cal yr BP; Farnham and
others, 1964). Wood in the red clayey Alborn Member
till in the Mariska Mine near Gilbert produced
radiocarbon dates of 11,330 ± 350 and 11,100 ± 400
14
C yr BP (13,259 ± 351 and 12,998 ± 426 cal yr BP;
Winter, 1971), which are indistinguishable from the
dates from glacial lake Aitkin II sediment, given the
margins of error. Because the Nelson Lake Member
overlies the Mille Lacs Member of the Cromwell
Formation, which in turn overlies the Independence
Formation, the maximum age of the Nelson Lake
Member is constrained by dates from samples from
the inter-drumlin depressions in the nearby Toimi
drumlin field (Fig. 13), which consists of deposits
of the Independence Formation. The samples have
ages of 14,690 ± 390 14C yr BP (W-1973; 17,906 ± 502
cal yr BP) at Weber Lake and 15,850 ± 240 14C yr
BP (I-5048; 19,064 ± 283 cal yr BP) at Kylen Lake
(Wright, 1972b).

Dimensions, shape, and geographic
distribution
The Nelson Lake Member is at the surface and
forms a rim that varies from 1 mile (1.6 kilometers) to
5 miles (8 kilometers) wide. This shows the maximum
extent of diamicton where it extends out from under
younger sediment (Fig. 1.3). East of this rim the
diamicton is commonly buried by younger sediments
of glacial Lake Aitkin II, as well as patchy deposits
of the Prairie Lake Member. Thickness varies from 1
to at least 30 feet (0.3 to 9.1 meters), but is commonly
in the 10- to 20-foot (3- to 6-meter) range.
Differentiation from other units

Correlation

Texturally, the Nelson Lake Member is a finegrained, loam to clay loam diamicton, which
distinguishes it from underlying, coarse-grained
deposits of the Cromwell and Independence
Formations. The sparse number of red Superiorsource clasts also sets it apart from both of these
formations. The lower contact with glacial Lake
Aitkin I sediment is commonly gradational, which
makes it difficult to draw a precise contact between
the two units. The absence of pebbles in the glacial
lake sediment as well as in the sediment of the
overlying glacial Lake Aitkin II deposits helps
differentiate Nelson Lake Member sediments from
these units. The Nelson Lake Member's brown color
and lack of red Superior-source clasts distinguish it
from the red color and clast content of the laterally
equivalent Alborn Member. Its lack of gray Pierre
Shale and browner color differentiates it from the
overlying Prairie Lake Member.

The Nelson Lake Member occupies an equivalent
stratigraphic position and is correlative to the Alborn
Member of the Aitkin Formation—both deposits of
the St. Louis sublobe (Baker, 1964; Wright, 1972b;
Knaeble and Hobbs, 2009a, b). The Nelson Lake
Member is the brown sediment deposited by ice
from the western half of the St. Louis sublobe and
the Alborn Member is the red sediment deposited by
ice from the eastern half, as noted by Winter (1971).
It occupies a lithostratigraphically equivalent position
and may correlate with the lower unnamed member
of the Blackduck Formation (Chapter 4), a deposit of
the Koochiching lobe (Fig. 3; Meyer, 1993), which lies
up-ice, north of the Mesabi Iron Range. Tentative
correlation to units of approximately the same age in
other parts of Minnesota is shown in Figure 11.
Genesis
Nelson Lake Member diamicton is interpreted
to be till deposited by the St. Louis sublobe during
an ice advance from the northwest. The ice appears
to have incorporated predominantly lacustrine
sediment of glacial Lake Aitkin I, as well as some of
the underlying red sediment of the Mille Lacs Member
of the Cromwell Formation (Automba phase) as it
traversed the area south of the Mesabi Iron Range,
modifying its color to brown and diluting its up-ice
lithology.

Age
Few dates exist associated with the Aitkin
Formation, but those that do suggest the formation
was deposited between 13,000 and 16,000 14C yr BP
(about 16,000 and 19,000 cal yr BP); the most recent
summary of Minnesota glacial history suggested that
the advance of the St. Louis sublobe that deposited
the Aitkin Formation occurred around 12,500 14C yr BP
(about 15,000 cal yr BP; Jennings and others, 2013).
A radiocarbon date indicated that lake sediment
of glacial Lake Aitkin II, the informal youngest
member of the Aitkin Formation, was deposited 11,635
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Prairie Lake Member (revised) of the Aitkin Formation
Alan R. Knaeble

Name and rank

with the Prairie Lake Member till. Mapping in Crow
Wing County (Knaeble and others, 2005) and Carlton
County (Knaeble and Hobbs, 2009a, b) suggested that
the Prairie Lake Member of Baker (1964) and Wright
(1972b) represents a separate, younger advance of
the St. Louis sublobe, whose deposits are chiefly thin
and patchy where they overlie both the Nelson Lake
and Alborn Members. This is based on stratigraphic
observation: the Prairie Lake Member till overlies the
Alborn Member till at all sites where both tills were
present and recognizable.

I hereby formally name the Prairie Lake Member
of the Aitkin Formation as a lithostratigraphic unit of
member rank. The unit is named after Prairie Lake,
St. Louis County, Minnesota (U.S. Geological Survey
Prairie Lake quadrangle, 7.5-minute series, 1963).
Lithologic description
The Prairie Lake Member is a deposit of the
St. Louis sublobe. The oxidized diamicton color is
yellowish-brown (2.5Y 5/4) to brown (10YR 5/3)
and the unoxidized color is dark gray (2.5YR 4/1 to
10YR 4/1; Knaeble and Hobbs, 2009b). The average
grain size of the diamicton for 19 samples from the
Carlton County area (Knaeble and Hobbs, 2009a) is
40-35-25 percent for sand-silt-clay, respectively. The
crystalline-carbonate-shale percent (after Hobbs,
1998b) for 16 unleached samples from the same
area is 73-10-17, and for three leached samples is
71-0-29. The light-dark-red percent for 19 samples
is 86-11-3, respectively. Carbonate leaching depth
is less than 3 feet (0.9 meter). The diamicton of the
Prairie Lake Member in numerous places reflects
significant but varying degrees of mixing with the
older underlying Alborn Member materials, thus
taking on a lithologic character between the two
units. This member includes associated sand and
gravel outwash and ice-contact deposits as well as
lacustrine fine-grained sand, silt, and clay, but does
not include the overlying lake sediments of glacial
Lakes Aitkin II and Upham II.

Type section
The type section is a 20-foot (6-meter) road cut
outcrop (QDI number 25478) with a 30-foot (9.1meter) deep Giddings hole (QDI number 26219)
completed at the base of the outcrop located in St.
Louis County, Minnesota (T. 50 N., R. 20 W., sec.
20, DCADDD; U.S. Geological Survey Prairie Lake
quadrangle, 7.5-minute series, 1963), approximately 8
miles (12.8 kilometers) north of the town of Cromwell
along Minnesota Highway 73 across from Prairie
Lake (Fig. 1.9). The upper 15 feet (4.6 meters) of this
exposure are oxidized yellowish-brown (2.5Y 5/4)
to brown (10YR 5/3) loam to clay loam Prairie Lake
Member diamicton with reddish streaks in the lower 3
feet (0.9 meter), interpreted to be a mixing zone. The
lower 5 feet (1.5 meters) of the outcrop and the upper
15 feet (4.5 meters) of the Giddings hole are reddishbrown (5YR 4/3), oxidized clay loam diamicton,
which changes to another 15 feet (4.5 meters) of
dark reddish-gray (5YR 4/2), unoxidized clay loam
till—all Alborn Member deposits. The lowermost 1
foot (0.3 meter) of the boring is grayish-blue, clayey
silt lake sediment, possibly deposited in glacial Lake
Upham I. Three samples of the Prairie Lake Member
diamicton average 37-36-27 percent sand-silt-clay, 4611-43 percent crystalline-carbonate-shale, and 89-9-2
percent light-dark-red. Six samples of the Alborn
Member diamicton average 22-37-41 percent sandsilt-clay, 98-2-0 percent crystalline-carbonate-shale,
and 67-22-11 percent light-dark-red.

NOMENCLATURAL HISTORY
Leverett and Sardeson (1932) recognized deposits
of the St. Louis sublobe, which have a northwest
source area, but did not differentiate subunits or
explain the variations in color. Wright (1955, 1956)
studied the area and his hypotheses evolved to
reflect the ideas proposed by his student, R.G. Baker
(1964). In his study, the Prairie Lake Member was
informally named and was suggested to be the
upper, far-traveled portion of the St. Louis sublobe
deposit composed of yellowish-brown to gray till
with significant amounts of carbonate and gray Pierre
Shale. Wright (1972b) proposed that the Prairie Lake
Member was a deposit of the Alborn phase based on
the complex mixing of the red Alborn Member till

Reference section
The reference section is a 30-foot (9.1-meter)
deep Giddings boring (QDI number 26211) located
7 miles (11.2 kilometers) southeast of the town of
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Figure 1.9. Location of the type
section for the Prairie Lake
Member of the Aitkin Formation
in St. Louis County, Minnesota
(U.S. Geological Survey Prairie
Lake quadrangle, 7.5-minute
series, 1963).

Prairie Lake Member
of the Aitkin Formation
Type section (ESRI)
1:24,000

Floodwood, St. Louis County, Minnesota (T. 50 N.,
R. 20 W., sec. 10, ADAADA; U.S. Geological Survey
Gowan quadrangle, 7.5-minute series, 1981; Fig. 1.10).
The upper 11 feet (3.4 meters) are yellowish-brown
(2.5Y 5/4) to brown (10YR 5/3) loam Prairie Lake
Member diamicton that overlie 19 feet (5.8 meters)
of clay loam Alborn Member diamicton; the upper
3 feet (0.9 meter) are oxidized reddish-brown (5YR
4/3), and the remainder is unoxidized dark gray (5YR
4/1). The Prairie Lake Member diamicton here has
7 percent carbonate and 6 percent gray Pierre Shale
in the 1-2 millimeter coarse-grained sand fraction,
as well as some reddish streaks at its base above
the contact.

more patchy. They are covered in many places by
younger sediment of glacial Lakes Aitkin II and
Upham II. Thicknesses encountered were 15 feet
(4.6 meters) or less, the sediment at the type section
being the thickest.
Differentiation from other units
Lithologically, the Prairie Lake Member's
diamicton is loam, which distinguishes it from
older, coarser-grained deposits of the Cromwell
and Independence Formations. The absence of red
Superior-source clasts also sets it apart from both of
these formations. Its lower contact with the Alborn
and Nelson Lake Members is in places mixed, which
makes it difficult to draw a firm contact between the
units, but generally its yellowish-brown color and
the presence of gray shale and some carbonate aid
in differentiating it from the other members. The
absence of pebbles in the overlying glacial Lakes
Aitkin II and Upham II material helps differentiate
the Prairie Lake Member from these units.

Description of boundaries
Prairie Lake Member deposits are chiefly overlain
by sediment of glacial Lakes Aitkin II and Upham II
as well as Holocene Epoch materials. Contacts are
commonly sharp, but may be gradational or involve
some mixing. The lower contact is primarily with
the Nelson Lake and Alborn Members, but in places
where these members are not present, the contact may
be with sediment of glacial Lakes Aitkin I and Upham
I. These contacts may be sharp, gradational, or more
commonly involve significant basal mixing.

Age
Few dates exist associated with the Aitkin
Formation, but those that do suggest the formation
was deposited between 13,000 and 16,000 14C yr BP
(about 16,000 and 19,000 cal yr BP); the most recent
summary of Minnesota glacial history suggested that
the advance of the St. Louis sublobe that deposited
the Aitkin Formation occurred around 12,500 14C yr BP
(about 15,000 cal yr BP; Jennings and others, 2013).

Dimensions, shape, and geographic
distribution
Prairie Lake Member deposits are laterally less
extensive than those of the other two members of
the Aitkin Formation (Fig. 1.3) and appear to be
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Figure 1.10. Location of the
reference section for the Prairie
Lake Member of the Aitkin
Formation in St. Louis County,
Minnesota (U.S. Geological
Survey Gowan quadrangle, 7.5minute series, 1981).

Prairie Lake Member
of the Aitkin Formation
Reference section (ESRI)
1:24,000

Genesis

A radiocarbon date indicated that lake sediment of
glacial Lake Aitkin II, the informal youngest member
of the Aitkin Formation, was deposited 11,635 ± 350
14
C yr BP (13,637 ± 434 cal yr BP; Farnham and others,
1964), which suggests that all other members are older.
Wood in the underlying red clayey Alborn Member
till in the Mariska Mine near Gilbert produced
radiocarbon dates of 11,330 ± 350 and 11,100 ± 400
14
C yr BP (13,259 ± 351 and 12,998 ± 426 cal yr BP;
Winter, 1971), which are indistinguishable from the
dates from glacial Lake Aitkin II sediment, given the
margins of error. Because the Prairie Lake Member
overlies the Alborn and Nelson Lake Members, the
maximum age is also constrained by dates from
samples from the inter-drumlin depressions in the
nearby Toimi drumlin field (Fig. 13), which consist of
deposits of the underlying Independence Formation.
The samples have ages of 14,690 ± 390 14C yr BP
(W-1973; 17,906 ± 502 cal yr BP) at Weber Lake and
15,850 ± 240 14C yr BP (I-5048; 19,064 ± 283 cal yr BP)
at Kylen Lake (Wright, 1972b).

The Prairie Lake Member consists primarily
of diamicton that this author interprets to be till
deposited by the St. Louis sublobe during an ice
advance from the northwest. The presence of gray
shale and significant amounts of carbonate in the
Prairie Lake Member make it unique among the three
Aitkin Formation members, and may indicate, along
with stratigraphic position and a more limited extent,
that it was deposited during a separate, younger ice
advance.

Correlation
The Prairie Lake Member occupies an equivalent
stratigraphic position and is correlative to the middle
unnamed member of the Blackduck Formation
(Chapter 4) of the Koochiching lobe (Fig. 3; Meyer,
1993), which lies up-ice, north of the Mesabi Iron
Range. Tentative correlation to units of approximately
the same age in other parts of Minnesota is shown
in Figure 11.
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Chapter 2
Barnum Formation (NEW)
Howard C. Hobbs

Name and Rank

source. The lithology in all visible grain-size fractions
is predominantly to exclusively Precambrian
fragments. Cretaceous shale is not present. However,
there is a small amount of Paleozoic carbonate,
increasing upsection from a trace in the Mahtowa
member, to more abundant but still uncommon in the
Moose Lake and Knife River members. The trend is
even stronger in the fine-grained fraction, as shown
by effervescence in hand samples in the field.
The Mahtowa and Moose Lake members are
recognized by their diamicton component, but they
each contain an associated component of sand and
gravel. These beds are associated to their members
not by texture, but rather their lithologic composition
and stratigraphic position. The Barnum Formation
also includes silty and clayey sediments deposited in
small lakes trapped between the ice and the highlands
along the North Shore of Lake Superior, but these
sediments have not been studied in detail.

The term "Barnum Till" was originally used
by Wright and others (1970), but was considered
to be informal by Matsch and Schneider (1986).
Here, the original characterization of Wright is
modified, and the Barnum Formation is defined as a
lithostratigraphic unit of formation rank. The name
comes from the town of Barnum, Carlton County,
Minnesota, on the U.S. Geological Survey Barnum
quadrangle, 7.5-minute series, 1981.
Lithologic description
The Barnum Formation contains reddish-brown
diamicton with a matrix ranging from loam to clay
texture, as well as a variety of reddish colored,
bedded sediments, ranging from laminated silt and
clay to sand and gravel. Knaeble and Hobbs (2009a)
informally divided the Barnum Formation into four
members: the Lakewood, Moose Lake, Wrenshall
(referred to as the "Wrenshall Formation" in Wright
and others, 1970), and Knife River2. The Lakewood
member is herein renamed the Mahtowa member to
avoid confusion with the local Precambrian Lakewood
basalt. Textures of these members are shown in
Figure 2.1. Only diamicton matrix textures are plotted
except for the Wrenshall member, which contains
no diamicton. Average matrix textures are distinct,
but the full range of textures shows considerable
overlap. A shorthand description of the dominant
textures is: Mahtowa member, silty diamicton; Moose
Lake member, clayey diamicton; Wrenshall member,
bedded silt to clay; and Knife River member, clay
diamicton.
Most of the Barnum Formation is of Superior
provenance, though the Wrenshall member contains
some grayish silt that may be derived from a western

NOMENCLATURAL HISTORY
The "Barnum Till" was named by Wright and
others (1970). It was described as redder and less
sandy than the till of the Automba drumlin field,
which they assigned to the Cromwell Formation.
They stated that the main area of distribution of
the "Barnum Till" is in the Nickerson moraine (Fig.
13), and that it forms the surface of the Cloquet
and Thompson moraines (see Knaeble and Hobbs,
2009a, Fig. 5). This distribution corresponds to the
Split Rock and Nickerson phases of Superior-lobe
glaciation (Wright, 1972a, b). Matsch and Schneider
(1986) included "Barnum Till" in their correlation
chart for the glacial lobe complex of the southern
part of the Laurentide Ice Sheet, with a note that
it had not been adequately defined in accordance
with accepted standards of formal stratigraphic
nomenclature. Materials corresponding to the
Barnum Formation were mapped in Pine County
(Patterson and Knaeble, 2001) as units Qsgc , Qsgf ,
and Qsfm, but formal stratigraphic terminology was
not used for that map.
Hobbs (2002, 2003a, b) mapped materials along
the North Shore of Lake Superior that are here
included in the Barnum Formation, but did not use

2 It is the intention of the author that these four
members (Mahtowa [Lakewood], Moose Lake, Wrenshall,
and Knife River) be definable as formal members of the
Barnum Formation because their characteristics are well
known. However, they are not formally defined in this
volume and should be considered informal until they are
formalized. Despite their informal status, they are useful to
describe the local geology.
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Figure 2.1. Combined Barnum Formation textures from the North Shore
of Lake Superior, the Duluth area, and Carlton County. Silt-rich samples
of the Wrenshall member are probably over-represented because the lower
part of the section is under-represented, and many samples were obtained
within several miles of the St. Louis River inlet. Deltaic and shallow-water
sand samples are not plotted.

that term, though he did use "Cromwell Formation"
for the sandier diamicton. This was due to uncertainty
about stratigraphy and correlation. He first used the
name Barnum Formation in 2004 (Hobbs, 2004). The
mapping units comprising the Barnum Formation
were not called members on that map, but were
named after their dominant textures, for example
"clayey till" and "clay till." The Barnum Formation
with four informal members was first described in
the Duluth area (Hobbs, 2009a, b, c); Knaeble and
Hobbs (2009a) used the same terminology.

of Esko, Carlton County, Minnesota (T. 49 N., R. 16
W., sec. 34, DCDBDA, U.S. Geological Survey Esko
quadrangle, 7.5-minute series, 1954). The Minnesota
Geological Survey unique number is 270001 (Fig.
2.2). The original description and sampling of core
was by Alan R. Knaeble (unpub. data). A simplified
description of the core follows:
0-21 feet (6.4 meters)—Soil over reddish-brown (5YR
4/3), oxidized loam diamicton; calcareous
below 7 feet (2 meters); some pebbles. Barnum
Formation, Moose Lake member (till).
21-66 feet (20 meters)—Dark reddish-gray (5YR
4/2,) unoxidized loam to clay loam diamicton;
more clay below 30 feet (9 meters); some
pebbles; denser below 46 feet (14 meters) some
incorporated silt starting at 58 feet (18 meters),
grading downwards to clayey silt. Barnum
Formation, Moose Lake member (till).

TYPE SECTION
A type section was not specified for the "Barnum
Till" in Wright and others (1970), and no known
section shows the entire formation. Rotary-sonic core
CRL-2 is here specified as the type section. It was
drilled about 2 miles (3 kilometers) south of the town
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66-71 feet (22 meters)—Dark reddish-gray (5YR
4/2), very fine-grained, sandy, clayey silt;
slightly calcareous; well sorted, massive, trace
pebbles. Barnum Formation, unnamed member
(glaciolacustrine sediment).
71-74 feet (23 meters)—Dark reddish-gray (5YR
4/2), loam to clay loam diamicton; dense,
slightly calcareous; more pebbles than the
layer above; thin sand and gravel at the lower
contact. Barnum Formation, Mahtowa or Moose
Lake member (till).
74-91 feet (28 meters)—Dark reddish-gray (5YR 4/2),
sandy loam diamicton; some thin sand layers,
a thicker sand layer from 78 to 80 feet (about
24 meters); calcareous; pebbles are common
to 88 feet (27 meters), then rare below; cobble
layer at 88 feet (27 meters); denser below cobble
layer. Cromwell Formation (till).
91-93 feet (28 meters)—Light gray-green
metagraywacke; grades from weathered to
hard; noncalcareous. Thomson Formation,
Precambrian.

by the author in 2006 (unpub. data). The top of the
cut is about 820 feet (250 meters) and the bottom is
about 800 feet (244 meters) in elevation.
Alternating "red clay" and "gray silt" beds are
exposed here. The "red clay" is 5YR 5/2 (reddishgray) and similar colors. The "gray silt" is 4/1 and
5/1 (gray and dark gray). The (gravel) sand-siltclay ratio of the materials is (0) 0-19-81 and (0)
0-61-39, respectively, based on 1 sample of each.
The gray layers are calcareous, the red layers are
slightly to moderately calcareous. The couplets
average 3 inches (8 centimeters) thick, but each
type has numerous faintly contrasting fine-grained
laminations. No coarse-grained particles were
observed at this section.
The material exposed at this section is interpreted
to be glacial lake varves of the Wrenshall member.
The bottom is not exposed, but it must not lie far
below the section, because there are boulders in the
channel of Deer Creek at 790 feet (241 meters) in
elevation, indicating that the stream has cut through
the silt and clay into the underlying diamicton of the
Moose Lake member. The Wrenshall member extends
almost to the land surface at 900 feet (274 meters),
but is overlain by thin clay diamicton of the Knife
River member, which is not well exposed.

Reference section
The reference section is exposed in slump block
scars in the valley of Deer Creek about 6 miles (10
kilometers) south of the town of Wrenshall. The
scars are on the downstream side of the Minnesota
Highway 23 crossing (T. 47 N., R. 16 W., sec. 29, DA,
U.S. Geological Survey Wrenshall quadrangle, 7.5minute series, 1954; Fig. 2.3). The unique Quaternary
number is 17132. The site was described and sampled

DESCRIPTION OF BOUNDARIES
Where observed, the lower boundary of the
Barnum Formation rests almost everywhere on
the Cromwell Formation, but in a few places on
bedrock. The contact is not commonly exposed at

Barnum Formation
Type section (ESRI)
1:24,000

Figure 2.2. Location of the type
section for the Barnum Formation
in Carlton County, Minnesota
(U.S. Geological Survey Esko
quadrangle, 7.5-minute series,
1954).
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Figure 2.3. Location of the
reference section for the Barnum
Formation in Carlton County,
Minnesota (U.S. Geological
Survey Wrenshall quadrangle,
7.5-minute series, 1954).

Barnum Formation
Reference section (ESRI)
1:24,000

the surface, but is encountered in some boreholes. It
is fairly sharp, especially where it overlies bedrock,
which is typically scoured and unweathered. The
upper boundary in most places is the land surface,
where it has developed a soil profile. In places the
Barnum Formation is overlain by peat or alluvium.
It is overlain by modern lake sediment under Lake
Superior.

in the dissected lake plain. Its thickness along the
North Shore of Lake Superior must be much less,
because the entire Quaternary section is less than 100
feet (30 meters) in most places. In the deeper parts
of the glacial Lake Duluth area (Wright, 1972a), the
Wrenshall member is over 250 feet (75 meters) thick
(Knaeble and Hobbs, 2009a), but it thins towards
the edge of the lake plain. The Knife River member
occupies a somewhat smaller area than the Wrenshall
member, and ranges from 3 feet (1 meter) to about
20 feet (7 meters).

Dimensions, shape, and geographic
distribution
Overall distribution is shown in Figure 2.4.
Dimensions and shape are most easily explained
by considering the members separately. Diamicton
of the lowest, most laterally extensive member, the
Mahtowa, is typically less than 15 feet (4.5 meters)
thick over its exposed extent. It is generally thinner
and discontinuous where it is overlain by the Moose
Lake member. Sand and gravel of the Mahtowa
member is as thick as 80 feet (24 meters) at the head
of the outwash plain at Cloquet (see Knaeble and
Hobbs, 2009b for map view, and 2009a for cross
sections and moraine terminology). Diamicton of the
Moose Lake member makes up most of the thickness
of the Nickerson moraine and adjacent parts of the
Thomson moraine, which stand about 100 feet (30
meters) above the adjacent channels and lake plain.
The northeastern part of the Thomson moraine is
about equally as high, but is composed mostly of
Moose Lake member sand and gravel. Even behind
the moraine, the Moose Lake member is roughly 100
feet (30 meters) thick under the Wrenshall member

DIFFERENTIATION FROM OTHER UNITS
Diamicton of the Barnum Formation is richer
in silt and clay than diamicton of the Cromwell
Formation, and contains fewer coarse-grained
fragments. The more clayey parts of the Barnum
Formation are a redder shade of reddish-brown
(2.5YR) than typical of the Cromwell Formation
(5YR).
Diamicton of the Moose Lake member is
lithologically similar to the Alborn Member of the
Aitkin Formation, but they occupy distinct and nonoverlapping areas.
Age
The Barnum Formation was deposited during the
last part of the Wisconsinan glaciation. Radiocarbon
dates associated with the formation are not abundant,
nor are they consistent with one another. Deposition
probably began several thousand years after the St.
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the latter may correlate with the Knife River member
and the former with the Moose Lake member. The
Barnum Formation was deposited during roughly
the same time as the Aitkin Formation (sediment
of the St. Louis sublobe and glacial Lakes Aitkin
and Upham), Blackduck Formation (deposits of the
Koochiching lobe and glacial Lake Koochiching), and
Boundary Waters Formation (deposits of the Rainy
lobe at and behind the Vermilion moraine). This
author formerly correlated the Knife River member
with the Marquette advance of the Superior lobe
(Knaeble and Hobbs, 2009a). According to Clayton
(1984), the Marquette advance at about 10,000 14C yr
BP correlates to the Douglas Member of the Miller
Creek Formation. However, this author now believes
that the Knife River member likely correlates with
an earlier advance, the Eagle-Finlayson/Steep Rock
moraine in Ontario with a calibrated age of 10,400
yr BP (Lowell and others, 2009).
GENESIS

Figure 2.4. Distribution of Barnum Formation
diamicton in Minnesota. Sand and gravel of the
Barnum Formation extends beyond the boundary
in places.

The Barnum Formation is considered to be till
interbedded with glaciolacustrine sediments.

Croix moraine was deglaciated at about 16,000 14C
yr BP (about 19,000 cal yr BP), and ended before
10,000 14C yr BP (about 11,500 cal yr BP; Hobbs and
Breckenridge, 2011). The most recent summary of
Minnesota glacial history suggested that the advance
of the Superior lobe occurred during the Split Rock
phase around 12,000 14C yr BP (about 14,000 cal yr
BP; Jennings and others, 2013).
Correlation
The Barnum Formation probably correlates
lithostratigraphically with the Miller Creek Formation
of Wisconsin (Clayton, 2011). Both are chiefly
glaciogenic sediments at the top of the Superior
lobe stratigraphic section that are more clayey and
less sandy than the underlying formation. However,
significant discrepancies exist at the member level,
and the correlation is not certain. Both members
of the Miller Creek Formation, the Hanson Creek
Member (Need and Clayton, 2011b) and the Douglas
Member (Need and Clayton, 2011a), have textures
that are comparable to the Knife River member of
the Barnum Formation. However, diamicton of the
Hanson Creek Member is slightly siltier and browner
than diamicton of the overlying Douglas Member, so
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Chapter 3
BigFork Formation (new)
Gary N. Meyer

NAME AND RANK

NOMENCLATURAL HISTORY

I hereby formally name the Bigfork Formation
as a lithostratigraphic unit of formation rank. The
formation is named after the town of Bigfork, Itasca
County, Minnesota (U.S. Geological Survey Bigfork
and Effie quadrangles, 7.5-minute series, 1970,
1971).

The diamicton of the unit was first informally
named the "Bigfork till" by Meyer (1997).
TYPE SECTION
The type section is a continuous rotary-sonic
core: OB-301 (Martin and others, 1989; Meyer, 1997),
Minnesota Geological Survey unique number 255998,
in Itasca County, Minnesota (T. 61 N., R. 26 W.,
sec. 25, CDCCCC ; U.S. Geological Survey Coon
Lake quadrangle, 7.5-minute series, 1970; Fig. 3.2),
approximately 2 miles (3 kilometers) east of Bigfork.
At a depth of 47 feet (14.5 meters), olive-gray (5Y 5/2),
slightly calcareous, sandy loam-textured diamicton of
Rainy provenance (interpreted to be late Wisconsinan)
overlies a 3-foot (1-meter) interval where it is mixed
with dark gray (5Y 4/1), loam diamicton of the
underlying Bigfork Formation. The top of the Bigfork
Formation at 50 feet (15 meters) consists of very dark
gray (5Y 3/1), calcareous, dense, loam diamicton. The
diamicton is dark gray (5Y 4/1) from 56 to 61 feet
(17 to 18.5 meters). Precambrian clasts dominate the
very coarse-grained (1-2 millimeter) sand fraction,
with Paleozoic carbonate averaging 10 percent, and

Lithologic description
The Bigfork Formation includes diamicton and
sorted sediment. The diamicton facies commonly has
a clay loam texture, but is coarser-grained in places
(Fig. 3.1). Its most common moist color in Lake of the
Woods County is grayish-brown (2.5Y 5/2, 4/2; 10YR
6/2, 5/2, 4/2). Its unoxidized color is generally dark
gray to very dark gray (5Y 4/1-3/1), but in one section
it is gray (2.5Y 6/1). Paleozoic carbonate commonly
composes a low to moderate proportion of the very
coarse-grained sand fraction, generally between 5
and 20 percent. Cretaceous grains range from 0 to
8 percent, and average 2 percent. The Precambrian
portion of the 1-2 millimeter sand fraction is high in
quartz, averaging 37 percent (Meyer, 1997).
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Figure 3.1. Matrix texture of the Wirt and
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Bigfork Formation
Type section (ESRI)
1:24,000

Figure 3.2. Location of the type
section for the Bigfork Formation
in Minnesota: core hole OB-301
(U.S. Geological Survey Coon
Lake quadrangle, 7.5-minute
series, 1970).

Cretaceous grains about 4 percent, with about half
being speckled shale. At 64 feet (19.5 meters) the
diamicton grades to olive-gray (5Y 4/2), moderately
calcareous to calcareous, loam diamicton of the
Shooks Formation. Core OB-301 is stored at the
Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.

quartz grains range from 41 percent in a sample of
the oxidized diamicton, to 15 percent in a sample
from the unoxidized zone. The unoxidized diamicton
is clay loam-textured and has 8 percent Cretaceous
grains, compared to 0 percent for the oxidized
sample. A cobble at 171.5 feet (52.3 meters) marks
the contact with underlying gray to olive-gray (7.5Y
5/1-2), calcareous, loam diamicton of the Shooks
Formation. Core KR-73 is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.
Reference section B is a continuous rotarysonic core: OB-518 (Martin and others, 1991; Meyer,
1997), Minnesota Geological Survey unique number
256847, in Lake of the Woods County, Minnesota (T.
159 N., R. 35 W., sec. 22, ADBBCA; U.S. Geological
Survey Winter Road Lake SW quadrangle, 7.5-minute
series, 1984; Fig. 3.4), approximately 15.5 miles (25
kilometers) south of the town of Roosevelt, and about
89.5 miles (144 kilometers) northwest of Bigfork.
In the core at a depth of 229.5 feet (70 meters),
very dark gray (2.5Y 3/1), clay loam diamicton of
the Eagle Bend Formation overlies very dark gray
clay thinly laminated with very fine-grained sandy
silt. An abrupt contact at 235.5 feet (71.8 meters)
marks the top of the Bigfork Formation, a gray (2.5Y
5/1), calcareous, dense, clay loam diamicton. The
color changes to dark grayish-brown (10YR 4/2) by
236.5 feet (72 meters; top is possibly gleyed). Light
Precambrian, quartz, and weathered Precambrian
clasts are dominant in the very coarse-grained sand
fraction, with only 17 percent Paleozoic carbonate
and 1 percent Cretaceous grains. The diamicton is

Reference sectionS
Reference section A is a continuous rotary-sonic
core: KR-73 (Meyer, 1997), Minnesota Geological
Survey unique number 247438, in Beltrami County,
Minnesota (T. 151 N., R. 30 W., sec. 27, DDDABC;
U.S. Geological Survey Funkley quadrangle, 7.5minute series, 1971; Fig. 3.3), approximately 1 mile
(1.6 kilometers) southwest of the town of Shooks, and
about 38 miles (61 kilometers) northwest of Bigfork.
In the core at a depth of 165.5 feet (50.5 meters), a
1-foot (30-centimeter) bed of gray (5Y 5/1), clayey
diamicton with abundant carbonate pebbles overlies
light olive-brown to olive-brown (2.5Y 5/4 to 4/4),
calcareous, very dense, loam to sandy clay loamtextured diamicton of the Bigfork Formation. The thin
overlying diamicton is interpreted to be a remnant of
the Eagle Bend Formation. The diamicton is lighter
colored (5Y 6/1-2) below 165 feet (50.3 meters). The
contact with the Bigfork Formation is marked by
a small carbonate cobble. The top of the Bigfork
Formation diamicton exhibits many gray mottles; the
diamicton grades to very dark gray (5Y 3/1) by 169
feet (51.5 meters). Light-colored Precambrian clasts
dominate the very coarse-grained sand fraction, but
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Figure 3.3. Location of reference
section A for the Bigfork and Wirt
Formations and type section for
the Shooks Formation: core hole
KR-73 (U.S. Geological Survey
Funkley quadrangle, 7.5-minute
series, 1971).

Bigfork Formation
Reference section A
1:24,000

Figure 3.4. Location of reference
section B for the Bigfork
Formation in Minnesota: core
hole OB-518 (U.S. Geological
Survey Winter Road Lake SW
quadrangle, 7.5-minute series,
1984).

Bigfork Formation
Reference section B
1:24,000

mixed with saprolite below 248 feet (75.6 meters),
grading to Precambrian saprolith by 251.5 feet (76.7
meters). Core OB-518 is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.

Formation is buried by younger sediment. The
formation overlies the slightly oxidized to unoxidized
Shooks Formation at three sites, the oxidized Wirt
Formation at one site, and Precambrian saprolith at
three sites (Meyer, 1997).

DESCRIPTION OF BOUNDARIES

Dimensions, shape, and geographic
distribution

The oxidized, unleached Bigfork Formation is
overlain at three sites by unoxidized Eagle Bend
Formation material. At the other four sites where
recognized in north-central Minnesota, the Bigfork

The Bigfork Formation as defined herein is
present in the subsurface of north-central Minnesota
(Fig. 3.5). The formation has been recognized at one
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clasts. Diamicton of the somewhat similar Wirt
Formation is generally more sandy-textured (Fig.
3.1), contains on average more Cretaceous clasts,
and has less quartz and saprolith-derived material
(Meyer, 1997).
Age
Uranium/thorium disequilibrium dat in g
indicated that the overlying Browerville Formation
is pre-Illinoian in age (Knaeble and Meyer, 2007b).
Correlation
The dark gray, low carbonate, clayey "basal till"
of Winter and others (1973) exposed in a number of
pits along the Mesabi Iron Range likely correlates
lithostratigraphically, at least in part, with the Bigfork
Formation. Its approximate correlation with other
units in Minnesota is shown in Figure 11.
GENESIS

Figure 3.5. Distribution of the Bigfork Formation
within Minnesota.

Sediment of the Bigfork Formation has a Winnipeg
provenance. It was deposited by glacial ice (and its
meltwater) that moved into Minnesota from the
north–northwest and flowed south and southeast
across the state.

site each in northern Itasca and eastern Beltrami
Counties, and at five sites in southwestern Lake of
the Woods County (Meyer, 1997). Diamicton of the
Bigfork Formation at the seven sites ranges from 6 to
23.5 feet (2 to 7 meters) thick, with an average of 14
feet (4.5 meters). The formation is likely absent to the
east and north of these sites, but it is likely present, at
least in patches, to the west and south. Diamicton of
the Bigfork Formation is present between diamictons
of the Eagle Bend and Shooks Formations in core
OB-402, taken from a site in eastern Crow Wing
County in central Minnesota (Fig. 3.5; Martin and
others, 1989).
DIFFERENTIATION FROM OTHER UNITS
The Bigfork Formation generally contains a higher
proportion of quartz and Cretaceous clasts than units
of northeast provenance, and its diamicton is more
clayey-textured. The Bigfork Formation generally has
fewer Cretaceous shale grains and a higher proportion
of quartz and saprolite clasts than late Wisconsinan
sediment of northwest provenance. The formation has
a lower percentage of Paleozoic carbonate in the very
coarse-grained sand fraction than the Browerville,
Funkley, and Eagle Bend Formations, and on average
contains a higher proportion of saprolite and quartz
clasts, and a lower proportion of dark Precambrian
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Chapter 4
Blackduck Formation (new)
Carrie E. Jennings and Angela S. Gowan

Name and Rank

diamicton (only present in the western portion of this
area) has lower shale percentages (Martin and others,
1991): 40 percent sand, 38 percent silt, and 22 percent
clay; 48 percent crystalline, 48 percent carbonate, and
4 percent shale (n=6; Lusardi, unpub. data).

We hereby formally name the Blackduck
Formation as a lithostratigraphic unit of formation
rank to include the till and associated glaciogenic
sediment of the Koochiching lobe northwest of the
Mesabi Iron Range. The name is new and comes
from the town of Blackduck in northwest Itasca
County, Minnesota. This formation includes all late
Wisconsinan age, Keewatin and Winnipeg provenance
glaciogenic sediment buried and at the surface in
north-central Minnesota.

NOMENCLATURAL HISTORY
Matsch (1972) carried out reconnaissance mapping
in northern Koochiching County and informally
named the surface lake sediment the "Little Fork
formation" and the underlying clayey till the "Indus
formation" (see Appendix for discussion on these
abandoned terms). The brown silty till of Winter
(1971) and Winter and others, 1973) was interpreted
to be a deposit of the Koochiching lobe as reported by
G. Meyer (Martin and others, 1989) when working in
the Effie area and consulting the work of Steinmaus
(1983). The sediment in the Blackduck Formation
was later referred to as "Koochiching lobe drift" by
Martin and others (1991; Fig. 3). Meyer logged drill
core taken by the Minnesota Department of Natural
Resources during three mineral exploration projects
in northern Minnesota (Martin and others, 1988,
1989, 1991). This sediment was also mapped by the
Minnesota Geological Survey in parts of Koochiching,
Itasca, and Beltrami Counties (Meyer, 1993; Meyer
and others, 2005) and along the Mesabi Iron Range
(Jennings and Reynolds, 2005).

Lithologic description
The Blackduck Formation includes at least three
loamy to silty calcareous diamictons, with a clast
assemblage dominated by Paleozoic limestone,
dolostone, chert, and varying amounts of Cretaceous
Pierre Shale. It also includes intervening and
overlying fine-grained sediment attributed to glacial
Lake Koochiching (Fig. 13). There are also diamictons
interpreted to be debris flows intercalated with the
fine-grained lake sediment. The diamictons within
this formation appear to differ in the amount of
material derived from bedrock from a more western
source (Riding Mountain provenance) as opposed to
bedrock east of the Manitoba escarpment (Winnipeg
provenance; Fig. 5; Table 2). The first and third
advances of ice across Lake of the Woods County
are thought to have created striations S. 60°-70°
E., whereas the second advance created striations
oriented due east (Martin and others, 1991). The
lowermost diamicton has an average texture of 43
percent sand, 35 percent silt, and 22 percent clay;
and very coarse-grained sand lithology of 80 percent
crystalline, 17 percent carbonate, and 3 percent shale
(n=44). Increasing quartz and pisoliths in the very
coarse-grained sand fraction from the upper to the
lower diamictons indicates more local incorporation
of underlying Rainy provenance sediment in the
lower diamicton (Martin and others, 1991). The
second diamicton has common to abundant shale. It
has an average texture of 26 percent sand, 37 percent
silt, and 37 percent clay; and very coarse-grained
sand lithology of 55 percent crystalline, 35 percent
carbonate, and 10 percent shale (n=60). The upper

TYPE SECTION
The type section is a rotary-sonic core taken
from borehole OB-507, Minnesota Geological Survey
unique number 256837, in the Baudette, Minnesota
area (T. 160 N., R. 32 W., sec. 5, DDD; U.S. Geological
Survey Graceton quadrangle, 7.5-minute series,
1968; elevation 1,157 feet [353 meters]; Fig. 4.1).
The description of this section appeared in Martin
and others (1991; Table 4.1). The upper 150 feet (46
meters) is Blackduck Formation and includes three
diamicton layers, two intervening silt and clay
layers, and a surface unit with fine-grained sand
and silt. Therefore, this core represents many of the
different facies found in the Blackduck Formation. A
descriptive log is presented herein (Table 4.1).
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Blackduck Formation
Type section (ESRI))
1:24,000

Figure 4.1. Location of the type
section for the Blackduck Formation
in Minnesota (U.S. Geological
Survey Graceton quadrangle, 7.5minute series, 1968).

Reference section

west side of Upper and Lower Red Lakes, east to the
Koochiching County boundary, and south to a line
drawn along the trend of the Mesabi Iron Range. As
such, it includes all or part of Koochiching, Lake of
the Woods, Beltrami, and Itasca Counties of northcentral Minnesota. It includes a tongue of calcareous
lake sediment from glacial Lake Koochiching that
extends southeast into Itasca County, behind the
Vermilion moraine.

The reference section is a rotary-sonic core
taken from borehole OB-104, Minnesota Geological
Survey unique number 256873, in the Littlefork
area of Koochiching County, Minnesota (Martin
and others, 1988; T. 68 N., R. 26 W., sec. 16, SW, SW,
U.S. Geological Survey Littlefork NW quadrangle,
7.5-minute series, 1970, elevation 1,148 feet [350
meters]; Fig. 4.2). Beneath a thin organic cover, to
a depth of 81 feet (25 meters), clayey diamicton of
the Blackduck Formation is intercalated with clay,
silt, and sand of presumed lacustrine origin; both
the diamicton and sorted sediment are included in
the formation. The Blackduck Formation sediment
overlies 9 feet (3 meters) of Rainy-provenance sand
above bedrock. A copy of the original descriptive
log is included here (Table 4.2).

DIFFERENTIATION FROM OTHER UNITS
The Blackduck Formation is differentiated from
the underlying Independence Formation by its finer
grain size and abundant clasts from the northwest.
The Blackduck Formation is most similar to the Riding
Mountain- and Winnipeg-provenance diamictons of
the Goose River, New Ulm, and Aitkin Formations,
but is differentiated from them by the definition of
its geographic extent.

DESCRIPTION OF BOUNDARIES
The Blackduck Formation is at the surface in
much of Lake of the Woods, Beltrami, Itasca, and
Koochiching Counties or is buried by modern lake
sediment and organic sediment. It overlies and in some
places may incorporate sandy, crystalline-dominated
glaciogenic sediment of Rainy provenance.

Age
The Blackduck Formation is younger than the
late Wisconsinan Independence Formation. The
Blackduck Formation was likely deposited between
13,000 and 14,000 14C yr BP (about 16,000 and 17,000
cal yr BP) as constrained by the following dates. The
initial advance of the St. Louis sublobe into eastcentral Minnesota has been called the Alborn phase
(Wright and Ruhe, 1965) and its age is constrained
by wood found above St. Louis-sublobe till that has
a radiocarbon age of 11,710 ± 325 14C yr BP (13,732
± 432 cal yr BP). This may be a minimum age of

Dimensions, shape, and geographic
distribution
This unit is defined as occurring south of the
international border with Canada in order to restrict
its usage to Minnesota (Fig. 4.3). It extends to the
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Table 4.1. Log of rotary-sonic core OB-507, taken in the Baudette area, which serves as the type section for this
formation. The description of this section originally appeared in Martin and others (1991). The upper 150 feet
(46 meters) are Blackduck Formation sediment and include three diamicton layers, two intervening silt and
clay layers, and a surface unit with fine-grained sand and silt.
Depth
0-3.5'
3.5-6'
6-32'

32-85'
85-92'
92-101.5'
101.5-134'
134-136'
136-140.5'
140.5-148'
148-155'
155-164'
164-168.5'
168.5-178.5'
178.5-183'
183-189'
189-192'
192-197'
197-204'
204-207'
207-215'
215-218'
218-227'
227-234'
234-237'
237-239'
239-243'

Description
Very fine- to fine-grained sand; oxidized; well sorted, few coarser grains.
Clay and silt; oxidized; leached to 5.5'; well developed lamination; mostly silt with few sand grains below 5'.
Very fine-grained sand; oxidized; very well sorted, silty and coarse grains in places; bed of silty clay with sand grains at 9',
very fine- to fine-grained sand below; large carbonate pebbles at 10.5', fine-grained sand with few small pebbles below to
11'; unoxidized below 11'; clayey till over clay bed at 11' over bed of very fine-grained sandy silt with silt lamination; clayey
till lamination at 12'; 13-14' clayey till with carbonate and shale pebbles, silt beds at 13.5'; laminated silt bed at 15' over
very well sorted fine-grained sand with beds of very fine-grained sand; at 21' silty very fine-grained sand grading to silt at
22', calcareous, with clay lamination, some sand; very fine-grained sand below 23', clayey till bed at 25'; thinly laminated
silt beds at 27.5', 28.5', fine-grained sand below 29.5'.
Loam till; unoxidized; firm; calcareous; abundant carbonate, very rare shale; abrupt upper contact; darker gray and
compact below 36'; mostly small and medium pebbles, little more large pebbles with depth; gradational lower contact,
clayey in last couple feet, interbedded with clay at base.
Silt and clay; unoxidized; clay to silty clay interbedded with clayey till in upper foot, silt laminated with clay below; few
small pebbles; interbedded with till below 90'.
Clay loam till; unoxidized; mud flow deposits; soft, pebbly silt 92.5-93.5'; mostly pebbly silt below 94.5', laminated with clay
at about 97.5'; mostly clayey till below 98.5'; silt bed at 99'.
Clay loam till; unoxidized; firm; massive; common carbonate and shale; mostly only small pebbles; more silty with depth;
grades to laminated silt and clay at 119', back to clayey till by 119.5'; sandy zone at 131'; dark gray in last 0.5'.
Silt and clay; unoxidized; laminated; small pebbles in upper part, sandy bed at base.
Loam till; unoxidized; firm, calcareous; small cobbles near top; interbedded with sand below 138.5'; very fine-grained sand
139.5-140'.
Silt, unoxidized; calcareous; some very fine-grained sandy silt above 142'; massive with rare dropstones; 147-148'
greenish-gray silt, gray silty clay, and dark gray clay, well laminated, slightly to moderately calcareous, abrupt upper
contact.
Sandy loam till; unoxidized; firm to loose; slightly to moderately calcareous; rare carbonate; cobbles and large pebbles at
top, cobbles at 152.5'.
Clay loam till; unoxidized; firm; calcareous; uncommon carbonate; not many pebbles; crudely stratified in places with silt;
only moderately calcareous, more sand in places; greenish-gray below 156'; much interbedded silt below 162'; believe till
mixed with saprolite and/or lake sediment.
Silt; unoxidized; very pebbly below 165'; moderately calcareous sandy loam till 166-167'; very pebbly towards base.
Sandy loam till; oxidized; pale brown; firm; slightly calcareous; 168.5-170' boulder; disturbed core below 175', probably
boulder or cobbles 177-178.5'.
No core.
Sandy loam till; oxidized; as above; uncommon carbonate; gray slightly calcareous silt bed at 188', till light brown below.
Boulder
Medium- to coarse-grained sand; unoxidized; moderately sorted, intermittent pebbles; rare carbonate; coarse- to very
coarse-grained below 194'; cobbles at or near base.
Loamy sand till; unoxidized; slightly calcareous; mostly pebbly sand in upper foot; 200-201' silty pebbly coarse-grained
sand, moderately sorted, could be slough; 202-203' compact, slightly calcareous to calcareous silt to very silty till with
small carbonate pebbles; 203-204' boulder.
Gravelly sand; silty, cobbly, coarse-grained; moderately to poorly sorted; rare carbonate; grades to till below.
Loamy sand till; unoxidized; loose, slightly calcareous; firm sandy loam till below 211', moderately calcareous; rare
carbonate; below 212' compact and moderately calcareous to calcareous.
Very fine-grained sand; unoxidized; very silty; coarsens downwards.
Medium- to very coarse-grained sand; unoxidized; silty medium-grained sand and coarsening downwards to silty coarsegrained sand below 220.5'; pebbly and silty layers; well sorted very coarse-grained sand below 221.5'; cobbles below
225.5', with large cobbles at base.
Sandy loam till; unoxidized; compact; moderately calcareous; cobbles from 228.5-230'; large pebbles fairly common;
uncommon carbonate; sandy clay loam till in lower part.
Silt and clay; unoxidized; greenish-gray silt, dark gray clay; interbedded; moderately calcareous; abrupt upper contact;
clay light brown below 236', also non-calcareous to very slightly calcareous; gradational lower contact.
Gravelly sand; medium-grained sand, silty, moderately sorted; some large pebbles.
Saprolite; kaolinitic; grayish-olive-green. Preserved rock texture of white specs (1-2 millimeters) in darker clay minerals
with banding from 240-243'. Bands are horizontal, much lighter in color (very light gray), range in thickness from 0.2-3
centimeters, completely weathered to clay minerals. Moderately calcareous, but slightly calcareous in the lighter colored
bands.
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Figure 4.2. Location of the
reference section for the
Blackduck Formation in
Minnesota (U.S. Geological
Survey Littlefork NW
quadrangle, 7.5-minute series,
1970).

Blackduck Formation
Reference section (LMIC)
1:24,000

the earliest layer in the Blackduck Formation. A
subsequent advance of the Red River lobe to the
Edinburg moraine (Fig. 13) is well dated at 10,960
± 300 14C yr BP (12,869 ± 318 cal yr BP) by wood on
the till. This moraine, in turn, has been interpreted
to be the minimum age for the Whitemouth Lake
Formation in Canada (Teller and Fenton, 1980), which
we correlate to the upper diamicton of the Blackduck
Formation. Thus the upper part of the Blackduck
Formation is older than about 13,000 years.
CORRELATION
As stated above, the upper diamicton likely
lithostratigraphically correlates to a diamicton within
the Whitemouth Lake Formation in Canada (Teller
and Fenton, 1980). Within Minnesota, this upper
diamicton likely correlates with the "Falconer till"
of Arndt (1977). The lower two diamicton layers of
the Blackduck Formation most likely correlate to the
upper (37 percent sand, 40 percent silt, 23 percent
clay; 58 percent crystalline, 29 percent carbonate,
13 percent shale) and lower (33 percent sand, 45
percent silt, 22 percent clay; 57 percent crystalline,
40 percent carbonate, 3 percent shale) Red Lake Falls
Formation (Thorleifson and others, 2005), both of
which are correlated to the Roseau Formation of
Canada, a loamy, stony, calcareous Keewatin till (33
percent sand, 44 percent silt, and 23 percent clay)
with a highly variable carbonate content and a fabric
that indicates ice advanced from the northwest at
21,000 14C yr BP (about 25,000 cal yr BP; Teller and
Fenton, 1980).

Figure 4.3. Distribution of the Blackduck Formation
within Minnesota.
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Table 4.2. Log of rotary-sonic core OB-104, reference section for the Blackduck Formation (modified from
Martin and others, 1988, p. 19). Located in T. 68 N., R. 26 W., sec. 16, SW, SW, surface elevation 1,148 ± 5
feet.
Depth

Geologic description, texture, and Munsell color
Thin organics on surface.

St. Louis sublobe
0-25.5'

Clayey till; leached to about 1' where slightly calcareous with visible dolograins; more pebbles and more
crystalline pebbles than clayey tills farther east; shale pebble 5'; mottled with light gray bands from 3',
calcareous by 3'; shale fairly common; large carbonate. Pebbles at 13'; few other large pebbles below; shale
uncommon but present; gneissic cobble at 22', then seems slightly coarser-grained below to 23', then clayey;
lake clay at about 24.5-24.8' then clayey till to 25.5'. Clay to clay loam. 5Y 4/3, 2.5Y 5/2 by 1', 5/2-4/2 by 6',
2.5Y 4/1 by 14.5'.
25.5-30'
Lake clay, shiny "pure" clay; calcareous; few silt laminae but mostly shiny sticky clay, no grains; maybe little
more silt by 29'. Clay. 5Y 4/1, 2.5Y 4/1 by 29'.
30-30.5'
Clayey till—apparently as till above, calcareous; abrupt upper and lower contacts. Clay. 5Y 4/1, 2.5Y 4/1.
30.5-34'
Clayey silt, then few inches of pebbly clay which could be till, then silt at 31'; little very fine-grained silty sand
below pebbly clay; coarsens downward to very fine-grained sandy silt. Silt loam. 2.5Y 5/1, 5Y 5/1 by 31.5'.
34-55'
Very clayey till, fairly abrupt upper contact, maybe an inch or so; calcareous; seems more clayey, less pebbly
than till above; little sand inclusion at 39.5'; noted couple shale pebbles; pebble content seems to pick up a
little from 45.5'; at 47.5-48.5' several beds or lenses of sand and pebble-rich till; could be flow till; couple shale
pebbles noted at base. Clay. 2.5Y 4/1 (close to 5Y).
55-56'
Medium-grained sand, abrupt upper contact; silty with shale pebbles; gray. Loamy sand.
56-60'
Very clayey till—some pebbles, not a lot of sand; blocky; moderately calcareous to calcareous. Clay. 5Y 4/1.
60-60.8'
Very dark gray medium- to coarse-grained shale-rich sand, some layers are mostly shale; some small shale
pebbles; interbedded with clay in last few inches; coarse-grained sand is mainly shale. Sand. 5Y 3/1.
60.8-67'
Very clayey till, calcareous, apparently as above; medium-grained sand lens at 62', pebbly zone at 63.7' with
carbonate; sand parting at 64.3', couple large pebbles below; sand parting at 64.7'; shale seems fairly common.
Clay. 5Y 4/1.
67-69'
Coarse-grained sandy pebbly clayey till; much carbonate, some shale pebbles, possibly from sand unit below.
Loam to sandy clay loam. 5Y 4/1.
69-69.5'
Fine- to medium-grained sand—dirty. Sand. Gray.
69.5-71.5' Clayey till as above 67', some shale, calcareous. Clay. 5Y 4/1.
71.5-73.5' Gravelly till as 67-69'; much carbonate and shale pebbles; few inches of gravel-free clay at 73'. Sandy clay
loam to clay loam. 5Y 4/1.
73.5-75'
Loamy coarse-grained sand and fine-grained gravel, pebble lithology as above; little clayey "till" at 74.2'. Loamy
sand.
75-77.5'
Coarse-grained gravelly sandy loamy till, pebble lithology as above; could be layered toward top. Sandy loam.
5Y 4/1-3/1.
77.5-81'
Lake clay, calcareous, a few grains; lighter colored than above till; large pebbles at 79.5', another at 80' but very
few other grains; silty in last 1' or so. Silty clay to silt loam. 5Y 4/1.
Rainy lobe
81-89'
89'

Gray silty fine- to medium-grained sand; contains large pebbles at 81.5'; probably Rainy till, slightly calcareous;
cobble at 82'; pebbles fairly common, but no cobbles to about 88'; cobbly and pebbly in last 1' or so, mainly
granitics and dark metamorphics. Loamy sand.
Bedrock

GENESIS

source, and therefore it was likely fed by an ice
catchment area east of the Manitoba escarpment
(east of Lake Winnipeg). The middle advance, with
a westerly source area and bearing more shale in the
very coarse-grained sand fraction, drew material and
ice from a catchment area in Saskatchewan, west of
the same escarpment. The final advance returned
to a northwesterly ice catchment area. All of the ice

The diamicton of the Blackduck Formation is
interpreted to be till. Based on the provenance of the
clasts and matrix texture, the till was deposited by ice
advances from at least two different directions: due
west and northwest. The initial, low-shale advance is
associated with striations indicating a northwesterly
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advanced into a low-relief area with preexisting and
prominent moraines lying to the south. This did not
allow free drainage of meltwater and created the
conditions for the repeated formation of proglacial
lakes, which eventually became part of glacial Lake
Koochiching (Fig. 13). Dropstones indicate the former
presence of icebergs, and debris flows are interpreted
to have issued directly from the ice (Martin and
others, 1988; Bajc, 1991). Glacial Lake Koochiching
eventually coalesced with glacial Lake Agassiz when
the latter was at the Herman level (Hobbs, 1983).
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Chapter 5
Boundary Waters Formation (new)
Carrie E. Jennings and Angela S. Gowan

Name and Rank

by water and wind (Winter, 1971; Björck, 1990;
Jennings and Reynolds, 2005).

We hereby formally name the Boundary Waters
Formation as a lithostratigraphic unit of formation
rank to include all glaciogenic sediment in the Border
Lakes area (Wright, 1972a) of northeastern Minnesota.
The name is new and comes from the Boundary
Waters Canoe Area Wilderness, a wilderness area
within the Superior National Forest of northeastern
Minnesota. The name "Boundary Waters Formation"
was initially suggested by Charles M. Matsch (unpub.
data, 2011).

NOMENCLATURAL HISTORY
Much of the history described in this section
is taken from the thesis of Lehr (2000), but is also
based on recent mapping efforts by the Minnesota
Geological Survey slightly south of the region where
the formation occurs. Winchell (1901) mapped
northern St. Louis County and described lake
sediment in the area. Sharp (1953) interpreted all
the "brown sandy till" in Cook County to have been
deposited by the Rainy lobe, and we include this
sediment in the Boundary Waters Formation. Wright
(1956) described this region in a guidebook and in a
later publication (Wright and Ruhe, 1965) wherein he
discussed the concept of phases. Cotter and Rogers
(1964), Winter (1971), and Winter and others (1973)
described three tills along the Mesabi and Vermilion
Iron Ranges: a basal till, a bouldery till, and an upper
silty or clayey till, and extended the "bouldery till"
north as a thinner unit (25 feet [8 meters] or less).
The "bouldery till" in this sequence is most like
the Boundary Waters Formation as defined herein.
Stark (1977), Friedman (1981), and Fenelon (1986)
also focused on the glacial history of the Vermilion
moraine area, and Hobbs (Hobbs and others, 1988)
synthesized and refined these thesis mapping projects.
Lehr (2000) mapped in the area around Embarrass,
Minnesota, including the Vermilion moraine, and
described the bouldery till as a compact gravelly
diamicton that he interpreted to be a till of subglacial
origin and noted that the area behind the Vermilion
moraine is characterized by a thin cover of glacial
drift with numerous bedrock outcrops. Jennings and
Reynolds (2005) described silty, sandy diamicton
and fine-grained sorted sediment in the Mesabi
Iron Range, which is now included in the Boundary
Waters Formation.
Björck (1990) cored lakes for climate studies in the
area where we now recognize the Boundary Waters
Formation. He was interested in how the climate in
the area exposed by the retreat of the Rainy lobe was
affected by the subsequent advances of the Superior
lobe and St. Louis sublobe. He described the area

Lithologic description
The deposits of this formation are diamicton and
fine-grained, sorted sediment associated with the
Rainy lobe, which include deposits in the Vermilion
moraine and north to the Canadian border (Hobbs
and Goebel, 1982; Lehr, 2000). The formation is highly
variable in texture, lithology, and thickness (Fig. 5.1;
Table 5.1). The definition is based on this variability,
which is a result of the glaciogenic material being
locally derived and forming a discontinuous cover
over the complex igneous and metamorphic terrane
referred to as the Canadian Shield. This terrane varies
from subaqueous volcanic rocks interbedded with
derivative sedimentary rocks and iron formation,
to granite batholiths and the associated greenschist
and amphibolite facies supracrustal rocks that were
folded and metamorphosed during their emplacement
(Goldich, 1972 and Morey, 1980 as reported in Lehr,
2000). The bedrock was likely highly weathered prior
to the onset of glaciation and for the most part has
been stripped of the weathered-rock (saprolith) cover
during repeated Quaternary glaciations (Patterson
and Boerboom, 1999). The diamicton, interpreted to
be till or reworked till, has clasts of local derivation
or a very short mean transport distance and very few
far-traveled clasts (Larson and Mooers, 2004; Larson,
2008). The dominant clast type in the diamicton
can vary from being 90 percent granite-greenstone
assemblage to 90 percent Duluth Complex assemblage
within a mile (Lehr and Hobbs, 1992). The diamicton
is typically sandy and rocky (Lehr and Hobbs, 1992).
The till matrix is variable, but where it is silty and
sandy, it is noncohesive and therefore easily reworked
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Figure 5.1. Location map of Boundary Waters Formation samples from Table 5.1. Pie graphs indicate the
relative percent of light, dark, and red grains in the very coarse-grained sand fraction.
Table 5.1. Very coarse-grained sand lithology of Boundary Waters Formation samples
(Thorleifson and others, 2007). Locations are shown on Figure 5.1. See Hobbs (1998b)
for descriptions of counting categories.

Q12
R11
R12
R13
S10
S11
S12
S13
S14
T10
T11
T11-2
T12
T14
T15
U10
U11

Gravel
(weight
percent)

Sand

Silt

18.2
5.7
29.3
26.6
22.8
3.4
25.0
17.9
37.9
42.5
44.5
41.3
18.5
24.0
23.7
21.2
7.0

66.3
65.9
80.5
79.3
69.6
21.0
73.3
69.5
77.5
78.3
92.6
82.3
64.5
75.5
83.0
40.4
35.2

27.5
32.0
15.2
15.3
24.0
42.8
24.1
23.2
16.1
14.7
1.9
9.1
33.1
23.2
13.1
31.7
31.4

Very coarse-grained sand fraction lithology
(percentage by volume)

Clay
6.1
2.1
4.2
5.5
6.5
36.2
2.7
7.3
6.4
7.0
5.4
8.5
2.5
1.3
3.9
27.9
33.3
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Light
grains

Dark
grains

Red
grains

Metasedimentary/
metavolcanics

Sample

Grain size—less than
2-millimeter fraction
(weight percent)

Mafic
igneous

		
		
		

29.0
60.0
21.0
23.0
70.0
51.0
68.0
9.0
64.0
90.0
94.0
91.0
93.0
69.0
25.0
84.4
97.0

44.0
39.5
44.0
47.0
29.0
48.4
28.0
83.0
23.0
10.0
6.0
9.0
7.0
31.0
71.0
15.0
3.0

28.0
0.4
35.0
31.0
1.0
0.4
4.0
8.0
13.0
0.0
0.0
0.0
0.0
0.0
5.0
0.4
0.0

21.0
0.0
30.0
32.0
0.0
1.0
5.0
80.0
17.0
8.0
1.0
0.0
1.0
6.0
33.0
3.0
0.0

23.0
39.0
13.0
14.0
29.0
47.0
23.0
3.0
6.0
2.0
5.0
9.0
6.0
25.0
37.0
12.0
3.0

north of the Mesabi Iron Range as being dominated
by till-like deposits with a sandy-silty matrix and
local clasts and by sand and silt representing the
deposits of what Winchell (1901) referred to as glacial
Lake Norwood. Björck noted that the elevation
difference between the Giants Range (1,800 feet [550
meters] elevation) and Tower, Minnesota (1,350 feet
[412 meters] elevation) created a location for water
to pond as ice retreated north of the range. Björck
collected data from 40 gravel pits and road sections,
including information on clasts, carbonate content,
grain-size, sorting, paleocurrent directions, and
morphology, but that information is not part of his
published paper.

silt, and 2.5 percent clay. The very coarse-grained
sand lithology has been determined to be 93 percent
light igneous rock fragments and 7 percent dark
igneous rock fragments. The 8 to 16 millimeter gravel
fraction is dominated by 90 percent (by weight)
felsic volcanics, with 4 percent mafic volcanics
and 6 percent dark, fine-grained metasediments or
volcanics.
Reference section
The reference section is located on National Forest
Service Road 315 near Hungry Jack Lake (T. 64 N., R.
1 W., sec. 9; lat 48°02.231'N., long 90°27.194'W.; U.S.
Geological Survey Hungry Jack Lake quadrangle,
7.5-minute series, 1986; Fig. 5.3). This road exposure
was sampled for the same indicator mineral survey
(sample T-15; Thorleifson and others, 2007) as the
type section. Exposed is a rocky diamicton with a
silty, sandy, loose, non-calcareous matrix (83 percent
sand, 13 percent silt, 4 percent clay) that is very dark
grayish-brown (2.5Y 3/2) and contains angular basalt
clasts. Its very coarse-grained sand lithology is 25
percent light igneous rock fragments, 70 percent
dark igneous rock fragments, and 5 percent red
rock fragments. The 8-16 millimeter gravel fraction
is dominated by 90.3 percent dark, fine-grained
metasediments or volcanics, with 8.9 percent felsic
volcanics, 0.4 percent quartz, and 0.4 percent iron
formation.

TYPE SECTION
The type section is a road cut located on Echo
Trail, north of the National Forest Service Hegman
Lake boat access (T. 64 N., R. 12 W., sec. 7; lat
48°02.631'N., long 91°55.495'W.; U.S. Geological
Survey Angleworm Lake quadrangle, 7.5-minute
series, 1986; Fig. 5.2). A swale in this bedrockdominated landscape preserves at least 4 to 5 feet (1.2
to 1.5 meters) of diamicton with a silty, yellowishbrown (10YR 5/6), non-calcareous matrix and a clast
assemblage dominated by pink granitic fragments
and white granules. The type section was sampled
as part of an indicator mineral survey (sample T-12;
Thorleifson and others, 2007), and a portion of the
original sample along with grain-size separates is
housed at the Minnesota Geological Survey. It has
a matrix texture of 64.5 percent sand, 33 percent

Figure 5.2. Location of the
type section for the Boundary
Waters Formation in Minnesota:
indicator mineral sample
T-12 (U.S. Geological Survey
Angleworm Lake quadrangle,
7.5-minute series, 1986).

Boundary Waters Formation
Type section (ESRI)
1:24,000
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Figure 5.3. Location of the
reference section for the
Boundary Waters Formation
in Minnesota: indicator mineral
sample T-15 (U.S. Geological
Survey Hungry Jack Lake
quadrangle, 7.5-minute series,
1986).

Boundary Waters Formation
Reference section (ESRI)
1:24,000

DESCRIPTION OF BOUNDARIES

the west, and it lacks the red color and abundant
Superior-provenance lithologies that characterize
the Cromwell and Barnum Formations that lie to
the east.

The Boundary Waters Formation is thin and
patchy and lies directly on crystalline rock or on
thin saprolith over rock. It may be covered by late
glacial and Holocene silty sandy lake sediment, sandy
eolian deposits, or peat. Thicker diamicton and lake
sediment are present in local bedrock lows.

Age
The Boundary Waters Formation is poorly dated.
Much of the formation is younger than the formation
of the Vermilion moraine (Fig. 13). However, the
patchy character of the Boundary Waters Formation
diamicton and its great variability suggest that tills
older than the Vermilion moraine lying north of
the Vermilion moraine would not be detectable.
Therefore, some of the material assigned to the
Boundary Waters Formation may be much older than
the Vermilion moraine. The most recent summary of
Minnesota glacial history suggested that the advance
of the Rainy lobe to the position of the Vermilion
moraine occurred around 12,000 14C yr BP (about
14,000 cal yr BP; Jennings and others, 2013).

Dimensions, shape, and geographic
distribution
The southern limit of the formation is the distal
(south) side of the Vermilion moraine (Fig. 13), which
is a prominent ridge that is sandy, gravelly, and
weakly calcareous (Björck, 1990; Lehr and Hobbs,
1992). The formation extends west to approximately
the Koochiching County boundary, north to the
international border with Ontario, and east to the
contact with the Cromwell Formation of the Superior
lobe (Fig. 5.4). However, the precise position of
the Boundary Waters Formation contact with the
Cromwell Formation has not been defined. The
Boundary Waters Formation is overlain by a red clayey
diamicton of the Barnum or Cromwell Formations
(Hobbs, unpub. data, 2011).

CORRELATION
Björck (1990) correlated the sandy-silty diamictonbearing clasts of gabbro, basalt, and local bedrock,
which we define as the Boundary Waters Formation,
with the "bouldery till" of Winter (1971) and Winter
and others (1973). The Boundary Waters Formation
has a similar variable texture as "shield till" as
reported by Lehr (2000) and defined by Dredge
and Cowan (1989), and thus it also correlates
with Canadian "shield till." The Boundary Waters
Formation in part correlates lithostratigraphically

DIFFERENTIATION FROM OTHER UNITS
The Boundary Waters Formation is differentiated
from other units primarily based on its geographic
distribution. Although the Boundary Waters
Formation diamicton is highly variable, it is coarsergrained than the Blackduck Formation that lies to
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Figure 5.4. Distribution of the Boundary Waters
Formation within Minnesota.

with the Independence Formation, although much of
the Boundary Waters Formation is likely younger.
GENESIS
The diamicton of the Boundary Waters Formation
was deposited as till by the Rainy lobe.
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Chapter 6
Browerville Formation (new)
Gary N. Meyer and Alan R. Knaeble

NAME AND RANK

brown (2.5Y 3/3). The unoxidized color is generally
dark to very dark gray (10YR to 5Y 4-3/1). Paleozoic
carbonate composes a moderate proportion of the
very coarse-grained sand fraction, between 20 and 40
percent. Cretaceous grains range from 2 to 25 percent,
but generally are 5 to 10 percent. Cretaceous shale
content is commonly 0 to 5 percent. The Precambrian
portion of the 1-2 millimeter sand fraction contains
low to moderate amounts of dark grains, generally
between 10 and 20 percent, and averages only about
1 percent red felsite and sandstone.

We hereby formally name the Browerville
Formation as a lithostratigraphic unit of formation
rank. The formation is named after the town of
Browerville, Todd County, Minnesota (U.S. Geological
Survey Browerville quadrangle, 7.5-minute series,
1966).
Lithologic description
The Browerville Formation includes diamicton
and sorted sediment. The diamicton facies commonly
has a loam or clay loam texture, with sand content
generally ranging from 30 to 50 percent (Fig. 6.1).
The oxidized moist color has been observed to be
light yellowish-brown (10YR 6/4), light olive-brown
(2.5Y 5/4), olive-brown (2.5Y 4/6), and dark olive-

NOMENCLATURAL HISTORY
Diamicton of the Browerville Formation was first
recognized at the base of a gravel pit exposure about
1 mile (1.6 kilometers) southeast of Browerville (Fig.
6.2), and was first informally named the "Browerville
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Figure 6.1. Matrix texture of individual
samples of diamicton of the Browerville
Formation in Mower County, shown by
symbol. The solid line encloses the range of
values for Browerville Formation diamicton
in north-central Minnesota (Meyer, 1997),
and the dashed line encloses the range of
values for Browerville Formation diamicton
in central Minnesota (Meyer, 1986, 2000;
Meyer and Knaeble, 1996).
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Figure 6.2. Location of the
type section for the Browerville
Formation, the "Transfer Station
exposure," south of Browerville,
Minnesota (U.S. Geological Survey
Browerville and Browerville SW
quadrangles, 7.5-minute series,
1966). The location of the pit
where the unit was first recognized
is also shown, southeast of
Browerville (circle).

Browerville Formation
Type section (ESRI)
1:40,000

Reference sectionS

till" by Meyer (1986). Goldstein (1998) used the term
"Browerville Till" for discussing the diamicton in an
article on the Wadena drumlin region. The informal
"Browerville formation" was defined by Meyer and
Knaeble (1998) to include till and associated sorted
sediment and paleosols.

Reference section A is a continuous rotary-sonic
core: OTT-2 (Harris and others, 1999), Minnesota
Geological Survey unique number 251485. The core
site is located in Todd County, Minnesota (T. 132 N.,
R. 35 W., sec. 22, BBDABB; U.S. Geological Survey
Eagle Bend quadrangle, 7.5-minute series, 1969; Fig.
6.3), approximately 2 miles (3.5 kilometers) southwest
of Bertha, and 14.5 miles (23.5 kilometers) northwest
of Browerville. The core records the contact at a depth
of about 14.5 feet (4.4 meters) between overlying,
oxidized, calcareous, coarse-grained sand of the
Hewitt Formation and calcareous, loam-textured
diamicton of the Browerville Formation. The sand
is 6 inches (15 centimeters) thick and is overlain
by olive-brown (2.5Y 4/4), sandy diamicton of the
Hewitt Formation. The diamicton of the Browerville
Formation is oxidized dark olive-brown (2.5Y 3/3)
to a depth of about 27 feet (8.2 meters), and partially
oxidized very dark grayish-brown (2.5Y 3/2) to
about 81 feet (25 meters), where it is very dark gray
(10YR 3/1). The loam-textured diamicton is massive,
extending to the base of the core at a depth of 201
feet (61 meters), with minor, thin interbeds of sand,
silt, and silty diamicton. Thin, dark grayish-brown
(2.5Y 4/2) sand beds occur from 80 to 89 feet (24 to
27 meters), and at 115, 188, and 194 feet (35, 57, and
59 meters), and a thicker bed is present from about
161 to 165 feet (49 to 50 meters). A bed of similarcolored, weakly laminated silt occurs at a depth of
about 137 feet (42 meters). Beds of silty diamicton are
at 36, 80, and 89 feet (11, 24, and 27 meters), and from

TYPE SECTION
The type section is a pit exposure: Quaternary
unique number 00Q0022789. The site (the "Transfer
Station exposure") is located in Todd County,
Minnesota (T. 130 N., R. 33 W., sec. 17, CBABDC;
U.S. Geological Survey Browerville quadrangle,
7.5-minute series, 1966; Fig. 6.2), about 0.5 mile (0.8
kilometer) south of Browerville. In the southwest
wall of the 20-foot (6-meter) deep pit, at about 1,315
feet (401 meters) above mean sea level, is the contact
between about 6 feet (2 meters) of light olive-brown
(2.5Y 5/4), sandy loam-textured diamicton of the
Hewitt Formation and about 8 feet (2.4 meters) of
dark grayish-brown (10YR 4/2), loam to clay loamtextured diamicton of the Browerville Formation.
At about 14 feet (4.3 meters) from the surface the
diamicton grades to a dark gray (10YR 4/1) color,
which extends to the base of the pit. The very coarsegrained sand fraction (1-2 millimeter) of five samples
of the Browerville Formation diamicton in this pit
ranges from 20 to 31 percent Paleozoic carbonate,
and 2 to 11 percent Cretaceous clasts. Samples from
the exposure are stored at the Minnesota Geological
Survey in St. Paul.
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Figure 6.3. Location of
reference section A for the
B ro w e r v i l l e F o r m a t i o n i n
Minnesota: core hole OTT-2
(U.S. Geological Survey Eagle
Bend quadrangle, 7.5-minute
series, 1969).

Browerville Formation
Reference section A (ESRI)
1:24,000

about 150 to 156 feet (46 to 48 meters). Core OTT-2
is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.
Reference section B is a continuous rotary-sonic
core: SR-2 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249855. The core
site is located in Stearns County, Minnesota (T. 126
N., R. 29 W., sec. 9, AACCAB; U.S. Geological Survey
St. Stephen quadrangle, 7.5-minute series, 1965;
Fig. 6.4), approximately 2 miles (3 kilometers) east
of Opole, and 35 miles (56 kilometers) southeast of
Browerville. The hole commenced in the bottom of
a gravel pit, approximately 20 feet (6 meters) below
the original land surface. About 10.5 feet (3.2 meters)
of loam diamicton of the Browerville Formation
(oxidized in the upper 2 feet [0.6 meter]) underlie 4
feet (1.2 meters) of Cromwell Formation gravel and
overlie oxidized, gravelly sand of Rainy provenance.
Browerville Formation diamicton is exposed in deeper
portions of the pit where the core was drilled. The
core is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.

subsequent glaciations (Meyer, 1986). Younger,
pre-late Wisconsinan sediment may also have been
extensively eroded, but none has been recognized
above the Browerville Formation. Rotary-sonic core
SWRA 3, drilled in southwest Minnesota (Patterson,
1997), includes a pre-late Wisconsinan, carbonaterich diamicton above diamicton similar to that of
the Browerville Formation, suggesting that the
Browerville Formation in central Minnesota may have
once been buried by younger, pre-late Wisconsinan
deposits. The youngest unit (unnamed) below
the Browerville Formation in the type area is of
Rainy provenance, and is correlated with the Saum
Formation of north-central Minnesota (Meyer, 1997),
and the Rose Creek Formation of southeast Minnesota
(Meyer, 2000). An organic layer is typically found
at the contact with these units. However, in most
test holes drilled in the type area (Meyer, 1986;
Southwick and others, 1986; Harris and others, 2003),
the Browerville Formation is underlain by deposits
of Winnipeg provenance: the Lake Henry and Eagle
Bend Formations.

DESCRIPTION OF BOUNDARIES

Dimensions, shape, and geographic
distribution

In the type area of central Minnesota, the
Browerville Formation is overlain by late Wisconsinan
sediment, primarily of northeast provenance
(Hewitt and Cromwell Formations). Only the
thickest buried sections of Browerville Formation
exhibit thick oxidized zones below unoxidized
late Wisconsinan sediment, implying significant
erosion of the Browerville Formation during the

The Browerville Formation as defined herein
is present primarily in the subsurface of the Todd
County area in central Minnesota (Fig. 6.5). The
formation is thickest in northwestern Todd County
at reference section A, where it exceeds 186 feet
(57 meters). Three nearby sections range from 136
to 151 feet (41 to 46 meters) in thickness (Meyer,
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Figure 6.4. Location of
reference section B for the
B ro w e r v i l l e F o r m a t i o n i n
Minnesota: core hole MGSSR-2 (U.S. Geological Survey
St. Stephen quadrangle, 7.5minute series, 1965).

Browerville Formation
Reference section B (ESRI)
1:24,000

1986). Although the Browerville Formation has been
identified in the surrounding counties (Southwick
and others, 1986; Meyer and Knaeble, 1996; Meyer
and others, 2001; Harris and others, 2003; Meyer and
Gowan, 2010), it is generally much thinner outside
central and northwest Todd County, and in many
places is absent. Outside the central Minnesota
type area, the Browerville Formation is also present
at the surface in southeast Minnesota (Meyer and
Knaeble, 1998; Meyer, 2000; Hobbs, 2005), and in
the subsurface in north-central Minnesota (Meyer,
1997). In southeast Minnesota the formation is
more than 100 feet (30 meters) thick in places, and
in north-central Minnesota its diamicton ranges from
3 to 59 feet (1 to 18 meters) in thickness in the eight
core holes in which it was recognized. Diamicton of
the Browerville Formation in southeast Minnesota
is texturally similar but averages slightly fewer
Paleozoic carbonate and Cretaceous clasts than
diamicton of the Browerville Formation of the type
area. Diamicton of similar texture encountered in core
holes in north-central Minnesota averages somewhat
less Paleozoic carbonate and much less Cretaceous
clasts than diamicton of the Browerville Formation
of the type area. Recently, the Browerville Formation
was recognized in south-central Minnesota in outcrop
and in a rotary-sonic core, where it is 85 feet (26
meters) thick (Meyer and others, 2012b).

Figure 6.5. Distribution of the Browerville Formation
within Minnesota.
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DIFFERENTIATION FROM OTHER UNITS

ice (and its meltwater) that moved into Minnesota
from the north–northwest and flowed south and
southeast across the state.

The Browerville Formation contains more clasts
of Paleozoic carbonate and Cretaceous limestone and
shale than units of northeast provenance, and its
diamicton is generally finer-textured. The Browerville
Formation generally has a lower percentage of
Cretaceous shale grains, a higher proportion of
Cretaceous limestone, and more monomineralic
quartz grains than late Wisconsinan sediment of
northwest provenance. The older, northwestprovenance Lake Henry, Funkley, and Eagle Bend
Formations generally have more Paleozoic carbonate
and a lower proportion of Cretaceous clasts. The even
older Winnipeg provenance Bigfork, Elmdale, and
Wirt Formations have a lower percentage of Paleozoic
clasts than the Browerville Formation.
Age
Wood from Browerville Formation diamicton
exposed near the site of reference section B had a date
greater than 45,000 14C yr BP (about 48,000 cal yr BP;
Meyer and Knaeble, 1996). Extensive weathering of
Browerville Formation diamicton below unweathered
Hewitt Formation diamicton in one rotary hole section
(Meyer, 1986) indicated the Browerville Formation
is likely pre-Sangamonian. Organic-bearing lake
sediment below Hewitt Formation diamicton and
above Browerville Formation diamicton in a rotarysonic core also yielded a date greater than 45,000 14C
yr BP (about 48,000 cal yr BP). Two calcite samples
from marl deposits within this lake sediment had a
uranium/thorium disequilibrium minimum date of
200,000 yr BP, which would mean the Browerville
Formation is pre-Illinoian (Knaeble and Meyer,
2007b). The Browerville Formation has normal
polarity remanent magnetism, implying it is likely
Middle Pleistocene in age (Jennings and others,
2006).
CORRELATION
Several diamictons similar in stratigraphic
position and lithology to diamicton of the Browerville
Formation are present in southwest Minnesota
(SWRA 2, SWRA 3, SWRA 4; Fig. 11) and southeast
South Dakota (Qd5, Crooks, and Brandon tills of
Patterson, 1997).
GENESIS
Sediment of the Browerville Formation has a
Winnipeg provenance. It was deposited by glacial
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Chapter 7
Cromwell Formation (revised)
Howard C. Hobbs

Name and rank

Diamicton in the western part of the Pierz drumlin
field (Fig. 13) is commonly brown (7.5YR 4/4).
Unoxidized to partly oxidized diamicton (rarely seen
in surface exposures) is typically dark reddish-gray to
reddish-brown (5YR 4/2 to 4/3). Carbonate content
is low, and sediments of the Cromwell Formation
are typically deeply leached, generally to below
the depths of most surface exposures. Below about
20 feet (7 meters), most samples of the Cromwell
Formation effervesce at least slightly.
Diamicton texture is sandy loam in most places,
but is typically a loam within the Lake Superior
drainage basin (Fig. 7.1). Down-ice (southwest) from
the Superior basin, sand increases in the diamicton
(Fig. 7.1). Almost all Cromwell Formation diamicton
samples contain more than 5 percent gravel, and

I hereby formally revise the Cromwell Formation,
a lithostratigraphic unit of formation rank. The
formation was named by Wright and others (1970)
after the town of Cromwell, Carlton County,
Minnesota (lat 46°41'N., long 92°53'W.; U.S. Geological
Survey Heikkila Creek quadrangle, 7.5-minute series,
1982).
Lithologic description
The Cromwell Formation contains reddish-brown
loam to sandy loam diamicton, and a variety of
reddish, bedded sediments, ranging from laminated
silty clay to coarse-grained gravel. The oxidized color
of the diamicton is typically reddish-brown (5YR 4/4).
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80

Figure 7.1. Matrix texture of diamicton
of the Cromwell Formation. The overall
texture becomes sandier with distance
from the Superior basin. This figure
does not include samples from the Mille
Lacs Member of the Cromwell Formation,
which contain significantly less sand.
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most contain more than 10 percent. Coarser-grained
fragments, from pebbles to boulders, are relatively
common in the diamicton facies in all areas; the
amount cannot be quantified because large clasts are
excluded from texture analysis samples. However,
boulder piles collected from farm fields are observed
to be large and numerous in most areas where
Cromwell Formation diamicton is at the surface.
Lithology in all size fractions is predominantly
to exclusively Precambrian fragments (Fig. 7.2).
Exceptions include the Stearns County area where
as much as 21 percent Paleozoic fragments are
present in 1-2 millimeter samples, mostly limestone
and dolostone. Samples with more than 10 percent
Paleozoic fragments are uncommon, however.
Cretaceous fragments are absent in the majority of
samples.
There are major changes in the proportion of
light, dark, and red grains within the Precambrian
group along the inferred flow line of the ice lobe
associated with deposition of the Cromwell Formation
(Fig. 7.3). Within the Superior basin, the proportion

of light grains is less than 10 percent, but down-ice
in Carlton County the light proportion ranges from
10 to 25 percent; farther down-ice in Pine County,
it ranges generally from 20 to 60 percent. As light
grains increase, dark grains, and especially red grains,
decrease. In fact, some of the samples from the St.
Cloud area are similar in light-dark-red ratios to those
of the South Long Lake Member of the Independence
Formation (Chapter 15).
The red grains are composed of rhyolite,
granophyre, agate, and oxidized red basalt from
the North Shore highlands of Lake Superior, and
sandstone and siltstone from its floor. Dark fragments
from the Cromwell Formation include basalt,
diabase, gabbro, and anorthosite from the North
Shore highlands, and argillite and graywacke from
the Animikie basin. The relative proportion of the
different rocks varies considerably over the area of
the Cromwell Formation, which is somewhat masked
by grouping them into dark and red categories.
Bedded sand and gravel associated with the
Cromwell Formation diamicton is also included
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Figure 7.2. Ratio of Precambrian,
Paleozoic, and Cretaceous grains in
the 1-2 millimeter fraction of Cromwell
Formation samples (mostly diamicton).
Most data points are not visible because
of stacking.
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Figure 7.3. Ratio of light, dark, and red grains in
the 1-2 millimeter fraction of selected Cromwell
Formation samples.
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within the Cromwell Formation by original definition
and current usage. The clast lithology is roughly
the same as that in the diamicton facies. The color
is difficult to quantify in clean sand and gravel,
because the material is made up of discrete grains,
but the overall color is darker and redder than sand
and gravel of non-Superior provenance.
Bedded, reddish, silty and clayey sediment
related to the Cromwell Formation was not considered
part of the formation by original definition. Sediment
deposited in an ice-walled lake plain in the St. Croix
moraine in Dakota and Washington Counties was
later included in the Cromwell Formation (Hobbs
and others, 1990; Meyer and others, 1990.) This usage
is continued because the lake sediment is clearly
associated in process and stratigraphic position.
Red laminated silt and clay of glacial Lake Lind is
included in the Cromwell Formation as the Sunrise
Member.
Locally, especially in the St. Croix moraine, the
Cromwell Formation includes slabs of older drift
and bedrock, which have been locally incorporated
and not homogenized in the short distance that they
were carried before deposition. The best-described
site is a borrow pit for the Powder Ridge ski resort
(Knaeble, 1996). Similar mechanics, but in bettermixed samples, could account for anomalies in

60

50

40

30

20

10

D ARK

textures and grain counts that can be seen in wellsampled sections.
NOMENCLATURAL HISTORY
The Cromwell Formation was first named by
Wright and others (1970), but they did not follow the
full procedure that is used in this publication. They
defined the Cromwell Formation as a reddish-brown,
sandy to silty diamicton containing fragments of red
sandstone from the Precambrian Hinckley and Fond
du Lac Formations. Their definition of the Cromwell
Formation also included the diamicton's associated
meltwater deposits. The Cromwell Formation was
considered a formal stratigraphic unit by Matsch
and Schneider (1986). The term was maintained by
Minnesota Geological Survey mapping for the county
atlas series in Hennepin (Meyer and Hobbs, 1989),
Dakota (Hobbs and others, 1990), and Washington
(Meyer and others, 1990) Counties. The formation
was recognized in 1:100,000-scale surficial mapping
in central Minnesota and the expanded Twin Cities
metropolitan area (Hobbs, 1999; Meyer, 1999; Meyer
and Patterson, 1999; Meyer and Lusardi, 2000; Meyer
and others, 2001). It has been used in 1:24,000-scale
mapping northeast of Duluth (Hobbs, 2002, 2003a,
b, 2004). The Cromwell Formation name has not
been used universally in mapping; for example,
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lithostratigraphic terminology was not used in
surficial maps of Ramsey (Patterson, 1992) and Pine
(Patterson and Knaeble, 2001) Counties, where the
Cromwell Formation is present. The Cromwell
Formation name was applied to valley fill sediment of
uncertain age and origin in the Dakota County atlas
(Hobbs and others, 1990), but ambiguous sediments
such as these are not included in the formal definition
of the Cromwell Formation.

the diamicton in the core fits the central concept of
Cromwell Formation diamicton. The sorted sediment
included in the Cromwell Formation is reddish-brown
and contains similar rock types in the 1-2 millimeter
fraction, suggesting the same provenance.
Texture and coarse-grained sand data are shown
graphically for individual diamicton samples in
Figure 7.5. Grain counts are strongly dominated by
Precambrian grains. Cretaceous grains are absent in
all samples. The ratio of light, dark, and red grains
among the Precambrian grains is subequal, and
fairly consistent from top to bottom. Dark grains
are more common than red grains in most samples.
The proportion of red sandstone per 100 Precambrian
grains is much higher in the upper layer of diamicton
than in the lower diamicton layers. The number rises
again in the lower samples, presumably derived
from the underlying sandstone. These changes do
not show up well in the log because red sandstone
is only one component of the red grain group.
This log of the type section (Fig. 7.5) shows
thin Peoria Formation loess overlying Cromwell
Formation deposits. Thin Peoria Formation deposits
are common throughout Minnesota, but they are
thick and continuous only in southeastern and
southwestern Minnesota (Fig. 11). The Cromwell
Formation section in Figure 7.5 is interpreted to be till,
outwash, and other sediment associated with several
pulses of advance and retreat of the Superior lobe. It
is possible that the lower part of the core penetrated
older sediment of Superior provenance, such as the
River Falls Formation, but no weathering zone was
noted, nor any significant lithologic change.

TYPE SECTION
Wright and others (1970) did not specify any
type or reference sections when they named the
Cromwell Formation. They merely said that
numerous exposures of reddish-brown sandy till
and associated sand and gravel were found near
Cromwell. I hereby designate the following section
as the type section for the Cromwell Formation:
rotary-sonic core PCR2, Minnesota Geological Survey
unique number 255282, about 3 miles (5 kilometers)
north and 2 miles (3 kilometers) west of the town
of Willow River, Pine County, Minnesota (T. 45 N.,
R. 20 W., sec. 21, DBAACA; U.S. Geological Survey
Willow River quadrangle, 7.5-minute series, 1981;
Fig. 7.4). Geomorphic setting of the type section is
at the junction of the Kettle River and Moose River
meltwater channels (Patterson and Knaeble, 2001).
This core penetrated 160 feet (49 meters) of
sandy loam diamicton, sand and gravel, sand, and
silty sand over sandstone of the Precambrian Fond
du Lac Formation, and it is capped by thin silty
sand of the Peoria Formation (Fig. 7.5). Most of

Figure 7.4. Location of the
type section for the Cromwell
F o r m a t i o n i n P i n e C o u n t y,
Minnesota: rotary-sonic core
PCR2, Minnesota Geological
Survey unique number 255282
(U.S. Geological Survey Willow
River quadrangle, 7.5-minute
series, 1981).

Cromwell Formation
Type section (ESRI)
1:24,000
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Depth
0

Matrix texture
Lithology

Lithologic description
SILTY SAND: Silty sand: brown, well sorted, fine-grained sand grading to silt, followed by
brownish-gray clayey silt, noncalcareous. Loess of the Peoria Formation
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SAND AND GRAVEL: Sand and gravel: brown, poorly sorted, fine- to coarse-grained sand
and fine- to coarse-grained gravel; noncalcareous; 1' thick granite boulder at lower contact;
Superior provenance. Outwash of the Cromwell Formation
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SANDY DIAMICTON: Sandy loam diamicton: reddish-brown, oxidized, uniform (except for
a 6" sand layer at 15' and a 6" silty fine-grained sand layer at 20'); calcareous below 8.5';
pebbles common; Superior provenance. Till of the Cromwell Formation
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sand-silt-clay
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SILTY SAND: Silty sand: dark reddish-brown, well sorted, fine-grained sand, massive,
calcareous; some thin stringers of diamicton and silt pods at upper contact; a few thin red
silty clay layers at 42', and a 1' thick silt and clayey silt layer at the lower contact. Lake
deposits of the Cromwell Formation

SILTY DIAMICTON: Silty loam diamicton: reddish-brown, oxidized, calcareous; pebbles
common; Superior Provenance. Till of the Cromwell Formation
SAND AND GRAVEL: Sand and gravel: reddish-brown, poorly sorted medium- to
coarse-grained sand and fine- to coarse-grained gravel, slightly calcareous. Outwash of
the Cromwell Formation
SANDY DIAMICTON: Sandy loam diamicton: reddish-brown, partly oxidized, uniform,
calcareous; pebbles and cobbles common; sand and gravel layer at 70.5-72'; Superior
provenance. Till of the Cromwell Formation
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SAND AND GRAVEL: Sand and gravel: reddish-brown, moderately sorted, medium- to
coarse-grained sand with fine-grained gravel layers, calcareous. Outwash of the Cromwell
Formation
SANDY DIAMICTON: Sandy loam diamicton: reddish-brown to reddish-gray, partly
oxidized, calcareous; pebbles and cobbles abundant; a few large carbonate clasts;
Superior provenance. Till of the Cromwell Formation

SAND: Sand: reddish-brown, well sorted, fine- to coarse-grained sand, fining upward; a
little fine-grained gravel layer at upper contact (116-117.5'); calcareous. Deltaic lake
deposits of the Cromwell Formation
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SANDY DIAMICTON: Sandy loam diamicton: red, oxidized, dense, calcareous; many
pebbles of Fond du Lac Sandstone, a few basalt pebbles. Colluvium
SANDSTONE: Sandstone, siltstone, and shale: red with some light gray layers, hard,
fine-grained sandstone with thin (1-3") layers of siltstone and shale. Fond du Lac
Formation. Total depth 168'
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Figure 7.5. Log of the Cromwell Formation type section; modified from core log (Boerboom, 2002, p. 76).
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Reference sectionS

(7.5YR 5/6), but the more loamy parts are reddishbrown (5YR 4/4). Light-dark-red ratios of the very
coarse-grained sand are comparable to those in
the type section, but contain somewhat fewer light
grains.
Material characteristics of the exposure suggest
that the diamicton was deposited as basal till in a
readvance of the Superior lobe that incorporated
outwash from an earlier phase of the same lobe.
Several other shallow exposures in the Cromwell area
show the same relationships. The drumlin form was
presumably sculpted by the most recent advance.
Reference section B is rotary-sonic core RR2,
Minnesota Geological Survey unique number 247131,
in the city of North Oaks, Ramsey County, Minnesota
(T. 30 N., R. 22 W., sec. 16, BCCBDC; U.S. Geological
Survey White Bear Lake West quadrangle, 7.5-minute
series, 1967; Fig. 7.7). The upper 1 foot (0.3 meter)
of the boring (Fig. 7.8) contains yellowish-brown
diamicton of the New Ulm Formation. Some of the
underlying reddish-brown, sandy diamicton may
have been reworked by ice of the Grantsburg sublobe.
The site is in a zone of hummocky topography, which
has been called the North Ramsey mounds, Ramsey
moraine, or Ramsey ice margin (Patterson, 1992;
Johnson and Mooers, 1998). Local relief is largely
created by differential ice meltout from within and
underneath the Superior-lobe deposits.
The upper 106 feet (32 meters) are primarily
diamicton; the lower part is mainly sand. Munsell
hues are typically 5YR and 7.5YR. The diamicton is
sandy, similar in texture to that of the type section,

Four reference sections are hereby designated,
showing much of the variability of the formation.
Reference section A is an active gravel pit about
0.5 mile (1 kilometer) west and 5 miles (8 kilometers)
south of the center of the town of Cromwell, Carlton
County, Minnesota (T. 48 N., R. 20 W., sec. 29, DDB;
U.S. Geological Survey Heikkila Creek quadrangle,
7.5-minute series, 1982; Fig. 7.6). The pit is near the
crest of a drumlin, one of a set that trends northwest–
southeast, part of the Automba drumlin field (Wright,
1972b, p. 531). Up to 6.6 feet (2 meters) of Cromwell
Formation diamicton overlie 6.6 to 9.8 feet (2 to
3 meters) of clean, moderately sorted Cromwell
Formation sand that ranges from fine-grained silty
sand to gravelly coarse-grained sand. Bedding
ranges from horizontal to low-angle cross-bedding;
some fine-grained beds are wavy. The diamicton
is lens-shaped where exposed; it is thickest in the
center both because the land surface is higher and
because the lower contact is deeper. From a distance,
the diamicton looks massive, but in detail it is quite
variable in color and texture. The diamicton-sand
contact truncates bedding in the sand, and a thin
zone in the sand below the contact lacks bedding,
is poorly sorted, and contains many pebbles and
cobbles. The soil at this site is an Alfisol with a welldeveloped E horizon. The sand under the diamicton
contains fine-grained pedogenic lamellae of iron
oxides and clay.
The texture of the till is loam to sandy loam;
sandier parts of the diamicton are strong brown

Figure 7.6. Location of reference
section A for the Cromwell
Formation in Carlton County,
Minnesota (near the crest of a
drumlin, in a gravel pit; U.S.
Geological Survey Heikkila
Creek quadrangle, 7.5-minute
series, 1982).

Cromwell Formation
Reference section A (ESRI)
1:24,000
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Figure 7.7. Location of
reference section B for the
Cromwell Formation in Ramsey
County, Minnesota: rotary-sonic
core RR2, Minnesota Geological
Survey unique number 247131
(U.S. Geological Survey White
Bear Lake West quadrangle,
7.5-minute series, 1967).

Cromwell Formation
Reference section B (ESRI)
1:24,000

except for a fine-grained zone between 22 and 48
feet (6.5 and 15.5 meters). This unit is included in
the Cromwell Formation despite its different texture,
because of its similar grain counts, and because it is
enclosed within the Cromwell Formation. Bedrock
is the St. Peter Sandstone.
Precambrian-Paleozoic-Cretaceous ratios are
consistent from top to bottom, with Precambrian
grains accounting for over 90 percent (Fig. 7.8). The
light-dark-red ratios are also consistent throughout
the core. About half the grains are light, and dark
grains average about 1.5 times the abundance of
red grains.
The sediment in this core is interpreted to be
proglacial outwash of the Superior lobe overlain
by deposits of one or more glacial advances of the
same lobe, followed by an advance of the Grantsburg
sublobe.
Reference section C is a stream cut on Silver
Creek, Lake County, Minnesota (T. 53 N., R. 10 W.,
sec. 6, CDB; U.S. Geological Survey Two Harbors
quadrangle, 7.5-minute series, 1992; Fig. 7.9). This
cut is in the North Shore highlands (Wright, 1972a,
p. 561), on the edge of the area dominated by the
Highland flutes (Wright, 1972b, p. 531). Landforms
in this area are dominated by bedrock; the highland
rises over 1,148 feet (350 meters) from the surface
of Lake Superior to its crest, yet the average total
drift thickness is less than 30 feet (10 meters). It is
lightly dissected by streams, the larger of which have
cut through the drift and into the upper part of the
bedrock (Hobbs, 2003b). The cut rises about 30 feet

(10 meters) above stream level, but only the lower
half is exposed and described. The stream bottom
is composed of cobbles and boulders; bedrock was
not observed here. The entire exposure consists
of gravelly loam and sandy loam diamicton of the
Cromwell Formation. The color of the upper part of
the exposure is 5YR 5/3 (reddish-brown), but most of
the exposure is 5YR 4/2 (dark reddish-gray). There is
a subtle contact about 1 foot (0.3 meter) above stream
level. The diamicton below the contact is harder
and denser than above, and breaks into angular
plates and blocks when dug. The upper diamicton
is massive except near the top of the exposure, where
it has a weak, subangular blocky structure, probably
pedogenic. The lower diamicton is calcareous; the
upper one is weakly calcareous. Both units are rich
in pebbles, with a scattering of larger stones. Many
stones are smoothed and striated, but some are
angular to subangular.
Three samples average 22 percent gravel; of the
remaining material, they average 44 percent sand, 49
percent silt, and 7 percent clay. All samples contained
100 percent Precambrian grains, averaging 5 percent
light, 41 percent dark, and 54 percent red grains.
The textures in this cut are not as sandy as
is typical of the Cromwell Formation outside the
Superior basin, but they are similarly rich in gravel
and low in clay. The biggest textural break is between
the upper and lower samples of the upper diamicton,
which does not correspond with any visible contact.
The grains were reported to be almost entirely
of Superior provenance, meaning that few light
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Depth
0

Matrix texture
Lithology

Lithologic description

sand-silt-clay

SOIL: Dark sandy loam mixed with yellowish-brown loam; modern soil
developed in till of New Ulm Formation.

-10

SANDY DIAMICTON: Reddish-brown (5YR 4/4), sandy loam diamicton; mostly
noncalcareous but slightly calcareous in places; poor recovery from 5-15';
Superior provenance; till of Cromwell Formation.

-20

SANDY DIAMICTON: As above but not as red (brown 7.5YR 5/4 with reddishbrown 5YR streaks in places); intromittent cobbles and large pebbles; pebble of
local carbonate at 20.5' but matrix still noncalcareous; Superior provenance; till
of Cromwell Formation.

-30

1-2 mm grain counts
Precambrianlight-dark-red
Paleozoic

CLAYEY DIAMICTON: Reddish-brown (5YR 4/4), clay loam diamicton;
moderately calcareous below 23.5'; fewer clasts than above; color changes to
dark reddish-gray (5YR 4/2) at 32'; sandy diamicton from 34-36.5'; Superior
provenance; till of Cromwell Formation.

-40

-50

-60

FINE-GRAINED SILTY SAND: Brown, gravelly fine-grained silty sand, grading
down to non-gravelly clayey silt; Cromwell Formation.
SANDY DIAMICTON: Reddish-brown (5YR 4/4) to dark reddish-gray (5YR 4/2),
fine-grained sandy loam diamicton; calcareous, getting more calcareous with
depth; intromittent pebbles and cobbles; sand beds or inclusions below 73'; gray
to dark grayish-brown below 85'; till of Superior provenance, but increasingly
local provenance downwards. Till of Cromwell Formation.

-70

-80

-90

1 00

1 10

1 20

GRAVELLY SAND: Dark gray to brown (7.5YR 4/1, 4/2), moderately to poorly
sorted pebbly silty sand and sandy diamicton; Superior provenance; deformation
till of Cromwell Formation.
SAND: Light brown (7.5YR 6/3), well-sorted sand, mostly medium, some coarse
grains and pebbles; Superior provenance; outwash of Cromwell Formation.

1 30

GRAVELLY SAND: Well-sorted medium- to coarse-grained sand with scattered
pebbles; some pebbles are carbonate, some are balls of sandy diamicton similar
to above unit; lowest 0.5' is very fine-grained quartz sand with scattered
glacial grains; Superior provenance; outwash of Cromwell Formation.

1 40

SANDSTONE: White to light brown, well-sorted rounded quartzose sandstone,
poorly cemented and friable; St. Peter Sandstone. Total depth: 155'.

1 50
100

0 100

Percent

0 100

0

Figure 7.8. Log of reference section B for the Cromwell Formation; based on unpublished data from Gary N.
Meyer.
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Figure 7.9. Location of reference
section C for the Cromwell
Formation in Lake County,
Minnesota: a stream cut on Silver
Creek (U.S. Geological Survey
Two Harbors quadrangle, 7.5minute series, 1992).

Cromwell Formation
Reference section C (ESRI)
1:24,000

grains were observed, or any other grains derived
from outside the Superior basin. Although some
carbonate must exist in the finer-grained fractions
of the diamicton in order to give the observed
effervescence, no carbonate grains were counted
in the 1-2 millimeter fraction. Very few red clastic
grains were counted among the red grains.
The Cromwell Formation sediments exposed
at this site are interpreted to be the deposits of one
or more advances of the Superior lobe. The lower
diamicton may be an older deposit, but there are no
intervening sediments to indicate a nonglacial period,
and the lower diamicton shares all the material
characteristics of the Cromwell Formation. Almost
all of the visible clasts in this exposure were derived
from the North Shore highlands, very few from the
bottom of, or up-ice from, the Superior basin. This
site with many others indicates that the North Shore
highlands were a major source of sediment for the
Cromwell Formation.
Reference section D is a Mississippi River cut,
just downstream from the Blanchard Dam, Morrison
County, Minnesota (T. 39 N., R. 32 W., sec. 20, BDD;
U.S. Geological Survey Royalton quadrangle, 7.5minute series, 1975; Fig. 7.10). The upper surface of
the cut, not exposed, is a glacial meltwater terrace
deposit along the Mississippi River (Meyer and others,
2001), which is not assigned to any lithostratigraphic
unit. The underlying diamicton is the same diamicton
found in the nearby Pierz drumlin field (Fig. 13),
which is part of the Cromwell Formation (Wright,
1972b, p. 527).

The cut is about 46 feet (14 meters) high. The
upper part of the cut is terrace sand and gravel,
poorly exposed, and the lower 13 feet (4 meters) are
diamicton of the Cromwell Formation. The upper
part of the diamicton is very slightly calcareous, 7.5YR
4/3; the lower one third is calcareous, 7.5YR 4/1.
The average of two diamicton samples is 9 percent
gravel; of the matrix, 66 percent is sand, 21 percent is
silt, and 13 percent is clay. The 1-2 millimeter fraction
contains 2 and 3 percent Paleozoic carbonate; neither
sample contained any Cretaceous grains. Light grains
average 70 percent, dark grains average 20 percent,
and red grains average 10 percent.
The textures are somewhat sandier and less
clayey than those in the type section. The 1-2
millimeter fraction is richer in light grains than
in the type section or any of the other Cromwell
Formation reference sections. It approaches the light
to dark ratios of the South Long Lake Member of the
Independence Formation (Chapter 15).
The sediment in this exposure is interpreted
to be the deposit of an advance of the Superior
lobe, overlain by meltwater sediment of the glacial
Mississippi River.
DESCRIPTION OF BOUNDARIES
Though much of the Cromwell Formation is
undifferentiated, two members are named herein;
the Mille Lacs Member and the Sunrise Member
(Fig. 7.11). The Cromwell Formation overlies a
variety of older Quaternary sediments and bedrock
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Figure 7.10. Location of reference
section D for the Cromwell
Formation in Morrison County,
Minnesota: a Mississippi River
cut, just downstream from the
Blanchard Dam (U.S. Geological
Survey Royalton quadrangle,
7.5-minute series, 1975).

Cromwell Formation
Reference section D (ESRI)
1:24,000

Figure 7.11. Generalized extent of the Cromwell Formation,
both surface and subsurface. The darker gray areas
represent the distribution of the Mille Lacs Member of the
Cromwell Formation (upper gray patch) and the Sunrise
Member of the Cromwell Formation (along the Wisconsin
border). The black area shows where Sunrise Member
sediment is deeply buried. The line does not enclose small
areas of fluvial sediment extending from the ice margin,
but it does enclose the Rosemount outwash plain (Wright,
1972b). Dashed line denotes the approximate extent of the
Mille Lacs Member. Buried boundaries are approximate.
The Cromwell Formation arbitrarily ends at the Wisconsin
state border. The Cromwell Formation extends underneath
Lake Superior, but its extent is uncertain.

over a wide area. Quaternary sediment under the
Cromwell Formation ranges in age from probable
early Pleistocene to late Wisconsinan. Of the latter,
the Hewitt and Independence Formations are
partly overlain by the Cromwell Formation. The
lower contact of the Cromwell Formation is almost
everywhere erosive, and clasts derived from subjacent
formations are commonly present in the lower few
feet of the Cromwell Formation. Soils have not been

observed under the Cromwell Formation. Bedrock
under Cromwell Formation diamicton is commonly
unweathered, smoothed, and striated. In most
places, the lower contact of the Cromwell Formation
is distinct, over bedrock, and dissimilar drift. In
some places, the Cromwell Formation overlies the
River Falls Formation, and because no paleosol is
preserved in the uppermost River Falls Formation,
the contact can be unclear.

76

The upper boundary of the Cromwell Formation
over about half its extent is the modern soil profile
(including peat). Thin loess and eolian sand of the
Peoria Formation overlie the Cromwell Formation in
places, generally within the soil profile. Within and
adjacent to the Grantsburg sublobe, the Cromwell
Formation is overlain by diamicton and bedded
sediment of the New Ulm Formation, Twin Cities
Member; some mixing has occurred. In an area within
the Lake Superior basin, and extending some miles
to tens of miles outside the basin to the southwest,
the Cromwell Formation is overlain by the Barnum
Formation (Wright and others, 1970; Chapter 2). The
Cromwell Formation-Barnum Formation contact is
obscure in places because it is recognized mainly by
texture, and both units have some natural variation
and overlap.

Lacs Member of the Cromwell Formation covers the
(presumed) transition zone between the South Long
Lake Member of the Independence Formation and
the older part of the Cromwell Formation. East of
the St. Louis sublobe, the transitional zone between
the Independence and Cromwell Formations is
buried by the upper part of the Cromwell Formation,
which forms the Highland moraine. A tongue of
Cromwell Formation material extends west and
north of the Highland moraine. It is interpreted to
be an area where the Rainy lobe readvanced from
the northeast and incorporated bedded sand, silt,
and clay of the Cromwell Formation (Hobbs and
others, 1988). The westernmost boundary of the
Cromwell Formation is a depositional front over
the Hewitt Formation. The southwest boundary of
the Cromwell Formation is buried by the New Ulm
Formation, and is poorly known. In the eastern
part of the Twin Cities metropolitan area, the outer
boundary of the diamicton is everywhere buried by
the glaciofluvial facies of the Cromwell Formation,
which forms the Rosemount outwash plain. The
eastern boundary of the Cromwell Formation by
definition is the Wisconsin border. The northeastern
lateral boundary of the Cromwell Formation is
covered by Lake Superior. The formation probably
does not extend to the northeastern shore of the
lake because its physical characteristics depend on
incorporation of bedrock from the Superior basin.

Dimensions, shape, and geographic
distribution
The generalized extent of the Cromwell Formation
is shown in Figure 7.11. For much of its extent, the
Cromwell Formation is tabular and drumlinized; the
average thickness is 25 to 30 feet (8 to 10 meters).
The Highland moraine (Fig. 13; Wright, 1972a) has
a Cromwell Formation thickness of 30 to 45 feet
(10 to 14 meters) and forms a hummocky surface.
In the St. Croix moraine, thickness ranges roughly
from 100 to 200 feet (30 to 60 meters). Here the
Cromwell Formation has a hummocky topography
and is composed of many different sedimentary
facies, including glaciofluvial and ice-walled-lake
plain sediments. South and east of the St. Croix
moraine in the Twin Cities area, sand and gravel
graded from the St. Croix moraine largely bury a
dissected older landscape; here the thickness of the
Cromwell Formation ranges from zero to over 200
feet (60 meters), with major changes over a short
distance. About 10 miles (16 kilometers) downstream
(southeast) from Hastings, glaciofluvial sediment of
the Cromwell Formation becomes entirely contained
within the bedrock valley of the Mississippi River.
At this location it seems appropriate to arbitrarily
end the formation, because although the sediment
extends all the way to the continental shelf of the
Gulf of Mexico, it becomes mixed with glaciofluvial
sediment from many other sources.
The lateral boundary between the diamicton of
the Cromwell Formation and of the Independence
Formation is transitional in the area of Morrison and
Crow Wing Counties, where the two were deposited
at about the same time. The boundary is drawn at the
county line. In eastern Crow Wing County, the Mille

DIFFERENTIATION FROM OTHER UNITS
Diamicton of the Independence Formation is
similar to that of the Cromwell Formation in most
characteristics, except that it is not as red and contains
fewer dark and red grains. Oxidized Independence
Formation diamicton is generally brown (7.5YR),
and in places, yellowish-brown (10YR), as opposed
to the usual reddish-brown (5YR) of the Cromwell
Formation. The Independence Formation, like the
Cromwell Formation, contains predominantly to
exclusively Precambrian grains. Of these, roughly
15 to 25 percent are dark, and 5 to 10 percent are red.
But in the area of transition, the Cromwell Formation
is commonly 7.5YR as well, and contains a similar
proportion of dark and red grains (reference section
D). Hewitt Formation diamicton has a similar texture
to that of the Cromwell Formation, but it consistently
contains 10 percent or more Paleozoic grains in
unleached samples, and fewer dark and red grains
among the Precambrian group. Its diamicton color is
typically 10YR (grayish-brown to yellowish-brown).
Diamicton of the Barnum Formation is richer in silt
and clay than diamicton of the Cromwell Formation,
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and contains fewer coarse-grained fragments. The
more clayey parts of the Barnum Formation are a
redder shade of reddish-brown (2.5YR) than typical
of the Cromwell Formation (5YR).

younger than the adjacent formations. The Cromwell
Formation may partially correlate in time with the
Moland Member of the New Ulm Formation, but
this is not well established. Most of the Cromwell
Formation is older than most of the New Ulm
Formation, and where the two are superimposed, the
New Ulm Formation always overlies the Cromwell
Formation (Fig. 11).

Age
The Cromwell Formation was deposited during
the late Wisconsinan glaciation. Its age extends from
the initial advance of the last glaciation through the
Superior basin to the first time that the ice shrank into
the Superior basin and incorporated a large amount
of lake sediment as it readvanced. The age of the
bottom of the formation is very poorly constrained;
it presumably coincided with the first advance of
the Superior lobe outside of the Superior basin.
This event has not been dated directly. Curry and
others (2003) found interbedded red and gray clay
slackwater deposits in a tributary of the Mississippi
River near St. Louis, which dated between 35,000 and
45,000 14C yr BP (about 40,000 to 48,000 cal yr BP),
indicating that the Superior lobe was already active,
though not necessarily outside the Superior basin.
Wright (1972b) dated the retreat of the Superiorlobe ice after the St. Croix phase (Table 4) at about
20,500 14C yr BP (about 24,500 cal yr BP), by basal
lake sediments from a drumlin field behind the St.
Croix moraine. However, Clayton and Moran (1982)
rejected that date as possibly contaminated, and
suggested about 15,000 14C yr BP (about 18,250 cal yr
BP) for the retreat from the St. Croix phase, though
they conceded that it could have been a few thousand
years earlier. An earlier phase, called the Emerald
phase (Table 4), has not been dated directly, but is
estimated at 20,000 to 25,000 14C yr BP (about 24,000
to 30,000 cal yr BP; Johnson and Mooers, 1998). No
numerical dates are available for the contact between
the Cromwell Formation and the overlying Barnum
Formation. Clayton and Moran (1982) correlated the
first advance that deposited the Barnum Formation,
the Split Rock phase, with their ice margin I in North
Dakota, which they dated at 12,500 14C yr BP (about
14,800 cal yr BP). This correlation is inferred, but it
seems reasonable.

GENESIS
The Cromwell Formation consists of glacial,
glaciofluvial, and glaciolacustrine sediment of
Superior provenance. The diamicton is interpreted
to be till. Presumably, ice that entered the Superior
basin from the northeast carried very little silt and
clay, and few of the rock fragments were dark or
red (Thorleifson and Kristjansson, 1993). Most of
the silt and clay in the Cromwell Formation seem
to have been derived from the floor of the Superior
basin. Red clastic rocks of Precambrian age were
probably the primary source of the red color and
the finer-grained fractions of Superior-lobe deposits.
The glacier may have incorporated silt and clay from
proglacial lake sediment. Where the ice advanced
downslope, its meltwater could run off freely, and
much of the silt and clay were carried away beyond
reach of recycling as the glacier advanced. Thus,
diamicton of the Cromwell Formation becomes
increasingly sandy with distance from the Superior
basin.

CORRELATION
The Cromwell Formation is lithostratigraphically
correlative to (the same layer as) the Copper Falls
Formation of Wisconsin. The Copper Falls name is
not used in Minnesota because the Cromwell name
has precedence. The Cromwell Formation is partly
correlative in time with the adjacent Independence
and Hewitt Formations, but the parts of the Cromwell
Formation in contact with these formations are
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Mille Lacs Member (new) of the Cromwell Formation
Alan R. Knaeble

Name and rank

and suggested its ice margin, named the Rum River
ice margin, could be traced south to northern Anoka
County and further east into Wisconsin. Additional
mapping (Knaeble and Meyer, 2004; Knaeble and
others, 2004, 2005) confirmed these earlier findings
and suggested the source of fine-grained sediment
was an unnamed proglacial lake, while also extending
the northern boundary into northeastern Crow Wing
County (see dimensions, shape, and geographic
distribution section).

I hereby formally name the Mille Lacs Member
of the Cromwell Formation as a lithostratigraphic
unit of member rank. The unit is named after Mille
Lacs Lake, in Aitkin, Mille Lacs, and Crow Wing
Counties, Minnesota.
Lithologic description
The Mille Lacs Member includes Superiorprovenance diamicton and sorted sediment in Crow
Wing, Mille Lacs, and Aitkin Counties. It includes
the sediment in the Mille Lacs moraine on the west
side of Mille Lacs Lake and adjacent deposits north
of Mille Lacs Lake, some of which are buried by
Aitkin Formation sediment. The diamicton is sandy
loam to loam in texture. Diamicton in the moraine
is commonly finer-grained than other diamicton in
the Cromwell Formation due to incorporation of clay
and silt deposited in an unnamed proglacial lake.
Some exposures in the moraine contain blocks of
undeformed, and in places, deformed lake sediment.
Its moist color where oxidized is reddish-brown (5YR
4/4) to brown (7.5YR 5/4), and where unoxidized
dark gray (5YR 4/1) to dark reddish-brown (5YR
4/2). Textures for 184 samples of till from Crow Wing
County and adjacent areas (Knaeble and Meyer, 2004)
averaged 37-43-20 percent sand-silt-clay, respectively.
The crystalline-carbonate-shale percent (after Hobbs,
1998b) for 127 samples is 99-1-0, most samples being
leached, and the light-dark-red percent is 54-33-13.
Carbonate leaching is generally greater than 10 feet
(3 meters).

TYPE SECTION
The type section is a road cut (QDI number 16105)
in Crow Wing County, Minnesota (T. 47 N., R. 28 W.,
sec. 30, CCACAA; U.S. Geological Survey Cuyuna
quadrangle, 7.5-minute series, 1973) approximately
0.5 mile (0.8 kilometer) northwest of the town of
Cuyuna (Fig. 7.12). This exposure reveals 12 feet (4
meters) of reddish-brown (5YR 4/4) loam diamicton
with layers, lenses, zones, and slabs of red clay and
reddish-gray, clayey silt entrained in the diamicton.
All of the exposed material is considered Mille Lacs
Member. The sediments are slightly calcareous
below 7 feet (2 meters), particularly along brownish
partings. Pebbles are common in the diamicton
but absent in the slabs of finer-grained sediment,
which are interpreted to be lake sediment that was
incorporated by the ice but not disaggregated before
the diamicton was deposited.
Reference section
Rotary-sonic drill hole OB-402 (CWI number
251864) was drilled by the Minnesota Department
of Natural Resources and is located in Crow
Wing County, Minnesota (T. 46 N., R. 28 W., sec.
10, CDABDD; U.S. Geological Survey Bay Lake
quadrangle, 7.5-minute series, 1973) about 2 miles
(3.2 kilometers) east of the town of Deerwood (Fig.
7.13). In this core, the Mille Lacs Member diamicton
is present from the land surface to a depth of 31
feet (9.5 meters). The upper 20 feet (6 meters) are
oxidized reddish-brown (5YR 4/4), sandy loam to
clay loam diamicton and are calcareous below a
depth of 10 feet (3 meters). The lower 11 feet (3.5
meters) of diamicton are dark reddish-gray (5YR
4/2) with an abrupt contact with the underlying
sand. In places thin layers or seams of clayey silt

NOMENCLATURAL HISTORY
Leverett and Sardeson (1932) recognized the
Mille Lacs moraine in their work in the first half of
the twentieth century. Wright (1955, 1956, 1972b)
investigated this moraine, other up-ice moraines, and
the Automba drumlins (Fig. 13) in Carlton County and
attributed these deposits to the Automba phase ice
advance of the Superior lobe. Schneider (1961) briefly
mentioned these sediments. Anderson (1998) first
documented that there were incorporated sediments
in the moraine in a report for Mille Lacs Kathio State
Park. Johnson and Mooers (1998) also attributed the
Mille Lacs moraine ice margin to the Automba phase
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Figure 7.12. Location of the type
section for the Mille Lacs Member
of the Cromwell Formation in
Crow Wing County, Minnesota
(U.S. Geological Survey Cuyuna
quadrangle, 7.5-minute series,
1973).

Mille Lacs Member of the
Cromwell Formation
Type section (ESRI)
1:24,000

Figure 7.13. Location of the
reference section for the Mille
Lacs Member of the Cromwell
Formation in Crow Wing County,
Minnesota (U.S. Geological
Survey Bay Lake quadrangle,
7.5-minute series, 1973).

Mille Lacs Member of the
Cromwell Formation
Reference section (ESRI)
1:24,000

and silt are present in the diamicton. Four samples
show a high degree of variability in their textures
with clay percentages ranging from 7 to 32 percent.
They averaged 66-24-10 percent light-dark-red grains
(Hobbs, 1998b). The three lower samples were
unleached and had 1 to 2 percent carbonate in the
1-2 millimeter coarse-grained sand fraction. Fiftyfive feet (17 meters) of sand interbedded with sand
and gravel underlie the Mille Lacs Member and are
interpreted to be outwash related to the underlying
older, reddish-brown to brown-gray, Brainerd-sublobe
diamicton, named the South Long Lake Member of

the Independence Formation (Chapter 15), which
is about 35 feet (11 meters) thick, coarser-grained
than the upper diamicton, and contains about half
the amount of red clasts. Beneath the base of the
Independence Formation, from about 120 to 210
feet (37 to 64 meters), at which point bedrock is
encountered, there are a number of unnamed older
diamictons that represent at least three or four
separate pre-Wisconsinan glacial events.
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DESCRIPTION OF BOUNDARIES

Dimensions, shape, and geographic
distribution

Where the Mille Lacs Member is buried beneath
younger sediments of glacial Lake Aitkin I and
the Nelson Lake Member of the Aitkin Formation
(Chapter 1), the upper contact varies. In places
brown, loamy, Nelson Lake Member diamicton lies
directly on the Mille Lacs Member, in other places a
thin layer, which thickens to the east, of glacial Lake
Aitkin I fine-grained sand, silt, or clay lies between
the two units. The contacts between all the units are
generally sharp but can be mixed or gradational. It
is common to have incorporation and mixing of red
material from the underlying Mille Lacs Member
diamicton in the basal portion of the Aitkin Formation
diamicton. The lower contact of the Mille Lacs
Member is typically with the underlying South Long
Lake Member of the Independence Formation, where
the contact can be sharp, mixed, or have bedded
sediment separating them, either sand and gravel,
or lacustrine fine-grained material.

Mille Lacs Member diamicton is commonly less
than 30 feet (10 meters) thick, although in the Mille
Lacs moraine it may be thicker in places. Its western
extent is well defined by the moraine and by its
slightly redder color, which helps differentiate it from
the South Long Lake Member of the Independence
Formation (Fig. 7.14). In the north and east its extent
is less certain because it is buried beneath younger
sediment of the Nelson Lake Member of the Aitkin
Formation, a deposit of the St. Louis sublobe, as well
as sediments of glacial Lakes Aitkin I and II. South
of Mille Lacs Lake, where the moraine diminishes,
the diamicton becomes sandier and more like typical
St. Croix phase (Superior lobe) Cromwell Formation
diamicton, making it more difficult to determine its
extent based on materials.
DIFFERENTIATION FROM OTHER UNITS
The Mille Lacs Member is stratigraphically above,
and therefore younger, than the South Long Lake

A.

B.

Lake

Mille Lacs

AITKIN
MILLE LACS

MORRISON

Figure 7.14. A. Extent of the Mille Lacs Member of the Cromwell Formation
in Minnesota.
B. The stippled pattern shows the extent of the Mille Lacs Member in relation
to county boundaries and Mille Lacs Lake (outline shown). Dashed lines
show where boundaries are uncertain. Gray area denotes where the Mille
Lacs Member is covered by younger sediments of the Aitkin Formation and/
or glacial Lakes Aitkin I and II.
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Member of the Independence Formation (Brainerd
lobe). Cromwell Formation sediment deposited
during the St. Croix phase is older. The Mille Lacs
Member can be distinguished lithologically from
these underlying units by its finer texture (commonly
more silt), slightly redder color, and the presence of
inclusions of incorporated fine-grained sediment
within the diamicton. It is older and underlies Aitkin
Formation deposits, which in the area include the
Nelson Lake Member and sediments of glacial Lakes
Aitkin I and II. Characteristics that distinguish it
from overlying units are its redder color, more dark
and red Superior-source clasts (10 to 20 percent), and
its low carbonate clast content, less than 3 percent
(Knaeble and Meyer, 2004).

Mille Lacs Member is age correlative to sediments
of glacial Lake Brainerd, an informal member of the
Independence Formation (Fig. 11). Immediately
prior to the Automba phase, the ice shrank into the
Superior basin, and picked up some lake silt from a
proglacial Lake Superior, and spread a slightly siltier
diamicton generally over its readvance extent.
GENESIS
Sediment of the Mille Lacs Member was deposited
during the Automba phase of the Superior lobe (Table
4; Wright, 1972a, b). The diamicton is interpreted
to be till, and the sorted sediments to be outwash
and lake sediment. The incorporated blocks of clay
and silt are interpreted to be blocks of lake sediment
entrained during the advance to the Mille Lacs
moraine. All materials have a Superior provenance
lithology and source.

Age
The Mille Lacs Member is not well dated, but it
was deposited after the St. Croix phase of the Superior
lobe deposited the Cromwell Formation proper.
Wright (1972b) dated the retreat of the St. Croix-phase
ice at about 20,500 ± 400 14C yr BP (I-5443; 24,437 ±
511 cal yr BP), based on basal lake sediments in an
inter-drumlin depression at Wolf Creek in the Pierz
drumlin field, which lies behind the St. Croix moraine.
However, Clayton and Moran (1982) rejected that
date as possibly contaminated, and suggested about
15,000 14C yr BP (about 18,250 cal yr BP) for the retreat
from the St. Croix phase, though they conceded that
it could have been a few thousand years earlier. Its
minimum age is constrained by a radiocarbon date
of 11,635 ± 350 14C yr BP (13,637 ± 434 cal yr BP;
Farnham and others, 1964) on sediments of glacial
Lake Aitkin II, the youngest glacial lake in the area,
whose sediments overlie Nelson Lake Member
deposits of the Aitkin Formation, glacial Lake Aitkin
I, and the Mille Lacs Member. A recent summary
of late-Wisconsinan ice movements suggested the
Automba phase, and thus the deposition of the Mille
Lacs Member, occurred about 17,000 14C yr BP (Fig.
12; Jennings and others, 2013).
CORRELATION
The Mille Lacs Member is the silty portion of
the Cromwell Formation diamicton, noted by Wright
and Watts (1969) and Wright (1972b), that is evident
particularly throughout the Automba drumlin field
(Fig. 13) in Carlton County (Knaeble and Hobbs,
2009a, b). It occupies an equivalent lithostratigraphic
position to the Coon Creek member of the Cromwell
Formation (see Appendix), an informal member
recognized in the northern Twin Cities area by Meyer
(1998). Drainage relationships suggest that the
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Sunrise Member (redefined) of the Cromwell Formation
Mark D. Johnson

Name and Rank

TYPE SECTION

The Sunrise Member of the Copper Falls
Formation was formally named by Johnson (2000),
but in this report, it is redefined and recognized
as a member of the Cromwell Formation wherever
the Sunrise Member is found in Minnesota. This
redefinition does not affect the status of the Sunrise
Member in Wisconsin. The redefinition is simply
that this unit is considered part of the Cromwell
Formation in Minnesota. The unit is named for the
town of Sunrise, Chisago County, Minnesota.

The type section is on the east bank of the
North Branch Sunrise River, on the outside of a
meander bend in Chisago County, Minnesota (T.
35 N., R. 20 W., sec. 19, BAB; UTM 503,878m E.,
5,039,804m N.; U.S. Geological Survey North Branch
quadrangle, 7.5-minute series, 1983; Fig. 7.15).
Slightly pebbly sand, 15.4 feet (4.7 meters) thick,
overlies the Sunrise Member at the type section. This
overlying sand unit is undefined lithostratigraphically.
Many pebbles and some cobbles lie at the contact
truncating the top of the Sunrise Member. The
laminated silt and clay beds of the Sunrise Member
are 32.8 feet (10 meters) thick below the sand. The
base of the silt and clay lies below river level and
is not exposed, and some of the silt and clay are
covered. Detailed observations at the site reveal 776
exposed couplets, interpreted to be varves, ranging in
thickness from 0.3 to 1 inch (0.7 to 2.5 centimeters).
Varve 536 above river level in the sequence is 11.8
inches (30 centimeters) thick and could represent a
mud-flow deposit rather than a varve.

Lithologic description
The Sunrise Member contains rhythmically
laminated sand, silt, and clay. The bulk of the
sediment consists of couplets of slightly calcareous,
dark reddish-brown (5YR 3/3) to dark reddish-gray
(5YR 4/2) silt, and slightly calcareous, dark reddishbrown (2.5-5YR 3/4) clay. The couplets, which are
interpreted to be varves (Johnson and others, 1999),
generally range in thickness from 0.2 to 1.1 inches
(0.5 to 3.0 centimeters), although couplets as thin as
0.1 inch (0.2 centimeter) or as thick as 9.8 inches (25.0
centimeters) are present in places. Where the Sunrise
Member overlies diamicton, the sediment at the base
of the unit near the contact consists of silt, sand,
gravel, and till-like material interbedded with thin,
widely separated, clay layers. Near its eastern and
western limits, the character of the Sunrise Member
changes; thick beds of silt and sand, some of which
are highly convoluted, are in places interbedded
with pure clay.
In places, the laminated silt and clay grade
upward into progressively thicker and coarsergrained silt layers with intervening thin red clay beds.
This sequence in turn grades upwards into sand,
some of which has bedding that is characteristic of
beach and fluvial sand. The sand contains pebbles
in places; some are red clay clasts derived from the
laminated part of the Sunrise Member.

Reference sectionS
Reference section A (Fig. 7.16) is exposed in a
ravine on the north side of Benson Road in Burnett
County, Wisconsin (T. 38 N., R. 19 W., sec. 7, DAA;
UTM 518,837m E., 5,071,161m N.; U.S. Geological
Survey Bass Creek quadrangle, 7.5-minute series,
1983). Reference section A contains several meters
of sand overlying 21.3 feet (6.5 meters) of Sunrise
Member varved silt and clay; a gravel bed marks the
contact. This cut contains 250 varves. Interbedded
with the varved silt and clay are five thick (15.7- to
23.6-inch [40 to 60-centimeter]) silt and clay beds
that are massive to graded. In places, these thick
beds have discontinuous, convoluted silt beds. The
thickness of these thick beds changes markedly
when traced across the outcrop. Such characteristics
suggest that the thick units represent mud-flow or
slump units.
Reference section B (Fig. 7.17) is exposed along
the south bank of the Snake River in Pine County,
Minnesota (T. 39 N., R. 20 W., sec. 30, BAD; UTM
508,484m E., 5,076,753m N.; U.S. Geological Survey
Pine City quadrangle, 7.5-minute quadrangle, 1983).

NOMENCLATURAL HISTORY
The first use of the name for the unit was by
Johnson and others (1999) as a member of the Copper
Falls Formation.
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Sunrise Member of the
Cromwell Formation
Type section (ESRI)
1:24,000

Figure 7.15. Location of the type
section for the Sunrise Member
of the Cromwell Formation in
Minnesota (formerly in the
Copper Falls Formation; U.S.
Geological Survey North Branch
quadrangle, 7.5-minute series,
1983).

Figure 7.16. Location of
reference section A for the
Sunrise Member of the
Cromwell Formation in
Minnesota (formerly in the
Copper Falls Formation; U.S.
Geological Survey Bass Creek
quadrangle, 7.5-minute series,
1983).

Sunrise Member of the
Cromwell Formation
Reference section A (ESRI)
1:24,000

clay is truncated and present only in ripple troughs.
The overlying sand is not clearly part of the Sunrise
Member and may represent a Snake River terrace
deposit; it is not defined lithostratigraphically.

Reference section B exposes several meters of sandy
Sunrise Member sediment that is interpreted to
represent sedimentation close to the western shore
of a glacial lake. From top to bottom, the exposure
contains 8.2 feet (2.5 meters) of fine- to coarse-grained
sand, 3.9 feet (1.2 meters) of rippled sand with clay
drapes, 1 foot (0.3 meter) of red till-like material, 3.3
feet (1.0 meter) of medium- to coarse-grained sand,
and 9.8 feet (3.0 meters) of red, sandy till of the
Cromwell Formation, with some interbeds of sand.
The rippled sand layer contains 50 clay drapes that
are interpreted to be winter layers. In places, the

DESCRIPTION OF BOUNDARIES
Where observed, the lower contact of the Sunrise
Member is sharp and overlies the till of the Cromwell
Formation in Minnesota and the Copper Falls
Formation in Wisconsin. Beneath the sand barrens
of Polk and Burnett Counties, Wisconsin, and parts
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Figure 7.17. Location of
reference section B for the
Sunrise Member of the
Cromwell Formation in
Minnesota (formerly in the
Copper Falls Formation; U.S.
Geological Survey Pine City
quadrangle, 7.5-minute series,
1983).

Sunrise Member of the
Cromwell Formation
Reference section B (ESRI)
1:24,000

DIFFERENTIATION FROM OTHER UNITS

of Chisago and Pine Counties, Minnesota, the upper
contact is sharp and is overlain by gravel and sand
of undefined lithostratigraphic status. In the same
counties, the upper, sandy part of the Sunrise Member
is overlain by till of the Grantsburg sublobe (till of
the Trade River Formation in Wisconsin and till of
the Twin Cities Member of the New Ulm Formation
in Minnesota). In Anoka County, it underlies the
Coon Creek member of the Cromwell Formation
(see Appendix).

The Sunrise Member is distinct because it is red,
fine-grained, and consists of distinctive couplets.
The fine-grained sediments of the Sunrise Member
are most similar in grain size to the Falun Member
of the Trade River Formation, but can be easily
differentiated from the Falun Member on the basis of
color and stratigraphic position. The sandy parts of
the Sunrise Member are identified by the stratigraphic
and sedimentologic affinity to the bedded, varved
sediment.

Dimensions, shape, and geographic
distribution

Age

The Sunrise Member is exposed along the St.
Croix River and its tributaries in northwestern
Wisconsin and east-central Minnesota (Fig. 7.11), and
it is present only in the subsurface in all other areas.
It is found in Chisago, Isanti, and Anoka Counties
in the subsurface. The southernmost outcrops are
along the Sunrise River in central Chisago County,
Minnesota; the northernmost, at St. Croix State Park,
Pine County, Minnesota. The Sunrise Member is well
exposed along the Wood, Clam, and Trade Rivers in
Wisconsin and along Rock Creek, Goose Creek, and
the Snake River in Minnesota. The thickness of the
Sunrise Member varies from several feet to as much
as 98.5 feet (30 meters) thick (found in material from
a drill hole near Sunrise, Minnesota); most exposures
are 16 to 33 feet (5 to 10 meters) thick. In places where
the coarsening-upward sequence is preserved, the
sand may be more than 65.5 feet (20 meters) thick.

The age of the Sunrise Member is not well known,
but it was probably deposited between 14,000 and
16,000 14C yr BP (about 17,250 and 19,150 cal yr BP;
Johnson and others, 1999). A recent summary of
Minnesota glacial history suggested that glacial Lake
Lind, in which the Sunrise Member sediment was
deposited, was in existence from 13,000 to 15,000
14
C yr BP (about 15,900 to 18,000 cal yr BP; Jennings
and others, 2013).
CORRELATION
The Sunrise Member likely includes the buried
unit of red and brown lacustrine sediment in southern
Chisago County and central Anoka County as mapped
by Helgesen and Lindholm (1977); however, in places,
this lacustrine sediment is overlain by a till referred
to as the Coon Creek member of the Cromwell
Formation (Meyer, 1998; see Appendix), suggesting
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that it may represent an older stratigraphic unit
of strong similarity to the Sunrise Member. The
Sunrise Member is younger than fluvial and glacial
deposits of the Cromwell Formation south of Chisago
County and older than the sediment of the New Ulm
Formation.
GENESIS
The Sunrise Member was deposited in glacial
Lake Lind while the Superior lobe was retreating from
western Wisconsin and eastern Minnesota (Johnson
and others, 1999; Johnson, 2000). The lake formed
as ice melted out of a lowland whose drainage was
blocked by the St. Croix moraine. The laminated
sediments are interpreted to represent varves
deposited in deep water away from strandlines. The
coarser-grained sediment at the base of the unit is
interpreted to represent near-glacier sedimentation in
the bottom of the lake as the Superior lobe retreated
and the lake expanded. Individual varve thickness
is greatest right above the till and becomes thinner
upwards after 25 to 40 varves. Coarser-grained
sediment exposed along the Sunrise and Snake Rivers
near the margins of the unit's extent, such as shown
at reference section B, are interpreted to represent
near-shore sedimentation where sediment supply
may have been greater and water depth shallower;
this sediment is also included in the Sunrise Member.
The coarsening-upward sequence preserved in places
above the varved sequence is interpreted to represent
deposition of deltaic and fluvial sand and a gradual
filling in of glacial Lake Lind.
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Chapter 8
Eagle Bend Formation (new)
Gary N. Meyer

NAME AND RANK

(44 kilometers) southeast of Eagle Bend. The core
records the abrupt contact at a depth of 167 feet (51
meters) between overlying dark grayish-brown (10YR
4/2), loam-textured diamicton of the St. Francis
Formation and strongly mottled, light olive-brown
(2.5Y 5/4), clay-textured diamicton of the Eagle Bend
Formation. Mottles range from gray (2.5Y 5/1) to
greenish-gray (5GY 5/1) and light olive-brown (2.5Y
5/6). From 173 to 173.5 feet (52.7 to 52.9 meters)
color ranges from dark gray to olive-brown (2.5Y
4/1-3), and is mostly very dark gray (2.5Y 3/1)
below 175.5 feet (53.5 meters). Below 179.5 feet (54.7
meters) the diamicton is mostly oxidized (2.5Y 5/4)
with dark gray (5Y 4/1) and olive-gray (5Y 4/2)
mottles. The diamicton is very dark gray (5Y 3/1)
below 182 feet (55.5 meters). Five samples of the
diamicton range from 19 to 21 percent sand and 41
to 44 percent clay. Paleozoic carbonate averages 57
percent and Cretaceous grains about 4 percent of the
1-2 millimeter size fraction, with Cretaceous shale
virtually absent. Carbonate pebbles are abundant.
A small inclusion of Precambrian saprolite is present
at 186 feet (56.7 meters). The diamicton is in very
sharp contact at 187 feet (57 meters) with olivebrown (2.5Y 4/3), calcareous, clay loam diamicton
of the Elmdale Formation. The core is stored at the
Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.

I hereby formally name the Eagle Bend Formation
as a lithostratigraphic unit of formation rank. The
formation is named after the town of Eagle Bend,
Todd County, Minnesota (U.S. Geological Survey
Eagle Bend quadrangle, 7.5-minute series, 1969).
Lithologic description
The Eagle Bend Formation includes diamicton
and sorted sediment. The diamicton facies commonly
has a clay to clay loam texture, but ranges to loam. It
is commonly deeply or completely oxidized (Meyer,
1986; Southwick and others, 1986) from olive-yellow
to olive-brown (2.5Y 6/6 to 2.5Y 4/4) in color (moist),
but many sections in whole or in part are olive (5Y
5/3-6) to gleyed (5GY 6/1 to 5G 4/1). The unoxidized
color is generally dark gray to very dark gray (2.5Y to
5Y 4-3/1). Paleozoic carbonate commonly composes
an abundant proportion of the very coarse-grained
sand fraction, generally between 35 and 60 percent.
Cretaceous grains generally range from 2 to 6 percent,
and consist mostly of limestone and shell fragments.
Cretaceous shale is absent to rare, generally less
than 1 percent.
NOMENCLATURAL HISTORY
The diamicton of the unit was first informally
named the "Eagle Bend till" by Meyer (1986). A rotary
drill hole (Minnesota Geological Survey cuttings set
1645) drilled about 2 miles (3 kilometers) southeast
of the town of Eagle Bend penetrated 63 feet (19
meters) of oxidized to partially oxidized diamicton
of the Eagle Bend Formation (Meyer, 1986; Southwick
and others, 1986).

Reference sectionS
Reference section A is a riverbank exposure:
Quaternary unique numbers 00Q0015396 and
00Q0027339. The site is located in Morrison County,
Minnesota (T. 127 N., R. 29 W., sec. 17, AABB;
U.S. Geological Survey Royalton quadrangle, 7.5minute series, 1978; Fig. 8.2), on the west bank
of the Mississippi River opposite Pasch Island,
approximately 0.5 mile (0.8 kilometer) downstream
from the mouth of the Two River, and about 41 miles
(66 kilometers) southeast of Eagle Bend. About 25
feet (8 meters) of clay loam-textured diamicton of the
Eagle Bend Formation are exposed in several cuts
from an elevation of about 1,052 feet (322 meters)
above mean sea level, down to river level at about
1,027 feet (313 meters). The diamicton is oxidized

TYPE SECTION
The type section is a continuous rotary-sonic core:
TR-1, Minnesota Geological Survey unique number
256714. The core site is located in Todd County,
Minnesota (T. 128 N., R. 32 W., sec. 25, CCBCCC;
U.S. Geological Survey Burtrum quadrangle, 7.5minute series, 1978; Fig. 8.1), about 1.6 miles (2
kilometers) east of Burtrum, and about 27 miles

87

Eagle Bend Formation
Type section (ESRI)
1:24,000

Figure 8.1. Location of the
type section for the Eagle Bend
and St. Francis Formations
and the Meyer Lake Member
of the Lake Henry Formation,
and also of reference section
A for the Elmdale Formation
in Minnesota: core hole TR-1
(U.S. Geological Survey Burtrum
and Swanville quadrangles, 7.5minute series, 1978).

Eagle Bend Formation
Reference section A (ESRI)
1:24,000

Figure 8.2. Location of reference
section A for the Eagle Bend
Formation in Minnesota: the
Pasch Island exposure (central
square), and the type section
for the Elmdale Formation: the
Two River exposure (northern
square; U.S. Geological Survey
Royalton quadrangle, 7.5-minute
series, 1978).

light olive-brown (2.5Y 5/3-4) at the top, but in
most of the section it is unoxidized dark gray (5Y
4/1). Lenses or inclusions of oxidized sandy silt to
coarse-grained sand over 3 feet (1 meter) thick are
common. An undulating contact with underlying silt
of unknown age and uncertain correlation is present
in places at river level. At the base, the diamicton
grades to a silt loam texture, and contains many
inclusions of oxidized silt, wood, and gastropod
shells. Eight samples of the diamicton average 24
percent sand, 46 percent silt, and 30 percent clay

in the matrix; 60 percent Precambrian, 38 percent
Paleozoic carbonate, and 2 percent Cretaceous grains
in the 1-2 millimeter size fraction. Samples from the
exposures are stored at the Minnesota Geological
Survey in St. Paul.
Reference section B is a continuous rotarysonic core: TR-3, Minnesota Geological Survey
unique number 256716. The core site is located in
Todd County, Minnesota (T. 127 N., R. 35 W., sec.
5, CACCAA; U.S. Geological Survey West Union
quadrangle, 7.5-minute series, 1966; Fig. 8.3), about
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Eagle Bend Formation
Reference section B (ESRI)
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Figure 8.3. Location of reference
section B for the Eagle Bend
Formation: core hole TR-3 (U.S.
Geological Survey West Union
and Osakis quadrangles, 7.5minute series, 1966).

DESCRIPTION OF BOUNDARIES

halfway between West Union and Osakis, Minnesota,
and about 23.5 miles (37.5 kilometers) south of Eagle
Bend. The core records the contact at a depth of 97.5
feet (29.5 meters) between overlying oxidized (2.5Y
5/4), calcareous, silty, loam diamicton of the Meyer
Lake Member of the Lake Henry Formation, and
underlying highly oxidized (2.5Y 5/6), calcareous,
clayey, loam diamicton of the Eagle Bend Formation.
The diamicton is less oxidized (2.5Y 5/4) below about
101 feet (31 meters), and grades to mostly unoxidized
(5Y 5/1) by 109 feet (33 meters). The diamicton is
oxidized just above oxidized (2.5Y 6/4), well-sorted,
medium-grained sand at 114.5 feet (34.9 meters).
The sand is finer-grained and more greenish with
depth. From 115.5 to 118 feet (35.2 to 36 meters) it is
olive (5Y 5/4) diamicton with light yellowish-brown
to pale olive (2.5Y-5Y 6/4), fine- to coarse-grained
sand inclusions and beds. The diamicton below 117
feet (35.7 meters) is variegated from gray to olive
(5Y 5/1-3). Massive loam diamicton below 118 feet
(36 meters) is mostly unoxidized (7.5Y 5/1) by 118.5
feet (36.1 meters), with some olive-gray (7.5Y-5Y
5/2) mottles to the base at 127.5 feet (38.9 meters),
where the diamicton abruptly overlies Precambrian
granite. Eight samples of the diamicton range from
22 to 27 percent clay, and average 41 percent Paleozoic
carbonate and less than 1 percent Cretaceous grains
in the 1-2 millimeter size fraction. Red Keweenawan
clasts make up more than 3 percent of the total
Precambrian fraction of the 1-2 millimeter grains. The
core is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.

The St. Francis Formation of Superior provenance
stratigraphically overlies the Eagle Bend Formation,
but in over half the known sections the Eagle Bend
Formation is truncated by the Lake Henry Formation
or younger units. The Eagle Bend Formation is
deeply oxidized in a number of sections and is
topped by organic sediment in a few areas, but
significant leaching has not been recognized. The
Eagle Bend Formation has been noted to overlie
Superior-provenance sediment in only a few rotary
holes, but the presence of Keweenawan clasts within
the formation throughout central Minnesota indicates
the ice that deposited the Eagle Bend Formation
must have overridden northeast-source sediment.
In the majority of sections where the Eagle Bend
Formation was penetrated, however, it either overlies
the Elmdale Formation or bedrock (Meyer, 1986;
Southwick and others, 1986; Meyer and Knaeble,
1996; Meyer and Swanson, 1996). The Elmdale
Formation is partially oxidized below unoxidized
Eagle Bend Formation material in only a few sections,
but core holes SR-3 and SR-4 (Meyer and Swanson,
1996) indicate at least some leaching occurred prior
to deposition of the Eagle Bend Formation. In core
hole BR-3 in Benton County, non-calcareous silt below
the Eagle Bend Formation and above calcareous,
unoxidized diamicton of the Elmdale Formation
contains pollen, which indicates a warming sequence
from a spruce-dominated forest to a prairie or pine
savanna (Meyer and Gowan, 2010).
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Dimensions, shape, and geographic
distribution

in north-central Minnesota when compared with
similar central Minnesota units.

The Eagle Bend Formation as defined herein
is present primarily in the subsurface across much
of central Minnesota (Fig. 8.4). The formation is
thickest in central Todd, northeastern Douglas, and
southeastern Otter Tail Counties, where it commonly
exceeds 50 feet (15 meters), but is much thinner in
the surrounding area (Meyer, 1986; Southwick and
others, 1986; Meyer and Knaeble, 1996; Meyer and
Swanson, 1996; Knaeble and Meyer, 2007a). About
9 feet (3 meters) of fine-textured diamicton that are
rich in Paleozoic carbonate, encountered in core
OB-402, from eastern Crow Wing County in central
Minnesota (Fig. 15.8; Martin and others, 1989), are
included in the Eagle Bend Formation. The diamicton
is present above diamicton of the Bigfork Formation
(Fig. 11). Outside the central Minnesota type area,
the Eagle Bend Formation is present in the subsurface
in north-central Minnesota (Fig. 8.4), where its
diamicton ranges from 3 to 46 feet (1 to 14 meters)
in thickness in the seven core holes in which it was
recognized (Meyer, 1997). The diamicton in northcentral Minnesota averages less Cretaceous clasts than
diamicton of the Eagle Bend Formation in the type
area, as do other diamictons of Winnipeg provenance

DIFFERENTIATION FROM OTHER UNITS
The Eagle Bend Formation contains more clasts
of Paleozoic carbonate than units of northeast
provenance, and its diamicton is generally finertextured. The Eagle Bend Formation has a much
lower percentage of Cretaceous shale grains and a
higher proportion of Paleozoic carbonate than late
Wisconsinan sediment of northwest provenance
in central Minnesota. The formation has a greater
percentage of Paleozoic carbonate and generally
lower proportion of Cretaceous clasts than the
Browerville, Bigfork, Elmdale, and Wirt Formations.
Diamicton of the similar Lake Henry Formation is
generally coarser-textured and contains a lower
proportion of quartz grains and Cretaceous clasts.
The Meyer Lake Member of the Lake Henry Formation
commonly contains fewer Paleozoic carbonate clasts
and more incorporated organics than the Eagle Bend
Formation.
Age
Uranium/thorium disequilibrium dat in g
indicated that the overlying Browerville Formation is
pre-Illinoian in age (Knaeble and Meyer, 2007b). The
Eagle Bend Formation has normal polarity remanent
magnetism, implying it is likely Middle Pleistocene in
age (Jennings and others, 2006). These two limiting
ages indicate that the Eagle Bend Formation was
deposited sometime after 780,000 and before about
190,000 yr BP.
CORRELATION
A diamicton similar in stratigraphic position and
lithology to diamicton of the Eagle Bend Formation
is present in southwest Minnesota (SWRA 7; Fig. 11)
and southeast South Dakota (Drift Complex 2, Till
D of Patterson, 1997).
GENESIS
Sediment of the Eagle Bend Formation has a
Winnipeg provenance. It was deposited by glacial ice
(and its meltwater) that moved into Minnesota from
the northwest and flowed south and southeast across
the state. The typically high clay content of the Eagle
Bend Formation diamicton was likely derived from
the ice that deposited it having advanced across and
incorporating sediment of a pro-glacial lake.

Figure 8.4. Distribution of the Eagle Bend Formation
within Minnesota.
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Chapter 9
Elmdale Formation (new)
Gary N. Meyer

NAME AND RANK

TYPE SECTION

I hereby formally name the Elmdale Formation
as a lithostratigraphic unit of formation rank. The
formation is named after the town of Elmdale,
Morrison County, Minnesota (U.S. Geological Survey
Bowlus and Upsala quadrangles, 7.5-minute series,
1978).

The type section is a riverbank exposure:
Quaternary unique number 00Q0015394 (T. 127 N.,
R. 29 W., sec. 8, CADBAC; U.S. Geological Survey
Royalton quadrangle, 7.5-minute series, 1978; Fig. 9.1).
The site is located in Morrison County, Minnesota
approximately 700 feet (210 meters) upstream from
the mouth of the Two River, and about 6 miles
(10 kilometers) east of Elmdale. At the top of the
exposure at about 1,057 feet (322 meters) above
mean sea level, about 5 feet (1.5 meters) of loamtextured diamicton interpreted to be postglacial
colluvium overlie about 12 feet (3.7 meters) of
Elmdale Formation diamicton, which overlie more
than 10 feet (3 meters) of unoxidized (except along
joints) Cretaceous siltstone with concretions and
lignitic claystone beds (Cretaceous sediments extend
below river level). The Elmdale Formation diamicton
is variegated, generally brown (10YR 4/3) with some
7.5YR colors, and deoxidized light gray (10YR 7/1)
along joints. The diamicton has a clay loam texture,
grading to sandy loam at the base. The diamicton
is calcareous, with disseminated carbonate and
inclusions of silty sand and noncalcareous Cretaceous
claystone. Precambrian grains dominate the very
coarse-grained (1-2 millimeters) sand fraction, with
the number of Cretaceous grains equal to or greater
than Paleozoic carbonate grains. About a third
of the pebbles are Cretaceous, and only about 20
percent are Paleozoic carbonate. Clasts of weathered
Precambrian bedrock are common. Samples from
the exposure are stored at the Minnesota Geological
Survey in St. Paul.

Lithologic description
The Elmdale Formation includes diamicton and
sorted sediment. The diamicton facies commonly
has a clayey texture, but is coarser-grained in places,
varying with the local substrate. Its moist color where
oxidized in the subsurface is light olive-brown to
olive-brown to olive (2.5Y 5/4 to 4/4, 5Y 5/3), and
its unoxidized color is generally dark gray to very
dark gray (5Y to 7.5Y 4-3/1). A number of sections
are olive-gray (5Y to 7.5Y 5-4/2) at the top, and at
least one exhibits gley colors. Paleozoic carbonate
commonly composes a low to moderate proportion
of the very coarse-grained sand fraction, generally
between 5 and 25 percent. Cretaceous grains range
from 2 to 30 percent, but generally are around 10
percent. Cretaceous shale content is commonly 0
to 5 percent. The Precambrian portion of the 1-2
millimeter sand fraction contains low to moderate
amounts of dark grains, generally between 5 and 15
percent; red felsite and sandstone, absent in many
sections, averages only about 1 percent (Meyer, 1986;
Meyer and Knaeble, 1996).
NOMENCLATURAL HISTORY
The diamicton of the unit was first informally
named the "Elmdale till" by Meyer (1986). A rotary
drill hole (Minnesota Geological Survey cuttings set
2007) drilled near the village of Elmdale penetrated
the thickest known section, 79 feet (24 meters), of
what is herein formally named the Elmdale Formation
(Meyer, 1986; Southwick and others, 1986). The
informal "Elmdale formation" was defined by Meyer
and Knaeble (1998) to include till and associated
sorted sediment and paleosols.

Reference sectionS
Reference section A is a continuous rotary-sonic
core: TR-1, Minnesota Geological Survey unique
number 256714 (T. 128 N., R. 32 W., sec. 25, CCBCCC;
U.S. Geological Survey Burtrum quadrangle, 7.5minute series; Fig. 9.2). The core site is located in
Todd County, Minnesota about 1 mile (1.6 kilometers)
east of Burtrum, and about 9 miles (14 kilometers)
west–northwest of Elmdale. The core records
a very abrupt contact at a depth of 187 feet (57
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Figure 9.1. Location of the
type section for the Elmdale
Formation in Minnesota: the
Two River exposure (northern
square), and reference section A
for the Eagle Bend Formation:
t h e P a s c h I s l a n d e x p o s u re
(central square; U.S. Geological
Survey Royalton quadrangle,
7.5-minute series, 1978).

Elmdale Formation
Type section (ESRI)
1:24,000

Figure 9.2. Location of reference
section A for the Elmdale
Formation in Minnesota, and
also the type section for the
Eagle Bend and St. Francis
Formations and the Meyer
Lake Member of the Lake Henry
Formation: core hole TR-1 (U.S.
Geological Survey Burtrum and
Swanville quadrangles, 7.5minute series, 1978).

Elmdale Formation
Reference section A (ESRI)
1:24,000

meters) between overlying very dark gray (5Y 3/1),
carbonate-rich, clay diamicton of the Eagle Bend
Formation and olive-brown (2.5Y 4/3), calcareous,
clay loam diamicton of the Elmdale Formation. Most
oxidation is restricted to the upper few inches (8
centimeters), with the diamicton matrix an entirely
unoxidized very dark gray color (5Y 3/1) by 188
feet (57.3 meters). Some light and dark gray colors
(5Y 7/1 and 4/1) are present below 188.5 feet (57.5
meters), along with common variegated smears of
incorporated Precambrian saprolith. The diamicton
is interbedded with light gray (5Y 7/1), calcareous

silt from 188.5 to 190 feet (57.5 to 58 meters), at 191.5
feet (58.4 meters), and below 193.5 feet (59 meters).
Large clayey saprolite inclusions are present from
192 to 192.5 feet (58.5 to 58.7 meters) and at 193 feet
(58.8 meters). The diamicton contains many fewer
carbonate pebbles than the diamicton of the overlying
Eagle Bend Formation. By 196 feet (59.7 meters) the
matrix texture of the diamicton is silty clay loam.
At about 197 feet (60 meters) the diamicton grades
to calcareous, laminated, very dark gray clayey silt
(5Y 3/1) and gray (5Y 6/1) silt. Below 198 feet (60.4
meters) the sediment is mostly massive, relatively
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soft, very dark to dark gray (5Y 3-4/1), clayey silt.
Sand grains are rare, except for mica flakes. Below
a large, flat granite pebble at 201.5 feet (61.4 meters)
the sediment is very dark gray (5Y 3/1), silty clay
loam, more clayey and compact than the sediment
above, with a few scattered pebbles. Sand grains float
in a silt/clay matrix. Sediment from 205.5 to 206.5
feet (62.6 to 62.9 meters) is identical to the clayey silt
above 201.5 feet (61.4 meters). Below 206.5 feet (62.9
meters) is loam diamicton rich in silt, with a few small
inclusions of the underlying saprolith just above the
contact at 208 feet (63.4 meters). Saprolith-derived
grains average about 20 percent of the 1-2 millimeter
size fraction. Of the non-saprolith-derived grains,
about 9 percent are Cretaceous, and about 12 percent
are Paleozoic carbonate. Core TR-1 is stored at the
Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.
Reference section B is a continuous rotary-sonic
core: SR-4 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249857 (T. 126 N.,
R. 34 W., sec. 29, CBCABA; U.S. Geological Survey
Sauk Centre quadrangle, 7.5-minute series, 1965;
Fig. 9.3). The core site is located in Stearns County,
Minnesota approximately 3.5 miles (6 kilometers)
southwest of the town of Sauk Centre and 26 miles
(42 kilometers) southwest of Elmdale. In the core
at a depth of 152 feet (46.5 meters), greenish-gray
(7.5GY 5/1), moderately calcareous, sandy loamtextured diamicton interbedded with sandy silt and
sand (likely equivalent to the Shooks Formation),
overlies greenish-gray (10GY 5/1), non-calcareous,
loam-textured diamicton of the Elmdale Formation.

The diamicton is slightly calcareous and lightercolored (7.5GY 6/1) by 152.5 feet (46.5 meters), and
is moderately calcareous by 153 feet (46.6 meters).
It is more variegated and olive-gray to pale olive
with depth (10Y 6/2, 5/2, 7.5Y 6/2, 6/3). From 159
to 160 feet (48.5 to 48.8 meters) is olive (7.5Y 5/3),
fine-grained silt with light olive-brown mottles
(2.5Y 5/6), abruptly over variegated (7.5Y 5/2, 5/3,
10Y 5/2) loam diamicton to 161.5 feet (49 meters).
Variegated (5G 5/1 to 10G 5/1) gneiss-derived
saprolite from 161.5 to 162.5 feet (49.2 to 49.5 meters)
is interpreted to be an incorporated block of the local
saprolith. Olive (7.5Y 5/3) loam diamicton below
has a gradational contact at 164 feet (50 meters)
with light greenish-gray (10GY 7/1), gneiss-derived
saprolith. Dark Precambrian, Paleozoic carbonate,
and Cretaceous limestone are present in the pebble
fraction, but are rare in the very coarse-grained sand
fraction of the diamicton. Light Precambrian, quartz,
and weathered Precambrian clasts are dominant;
many are likely locally derived. Core SR-4 is stored
at the Minnesota Department of Natural Resources
core library in Hibbing, Minnesota.
DESCRIPTION OF BOUNDARIES
The Elmdale Formation is overlain at a few sites
in Stearns County by the Rainy provenance Shooks
Formation (Meyer and Knaeble, 1996). In the majority
of sections, however, the Elmdale Formation is
overlain by the Eagle Bend Formation or younger units
(Meyer, 1986; Southwick and others, 1986; Meyer and
Swanson, 1996). The Elmdale Formation is leached

Figure 9.3. Location of
reference section B for
the Elmdale Formation in
Minnesota, and the type
section for the Sauk Centre
Member of the Lake Henry
Formation: core hole MGSSR-4 (U.S. Geological Survey
Sauk Centre and Raymond
Lake quadrangles, 7.5-minute
series, 1965).

Elmdale Formation
Reference section B (ESRI)
1:24,000

93

Dimensions, shape, and geographic
distribution

in the upper foot (0.3 meter) below unleached Shooks
Formation diamicton in core hole SR-4, indicating
at least a short hiatus between the deposition of
the two units. In a number of sections the Elmdale
Formation is oxidized below unoxidized Eagle Bend
Formation or younger units. In core hole BR-3 in
Benton County, non-calcareous silt below the Eagle
Bend Formation and above calcareous, unoxidized
diamicton of the Elmdale Formation contains pollen,
which indicates a warming sequence from a sprucedominated forest to a prairie or pine savanna. The
core also shows calcareous, unoxidized Elmdale
Formation diamicton interbedded at the base with
and overlying moderately calcareous, unoxidized
diamicton of Rainy provenance (Meyer and Gowan,
2010). Older Winnipeg- and Superior-provenance
sediment was tentatively recognized below the
Elmdale Formation in drill cuttings collected from a
few rotary holes drilled into deep buried valleys in
southwestern Stearns County (Meyer and Knaeble,
1996). Elsewhere, the Elmdale Formation overlies
bedrock or saprolith formed in bedrock. The base
of the Elmdale Formation, and in some sections the
entire unit, commonly contains numerous clasts of
locally-derived bedrock.

The Elmdale Formation as defined herein is
present primarily in the subsurface across much
of central Minnesota. The formation has been
recognized in northern Benton, southwestern
Morrison, northeastern Douglas, and southeastern
Otter Tail Counties, and is present in patches across
most of Todd and Stearns Counties (Meyer, 1986;
Southwick and others, 1986; Meyer and others, 1995;
Meyer and Knaeble, 1996; Meyer and Swanson, 1996;
Knaeble and Meyer, 2007a; Meyer and Gowan, 2010).
It is likely preserved in places in the surrounding
area. Diamicton of the formation at 15 sites across
central Minnesota averages about 26 feet (8 meters)
in thickness. The thick section near Elmdale and
another (Minnesota Geological Survey cuttings set
1650) in west-central Todd County are thought to be
part of the fill of a major, southeast-trending buried
valley (Meyer, 1986). Outside the central Minnesota
type area (Fig. 9.4), the Elmdale Formation is wellpreserved in southeast Minnesota in the Mower
County area (Meyer and Knaeble, 1998; Meyer, 2000;
Hobbs, 2005), where the formation in places is more
than 66 feet (20 meters) thick. The texturally similar
diamicton in southeast Minnesota (Fig. 9.5) averages
fewer Cretaceous clasts (3 percent) than diamicton of
the Elmdale Formation of the type area (11 percent in
the Todd County area [Meyer, 1986], and 8 percent
in Stearns County [Meyer and Knaeble, 1996]), but
otherwise is lithologically similar. The formation has
been recognized in outcrop and core in south-central
Minnesota (Fig. 11; Meyer and others, 2012a, b).
DIFFERENTIATION FROM OTHER UNITS
The Elmdale Formation contains more Cretaceous
clasts than units of northeast provenance, and its
diamicton is generally finer-textured. The Elmdale
Formation generally has fewer Cretaceous shale
grains than late Wisconsinan sediment of northwest
provenance in central Minnesota, and has a higher
proportion of quartz and saprolite clasts. The
formation has less Paleozoic carbonate and more
saprolite clasts than the Browerville, Lake Henry, and
Eagle Bend Formations. The Elmdale Formation on
average contains a higher proportion of Cretaceous
and quartz clasts, and a lower proportion of dark
Precambrian clasts than does the Lake Henry or
Eagle Bend Formations.

Figure 9.4. Distribution of the Elmdale Formation
within Minnesota.
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Matuyama boundary, the Elmdale Formation may
correlate with the Pierce Formation of western
Wisconsin (Baker and others, 1983; Mickelson and
others, 1984; Attig and others, 1988) and the Twin
Cities area (Meyer, 1992). A diamicton similar in
stratigraphic position, detrital remanent magnetism,
and lithology to diamicton of the Elmdale Formation
is present in southwest Minnesota (SWRA 8; Fig. 11)
and southeast South Dakota (Drift Complex 2, Till C of
Patterson, 1997). To the south, the Elmdale Formation
may correlate with the Alburnett Formation of Iowa
(Hallberg, 1980) based on lithologic character and
stratigraphic position, but a strong correlation is not
possible at this time.

Uran ium/thorium disequilibrium dating
indicated that the overlying Browerville Formation
is pre-Illinoian in age (Knaeble and Meyer, 2007b).
Several attempts have been made to determine
the polarity of the Elmdale sediment from detrital
remanent magnetization analysis, and these results
have yielded both normal and reversed magnetization
(Meyer, 1986, 2000). Because of these results and its
stratigraphic position (Fig. 11), Meyer (1986, 2000)
suggested that the Elmdale Formation was deposited
prior to or near the Brunhes-Matuyama magneticreversal boundary, dated at 780,000 yr BP. Because
of these equivocal results, we show the Elmdale
Formation as younger than the Brunhes-Matuyama
boundary in Figure 11.

GENESIS
Sediment of the Elmdale Formation has a
Winnipeg provenance. It was deposited by glacial
ice (and its meltwater) that moved into Minnesota
from the north–northwest and flowed south and
southeast across the state.

CORRELATION
The oldest Winnipeg-provenance diamicton
recognized in north-central Minnesota, part of the
Wirt Formation, is lithologically similar, except for
a lower Cretaceous clast content, and may be at
least in part equivalent to the Elmdale Formation.
If the Elmdale Formation is older than the Brunhes-
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Chapter 10
Funkley Formation (new)
Gary N. Meyer

NAME AND RANK

NOMENCLATURAL HISTORY

I hereby formally name the Funkley Formation
as a lithostratigraphic unit of formation rank. The
formation is named after the town of Funkley, Beltrami
County, Minnesota (U.S. Geological Survey Funkley
quadrangle, 7.5-minute series, 1971).

The Funkley Formation is first used here. It
includes the "Funkley till" of Meyer (1997).
TYPE SECTION
The type section is a continuous rotary-sonic
core: KR-74 (Meyer, 1997), Minnesota Geological
Survey unique number 247436 (T. 150 N., R. 30 W.,
sec. 8, DDDDAA; U.S. Geological Survey Borden Lake
quadrangle, 7.5-minute series, 1972; Fig. 10.1). The
core site is located in Beltrami County, Minnesota
approximately 4.5 miles (7 kilometers) northwest of
Funkley. The core records the contact at a depth of
about 46.5 feet (14 meters) between overlying gray
(5Y 5/1) silt, interpreted to be late Wisconsinan, and
3.5 feet (1.1 meters) of dark gray and very dark gray
(2.5Y 4/1, 3/1), calcareous, organic-rich, massive,
clayey silt, which is the upper part of the Funkley
Formation. The Funkley Formation is over 70 feet
(21 meters) thick in this core and consists of silt and
loamy to silty diamicton, which in turn overlies the
St. Francis Formation. At 50 feet (15.2 meters) the
organic silt grades to greenish-gray (2.5GY 6/1),

Lithologic description
The Funkley Formation includes diamicton and
sorted sediment. The diamicton facies commonly has
a loam texture, but includes clay loam and silt loamtextured layers in some sections. The unoxidized and
reduced moist color generally ranges from gray (2.5Y
5/1) to greenish-gray (5GY 5/1). Paleozoic carbonate
composes a moderate to abundant proportion of the
very coarse-grained (1-2 millimeter) sand fraction,
averaging 42 percent. Cretaceous grains are absent to
rare, generally less than 2 percent. The proportion of
quartz grains is relatively low, averaging 14 percent
of the Precambrian fraction (Meyer, 1997).

Funkley Formation
Type section (LMIC)
1:24,000

Figure 10.1. Location of the type
section for the Funkley Formation
in Minnesota: core hole KR-74
(U.S. Geological Survey Borden
Lake and Funkley quadrangles,
7.5-minute series, 1972, 1971).
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calcareous, massive silt. Below 51.5 feet (15.7 meters)
the silt is interbedded with very fine-grained sand
and grades to olive-gray (7.5Y 5/2), fine-grained sand
by 54 feet (16.5 meters). Abruptly below is greenishgray (5GY 6/1) silt grading by 55.5 feet (16.9 meters)
to loam-textured diamicton. A medium-grained sand
bed at 56.5 to 57 feet (17.2 to 17.4 meters) overlies 1
foot (0.3 meter) of very fine-grained sand over 2 feet
(0.6 meter) of sandy silt, which grades to greenishgray (5GY 5/1; 2.5GY 5/1 by 63 feet [19 meters]),
loam-textured diamicton with abundant clasts of
Paleozoic carbonate. Mottling is present along joints.
Abruptly at 67 feet (20.5 meters) the diamicton is
dark gray (5Y 4/1) and loam-textured, with notable
incorporated organic debris. Very abruptly at 74
feet (22.5 meters) is greenish-gray (5GY 5/1; 6/1
by 75.5 feet [23 meters]), loam-textured diamicton,
which by 85.5 feet (26 meters) grades to gray (2.5Y
5/1), loam-textured diamicton with wood fragments.
At 89 feet (27 meters) is greenish-gray (10Y 5/1),
mottled, loam-textured diamicton, which by 91 feet
(27.5 meters) grades to well-sorted, gray (5Y 6/1),
very fine-grained sandy silt. Abruptly at 92 feet
(28 meters) is greenish-gray (2.5GY 5/1), clay loamtextured diamicton, which grades to light olive-gray
(5Y6/2), silt loam-textured diamicton by 95 feet (29
meters). At 97 feet (29.6 meters) the silty diamicton is
greenish-gray (10Y 5/1), grading to gray (7.5Y 5/1) by
101 feet (30.8 meters). The diamicton is loam-textured
by 105 feet (32 meters), and increasingly sandy with
depth, grading by 111.5 feet (34 meters) to light gray
(5Y 7/1), loamy sand and gravel, with common
carbonate clasts. At 117 feet (35.7 meters), below a

6-inch (15-centimeter) mixed zone, is brown (10YR
4/3), calcareous, sandy loam-textured diamicton of
the St. Francis Formation. Core KR-74 is stored at
the Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.
Reference section
The reference section is a continuous rotary-sonic
core: KR-71 (Meyer, 1997), Minnesota Geological
Survey unique number 247437 (T. 152 N., R. 32 W.,
sec. 25, DDAADD; U.S. Geological Survey Saum
quadrangle, 7.5-minute series, 1972; Fig. 10.2). The
core site is located in Beltrami County, Minnesota
approximately 1.7 miles (2.8 kilometers) south of the
town of Saum, and about 17 miles (27 kilometers)
northwest of Funkley. The core records the contact
at a depth of about 204 feet (62 meters) between
overlying gray (7.5Y 5/1), sandy loam-textured
diamicton of the Saum Formation and gray (7.5Y
5/1), loam to clay-loam textured diamicton of the
Funkley Formation. A small cobble is at the contact;
the diamicton below has a few iron stains towards the
top. Small Paleozoic carbonate pebbles are abundant.
The diamicton is somewhat coarser-textured below
218 feet (66.4 meters), and grades to dark gray (7.5Y
4/1) by 221 feet (67.4 meters). Olive-gray to olive
(5Y 4/2-3) mottles are present from 225 (68.6 meters)
to 226 feet (68.9 meters). At 226.5 feet (69 meters),
the diamicton grades into gray (5Y 5/1), laminated,
clayey silt and silt interbedded with gray to olivegray (7.5Y 5/1-2), clay loam-textured diamicton.
A thin diamicton at the base of the core at 231.5

Figure 10.2. Location of the
reference section for the Funkley
Formation in Minnesota, and
the type section for the Saum
F o r m a t i o n : c o re h o l e K R - 7 1
(U.S. Geological Survey Saum
quadrangle, 7.5-minute series,
1972).

Funkley Formation
Reference section (LMIC)
1:24,000
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feet (70.6 meters) contains a number of greenish
pebbles interpreted to be derived from weathered
local bedrock. A rotary hole drilled at the site
encountered weathered, greenish metagabbro at 230
feet (70.1 meters; Boerboom and others, 1989). The
core is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.

Woods County (Meyer, 1997). It is likely absent
to the east and north of these sites, but it is likely
present, at least in patches, to the west and south.
Diamicton of the Funkley Formation at the four sites
ranges from 9.5 to 51.5 feet (2.9 to 15.7 meters) thick,
with an average of 26 feet (7.9 meters).
DIFFERENTIATION FROM OTHER UNITS

DESCRIPTION OF BOUNDARIES

The Funkley Formation contains a higher
percentage of clasts of Paleozoic carbonate than
units of northeast provenance, and its diamictons are
generally finer-textured. The Funkley Formation has
generally a higher proportion of Paleozoic carbonate
and more incorporated organic material than late
Wisconsinan sediment of northwest provenance.
The formation has more Paleozoic carbonate clasts
than the Browerville, Bigfork, Elmdale, and Wirt
Formations. Diamicton of the similar Eagle Bend
Formation is more clayey-textured, and on the basis
of a few samples, contains a much higher proportion
of clay minerals (Meyer, 1997). Funkley Formation
diamicton has a lower proportion of quartz clasts
than do older diamictons.

The pre-late Wisconsinan Saum Formation of
Rainy provenance stratigraphically overlies the
Funkley Formation, but the Funkley Formation is
overlain by late Wisconsinan sediment in three of the
four cores in which it has been recognized, implying
significant erosion of the intervening units. The
Funkley Formation overlies thin, oxidized, unleached
St. Francis Formation material in core KR-74, oxidized
Bigfork Formation in core OB-517, and Precambrian
saprolith in cores OB-511 and KR-71 (Meyer, 1997).
Dimensions, shape, and geographic
distribution
The Funkley Formation as defined herein is
present in the subsurface of north-central Minnesota
(Fig. 10.3). It has been recognized at two sites in
Beltrami County, and at two sites in Lake of the

Age
Uranium/thorium disequilibrium dat in g
indicated that the overlying Browerville Formation
is pre-Illinoian in age (Knaeble and Meyer, 2007b).
The underlying Eagle Bend Formation has normal
polarity remanent magnetism, implying it and the
Funkley Formation are likely Middle Pleistocene
in age (Jennings and others, 2006). These two
limiting ages indicate that the Funkley Formation
was deposited sometime after 780,000 and before
about 190,000 yr BP.
CORRELATION
The Funkley Formation likely correlates with one
or both members of the similar Lake Henry Formation
of central Minnesota (Meyer, 1997). It may correlate
with the Gervais Formation (Harris and others, 1974)
of northwestern Minnesota.
GENESIS
Sediment of the Funkley Formation has a
Winnipeg provenance. It was deposited by glacial
ice (and its meltwater) that moved into Minnesota
from the northwest and flowed south and southeast
across the state.

Figure 10.3. Distribution of the Funkley Formation
within Minnesota.
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Chapter 11
Hawk Creek Formation (revised)
Carrie E. Jennings and Alan R. Knaeble

Name and Rank

TYPE SECTION

We hereby formally name the Hawk Creek
Formation as a lithostratigraphic unit of formation
rank to replace the formerly defined "Hawk Creek
Till" (Matsch, 1972). The revised formation includes
this diamicton and related sorted deposits. The name
comes from the original type section defined by
Matsch (1972), which is a stream cut on Hawk Creek
(U.S. Geological Survey Minnesota Falls quadrangle,
7.5-minute series, 1965). The main changes from
the previous definition are: 1. The inclusion of both
unsorted and sorted sediment rather than only the
diamicton, and 2. A restriction of the area where the
formation is formally recognized.

The original type section (Matsch, 1972) was a
stream cut along Hawk Creek (T. 116 N., R. 38 W.,
sec. 16, BCA; U.S. Geological Survey Minnesota
Falls quadrangle, 7.5-minute series, 1965). The cut
exposed approximately 5 feet (1.5 meters) of light
reddish-brown, sandy "Hawk Creek Till" that was
superimposed atop a shale-free, gray, calcareous,
clay loam diamicton, probably a member of the
Good Thunder formation (see Appendix), with an
intervening 12 inches (30 centimeters) of leached
silt that contained thin layers of blackish plant
fragments.
This section could not be located in 1996, 1997
(Patterson and Knaeble, unpub. data), or 2002
(Heather Arends, Minnesota Department of Natural
Resources, unpub. data).
The new type section (QDI number 20222; Fig.
11.1), also a stream cut, is on Dry Weather Creek, a
tributary to the Chippewa River. There were several
outcrops of red glaciogenic sediment observed during
the 1997 field season near the confluence of these two
rivers between the elevations of 930 and 980 feet (283
and 299 meters). The sections are accessible by canoe.
The type section proposed here is also reachable
by road (T. 118 N., R. 41 W., sec. 11, BAAD; U.S.
Geological Survey Watson quadrangle, 7.5-minute
series, 1958). The type section is immediately west
of the bend in 85th Avenue NW that circumscribes
a meander, before it crosses the creek to the north.
The cut exposes approximately 45 feet (15 meters) of
glaciogenic sediment of various provenances on the
south bank of the creek. The 15-foot (5-meter) thick
exposure of dark reddish-gray (5YR 4/2) diamicton
of the Hawk Creek Formation is sandwiched by a
similar-appearing, 6-foot (2-meter) thick, dark gray
diamicton and lies near the middle of the exposed
section. The contacts are sharp. The Hawk Creek
Formation diamicton sampled from this site contained
57 percent sand, 27 percent silt, and 16 percent clay.
A grain count for the very coarse-grained sand
fraction of this sample showed 79 percent crystalline
rock fragments, 20 percent carbonate, and 1 percent
shale. Of the crystalline fraction, 10 percent are red
rock fragments including red sandstone, felsite, and

Lithologic description
The diamicton of the Hawk Creek Formation
ranges from reddish-gray (5YR 5/2) where dry to
reddish-brown (5YR 4/3) where wet. Oxidized
diamicton is pinkish-gray (5YR 7/2) where dry to
reddish-yellow (5YR 6/6) where wet (Gilbertson,
1990). Texturally, it ranges from a pebbly sandy clay
loam to sandy loam (50 to 64 percent sand, 24 to 32
percent silt, 11 to 21 percent clay [from Gilbertson,
1990]). Typically, greater than 80 percent of the rock
fragments within the diamicton are crystalline, with
many of them representing rock types from the Lake
Superior region, such as red felsite, pink sandstone,
gabbro, and Lake Superior agate. Shale is absent, and
carbonate rock fragments comprise approximately 20
percent of the 1-2 millimeter sand fraction (Matsch,
1972; Patterson and others, 1999b). The diamicton is
weakly calcareous, dense, blocky, and jointed with
reddish-yellow (7.5YR 6/6) staining along the joints
(Gilbertson, 1990).
NOMENCLATURAL HISTORY
Charles L. Matsch first described this unit in his
dissertation (1971) and later formalized it (1972). Its
western extent was suggested by Gilbertson (1990,
in a thesis advised by Matsch) to reach northeastern
South Dakota. Patterson and others (1999b) verified
these observations when mapping in the area that
included the original type and reference sections.
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Figure 11.1. Location of the
type section for the Hawk
Creek Formation in Minnesota
(U.S. Geological Survey Watson
quadrangle, 7.5-minute series,
1958). In 1997, there were several
outcrops on Dry Weather Creek
near the confluence with the
Chippewa River in T. 118 N., R.
41 W., sec. 11, BAAD.

Hawk Creek Formation
Type section (ESRI)
1:24,000

iron formation. The dark gray diamictons above
and below the dark reddish-gray diamicton have
identical textures of 47 percent sand, 34 percent
silt, and 19 percent clay. The upper diamicton unit
has a coarse-grained sand lithology of 61 percent
crystalline, 31 percent carbonate, and 8 percent shale,
and is probably a lower shale member of the New
Ulm Formation, although it could be a member of the
Good Thunder formation. The lower gray diamicton
unit is probably a Good Thunder formation member,
and the sample at this site had 77 percent crystalline,
21 carbonate, and 2 percent shale sand grains.

(1.2 meters) of less oxidized diamicton. The red
diamicton lies beneath approximately 2 to 4 feet (0.6
to 1 meter) of reddish laminated sand, silt, and clay
(interpreted to be lake sediment), also of the Hawk
Creek Formation. Thin, silt-rich, loam-textured,
gray-brown diamicton (1 to 2 feet [0.3 to 0.6 meter]
thick) occurs above the fine-grained, sorted, reddish
sediment, and it in turn was covered by thin sand
that was topped by a pavement of faceted boulders.
The gray-brown diamicton is most likely a member
of the Good Thunder formation because it contains
abundant carbonate clasts (greater than 50 percent of
the 1-2 millimeter coarse-grained sand fraction) and
trace amounts of gray shale. Approximately 15 feet
(5 meters) of diamicton and sorted sands and gravels
of the New Ulm Formation cap the section.
Reference section B (QDI number 20129)—This
reference section was reached by canoe from the
Chippewa River in 1996 (Patterson and Knaeble,
unpub. data; T. 119 N., R. 41 W., sec. 21; U.S.
Geological Survey Watson quadrangle, 7.5-minute
series, 1958; Fig. 11.3). Access by foot has not been
explored. The section lies on the west bank of the
Chippewa River in an east–southeast-trending reach,
near the westernmost position of the meander bend
within this section. Approximately 40 feet (13 meters)
of Quaternary sediment of varying provenance
are exposed in this cutbank. The red diamicton of
the Hawk Creek Formation lies directly beneath
a pavement of faceted boulders that lies near the
middle of the section. Above the boulder pavement
there appear to be two diamictons of the New Ulm
Formation, the upper unit may be the Heiberg Member

Reference sectionS
Reference section A (QDI number 20138)—In
1996, there was a 50-foot (15-meter) section exposed
along a slope that was cut into the north bank 100th
Avenue NW to lessen the curve (T. 118 N., R. 41
W., sec. 15, BCCD; U.S. Geological Survey Watson
quadrangle, 7.5-minute series, 1958; the exposure was
on the northwest side of the curve in the road). The
area exposed in 1996 was no longer exposed in 2007,
but could be re-excavated. This is approximately 1
mile (1.6 kilometers) north of the town of Watson
and near sections along Watson Sag (labeled as
such on the topographic map) originally described
by Matsch (Fig. 11.2). The elevation at the base of
the outcrop is approximately 965 feet (294 meters)
near the road bed, and the Hawk Creek Formation
diamicton is exposed at this elevation. The lower
contact was not exposed. There are 25 feet (8 meters)
of oxidized, reddish-gray diamicton over 4 feet
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F i g u r e 11 . 2 . L o c a t i o n o f
reference section A for the
Hawk Creek Formation in
Minnesota (U.S. Geological
Survey Watson quadrangle, 7.5minute series, 1958). In 1996,
50 feet (15 meters) of Hawk
Creek Formation sediment were
exposed along a slope that was
cut into the north bank of 100th
Avenue NW in T. 118 N., R. 41
W., sec. 15, BCCD.

Hawk Creek Formation
Reference section A (ESRI)
1:24,000

F i g u r e 11 . 3 . L o c a t i o n o f
reference section B in Minnesota
(U.S. Geological Survey Watson
quadrangle, 7.5-minute series,
1958), reached by canoe on the
Chippewa River in 1996. The
section lies on the west bank
of the Chippewa River in an
east–southeast trending trench,
near the westernmost position
of the meander bend within
this section.

Hawk Creek Formation
Reference section B (ESRI)
1:24,000

DESCRIPTION OF BOUNDARIES

and the lower unit possibly the Villard Member. At
the top of the exposure is a thin, sorted unit. The
Hawk Creek Formation diamicton is yellowish-red
(5YR 4/6), blocky, sandy loam-textured, contains
about 10 percent carbonate, and is interfingered with
gray diamicton near the lower contact. A lens of red
sand lies in sharp contact within the till at an inclined
angle, but its extent was not determined. The lower
contact of the Hawk Creek Formation is uneven but
abrupt with a gray to black, firm diamicton, possibly
a Good Thunder formation member.

The lower contact of the Hawk Creek Formation,
where exposed, is sharp and planar to undulating
and commonly overlies the Good Thunder formation.
Immediately above the basal contact, there is
commonly a thin (less than 1 foot [0.3 meter]) zone
of interlaminated Hawk Creek Till Formation and
older gray diamictons. Individual layers range from
0.2 to 0.8 inch (0.5 to 2 centimeters) in thickness.
There are a variety of units lying atop the Hawk
Creek Formation. They include New Ulm Formation
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members; in places a faceted pavement of boulders;
and one or more members of the Good Thunder
formation, similar to the dark gray, older Good
Thunder formation members that lie beneath the
diamicton of the Hawk Creek Formation (Patterson
and others, 1999b). It had previously been reported
that the "Granite Falls Till" was the unit lying atop
the Hawk Creek Formation (Matsch, 1972), but
fieldwork (Patterson and others, 1999b; Knaeble, 2013)
suggested that it is more likely sandy loam-textured,
low-shale members of the New Ulm Formation and
Good Thunder formation sediments. The "Granite
Falls Till" is a lithostratigraphic unit that is no longer
recognized for use in Minnesota (see Appendix).

provenance units to be thin and patchy, thus their
character and regional extent are difficult to establish.
It is likely that the Hawk Creek or Henderson
Formations (Chapter 12) correlate with some of
these units, but currently definitive determinations
cannot be made.

Dimensions, shape, and geographic
distribution

Age

DIFFERENTIATION FROM OTHER UNITS
The Hawk Creek Formation can be differentiated
from the units immediately above and below by its
red color, the presence of red volcanic and sandstone
clasts that have a Superior provenance, and the lack
of gray shale.

The Hawk Creek Formation is buried by units
containing wood that is radiocarbon dead (Patterson,
unpub. data). An exposure of the diamicton in a
now-covered cut on the north side of Lac qui Parle,
near Ingebretson's Landing (T. 119 N., R. 42. W.,
sec. 32), displayed dense but fissile diamicton with
stained joints, interpreted to be representing the
weathering in the lower horizons of a truncated soil
profile (Patterson, unpub. data). It is therefore most
likely that this formation was deposited at least one
glaciation prior to late Wisconsinan glaciation. In
central Minnesota, marl deposits stratigraphically
above red diamicton of the St. Francis Formation,
which may be correlative to the Hawk Creek
Formation, have a uranium series minimum age
of 200,000 yr BP (Knaeble and Meyer, 2007b) and
were suggested to correlate to marine isotope stage
(MIS) 9 or older, but possibly MIS 7 (Lawrence
Edwards, Department of Earth Sciences, University
of Minnesota, unpub. data).

The diamicton of the Hawk Creek Formation is
up to 30 feet (10 meters) thick, but in most exposures
it is thinner. Sediment of the Hawk Creek Formation
has been described in deeply incised tributary streams
to the Minnesota River within several miles of the
confluences of these streams with the Minnesota
River valley (Fig. 11.4). These streams include
Hawk Creek, Dry Weather Creek, and the Chippewa
River. The formation has not been observed in other,
similarly incised, nearby tributaries to the Minnesota
River, indicating that its distribution is patchy. The
formation is also exposed extensively along Watson
Sag, a former glacial River Warren channel. From
these locations it is apparent that this is a buried unit
that is only exposed by fluvial incision. Nowhere
does it form a relatively extensive surface unit and it
is not commonly encountered in shallow auger holes.
From the well-log and test-hole records in the region,
it also appears to be patchy in its distribution over
the entire area shown in Figure 11.4.
Figure 11.4 shows the extent of the Hawk Creek
Formation. Implicit in Matsch's (1972) definition of
the "Hawk Creek Till" was the assumption that there
was only one older red diamicton in the subsurface.
However, since the 1972 work of Matsch, four older
Superior provenance (red) diamictons have been
documented in the southern half of Minnesota, and
in some regions, multiple "old red" diamictons are
present in the stratigraphic section. Mapping in
south-central Minnesota (Blue Earth [Meyer and
others, 2012a], Nicollet [Meyer and others, 2012b],
Sibley [Lusardi and others, 2012], and Renville
[Knaeble, 2013] Counties) showed the presence of
Superior-provenance diamictons occurring at as
many as three or four levels within local stratigraphic
sections. It is characteristic of these older Superior-

CORRELATION
Buried, red, sandy diamictons have been
described in central (Meyer, 1986, 1997; Goldstein,
1987; Mooers, 1988; Meyer and Knaeble, 1996; Knaeble
and Meyer, 2007a), north-central (Meyer, 1997),
south-central (Lusardi and others, 2012; Meyer and
others, 2012a, b; Knaeble, 2013), and eastern (Meyer
and others, 1990; Hobbs and others, 1995; Lusardi,
1998; Knaeble and others, 2001; Meyer, unpub. data)
Minnesota, and in western Wisconsin (Baker and
others, 1983; Mickelson and others, 1984). These
units, which include the Henderson Formation in
the lower Minnesota River valley (Chapter 12), are
in many respects lithologically similar to the Hawk
Creek Formation, and limited stratigraphic constraints
permit the possibility that some are correlative.
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Figure 11.4. The approximate extent of the
Hawk Creek and Henderson Formations
is shown by shaded areas. The black
circles indicate locations where red preWisconsinan deposits have been identified
in surface exposures or in subsurface
drill core, cuttings, and log descriptions.
Because these red deposits are found
in at least four distinct stratigraphic
levels, the extent of the Hawk Creek
and Henderson Formations has been
conservatively estimated. X indicates
the location of a borehole at Lonsdale,
Minnesota mentioned in Chapter 12.

Hawk Creek Formation

X

Henderson Formation

GENESIS
The diamicton and associated glaciofluvial
and glaciolacustrine sediment of the Hawk Creek
Formation were deposited by the advance(s) and
wastage of glacial ice in western and southwestern
Minnesota and eastern South Dakota emanating
from the general region of the Lake Superior basin,
based on the provenance of the rock types contained
within the sediment.
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Chapter 12
Henderson Formation (new)
Mark D. Johnson

(1997). It may be equivalent to till of the Hawk Creek
Formation (Chapter 11).

Name and rank
I hereby formally name the Henderson Formation
as a lithostratigraphic unit of formation rank. The
name comes from the town of Henderson, Sibley
County, Minnesota, on the west side of the Minnesota
River valley.

TYPE SECTION
The type section is a stream cut along the south
side of the Rush River at Rush River State Wayside,
Sibley County, Minnesota (T. 112 N., R. 26 W.,
sec. 14, CCBB; U.S. Geological Survey Henderson
quadrangle, 7.5-minute series, 1981; Fig. 12.1). The
type section contains 16 feet (5 meters) of diamicton
of the Henderson Formation sharply overlying
a gray diamicton of Winnipeg provenance that
may be a Good Thunder formation member. The
contact between the two is extremely sharp, although
faulted in places. The underlying gray diamicton is
interbedded with bedded sediment that is folded.

Lithologic description
The Henderson Formation is composed
predominantly of reddish-brown, sandy loam
diamicton. Matrix grain size ranges from 54 to 68
percent sand, 22 to 29 percent silt, and 6 to 18 percent
clay. The sand and pebble fractions contain Superior
provenance indicators. The diamicton is massive.
Some carbonate is present where unleached.
NOMENCLATURAL HISTORY

Reference section

The presence of a Superior-provenance till in
the Le Sueur area was mentioned by Matsch (1972)
when he defined the "Hawk Creek Till." This till
of the Henderson Formation was referred to as the
"old red till" informally by Gramstad and others

The reference section is an excavation just west
of Le Sueur, Sibley County, Minnesota (T. 112 N., R.
26 W., sec. 34, ABD; UTM 425,480m E., 4,924,165m
N.; U.S. Geological Survey Le Sueur quadrangle,
7.5-minute series, 1965; Fig. 12.2). The reference

Figure 12.1. Location of the
type section for the Henderson
Formation in Sibley County,
Minnesota: a stream cut along
the south side of the Rush River
in Rush River State Wayside (U.S.
Geological Survey Henderson
quadrangle, 7-5-minute series,
1981).

Henderson Formation
Type section (ESRI)
1:24,000
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Figure 12.2. Location of the
reference section for the Henderson
Formation, just west of Le Sueur,
Sibley County, Minnesota (U.S.
Geological Survey Le Sueur
quadrangle, 7-5-minute series,
1965). This site is also reference
section A for the Traverse des
Sioux Formation.

Henderson Formation
Reference section (ESRI)
1:24,000

section contains 16 feet (5 meters) of diamicton of the
Traverse des Sioux Formation sharply overlying at
least 6.6 feet (2 meters) of diamicton of the Henderson
Formation.

units. No other known units of this character occur
in the area for which the unit is defined.
Age
The age of the Henderson Formation is unknown,
but is likely pre-late Wisconsinan.

DESCRIPTION OF BOUNDARIES
At the type section, the till of the Henderson
F o r ma t i o n s harp ly overlies till of Winnipeg
provenance. At the reference section, the Henderson
Formation till is sharply overlain by Traverse des
Sioux Formation till.

CORRELATION
Several diamicton units contain reddish-brown,
sandy loam till in central and southern Minnesota,
and the Henderson Formation is one of them. The
Henderson Formation is similar to and may correlate
to the Hawk Creek Formation (Matsch, 1972; Chapter
11) and the River Falls Formation, which is present
in Wisconsin and the Twin Cities area (Mickelson
and others, 1984).

Dimensions, shape, and geographic
distribution
The till is 16 feet (5 meters) thick at the type
section, but thicker sequences are present elsewhere,
such as at Henderson Station. However, in many
outcrops its presence is thin or patchy. South of
the Minnesota River, only a few exposures are
known, and there the till is less than 3 feet (1 meter)
thick. Figure 11.4 shows the lateral distribution of
material considered to be diamicton of the Henderson
Formation. Red till in a rotary-sonic borehole
collected as part of the Rice County geologic atlas
(Hobbs, 1995) near Lonsdale ("X" in Fig. 11.4) may
be Henderson Formation diamicton.

GENESIS
This unit contains till deposited by a pre-late
Wisconsinan ice advance with a Superior provenance.
A till fabric measurement from the type section
indicates ice flow from the northeast (Gramstad and
others, 1997).

DIFFERENTIATION FROM OTHER UNITS
The Henderson Formation till has a characteristic
red color, sandy loam texture, and Superiorprovenance pebbles, which distinguish it from most
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Chapter 13
Hewitt Formation (new)
Alan R. Knaeble

Name and rank

of the region. Deposits of the Itasca lobe (Fig. 3) in the
Itasca moraine show a carbonate content range from
15 to 25 percent. Trace amounts of red sandstone and
volcanic clasts from the Superior basin are present
in Hewitt Formation deposits, although there is a
noticeable gradational increase of these components
in the eastern part of its range near the St. Croix
moraine. Sorted sand and gravel, interpreted to
be outwash and ice-contact deposits, is typically a
light brown color and mineralogically similar to the
diamicton. In a few places, well-sorted fine-grained
sand, silt, and clay lake deposits are present.

I hereby formally name the Hewitt Formation
as a lithostratigraphic unit of formation rank. The
unit is named after the town of Hewitt, Todd County,
Minnesota (U.S. Geological Survey Bertha quadrangle,
7.5-minute series, 1969).
Lithologic description
The Hewitt Formation includes the surface
diamicton in the Wadena drumlin field (Fig. 13),
the deposits composing the core of the Alexandria
moraine (Fig. 13), as well as areas east and north
of the moraine that were buried (in most places)
by Des Moines-lobe sediments, the sediment that
makes up the Itasca moraine (Fig. 13), and subsurface
sediments to the east buried beneath younger Rainyand Superior-lobe deposits. It is a deposit of the
northeast-sourced (Rainy provenance) Wadena lobe,
and includes sandy loam diamicton, sorted sand
and gravel, and well-sorted, fine-grained sand, silt,
and clay. The moist diamicton color where oxidized
is light olive-brown (2.5Y 5/4) to yellowish-brown
(10YR 5/4), and dark gray (2.5Y 4/1 to 10YR 4/1)
where unoxidized. Grain-size average percent of 575
samples of diamicton from Todd County and adjacent
areas (Knaeble and Meyer, 2007a) is 61-26-13 for sandsilt-clay, respectively. The crystalline-carbonate-shale
percent (after Hobbs, 1998b) for 504 samples from the
same area is 85-15-0, and the light-dark-red percent
is 87-11-2. Shale is absent in Hewitt Formation
diamicton except very locally where trace amounts
appear to have been incorporated from the underlying
Browerville Formation. Carbonate leaching in the
diamicton is commonly 3 to 7 feet (1 to 2 meters)
deep. Where the diamicton has a sandier texture in
the northern and northeastern regions of the Wadena
drumlin field, and in sand and gravel deposits, the
formation can be leached to depths of greater than
12 feet (4 meters). Carbonate clast content of the 1-2
millimeter very coarse-grained sand fraction in the
diamicton generally increases from approximately 10
percent in the northeast part of the drumlin field to
approximately 25 percent in the southwest (Knaeble
and Meyer, 2007a, b). Goldstein (1985) documented a
similar carbonate trend in the fine-grained materials

NOMENCLATURAL HISTORY
Deposits of the Wadena lobe, which formed the
Wadena drumlin field, were recognized in the early
works of Winchell and Upham (Upham, 1881, 1896;
Winchell and Upham, 1884, 1888; Winchell 1889),
Leverett (1929), Leverett and Sardeson (1932), and
Cooper (1935). Wright (1954, 1957, 1962, 1972b)
identified these deposits as being formed during
what he referred to as the "Hewitt phase" (Wright and
Ruhe, 1965). Schneider (1961), while mapping on the
eastern edge of the Wadena lobe, referred to these
deposits as "Keewatin drift" or "Wadena-lobe till."
The "Granite Falls till," named informally by Matsch
(1971) in the Minnesota River valley (and formalized
as the "Granite Falls Till" [Matsch and Schneider,
1986]), was suggested to be lithostratigraphically
correlative to the Wadena drumlin field diamicton,
but later studies cast doubt on this interpretation
as explained in the Appendix of this report (in the
"Units to be discontinued" section). Anderson (1976)
and Perkins (1977) used the informal term "Sebeka
formation" for Wadena-lobe diamicton deposits in
the northwestern corner of the Wadena drumlin field.
Norton (1982) called these sediments the "Hewitt
phase" and the "Hewitt till" in his study encompassing
the northeastern portion of the drumlin field and
the eastern edge of the Itasca moraine. Goldstein
(1985, 1998) analyzed the variation in sediment
characteristics of Wadena drumlin diamicton and
proposed four phases of deposition, calling the
diamicton of each phase the "Wadena till" or "Wadenalobe till." Meyer (1986) used this same term in his
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Todd County subsurface research. Matsch and
Schneider (1986) called these deposits the "Wadena
till" in their stratigraphy and correlation paper.
"Hewitt till" was used by Mooers (1988) in his regional
thesis study of central Minnesota. Carney and Mooers
(1998) used "Wadena-lobe till" in their geomorphic
study in the Itasca moraine. Gowan (1998) in her
methods analysis for diamicton correlation used
"Wadena till." Harris (1995, 1999, 2006), Harris and
Knaeble (2003), and Harris and others (2003) used
the name "Crow Wing River group," composed of
multiple units called "RRV-16," "RRV-17," "Marcoux
formation," and "Sebeka formation" for diamicton
associated with the Wadena drumlin field of western
and west-central Minnesota. Meyer and Knaeble
have informally used "Rainy-lobe till" (Meyer and
Knaeble, 1995, 1996; Meyer and others, 1995), "Sebeka
formation" (Meyer and others, 2001), "Wadenalobe till" (Knaeble and others, 2004), and "Hewitt
formation" (Knaeble and Meyer, 2007a, b).

the upper 3 to 6 feet (1 to 2 meters) of the exposed
Hewitt Formation are brown (10YR 5/3), sandy loam
diamicton that is leached and contains ice-wedge
casts. The rest of the unit below is massive, dense,
stony, light olive-brown (2.5Y 5/4) to yellowishbrown (10YR 5/4), sandy loam diamicton (Knaeble
and others, 2004). Two unleached diamicton samples
were collected from this exposure as well as five
others from around the pit. Texture analysis of the
seven samples resulted in sand-silt-clay percentages
averaging 68-21-11. The crystalline-carbonate-shale
percent averaged 87-13-0, and the light-dark-red
percent averaged 89-10-1. Nearby, in other exposures
in the pit, this diamicton overlies pre-Wisconsinan
diamicton of the Browerville Formation, with sand
and gravel (in places cemented) separating the two
units. There is obvious deformation in the sand and
gravel, as well as deformed streaks of Browerville
Formation till incorporated into the lower portion
of the Hewitt Formation diamicton.

TYPE SECTION

Reference sectionS

The type section is located in a gravel pit (QDI
number 19502) in Todd County, Minnesota (T. 132 N.,
R. 33 W., sec. 9, DAABB; U.S. Geological Survey Staples
quadrangle, 7.5-minute series, 1966), approximately 6
miles (10 kilometers) south–southwest of Staples and
15 miles (24 kilometers) east–southeast of Hewitt (Fig.
13.1). The 20-foot (7-meter) exposure along the east
wall near the center of a 0.7-mile (1-kilometer) long
excavation is a cut into the side of a large drumlin
in the Wadena drumlin field. Beneath the topsoil,

Reference section A is rotary-sonic drill hole SR-4
(CWI number 249857), located in Stearns County,
Minnesota (T. 126 N., R. 34 W., sec. 29, CBCABA;
U.S. Geological Survey Sauk Centre quadrangle,
7.5-minute series, 1965), about 3 miles (5 kilometers)
southwest of the town of Sauk Centre (Fig. 13.2),
situated between the southern end of the Wadena
drumlin field and the Alexandria moraine (Fig. 13).
The borehole log (Fig. 13.3; Meyer and Knaeble,
1996) shows approximately 30 feet (9 meters) of

Hewitt Formation
Type section (ESRI)
1:24,000

Figure 13.1. Location of the type
section for the Hewitt Formation
i n To d d C o u n t y, M i n n e s o t a
(U.S. Geological Survey Staples
quadrangle, 7.5-minute series,
1966).
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Figure 13.2. Location of
reference section A for the
Hewitt Formation in Stearns
C o u n t y, M i n n e s o t a ( U . S .
Geological Survey Sauk Centre
quadrangle, 7.5-minute series,
1965).

Hewitt Formation
Reference section A (ESRI)
1:24,000

loam-textured, New Ulm Formation diamicton
overlying approximately 40 feet (12 meters) of sandy
loam-textured, Hewitt Formation diamicton, which
in turn overlie pre-Wisconsinan deposits of the Lake
Henry Formation. Three samples of the New Ulm
Formation diamicton averaged approximately 30
percent gray shale, and four samples of the Hewitt
Formation diamicton averaged 15 percent carbonate
and 0 percent shale.
Reference section B is Giddings boring GT92 (QDI number 23101), located in Todd County,
Minnesota (T. 127 N., R. 32 W., sec. 21, ABBAAA; U.S.
Geological Survey Burtrum quadrangle, 7.5-minute
series, 1978), approximately 2 miles (3.2 kilometers)
southeast of the town of Gray Eagle (Fig. 13.4), east
of the St. Croix moraine. Beneath a thin topsoil
there are 14 feet (4 meters) of reddish-brown (5YR
5/4), noncalcareous, sandy loam-textured Cromwell
Formation diamicton overlying 6 feet (2 meters) of
brown, fine- to medium-grained sand with mixing
at the contact. The lower 6 feet (2 meters) are light
yellowish-brown (2.5Y 6/4), sandy loam-textured
Hewitt Formation diamicton, with some sand and
gravel at the base. Two leached samples of the
Cromwell Formation diamicton showed about 9
percent red clasts in the crystalline fraction, and the
Hewitt Formation diamicton clast averages for two
samples were 8 percent carbonate, 2 percent reds,
and 0 percent shale.
Reference section C is located in a gravel pit (QDI
number 06714) in Becker County, Minnesota (T. 142
N., R. 38 W., sec. 21, CDCB; U.S. Geological Survey
Many Point Lake quadrangle, 7.5-minute series, 1969),

approximately 20 miles (32 kilometers) northeast of
Detroit Lakes (Fig. 13.5). This 40-foot (12-meter)
exposure is in the Itasca moraine, north of the Wadena
drumlin field. Below the topsoil, all of the exposure is
Hewitt Formation. The uppermost Hewitt Formation
material exposed is 3 feet (1 meter) of brown, leached,
sandy loam diamicton, which overlie 20 feet (6
meters) of yellowish-brown to brown, sandy loam
diamicton with thin, in places deformed sand layers,
seams, and lenses. Numerous cobbles and boulders,
some as large as 6 feet (2 meters) in diameter, are
present in the exposure within the Hewitt Formation.
The lower 20 feet (6 meters) are covered by slump.
There is white secondary carbonate present from 3
to 7 feet (1 to 2 meters). Three samples averaging
60-29-11 percent sand-silt-clay, respectively, 81-19-0
percent crystalline-carbonate-shale, respectively,
and 83-15-2 percent light-dark-red, respectively,
were taken at depths between 10 and 20 feet (3 and
6 meters). This appears to be an ice-contact deposit
on the south side of the moraine.
DESCRIPTION OF BOUNDARIES
The Hewitt Formation covers a large area of
central Minnesota (Fig. 13.6). It is at the surface in
the Wadena drumlin field, around its periphery, and
in the Itasca moraine (Fig. 13). The exposed surface
is oxidized and commonly leached of carbonate
to a depth of 3 to 7 feet (1 to 2 meters), although
deeper leaching takes place particularly in the north
and northeast portions of the drumlin field, where
the diamicton has a greater sand content. Loess,
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Borehole: MGS-SR-4
MGS unique number: 249857
Stearns County, T. 126 N., R. 34 W., sec. 29, CBCABA
Elevation: 1,355 ± 5
CLAYEY TILL: Yellowish-brown, dull yellow by 11.5', grayish-olive by 15', dark gray by 30'; leached to 4';
pronounced mottling gone by 9.5', iron stains gone by 14'; fairly dense by 15'; common shale and
carbonate pebbles; mostly only small pebbles below 23.5'; gray mottles below 22'; New Ulm Formation
till.

20

30

40

50

LOAMY TILL: Dark grayish-yellow mixed abrupt lower contact.
SANDY TILL: Dull yellow, yellowish-brown by 47', grayish-olive, 55', gray by 58'; carbonate pebbles
common, sightly rocky, rich in fine-grained sand and silt; fairly loose; loamy sand interbeds 42.5-44', very
sandy 50-51.5'; 54-55' dark grayish-yellow silty till, grades to dull yellow slit bed at base, gravelly sand
inclusion at 62', sand-rich zones below 62.5'; large silty till inclusion 64.5', Wadena till.

60

70

80

90

FINE-GRAINED SAND: Dull yellow; grayish-yellow silt bed near top; silty beds; gravel bed at 66.5'.
SANDY TILL: Yellowish-gray; gravelly sand, 69.5-70'; silty at 71'.
FINE-GRAINED SAND: Dull yellow; grayish-yellow at 74.5'; 73-74.5' medium- to very coarse-grained
sand; gravelly at 75.5'; silt at base.
GRAVELLY SAND: Grayish-yellow; many iron-stained carbonate pebbles; coarse-grained gravel 76.5-77';
little silt below 80.5'; abrupt lower contact.
LOAMY TILL: Gray; grayish-olive at joints; silt rich; less pebbly below 85.5'; many small carbonate
pebbles; very dense by 85'; gravelly sand inclusion at 108'; thin mixed zone at base; Sauk Centre
Member till.
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160

SAND AND SILT: Greenish-gray silty till/olive-gray sandy silt/olive-yellow silty sand; silt at base.
SILTY TILL: Olive-gray, gray by 121'; softer and less pebbly than till above 109.5'; rich in very fine-grained
sand and silt; carbonate pebbles common but not dominant as above 109.5'; most pebbles small; more
dense with depth; silty fine-grained sand bed over sandy silt at 131'; very thin basal mixed zone; Meyer
Lake Member till.
CLAYEY TILL: Brownish-black; organic rich; pebbles rare (none below 134'); dense; less calcareous
below 135'; gray silt bed at 136.5'; reworked gneiss saprolith below (dark greenish-gray).
SANDY TILL: Olive-gray; grayish-olive at 139.5' with greenish-gray mottles, greenish-gray at 146'; top 1'
rich in silt and fine-grained sand; fairly loose; only small pebbles; rocky at 143' and below 144.5'; mostly
sand 143.5-144'; grades to sand at base; Rainy provenance.
SAND, SILT, AND GRAVEL: Greenish-gray/gray/grayish-olive/greenish-gray; mostly silty, very
fine-grained sand, with sandy till bed at 147'; coarse-grained sand 148.5-149'; sandy till below 150.5'.
LOAMY TILL: Greenish-gray; by 155' variegated olive-gray, grayish-olive, and olive-yellow; bluer than
above till; noncalcareous at top; partially leached to 153'; weathered Precambrian pebbles common;
grayish-olive silt with yellowish-brown mottles, 159-160'; a few Cretaceous limestone pebbles; block of
greenish-gray gneissic saprolith 161.5-162.5'; thin basal mixed zone; Elmdale Formation till; light
greenish-gray gneissic saprolith at 164' probably "in place".

Figure 13.3. Borehole log for rotary-sonic drill hole SR-4, unique number 249857, for
reference section A (Meyer and Swanson, 1996, p. 56-57). Hewitt Formation materials
are shown in the interval from 35 to 76 feet (11 to 23 meters).
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Figure 13.4. Location of
reference section B for the
Hewitt Formation in Todd
C o u n t y, M i n n e s o t a ( U . S .
Geological Survey Burtrum
quadrangle, 7.5-minute series,
1978).

Hewitt Formation
Reference section B (ESRI)
1:24,000

Figure 13.5. Location of
reference section C for the
Hewitt Formation in Becker
C o u n t y, M i n n e s o t a ( U . S .
Geological Survey Many Point
Lake quadrangle, 7.5-minute
series, 1969).

Hewitt Formation
Reference section C (ESRI)
1:24,000

ventifacts, and ice-wedge casts are rare but have
been observed at the surface in the drumlin field
(Knaeble and others, 2004).
Holocene alluvial and lacustrine deposits may
overlie the Hewitt Formation in the above mentioned
areas.
Hewitt Formation materials are buried along
its western and southern extent by younger New
Ulm Formation (Des Moines lobe) sediment. The
Alexandria moraine was completely buried except for
the highest knobs, where Hewitt Formation sediment
was not covered. Where buried, the upper contact is

commonly eroded and sharp but can be gradational
or inter-layered. From the St. Croix moraine east to
the Mississippi River, Cromwell Formation (Superior
lobe) sediment covers the Hewitt Formation, except
for a few places in eastern Todd County where
Hewitt Formation diamicton is at the surface. From
the town of Pillager northward, east of the St. Croix
moraine, Hewitt Formation deposits are covered by
sediments of the South Long Lake Member of the
Independence Formation (Brainerd lobe of Rainy
provenance). The upper contact with these units
is commonly eroded and sharp, but in places can
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clay may also separate the Hewitt Formation from
underlying units at these contacts.
Dimensions, shape, and geographic
distribution
The thickness of the Hewitt Formation commonly
varies between 0 and 125 feet (38 meters), but in the
Alexandria and Itasca moraines greater thicknesses
occur. Figure 13.6 shows a suggested boundary for
the Hewitt Formation with an extended boundary
for the Wadena lobe, which includes the Traverse
des Sioux Formation (Chapter 27) based on the
strong correlation between these two units. The
eastern extent of the Hewitt Formation is covered by
Cromwell Formation sediment east of the St. Croix
moraine (Fig. 13), generally following the Mississippi
River from Brainerd to south of St. Cloud, where
it has been identified in rotary-sonic drill core in
southern Stearns and western Wright Counties.
The extent (Fig. 13.6) in the up-ice direction to the
northeast is presumed to extend to the source area,
but because deposits have been buried by younger
sediments of the St. Louis sublobe, the Koochiching
lobe, and later phases of the Rainy lobe (Fig. 3),
evidence is scattered and mostly limited to subsurface
drilling. North and northwest of the Itasca moraine
deposits are covered by younger Koochiching- and
Red River-lobe sediments. In western Minnesota,
the Alexandria moraine is considered to define
the Wadena-lobe ice margin. However, work by
Patterson and others (1999b) and Knaeble (2013)
described Hewitt Formation diamicton in only a few
places between the Minnesota River valley and the
Alexandria moraine, which suggests that even though
Wadena-lobe ice advanced beyond the moraine, its
deposits are not continuous.

?

Hewitt
Formation

?

?
Traverse
des Sioux
Formation

Figure 13.6. Distribution of the Hewitt Formation
in Minnesota (dark gray). Short dashed lines show
where boundaries are less certain. Long dashed
lines show the approximate extent of the correlative
boundary with the Traverse des Sioux Formation
deposits (light gray), which are interpreted to also
be deposits of the Wadena-lobe ice advance.

be gradational or inter-layered. Outwash sand and
gravel or lacustrine well-sorted sand, silt, or clay
may be present in places between all these overlying
younger units and the Hewitt Formation.
Wadena-lobe ice advanced over an eroded
landscape and contributed to the erosional process
prior to depositing sediment of the Hewitt Formation.
Therefore, in places, the Hewitt Formation overlies
the next oldest unit, the pre-Illinoian Browerville
Formation (Knaeble and Meyer, 2007a, b), but where
that has been eroded, the Hewitt Formation overlies
even older units, which include the Sauk Centre and
Meyer Lake Members of the Lake Henry Formation,
the St. Francis Formation, the Eagle Bend Formation,
and the Elmdale Formation (Meyer 1986; Meyer
and Knaeble, 1995, 1996; Meyer and others, 1995;
Knaeble and Meyer, 2007a, b). Incorporation and
mixing of these older materials in the basal portion
of the Hewitt Formation diamicton is not uncommon.
The eroded lower contact is commonly sharp but
may be gradational or inter-layered. Outwash sand
and gravel or lacustrine well-sorted sand, silt, and

DIFFERENTIATION FROM OTHER UNITS
Stratigraphically, the Hewitt Formation lies
beneath sediments of the Des Moines, Red River,
Koochiching, Superior, and Brainerd lobes and
is recognized as the oldest late Wisconsinan ice
deposit in Minnesota. Because gray Pierre Shale is
absent or very rare in the Hewitt Formation, it can
be distinguished lithologically from the overlying
Des Moines- and Red River-lobe deposits (New Ulm
and Goose River Formations), which have varying
amounts of gray shale. Its light yellowish-brown
(2.5Y 6/4) to brown (10YR 5/3) color differentiates it
from the reddish-brown, Superior- and Brainerd-lobe
materials (Cromwell and Independence Formations).
A moderate carbonate clast content ranging from about
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CORRELATION

10 to 30 percent is less than that of older northwestsourced deposits; the Browerville Formation ranges
from about 25 to 40 percent carbonate, and the Lake
Henry and Eagle Bend Formations range generally
from 30 to 60 percent. Pre-Wisconsinan Rainysource deposits (for example the Saum Formation)
are difficult to distinguish lithologically from the
Hewitt Formation—therefore stratigraphic position
becomes the determining factor.
The Hewitt Formation is most similar to the
Traverse des Sioux Formation, which crops out in
the Minnesota River valley (Fig. 13.6). We consider
the Traverse des Sioux Formation to be possibly
lithostratigraphically equivalent to the Hewitt
Formation, but because of the great distance between
exposures of these units, we were conservative in
extending the Hewitt Formation to the diamicton in
the Minnesota River valley.

The Hewitt Formation includes all Wadena-lobe
deposits in central Minnesota including deposits of
the Itasca moraine. It is possibly lithostratigraphically
equivalent to the Traverse des Sioux Formation
(Chapter 27; Fig. 13.6). For western and northwestern
Minnesota, Harris (1995, 1999, 2006), Harris and
Knaeble (2003), and Harris and others (2003) correlated
the Hewitt Formation with the "Sebeka Formation" of
Anderson (1976) and Perkins (1977), and the Marcoux
and Sebeka members of the proposed Crow Wing
River formation (Fig. 11; Table 1).
GENESIS
The diamicton of the Hewitt Formation is
interpreted to be till. Leverett and Sardeson (1932)
hypothesized a northwest source area, with ice
entering the drumlin field from the southwest and
forming drumlins as it advanced to the northeast.
Wright (1954, 1957, 1962, 1972b) proved ice entered
the area from the northeast but suggested ice flowed
southeast out of the Winnipeg lowlands and was
diverted to the southwest by Rainy-lobe ice that
blocked its path prior to entering the area. Other
investigations (Goldstein, 1985, 1998; Meyer, 1986;
Mooers, 1988; Meyer and Knaeble, 1995, 1996; Mooers
and Lehr, 1997; Meyer and others, 2001; Knaeble and
others, 2004; Knaeble and Meyer, 2007a, b) indicated
that Hewitt Formation deposits are sediments of the
Rainy lobe, which advanced across the Canadian
Shield and entered Minnesota from the northeast,
traversing the Rainy Lake area.

Age
The age of the Hewitt Formation has yet to be
determined, but it is likely late Wisconsinan in age.
Landforms (such as undrained depressions) suggest
that Wadena-lobe deposits are Wisconsinan (Wright,
1972b) in age. A radiocarbon date of more than 40,000
14
C yr BP (about 44,000 cal yr BP) from organic silt
on top of what Wright (1972b) identified as "Hewitt
phase drift" near Pillsbury in eastern Todd County
may be suspect because Meyer and others (2001) and
Knaeble and Meyer (2007b) recognized numerous
pre-Wisconsinan diamictons at or near the surface
in that area. Mooers and Lehr (1997) interpreted the
age of the Hewitt Formation to be about 31,000 14C
yr BP. The underlying Browerville Formation has a
minimum date of more than 200,000 yr BP (Knaeble
and Meyer, 2007a, b). A radiocarbon date of 20,500
± 400 14C yr BP (I-5443; 24,437 ± 551 cal yr BP) on
basal lake sediments in an inter-drumlin depression
at Wolf Creek in the Pierz drumlin field (Fig. 13),
which lies behind the St. Croix moraine, provided a
minimum age (Wright, 1972b). Clayton and Moran
(1982) suggested a rough date of approximately
30,000 14C yr BP (about 34,300 cal yr BP; based on
five wood dates) for an ice advance in Wisconsin,
which they tentatively suggested may correlate with
the Wadena lobe advance that formed the Wadena
drumlin field. Hewitt Formation sediment in the
Itasca moraine, a recessional moraine of the Wadena
lobe, is younger, and is suggested to be about the
same age as the Cromwell Formation in the St. Croix
moraine (Norton, 1982).
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Chapter 14
Hillside Sand
Mark D. Johnson

Name and Rank

NOMENCLATURAL HISTORY

The Hillside Sand was defined by Stone (1966a)
and is a lithostratigraphic unit of formation rank. The
name comes from the Hillside Cemetery, Hennepin
County, Minnesota (U.S. Geological Survey New
Brighton quadrangle, 7.5-minute series, 1993).

Though many of Stone's (1966a) lithostratigraphic
units are discontinued or revised in this current
volume, the Hillside Sand is recognized exactly
as Stone defined it. It was first used by Stone
(1966a).

Lithologic description

TYPE SECTION

The lithologic description that follows comes
entirely from Stone (1966a). The Hillside Sand "…is
a very pale brown to brown poorly sorted gravelly to
cobbly medium sand to coarse sand..." (Stone, 1966a,
p. 8). The pebble fraction of the Hillside Sand contains
red sandstone, basalt, gabbro, and felsites, as well
as Cretaceous shale, indicating a mix of lithologies
of Riding Mountain and Superior provenance. The
Hillside Sand ranges in thickness from 25 to 150
feet (8 to 50 meters) and has an irregular upper
surface. In places, the upper several meters of the
unit are "highly contorted" with "…well-preserved
sedimentary structures such as ripple marks [that]
are now vertical" (Stone, 1966a, p. 9).

The type section defined by Stone is in a gravel
pit in Ramsey County, Minnesota (T. 29 N., R. 23 W.,
sec. 18, AC; U.S. Geological Survey New Brighton
quadrangle, 7.5-minute series, 1997; Fig. 14.1).
Reference section
No reference section has been designated.
DESCRIPTION OF BOUNDARIES
The Hillside Sand overlies several bedrock and
Quaternary units, but is overlain by the Twin Cities
Member of the New Ulm Formation. The upper
contact is sharp to gradational to interlayered,
according to Stone (1966b).

Hillside Sand
Type section (ESRI)
1:24,000

Figure 14.1. Location of the type
section for the Hillside Sand in
Minnesota, a gravel pit (U.S.
Geological Survey New Brighton
quadrangle, 7.5-minute series,
1997).
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Dimensions, shape, and geographic
distribution
The Hillside Sand ranges from 25 to 150 feet (8
to 50 meters) in thickness. It was initially recognized
within the limits of the New Brighton quadrangle,
but this unit is widespread in the Twin Cities area.
It occurs mostly in the subsurface, but outcrops at
the surface in the southwestern part of the New
Brighton quadrangle.
DIFFERENTIATION FROM OTHER UNITS
The Hillside Sand can be distinguished from other
sand and gravel units in the Twin Cities area by its
stratigraphic position below the Twin Cities Member
and its lithologic content of mixed provenance.
Age
No dates exist from this unit. The Hillside Sand
could have been deposited anytime after the retreat
of the Superior lobe from the St. Croix moraine and
before the advance of the Grantsburg sublobe. These
events are not well dated, but loosely constrain the
age of the Hillside Sand to be likely between 14,000
and 18,000 14C yr BP (about 17,000 and 22,000 cal yr
BP), based on age estimates of Johnson and others
(1999).
CORRELATION
The Hillside Sand has a similar stratigraphic
position to the Sunrise Member of the Cromwell
Formation, and both of these units were deposited
sometime after the retreat of the Superior lobe and
prior to the advance of the Grantsburg sublobe.
GENESIS
According to Stone (1966a, p. 9), the Hillside Sand
"...at least in part, is proglacial outwash derived from
the mixed red and gray drift in the Grantsburg Ice.
The lower part of the Hillside Sand may be outwash
produced during the retreat of the Superior Lobe.
The irregular upper surface of the formation can
be explained as a result of variations in the rate of
advance and the rate of melting of the overriding
Grantsburg Sublobe. The ice deformed the upper
part of the Hillside Sand, probably while it was
frozen, and incorporated some of the Hillside Sand
into its base."
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Chapter 15
Independence Formation (revised)
Howard C. Hobbs

NAME AND RANK

Formation in an adjacent area have even fewer light
grains (Fig. 15.2). To the west, dark and red grain
proportions drop significantly. The Independence
Formation diamicton exposed in iron mine pits on
the Mesabi Iron Range (the "bouldery till" of Winter
and others, 1973) is composed predominantly of
light grains and granitic boulders. Light grains
also increase to the south, in the South Long Lake
Member.
The red grains are composed of granophyre
from the Duluth Complex, iron formation from the
Mesabi and other iron ranges, and rhyolite, agate, and
oxidized red basalt from the North Shore Volcanic
Group in the Lake Superior basin. Red sandstone and
siltstone grains from the floor of the Lake Superior
basin are rare. Dark fragments include gabbro and
anorthosite from the Duluth Complex; basalt and
diabase from the North Shore Volcanic Group; and
argillite and graywacke from Proterozoic basins such
as the Animikie basin, and Archean greenstones.
Some of the dark grains are relatively light-colored,
such as anorthosite. Light grains are predominantly
Archean granites.
The Independence Formation is strongly
influenced by the composition of the bedrock beneath
it and just up-ice from it to a greater degree than
most Minnesota glacial units. In the type area in
the Toimi drumlin field (Fig. 13), the Independence
Formation overlies or is just down-ice from Duluth
Complex mafic intrusive bedrock. Almost all grains
of the Duluth Complex are classified as dark and red
grains, mostly the former. Farther northwest, granite
and greenstone dominate the bedrock; dark grains
are uncommon in the diamicton, and red grains
are rare. To the southwest, where the South Long
Lake Member is at the surface, the Independence
Formation overlies the Cromwell Formation and has
incorporated some red and dark grains. Glaciofluvial
sand and gravel of the Independence Formation has
a similar clast lithology.

I hereby revise the Independence Formation, a
lithostratigraphic unit of formation rank. Diamicton
of the formation was named the "Independence
Till" by Wright and others (1970) after the town
of Independence, St. Louis County, Minnesota (lat
46°58'N., long 92°28'W.).
Lithologic description
The Independence Formation contains rocky,
sandy loam diamicton, and a variety of bedded
sediments, ranging from coarse-grained gravel to
sand. Finer-grained sorted sediment is not common,
but is evident in the South Long Lake Member of
the Independence Formation (this chapter). Color
of the diamicton ranges from brown to grayishbrown (7.5YR 4/4 to 10YR 5/3 to 2.5YR 5/2) in the
eastern and southern parts, to very pale brown and
pink (7.5YR to 10YR 7/3), even white (N 8/1) in the
northwestern part. Carbonate content is low in the
Independence Formation, and sediment is commonly
deeply leached, generally to below the depths of most
surface exposures. Below 30 feet (9 meters), most
samples of the formation effervesce at least slightly
when dilute HCl is applied.
Independence Formation diamicton is a very
rocky, sandy loam to loamy sand in most places (Fig.
15.1). Almost all diamicton samples contain more
than 5 percent gravel, and most contain more than 10
percent. Coarser-grained fragments, from pebbles to
boulders, are relatively common in the till facies in
all areas, but a finer-grained facies to the northwest
contains fewer coarse-grained fragments than the
main body of the formation (Steinmaus, 1983).
Lithology in all size fractions is predominantly to
exclusively Precambrian (Hobbs, 1998b). There are
major changes from place to place in the proportion
of light, dark, and red grains within the Precambrian
group (Fig. 15.2). In its type area of the Toimi drumlin
field (Wright, 1972a), the Independence Formation
has few light grains and many dark and red grains
in the 1-2 millimeter fraction. An underlying older
diamicton with a similar appearance has the same
composition. However, samples of the Cromwell

NOMENCLATURAL HISTORY
The "Independence Till" was originally defined
as grayish-brown, sandy, stony till that contains
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F i g ur e 1 5 . 1. M at rix t ex tu re of
Independence Formation diamicton
from three mapping areas. The
samples labeled "East Mesabi" and
West Mesabi" were obtained from
mine pits on the eastern (Lehr and
Hobbs, 1992) and western (Jennings
and Reynolds, 2005) sides of the
Mesabi Iron Range respectively. The
samples obtained from the Toimi
drumlin area are divided between
samples from surface exposures and
those obtained from rotary-sonic
borings (Lehr and Hobbs, 1992).
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many fragments of gabbro, iron formation, slate,
and graywacke (Wright and others, 1970). Matsch
and Schneider (1986) used the term "Independence
Till," and they regarded the unit to be a formal
lithostratigraphic unit of formation rank. "Rainy till"
or "till of the Rainy lobe" has been used informally
as a descriptive term (Arneman and Wright, 1959;
Wright, 1972b). Eftman (1898) was first to use the
term "Rainy lobe." Diamicton exposed in iron mine
pits in the Mesabi Iron Range was informally called
"bouldery till" by Winter and others (1973). Though
they did not use the Independence name, they
correlated their "bouldery till" with the till of the
Toimi drumlin field.
Hobbs and Goebel (1982) included deposits that
are here considered Independence Formation in three
moraine associations under their heading "Deposits
associated with the Rainy lobe (Pleistocene, late
Wisconsinan)." The sediment of one of the moraine

40
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S ILT

associations, the Nashwauk moraine association, is
described as "brown silty till." Winter and others
(1973) had mapped a "brown silty till" in roughly
the same area. The Nashwauk name derives from
the Nashwauk soil series commonly mapped in the
area. Jennings and Reynolds (2005) mapped various
glaciogenic sediments in the western Mesabi Iron
Range area under the heading: "Deposits associated
with the Rainy lobe (Rainy provenance)." Meyer and
others (2005) mapped various glaciogenic sediments in
Itasca County under the heading: "Deposits associated
with the Rainy lobe (Wisconsin Episode);" all of these
are here considered to belong to the Independence
Formation except for Rainy-provenance sediment
in and north of the Vermilion moraine, which is
included in the new Boundary Waters Formation
(Chapter 5). Knaeble and Hobbs (2009a) recognized
the Independence Formation in the subsurface of
Carlton County.
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Figure 15.2. One to two millimeter
(very coarse-grained sand)
grain counts of Independence
Formation diamicton from two
mapping areas, contrasted with
Cromwell Formation diamicton
grain counts from the North Shore
of Lake Superior, and with older
diamicton from two mapping areas.
The samples labeled "old Rainy
till" are from the Toimi drumlin
field and nearby. The samples
labeled "bouldery till" and "basal
till" are from a mine pit on the
eastern Mesabi Iron Range. These
terms are informal names from
Winter and others (1973). The
"bouldery till" is here included
in the Independence Formation;
the "basal till" is from an older,
unnamed formation.
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The sediment now called the South Long
Lake Member of the Independence Formation was
mapped as the "South Long Lake till of the Brainerd
assemblage" by Knaeble and others (2004). It was not
considered part of the Independence Formation until
this volume. It has its own nomenclatural history
(see South Long Lake Member of the Independence
Formation).
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cut was about 215 feet (65 meters) long and exposed
a maximum of 26 feet (8 meters) of diamicton along
its length. It is now completely grassed over. Wright
and others (1970) obtained only one sample, so it was
resampled in the summer of 2003 by digging laterally
through the sod into (presumably) intact material. The
samples obtained were all noncalcareous, oxidized,
brown (7.5YR 4/4 to 10YR 3/3), sandy loam to loam,
rocky diamicton.
Texture and coarse-grained sand data from the
type section are shown in Table 15.1. Grain counts
are dominated by Precambrian grains. The one grain
interpreted to be Paleozoic is a rounded, frosted quartz
grain rather than a carbonate grain. Cretaceous grains
are absent in all samples. Dark grains outnumber
red grains, which in turn outnumber light grains.
Very few of the red grains are sandstone; almost all
are red igneous rock.
The till at the Independence Formation type
section is interpreted to be a deposit of the Rainy-lobe
phase that shaped the Toimi drumlin field.

TYPE SECTION
Wright and others (1970) specified a type section in
a road cut on Swan Lake Road, 1.3 miles (2 kilometers)
west of the town of Independence, St. Louis County,
Minnesota, adjacent to the Independence Cemetery
(T. 52 N., R. 17 W., sec. 27, BCD; U.S. Geological
Survey Independence quadrangle, 7.5-minute series,
1953; Fig. 15.3). They reported 13 feet (4 meters) of
"Independence Till" overlain by 2 feet (0.6 meter)
of clayey till, which is now included in the Aitkin
Formation.
The type section is on the side of a drumlin in the
Toimi drumlin field (Fig. 13; Wright, 1972a), where it
has been laterally cut by a meltwater channel. The
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Figure 15.3. Location of the type
section for the Independence
Formation, west of Independence,
St. Louis County, Minnesota,
adjacent to the Independence
Cemetery (U.S. Geological Survey
Independence quadrangle, 7.5minute series, 1953).

Independence Formation
Type section (ESRI)
1:24,000

2
3
3.5
4.8
6
8

sandy loam diamicton
sandy loam diamicton
sandy loam diamicton
loam diamicton
loam diamicton
sandy loam diamicton

(2)
(23)
(31)
(21)
(31)
(42)

54
52
62
51
43
59

40
43
37
32
47
34

Reference section

Cretaceous

7
10
12
16
20
26

Paleozoic

1
2
3
4
5
6

Depth
Material
(Gravel) Sand
Silt
(feet) (meters)					

Precambrian

Sample

Table 15.1. Texture and 1-2 millimeter grain counts for Minnesota Geological Survey Quaternary site 17031. Depth
datum is the highest part of the cut, not the top of the cut directly above the sample.

99
100
100
100
100
100

1
0
0
0
0
0

0
0
0
0
0
0

Clay				
6
5
1
17
10
7

Light

Dark

Red

28
15
10
19
16
16

37
52
67
57
48
60

35
33
23
24
34
25

2-138 feet (0.6-42 meters): INDEPENDENCE
FORMATION; very rocky, gravelly, sandy loam
diamicton; dark brown (10YR 4/3, a little 7.5YR
4/3). Deeply leached, but slightly to moderately
calcareous starting about 33 feet (10 meters).
Pebble fraction of upper half of interval is rich in
North Shore Volcanic Group basalt and rhyolite.
Diabase also common; a little granophyre and
gabbro of the Duluth Complex. Very little granite,
occasional greenstone and metasedimentary rocks,
and very few high-grade metamorphic rocks such
as gneiss. The lower samples, starting at 82 feet
(25 meters) contain more Duluth Complex rocks
than the upper samples.
138-171 feet (42-52 meters): OLDER DIAMICTON
(similar to the Independence Formation, but
with an oxidized, leached zone at the top); very

Rotary-sonic borehole CDC 33 (Minnesota
Geological Survey Quaternary number 25806) is
hereby designated as a reference section, located in
Lake County, Minnesota (T. 57 N., R. 10 W., sec. 21,
CAA; U.S. Geological Survey Whyte quadrangle, 7.5minute series, 1982; Fig. 15.4). This section shows a
greater thickness of the formation, and includes both
an upper and a lower contact. A graphic log, with
textures and more detailed descriptions was published
in the guidebook for the 39th Midwest Friends of the
Pleistocene field trip, Biwabik, Minnesota (Lehr and
Hobbs, 1992, p. 70-73) and is modified here.
0-2 feet (0-0.6 meter): PEORIA FORMATION; slightly
pebbly fine-grained sandy loam, dark yellowishbrown (10YR 3/4 to 4/6); noncalcareous.
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Figure 15.4. Location of
t he reference sect ion fo r t h e
Independence Formation in Lake
County, Minnesota (U.S. Geological
Survey Whyte quadrangle, 7.5minute series, 1982).

Independence Formation
Reference section (ESRI)
1:24,000

DESCRIPTION OF BOUNDARIES

rocky, gravelly, sandy loam diamicton. Dark
brown to yellowish-brown; 10YR and 7.5YR 4/4
in upper 8 feet (2 meters); 10YR and 7.5YR 4/3
in the balance. Moderately to slightly calcareous
except for the upper 4 feet (1 meter), which is
noncalcareous. Pebble fraction appears richer
in red clasts, especially volcanic rocks, than
Independence Formation diamicton above. Not
many gabbro pebbles, very few granite. One
chert and two carbonate pebbles were observed.
No red sandstone except for one clast that looks
like interflow sandstone. One iron formation
clast.
171.5-172 feet (52 meters): SOIL ZONE; black (2.5GY
2/1) pebbly loam mixed with diamicton as above.
Slightly to very slightly calcareous.
172-185 feet (52-56 meters): MISSING INTERVAL
185-205 feet (56-62 meters): DISTURBED INTERVAL;
less-disturbed part of core is rocky, gravelly,
sandy loam.
205-210 feet (62-64 meters): OLDER DIAMICTON,
not defined lithostratigraphically; rocky, gravelly,
sandy loam diamicton; brown (10YR 4/3) to dark
grayish-brown (2.5Y 4/2). More calcareous than
the core above. Pebble fraction looks like that
of the disturbed interval. Lowest part of this
interval contains many cored cobbles of local
bedrock.
210 feet (64 meters): BEDROCK; layered gabbro.

The Independence Formation overlies a variety
of older drift and bedrock over a wide area. The
lower contact of the Independence Formation is
almost universally erosive, and clasts derived from
subjacent formations are commonly observed in
the lower few feet (1 meter) of the Independence
Formation. Older soils are not generally preserved
under Independence Formation diamicton. Under
some parts of the Independence Formation, the base
of the formation rests on bedrock. Bedrock under
Independence Formation diamicton is commonly
unweathered, smoothed, and striated. Quaternary
sediment under the Independence Formation ranges
in age from probable early Pleistocene to late
Wisconsinan. Of the latter, the Hewitt Formation
in its eastern part is overlain by the Independence
Formation. In most places the lower contact of the
Independence Formation is clear where it overlies
bedrock and dissimilar glacial sediment. In some
places, the Independence Formation overlies older
till of Rainy provenance whose soil has been eroded,
and the contact is ambiguous. The reference section
provides a good example of this. The uppermost
"older diamicton" would have been included in the
Independence Formation if its upper oxidized leached
zone had been eroded a little deeper.
The Independence Formation over about onethird of its extent is overlain by Holocene Epoch
lake sediment and the soil profile (the soil profile
includes peat and thin unmapped loess and eolian
sand of the Peoria Formation). In about half of the
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Independence Formation's extent, it is overlain by
the Aitkin Formation, and is only locally exposed.
Along the southeastern flank of the formation, it is
sharply overlain by the Cromwell Formation. As the
Rainy lobe retreated, it was partly replaced by ice
of the Superior lobe, which deposited the Cromwell
Formation.

observed because it is buried by the deposits of the
Automba phase (deposits related to the Mille Lacs and
Highland moraines). The boundary is presumably
transitional because the Rainy and Superior lobes were
confluent during the St. Croix phase (Wright, 1972b).
This transition zone presumably continues under the
deposits of the Superior lobe contemporaneous with
the Highland moraine (Mille Lacs Member of the
Cromwell Formation; Chapter 7), and the subsequent
deposits of the St. Louis sublobe (Wright, 1972b),
included in the Aitkin Formation. This transition
surfaces in the southwestern part of the Independence
Formation, where the South Long Lake Member
grades into the Cromwell Formation. The southwest
boundary follows the distal edge of the northern
St. Croix moraine, which overlies diamicton of the
Hewitt Formation. North of the St. Croix moraine,
the outer edge of the Independence Formation is
covered by sediment in the Itasca moraine (Wright,
1972a), which is included in the Hewitt Formation,
and deposits of the Koochiching lobe. The northern
boundary of the Independence Formation is the
Vermilion moraine.

Dimensions, shape, and geographic
distribution
The generalized extent of the Independence
Formation is shown in Figure 15.5. For much of
its exposure south of the Vermilion moraine, the
Independence Formation is drumlinized; the average
thickness is probably about 50 feet (15 meters).
Surface boundaries on Figure 15.5 are generally
drawn on moraines, which are only approximate but
easy to recognize on the base map. Sediment in the
Highland moraine (Wright, 1972a) is included in the
Cromwell Formation and overlies the Independence
Formation on its southeast side. The moraine
forms one boundary of the exposed Independence
Formation. The St. Croix phase boundary between the
Independence and Cromwell Formations has not been

DIFFERENTIATION FROM OTHER UNITS
The Independence Formation is most similar to
the Boundary Waters Formation because they are
both of Rainy provenance. However, the Boundary
Waters Formation's southern boundary is set by
definition (Chapter 5) at the distal (southern) edge of
the Vermilion moraine. The Independence Formation
is also somewhat similar to the Cromwell Formation
in that both formations are typically sandy and
rocky, and contain predominantly to exclusively
Precambrian grains. The Independence Formation
is not as red and contains fewer dark and red grains.
In particular, it contains very few red sandstone
fragments. Hewitt Formation diamicton has a similar
texture to that of the Independence Formation,
but it commonly contains greater than 10 percent
Paleozoic carbonate grains in unleached samples,
whereas the Independence Formation contains only
a trace. The Hewitt Formation contains fewer dark
and red grains among the Precambrian group than
adjacent exposed Independence Formation samples,
but perhaps is comparable to the dark and red grain
content of the Independence Formation diamicton in
the northwestern part of its extent. Aitkin Formation
diamicton is much finer-textured than the main body
of the Independence Formation, although it is similar
to the texture of the upper part of the Independence
Formation in the Nashwauk area. The "brown silty
till" of Winter and others (1973) seems to include

Figure 15.5. Extent of the Independence Formation,
including both surface exposure and inferred buried
extent. The dashed area represents the extent of
the South Long Lake Member of the Independence
Formation.
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both, but the Aitkin Formation is more calcareous
than the fine-grained portion of the Independence
Formation.

rock. Very few carbonate rock fragments are present
in the Independence Formation. A small amount
of fine-grained (presumably crushed) carbonate is
widespread in the diamicton, albeit deeply leached in
most places. The carbonate rock in Hudson Bay may
have been greatly diluted and comminuted farther
down the flowpath on the way to Minnesota. An
alternative view attributes the paucity of carbonate
in the Independence Formation to a shifting of ice
divides over time (Mooers and Lehr, 1997).

Age
The Independence Formation was deposited
during the late Wisconsinan glaciation, which was
the most recent major continental glaciation. The
age of the Independence Formation extends from
the time of the initial advance across the Canadian
Shield into Minnesota until the deposition of the
Vermilion moraine, which by definition belongs to
the Boundary Waters Formation (Chapter 5). The
date of the initial advance cannot be determined
precisely or directly. However, Rittenour (2004)
obtained optical ages ranging from 50,000 to 63,500
yr BP from sediments of the Dudley channel belt in
the lower Mississippi River valley, which indicate
that Wisconsinan-age glacial meltwater had already
entered the Mississippi River watershed by this time.
The St. Croix moraine, the maximum ice position,
is considered at least 20,500 14C yr BP (about 24,450
cal yr BP), based on the oldest radiocarbon date
behind the moraine (Wright, 1972b). Clayton and
Moran (1982) considered a younger date of about
15,000 14C yr BP (about 18,250 cal yr BP) more likely,
but the precise date is uncertain. Deposition of the
Independence Formation ended about 12,000 14C
yr BP (about 14,000 cal yr BP), when the Vermilion
moraine formed.
CORRELATION
The Independence Formation was deposited
during roughly the same time span as the Hewitt
and Cromwell Formations, and shares with them
a general advance direction from northeast to
southwest, though the specific flowlines and thus
provenance are different. Compositionally the
Independence Formation is similar to the Boundary
Waters Formation (Chapter 5) and the Whiteshell
Formation of Manitoba (Teller and Fenton, 1980).
GENESIS
The Independence Formation consists of glacial
and glaciofluvial sediment of Rainy provenance. It
was deposited by ice that advanced over a terrain that
had been repeatedly scoured by earlier glaciations,
especially in the northern part of its extent. Bedrock
in the immediate source area is almost exclusively
igneous and metamorphic rocks of Precambrian age.
However, farther up-ice in the area south of Hudson
Bay, the surface bedrock is mostly Paleozoic carbonate
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South Long Lake Member (new) of the Independence Formation
Alan R. Knaeble

Name and rank

mentioned by Schneider (1956) and characterized
by Wright (1956), Arneman and Wright (1959), and
Schneider (1961). Wright (1962, 1972b) and Wright
and Ruhe (1965) examined the distinct characteristics
and age of these deposits. Schneider (1961) and
Matsch and Schneider (1986) referred to this unit
informally as the "Brainerd Till." Mooers (1988)
described and informally named the material the
"Pine Center formation," which included the "Brainerd
member" and the "Brainerd till facies." Knaeble and
others (2004) used the informal name "South Long
Lake till of the Brainerd assemblage" for the Crow
Wing County atlas.

I hereby formally name the South Long Lake
Member of the Independence Formation as a
lithostratigraphic unit of member rank. The unit is
named after South Long Lake, Crow Wing County,
Minnesota (U.S. Geological Survey South Long Lake
quadrangle, 7.5-minute series, 1973).
Lithologic description
The South Long Lake Member of the Independence
Formation includes brown sandy loam diamicton,
sorted sand and gravel, and well-sorted fine-grained
sand, silt, and clay. The moist diamicton color where
oxidized is brown (7.5YR 5/4) to yellowish-brown
(10YR 5/4), and where unoxidized is dark gray
(7.5YR 4/1 to 10YR 4/1). Grain-size average of the
diamicton for 243 samples is 67 percent sand, 22
percent silt, and 11 percent clay. The 1-2 millimeter
very coarse-grained sand fraction average for 213
samples is 100 percent crystalline, and 0 percent
carbonate and shale. The crystalline fraction is further
subdivided and averages 78 percent light (granite,
gneiss, and quartzite), 15 percent dark (mafic-igneous
and other metamorphic rocks), and 7 percent red
(iron formation, rhyolite, agate, and sandstone;
Hobbs, 1998b) grains. The lack of carbonate in the
diamicton is due in part to its coarse-grained texture,
which results in deep surface leaching of carbonate,
commonly to a depth of at least 20 feet (7 meters).
About a dozen unoxidized, unleached diamicton
samples contained less than 5 percent carbonate in
the 1-2 millimeter grain-size fraction. The typical
oxidized brown color (7.5YR 5/4) is common for
diamicton in the drumlin field south and west of
Brainerd. North of Brainerd in some recessional
moraines, the color can range from brown (7.5YR
5/4) to yellowish-brown (10YR 5/4), particularly
near Emily in northern Crow Wing County. Sorted
sand and gravel, interpreted to be outwash and icecontact deposits, is typically a light brown color,
deeply leached, and mineralogically similar to the
diamicton. In a few places, well-sorted fine-grained
sand, silt, and clay lake deposits are present.

TYPE SECTION
The type section is located in a gravel pit in
Crow Wing County, Minnesota (T. 44 N., R. 31 W.,
sec. 33, CADC; U.S. Geological Survey Fort Ripley
quadrangle, 7.5-minute series, 1956) approximately 8
miles (13 kilometers) south–southwest of downtown
Brainerd, Minnesota (Fig. 15.6). The 40- to 50-foot
(13- to 17-meter) tall pit exposure is cut into the
side of a large hill and has approximately a 300-foot
(100-meter) wide south face. The eastern end of this
face exposes 20 feet (7 meters) of brown (10YR 5/3
to 5/4), sandy loam diamicton over sand and gravel,
over approximately another 20 feet (7 meters) of
brown (10YR 5/3 to 5/4), sandy loam diamicton. The
diamicton and sorted sand and gravel layers vary
in thickness across the exposure and their contacts
are sharp. Six samples were collected and analyzed,
three from each diamicton layer. Texture analyses
on the upper diamicton layer samples resulted in
an average of 73 percent sand, 17 percent silt, and
10 percent clay, and the lithology average of the 1-2
millimeter very coarse-grained sand fraction was 99
percent crystalline, 1 percent carbonate, and 0 percent
shale (the upper two samples were leached); and 76
percent light, 16 percent dark, and 8 percent red for
the crystalline fraction. The lower diamicton layer
samples resulted in texture analyses that average
75 percent sand, 15 percent silt, and 10 percent
clay; and the lithology average of the 1-2 millimeter
very coarse-grained sand fraction was 100 percent
crystalline and 0 percent carbonate and shale (all
samples were leached); and 80 percent light, 13
percent dark, and 7 percent red for the crystalline
fraction. Both diamicton layers and the outwash are

NOMENCLATURAL HISTORY
The materials (particularly the "brown sandy
till" of the Brainerd lobe) of this member were first
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Figure 15.6. Location of the
type section for the South
Long Lake Member of the
Independence Formation
i n C r o w Wi n g C o u n t y,
Minnesota (U.S. Geological
Survey Fort Ripley
quadrangle, 7.5-minute
series, 1956).

South Long Lake Member
of the Independence Formation
Type section (LMIC)
1:24,000

Figure 15.7. Location of
reference section A for the
South Long Lake Member of
the Independence Formation
i n C r o w Wi n g C o u n t y,
Minnesota (U.S. Geological
Survey Nisswa quadrangle,
7.5-minute series, 1959).

South Long Lake Member
of the Independence Formation
Reference section A (LMIC)
1:24,000

included in the South Long Lake Member deposits;
the lower layer was deposited initially, followed by
a northeastward ice retreat during which outwash
sand and gravel covered the lower diamicton layer,
after which ice re-advanced and deposited the upper
layer of diamicton.

sec. 14, BCDADC; U.S. Geological Survey Nisswa
quadrangle, 7.5-minute series, 1959; Fig. 15.7). The
pit excavation, located in the hill behind a residence,
exposes approximately 6 feet (2 meters) of brown
(7.5YR 5/4 to 10YR 5/3), sandy diamicton interpreted
to be till overlying sand and gravel.
Reference section B is a rotary-sonic core (unique
number 251864; well name OB-402) drilled by the
Minnesota Department of Natural Resources 2 miles
(3 kilometers) east of Deerwood, Crow Wing County,
Minnesota (T. 46 N., R. 28 W., sec. 10, CDABDD; U.S.
Geological Survey Bay Lake quadrangle, 7.5-minute

Reference sectionS
Reference section A is located 0.5 mile (0.8
kilometer) southeast of the town of Pequot Lakes,
Crow Wing County, Minnesota (T. 136 N., R. 29 W.,
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series, 1973; Fig. 15.8). The drill hole stratigraphy
includes 30 feet (10 meters) of reddish-brown (5YR
4/4), loam diamicton of the Mille Lacs Member of
the Cromwell Formation overlying 55 feet (18 meters)
of sand and gravel of the South Long Lake Member,
overlying 35 feet (12 meters) of brown (7.5YR 4/4)
to dark gray (7.5YR 4/1), sandy loam diamicton of
the South Long Lake Member, overlying 90 feet (30
meters) of carbonate-bearing diamicton of uncertain
correlation, which overlie weathered bedrock
(saprolith). This core shows a typical stratigraphic
sequence for member sediments in the eastern half

of Crow Wing County, where it is commonly covered
by younger ice deposits.
Reference C is a rotary-sonic core (number 255890)
drilled by the University of Minnesota Duluth for the
Camp Ripley National Guard Training Center. It is
located on the river terrace 1 mile (1.6 kilometers)
west of the junction of the Mississippi and Crow
Wing Rivers, Morrison County, Minnesota (T. 132
N., R. 29 W., sec. 5, CBBDAC; U.S. Geological Survey
Baxter quadrangle, 7.5-minute series, 1954; Fig. 15.9).
The core stratigraphy includes 20 feet (7 meters) of
sand and gravel (Crow Wing River terrace deposits),

Figure 15.8. Location of
reference section B for the
South Long Lake Member of
the Independence Formation
i n C r o w Wi n g C o u n t y,
Minnesota, from Minnesota
Department of Natural
Resources rotary-sonic drill
hole OB-402 (U.S. Geological
Survey Bay Lake quadrangle,
7.5-minute series, 1973).

South Long Lake Member
of the Independence Formation
Reference section B (ESRI)
1:24,000

Figure 15.9. Location of
reference section C for the
South Long Lake Member of
the Independence Formation
i n M o r r i s o n C o u n t y,
Minnesota, from University
of Minnesota Duluth rotarysonic drill hole 255890 (U.S.
Geological Survey Baxter
quadrangle, 7.5-minute
series, 1954).

South Long Lake Member
of the Independence Formation
Reference section C (ESRI)
1:24,000
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overlying 10 feet (3 meters) of brown-gray (10YR
4/2), sandy loam diamicton of the South Long Lake
Member, overlying 2 feet (0.6 meter) of sand and
gravel, overlying 30 feet (10 meters) of gray, sandy
loam diamicton of the Hewitt Formation, overlying
7 feet (3 meters) of dark gray, dense, carbonate-rich
diamicton of undetermined lithostratigraphic affinity,
overlying 4 feet (1 meter) of silty, very fine-grained
sand (lake sediment), overlying saprolith.

material (Fig. 15.10). Mille Lacs Member outwash
emanating from the ice margin commonly contains
remobilized South Long Lake Member outwash, and
because both have similar lithologies, distinguishing
outwash contacts is difficult. The lower contact of
the South Long Lake Member is rarely exposed, so
observations are from rotary-sonic core and rotary
drill-hole cuttings. These observations commonly
show sharp contacts and indicate that the westernmost
deposits overlie Hewitt Formation or carbonate-rich
sediments (pre-Wisconsinan; Fig. 15.10). To the east,
Hewitt Formation deposits are not present; therefore,
South Long Lake Member deposits overlie pre-late
Wisconsinan carbonate-bearing glacial deposits,
saprolith, and bedrock.

DESCRIPTION OF BOUNDARIES
The upper contact with the overlying glacial
Lake Brainerd sediment (Independence Formation)
and the Mille Lacs Member (Cromwell Formation)
sediments may be sharp, gradational, or inter-layered.
Inter-layering occurs particularly along the Mille
Lacs moraine (Fig. 13) ice margin, where ice has
incorporated material from the underlying South
Long Lake Member and mixed it with the host ice

Hackensack
CASS

moraine

CROW WING

St. Croix

Enlarged area

Glacial Lake
Brainerd

Figure 15.10. Distribution of the South Long Lake Member (shaded)
of the Independence Formation (black outline) in Minnesota. On
the enlarged map, the light gray area represents where materials
overlie Hewitt Formation deposits. In the unshaded area, beyond
the boundaries of glacial Lake Brainerd, member materials are at the
surface and overlie carbonate-bearing deposits (pre-late Wisconsinan),
saprolith, or bedrock. The dark gray area on the east side shows
where member materials are covered by younger deposits. Glacial
Lake Brainerd sediments are included in the Independence Formation,
but not in the South Long Lake Member.
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Dimensions, shape, and geographic
distribution

Age
An exact date for the South Long Lake Member
has not been established because datable material
appears to be absent in field exposures and core.
It is younger than the Hewitt Formation in the
Wadena drumlin field, which Mooers and Lehr (1997)
suggested to have been deposited sometime after
26,000 14C yr BP (about 31,000 cal yr BP). The South
Long Lake Member is older than lacustrine deposits
of glacial Lake Aitkin II (Aitkin Formation; Fig. 13)
that were dated at 11,635 ± 350 14C yr BP (13,637 ±
434 cal yr BP; Farnham and others, 1964), and which
lay stratigraphically above Independence Formation
deposits. Mooers and Lehr (1997) suggested an age
of about 15,500 to 16,000 14C yr BP (about 18,730
to 19,150 cal yr BP) for South Long Lake Member
deposits in the northern portion of the St. Croix
moraine at its ice margin.

Deposits are present in central Minnesota in Crow
Wing County and in the southern portion of adjacent
Cass County (Fig. 15.10). The western boundary of
these deposits forms the St. Croix moraine, from the
Camp Ripley Training Center, north to approximately
the town of Hackensack, Minnesota (Fig. 15.10).
From the St. Croix moraine east they form the surface
materials that cover part of Cass County and all
of western Crow Wing County. They have been
recognized in the subsurface in eastern Crow Wing
County from the western side of Mille Lacs Lake
north to the town of Emily. Here, and further east in
Aitkin County, they are buried by younger deposits
of the Mille Lacs Member (Cromwell Formation) and
the Nelson Lake Member (Aitkin Formation) of the
St. Louis sublobe. Glacial Lake Brainerd deposits
overlie South Long Lake Member deposits in the
center of Crow Wing County. Diamicton thickness,
as observed in the field and examined in core, varies
from 1 to 60 feet (0.3 to 20 meters). In a few places,
sand and gravel outwash, with diamicton interbeds,
appears to exceed 100 feet (33 meters) in thickness.

CORRELATION
The South Long Lake Member materials are likely
correlative to the Independence Formation deposits
of the Rainy lobe that are found up-ice in northeast
Minnesota, and to parts of the Cromwell Formation
to the south. The South Long Lake Member is also
about the same age as the Hewitt Formation deposited
in the Itasca moraine (Fig. 13).

DIFFERENTIATION FROM OTHER UNITS
Slightly more brown or reddish-brown color,
slightly less carbonate in unleached samples, slightly
more (approximately 5 percent) red Superior-source
clasts, and overlying stratigraphic position are
the characteristics that distinguish this member's
deposits along its western and northern margins
from the underlying Hewitt Formation deposits.
These differences are subtle, thus differentiation in
the field is challenging. Where Brainerd-sublobe
ice was confluent with the Superior lobe along its
southern margin (near the Crow Wing–Morrison
County boundary), the material differences are
again subtle. Here, South Long Lake Member and
Cromwell Formation deposits are similar, except
that the South Long Lake Member has about 5
percent fewer red Superior-source clasts, carbonate
is more deeply leached, and its drumlins are oriented
northeast–southwest. In eastern Crow Wing County,
the South Long Lake Member underlies the Mille
Lacs Member (Cromwell Formation). Here, the South
Long Lake Member diamicton is more deeply leached,
less reddish-brown, has about 10 percent fewer red
Superior-source clasts, and about 10 percent fewer
dark clasts than the Mille Lacs Member.

GENESIS
South Long Lake Member diamicton is interpreted
to be till deposited by the Rainy lobe ice that passed
over the Rainy source area northeast of Minnesota.
Long-axis drumlin orientation and remnant tunnelvalley geomorphology also indicate a northeast to
southwest ice flow.
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Chapter 16
Lake Henry Formation (new)
Gary N. Meyer

NAME AND RANK

NOMENCLATURAL HISTORY

I hereby formally name the Lake Henry Formation
as a lithostratigraphic unit of formation rank. The
formation is named after the town of Lake Henry,
Stearns County, Minnesota (U.S. Geological Survey
Lake Henry quadrangle, 7.5-minute series, 1967).

The Lake Henry Formation is first used here in
order to place the similar Sauk Centre and Meyer
Lake diamictons in the same formation. The Sauk
Centre and Meyer Lake Members of the Lake Henry
Formation are defined in this chapter.

Lithologic description

TYPE SECTION

The Lake Henry Formation includes diamicton
and sorted sediment. The diamicton facies commonly
has a loam texture, but includes clay loam- and silt
loam-textured layers in some sections. The oxidized
moist color is pale olive (5Y 6/4) to olive (5Y 5/3-6)
to light yellowish-brown (2.5Y 6/4) in the subsurface.
The unoxidized to reduced color is generally gray
(2.5Y 5/1) to greenish-gray (7.5GY 5/1), but ranges
to dark gray (10YR 4/1) to dark greenish-gray (5GY
4/1). Paleozoic carbonate composes a moderate
to abundant proportion of the very coarse-grained
sand fraction, generally between 30 and 55 percent.
Cretaceous grains are rare to uncommon, generally
from 1 to 5 percent. Cretaceous shale is absent to
rare, generally less than 1 percent.

The type section is a continuous rotary-sonic
core: SR-5 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249858. The
core site is located in Stearns County, Minnesota (T.
123 N., R. 33 W., sec. 11, AABABA; U.S. Geological
Survey Lake Henry quadrangle, 7.5-minute series,
1967; Fig. 16.1), approximately 2 miles (3 kilometers)
northeast of the town of Lake Henry. The core
records the contact at a depth of about 33.5 feet
(10 meters) between overlying gray (5Y 6/1), ironstained diamicton of the Hewitt Formation, and 1.5
feet (0.5 meter) of presumably redeposited gray (5Y
5/1), loam-textured diamicton of the Lake Henry
Formation interbedded with light yellowish-brown
(2.5Y 6/4), fine-grained sand and silt. This material
overlies 6 inches (15 centimeters) of organic silt over

Figure 16.1. Location of the
type section for the Lake Henry
Formation in Minnesota, and
reference section B for both the St.
Francis Formation and the Meyer
Lake Member of the Lake Henry
Formation: core hole SR-5 (U.S.
Geological Survey Lake Henry
quadrangle, 7.5-minute series,
1967).

Lake Henry Formation
Type section (ESRI)
1:24,000
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1.5 feet (0.5 meter) of mottled gray (5Y 6/1), silt to
very fine-grained sand over 5 feet (1.5 meters) of light
yellowish-brown (2.5Y 6/4-3), sand to gravelly sand
over gray (7.5Y 5/1) loam diamicton (Sauk Centre
Member) at 42 feet (13 meters). The diamicton grades
to a greenish-gray (2.5GY 5/1) color by 70 feet (21.5
meters). At 77.5 feet (23.5 meters) it abruptly overlies
a more greenish (7.5GY 5/1) and somewhat more
clayey diamicton (Meyer Lake Member). Carbonate
content in the finer-textured diamicton decreases
with depth. By a depth of 102 feet (31 meters), the
diamicton is very dark gray (2.5Y 3/1) in color, with
notable incorporated organic debris. The base of the
Lake Henry Formation is at 110 feet (33.5 meters),
where it abruptly overlies brown (10YR 5/3) gravelly
sand of the St. Francis Formation. Core SR-5 is stored
at the Minnesota Department of Natural Resources
core library in Hibbing, Minnesota.

Saum Formation) and greenish-gray (7.5GY 6/1), loam
diamicton of the Lake Henry Formation (Sauk Centre
Member). Abruptly at 57 feet (17.5 meters), the core
consists of a dark to very dark gray (5Y 4-3/1), silty
clay loam to loam-textured sediment with a trace of
gravel, interpreted to be reworked lake sediment.
Light reddish-brown (5YR 6/3) inclusions increase
with depth. At 65.5 feet (20 meters) the Lake Henry
Formation overlies reddish-gray (5YR 5/2) silt over
reddish-brown (5YR 5/4-3), sandy diamicton of the St.
Francis Formation. This diamicton in turn grades at a
depth of 85 feet (26 meters) into gray (7.5Y 5/1) loam
to clay loam diamicton of the Lake Henry Formation
(Meyer Lake Member). The gray clayey diamicton
contains inclusions of plant debris and reddish silt
and clay interpreted to be younger sediments mixed
into the diamicton from above, through collapse from
melting buried ice. At 104.5 feet (32 meters) the core
changes abruptly to a gray to dark gray (2.5Y and
5Y 5-4/1), loam diamicton; less carbonate and more
quartz and red Precambrian clasts appear below 122
feet (37 meters). Below 127.5 feet (39 meters) the core
is a dark gray (2.5Y-5Y 4/1), clay loam diamicton.
The base of the Lake Henry Formation is at 134 feet
(41 meters) at an organic silt layer above diamicton
of the Eagle Bend Formation. The core is stored at
the Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.
Reference section B is a pit exposure: Quaternary
unique number Q0015388. The site is located in
Morrison County, Minnesota (T. 128 N., R. 31 W.,
sec. 6, CDCACC; U.S. Geological Survey Swanville
quadrangle, 7.5-minute series, 1978; Fig. 16.3),

Reference sectionS
Reference section A is a continuous rotary-sonic
core: SR-3 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249856. The core
site is located in Stearns County, Minnesota (T. 126
N., R. 31 W., sec. 5, DBDDAD; U.S. Geological Survey
Albany quadrangle, 7.5-minute series, 1965; Fig. 16.2),
approximately 1 mile (1.6 kilometers) southwest
of St. Francis, and about 21.5 miles (35 kilometers)
northeast of Lake Henry. The core records the contact
at a depth of about 42.5 feet (13 meters) between
overlying greenish-gray (2.5GY 6/1), loam-textured
diamicton of Rainy provenance (equivalent to the

Figure 16.2. Location of
reference section A for the
Lake Henry and St. Francis
Formations in Minnesota,
and for the Meyer Lake and
Sauk Centre Members of the
Lake Henry Formation: core
hole SR-3 (U.S. Geological
Survey, Albany and Upsala
quadrangles, 7.5-minute series,
1965, 1978).

Lake Henry Formation
Reference section A (ESRI)
1:24,000
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approximately 330 feet (101 meters) north of Swanville,
and about 31.5 miles (51 kilometers) northeast of
Lake Henry. At an elevation of about 1,230 feet
(375 meters) above mean sea level, about 3 feet (1
meter) of calcareous, oxidized, silt loam-textured
diamicton (Sauk Centre Member) overlie about 3
feet (1 meter) of non-calcareous organic silt over
about 16 feet (5 meters) of calcareous, oxidized, loam
diamicton (Meyer Lake Member), which grade to silt.
Gray-brown silt loam inclusions are present towards
the base of the loam diamicton. Oxidized, loam
diamicton of the Browerville Formation is exposed
about 16 feet (5 meters) above the organic silt layer,
and yellowish-red (5YR 4/6), sandy loam diamicton
of the St. Francis Formation was encountered in an
auger hole (M-32; Quaternary number Q0016443)
at about 20 feet (6 meters) below the exposed base
of the Lake Henry Formation. Samples from the
exposure and auger hole are stored at the Minnesota
Geological Survey in St. Paul.

by Rainy-provenance sediment (Meyer, 1986; Meyer
and Knaeble, 1996), the Lake Henry Formation is
partially leached at the top and is deeply oxidized,
indicating a weathering period prior to deposition
of the Rainy-provenance sediment. The Lake Henry
Formation intertongues with the contemporaneous
St. Francis Formation (Superior provenance) towards
the east, with the Sauk Centre Member overlying the
St. Francis Formation and the Meyer Lake Member
both below and above members of the St. Francis
Formation. Reddish lacustrine layers above and
below the Meyer Lake Member indicate the proximity
of the ice that deposited the St. Francis Formation
(Meyer, 1986; Meyer and Knaeble, 1996). Extensive
evidence indicates the presence of organics above
and below the Meyer Lake Member. Although the
top of the unit is commonly gleyed, a leached zone
has not been noted in any sections of the Meyer
Lake Member. Where the St. Francis Formation is
absent, particularly towards the west, the Lake Henry
Formation overlies weathered Eagle Bend Formation
or older units.

DESCRIPTION OF BOUNDARIES
The Lake Henry Formation consists of two
members, the Meyer Lake Member and the overlying
Sauk Centre Member. Sediment of Rainy provenance
likely equivalent to the Saum Formation of northcentral Minnesota stratigraphically overlies the Lake
Henry Formation, but its distribution in central
Minnesota is very patchy. In most sections, the
Lake Henry Formation is truncated and overlain
by the Browerville Formation or younger units. At
several sites northeast of Sauk Centre, where buried

Dimensions, shape, and geographic
distribution
The Lake Henry Formation as defined herein
is present primarily in the subsurface across much
of central Minnesota (Fig. 16.4). The formation is
thickest in western Stearns, southwestern Todd,
and eastern Douglas and Pope Counties, where it
commonly exceeds 65 feet (20 meters) and in places
is greater than 100 feet (30 meters) thick (Meyer, 1986;

Figure 16.3. Location of
reference section B for the
Lake Henry Formation in
Minnesota (U.S. Geological
Survey Swanville and Flensburg
quadrangles, 7.5-minute series,
1978).

Lake Henry Formation
Reference section B (ESRI)
1:24,000
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Age
Uranium/thorium disequilibrium dat in g
indicated that the overlying Browerville Formation
is pre-Illinoian in age (Knaeble and Meyer, 2007b).
The Lake Henry Formation has normal polarity
remanent magnetism, implying it is likely Middle
Pleistocene in age (Jennings and others, 2006) and
was deposited sometime after 780,000 and before
190,000 yr BP.
CORRELATION
One or both members of the Lake Henry
Formation likely correlate with the Funkley Formation
of north-central Minnesota (Meyer, 1997; Chapter
7). The Lake Henry Formation also likely correlates
in part with the informally named Good Thunder
formation of south-central Minnesota (Lusardi and
others, 2012; see Appendix). Diamictons similar in
stratigraphic position and lithology to diamictons of
the Lake Henry Formation are present in southwest
Minnesota (SWRA 5, SWRA 6; Fig. 11) and southeast
South Dakota (Renner till; Patterson, 1997). Silty,
carbonate-rich diamictons in the Minnesota River
valley area (Patterson and others, 1999b) and the
Twin Cities area (Meyer, 1992), as well as the Gervais
Formation of northwestern Minnesota (Harris and
others, 1974), may all correlate with the Lake Henry
Formation. To the south, the Lake Henry Formation
may correlate with the Wolf Creek Formation of
Iowa (Hallberg, 1980) based on lithologic character
and stratigraphic position, but a strong correlation
is not possible at this time.

Figure 16.4. Distribution of the Lake Henry Formation
and its Meyer Lake Member within Minnesota.

Southwick and others, 1986; Meyer and others, 1995;
Meyer and Swanson, 1996; included in the Gervais
Formation by Harris and others, 2003). The Lake
Henry Formation is generally less than 50 feet (15
meters) thick to the north and east, where the Sauk
Centre Member is commonly absent.
DIFFERENTIATION FROM OTHER UNITS

GENESIS

The Lake Henry Formation contains more
clasts of Paleozoic carbonate than units of northeast
provenance and its diamicton is generally finertextured. The Lake Henry Formation has many
fewer Cretaceous shale grains and generally a
higher proportion of Paleozoic carbonate than late
Wisconsinan sediment of northwest provenance in
central Minnesota. The formation generally has
fewer Cretaceous and more Paleozoic carbonate
clasts than the Browerville, Bigfork, Elmdale, and
Wirt Formations. The Lake Henry Formation also
tends to be more variegated in color. Diamicton of
the similar Eagle Bend Formation is more clayeytextured and contains a higher proportion of quartz
grains and generally more Cretaceous clasts.

The diamicton of the Lake Henry Formation
is interpreted to be till and it has a Winnipeg
provenance. It was deposited by glacial ice (and
its meltwater) that moved into Minnesota from the
northwest and flowed south and southeast across the
state. The flank of the ice advance that deposited
the Lake Henry Formation must have alternated
in central Minnesota with that of the ice advance
that deposited the St. Francis Formation (Superior
provenance) because the two units intertongue. The
climate during deposition must have been relatively
warm (or highly fluctuating) because organic debris
is commonly associated with the two formations.
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Meyer Lake Member (new) of the Lake Henry Formation
Gary N. Meyer

NAME AND RANK

U.S. Geological Survey Burtrum quadrangle, 7.5minute series, 1978; Fig. 16.5), about 1 mile (1.6
kilometers) east of Burtrum, and about 12.5 miles
(20 kilometers) southeast of Meyer Lake. The core
records the top of the Meyer Lake Member of the
Lake Henry Formation at a depth of 115 feet (35
meters), where it underlies dark gray to dark grayishbrown (2.5Y 4/1-2), gravelly loam diamicton of the
upper member of the St. Francis Formation. The
top sediment consists of dark greenish-gray (2.5GY
4/1), calcareous, silt to clayey silt with sand grains
in laminae and as "drops," and a few tiny shell and
wood fragments. The sediment ranges to silty clay
at the base at 116 feet (35.5 meters), where it abruptly
overlies loamy diamicton of the same color. The
diamicton grades to dark gray (7.5Y 4/1) in color
and has a clay loam texture by 119 feet (36.5 meters).
The diamicton is dense and massive. Carbonate
pebbles are common, but pebbles in general are small
and relatively sparse. By 132 feet (40 meters) the
diamicton is slightly browner (5Y 4/1); at 134 feet
(41 meters) is a large inclusion of reddish (5YR-7.5YR
5/3), fine-grained sand with a few small pebbles.
Abruptly below is dark gray to gray (2.5Y 4-5/1),
loam diamicton with much more sand and much
less clay than the above diamicton. Color is gray
(2.5Y 5/1) by 141 feet (43 meters). At 142 feet (43.5
meters) is a large inclusion of reddish-brown (5YR
4/3), sandy loam diamicton. By 144 feet (44 meters)
the loam diamicton is dark gray (5Y 4/1) in color
with a higher clay content. At 156 feet (47.5 meters)
the diamicton is mixed with brown (7.5YR 4/2-3),
silty to loamy sediment. The contact at 157 feet (48
meters) with the underlying lower member of the
St. Francis Formation is marked by a cobble. Below
is brown (7.5YR 4/2-3), calcareous, sandy silt, silt,
and clayey silt, with distorted bedding in the upper
part. Eight samples from the Meyer Lake Member
diamicton average 39 percent Paleozoic carbonate
in the 1-2 millimeter size fraction, ranging from
32 to 48 percent, generally increasing with depth.
Cretaceous grains average 1 percent, with no shale.
Dark grains average 18 percent, red grains 4 percent,
and monomineralic quartz 22 percent of the total
Precambrian 1-2 millimeter grain-size fraction. The
core is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.

I hereby formally name the Meyer Lake Member
of the Lake Henry Formation as a lithostratigraphic
unit of member rank. The member is named after
Meyer Lake, a small lake about 2.5 miles (4 kilometers)
northeast of the town of Long Prairie, Todd County,
Minnesota (U.S. Geological Survey Long Prairie and
Browerville quadrangles, 7.5-minute series, 1966).
Lithologic description
The Meyer Lake Member includes diamicton and
sorted sediment. The diamicton facies commonly
has a loam texture, but includes clay loam layers
in most sections. A few sections exhibit olive (10Y
5/3) to olive-gray colors (7.5Y-5Y 5/2, 2.5Y 6/2)
at the top, but mostly the diamicton is gleyed or
unoxidized (2.5Y-5Y 4-5/1). Gley colors have been
noted to range in hue from 10Y to 5B; the value is
generally 5, but ranges from 4 to 6. In addition
to the common greenish-gray colors, a number of
sections include dark brownish layers (2.5Y 3/1, 10YR
4/1-2) due to incorporated organic-rich sediment.
In some cases brown to reddish-brown layers or
inclusions are incorporated sediment from the St.
Francis Formation. Paleozoic carbonate is common
to abundant in the very coarse-grained sand fraction,
generally between 30 and 50 percent. Cretaceous
grains are rare to uncommon, generally less than 5
percent. Cretaceous shale is absent to rare. Red clasts
are notably present in some sections, particularly
towards the east where the member is interbedded
with the St. Francis Formation.
NOMENCLATURAL HISTORY
The Meyer Lake Member was first referred to as
the "Meyer Lake till" by Meyer (1986), whose type
section was a rotary hole (Minnesota Geological
Survey cuttings set 2000), drilled 1 mile (1.6
kilometers) north of Meyer Lake.
TYPE SECTION
The type section is a continuous rotary-sonic core:
TR-1, Minnesota Geological Survey unique number
256714. The core site is located in Todd County,
Minnesota (T. 128 N., R. 32 W., sec. 25, CCBCCC;
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Figure 16.5. Location of the
type section for the Meyer Lake
Member of the Lake Henry
Formation in Minnesota, and for
the Eagle Bend and St. Francis
Formations; also reference section
A for the Elmdale Formation:
core hole TR-1 (U.S. Geological
Survey Burtrum and Swanville
quadrangles, 7.5-minute series,
1978).

Meyer Lake Member of the
Lake Henry Formation
Type section (ESRI)
1:24,000

Figure 16.6. Location of
reference section A for the
Meyer Lake and Sauk Centre
Members of the Lake Henry
Formation in Minnesota, and for
the Lake Henry and St. Francis
Formations: core hole SR-3 (U.S.
Geological Survey Albany and
Upsala quadrangles, 7.5-minute
series, 1965, 1978).

Meyer Lake Member of the
Lake Henry Formation
Reference section A (ESRI)
1:24,000

Reference sectionS

of the St. Francis Formation grades into gray (7.5Y
5/1) loam to clay loam diamicton of the Meyer Lake
Member. At 104.5 feet (32 meters) the core changes
abruptly to a gray to dark gray (2.5Y and 5Y 5-4/1),
loam diamicton; less carbonate and more quartz
and red Precambrian clasts occur below 122 feet (37
meters). Below 127.5 feet (39 meters) the core is a
dark gray (2.5Y-5Y 4/1), clay loam diamicton. The
base of the Meyer Lake Member is at 134 feet (41
meters) at an organic silt layer above diamicton of
the Eagle Bend Formation. The core is stored at the

Reference section A is a continuous rotary-sonic
core: SR-3 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249856. The core
site is located in Stearns County, Minnesota (T. 126
N., R. 31 W., sec. 5, DBDDAD; U.S. Geological Survey
Albany quadrangle, 7.5-minute series, 1965; Fig. 16.6),
approximately 2 miles (1.6 kilometers) southwest
of St. Francis, and about 20.5 miles (33 kilometers)
southeast of Meyer Lake. At a depth of 85 feet (26
meters), reddish-brown (5YR 5/4-3), sandy diamicton
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Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.
Reference section B is a continuous rotary-sonic
core: SR-5 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249858. The core
site is located in Stearns County, Minnesota (T. 123
N., R. 33 W., sec. 11, AABABA; U.S. Geological Survey
Lake Henry quadrangle, 7.5-minute series, 1967; Fig.
16.7), approximately 2 miles (3 kilometers) northeast
of the town of Lake Henry, and about 35.5 miles (57
kilometers) south of Meyer Lake. At 77.5 feet (23.5
meters), greenish-gray (2.5GY 5/1), loam-textured
diamicton of the Sauk Centre Member abruptly
overlies more greenish (7.5GY 5/1) and somewhat
more clayey diamicton of the Meyer Lake Member.
Carbonate content in the finer-textured diamicton
decreases with depth. By a depth of 102 feet (31
meters), the diamicton is very dark gray (2.5Y 3/1)
in color, with notable incorporated organic debris.
The base of the Meyer Lake Member is at 110 feet
(33.5 meters), where it abruptly overlies brown (10YR
5/3), gravelly sand of the St. Francis Formation. Core
SR-5 is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.

Meyer and Knaeble, 1996). Where the St. Francis
Formation is absent, particularly towards the west,
the Meyer Lake Member underlies the Sauk Centre
Member and overlies weathered Eagle Bend Formation
or older units. In the northern two-thirds of Todd
County, the Sauk Centre Member is commonly absent
and the Meyer Lake Member is overlain by younger
units. Extensive evidence indicates the presence of
organics above and below the Meyer Lake Member.
Although the top of the unit is commonly gleyed, a
leached zone has not been noted in any sections of
the Meyer Lake Member.

DESCRIPTION OF BOUNDARIES

The Meyer Lake Member contains more clasts
of Paleozoic carbonate than units of northeast
provenance, and its diamicton is generally finertextured. The Meyer Lake Member has many
fewer Cretaceous shale grains and generally a
higher proportion of Paleozoic carbonate than late
Wisconsinan sediment of northwest provenance in

Dimensions, shape, and geographic
distribution
The Meyer Lake Member as defined herein is in
the subsurface across much of central Minnesota—it
has the same distribution as that of the Lake Henry
Formation (Fig. 16.4). Diamicton of the member
averages about 40 feet (12 meters) in thickness (Meyer,
1986; Southwick and others, 1986; Meyer and others,
1995; Meyer and Swanson, 1996).
DIFFERENTIATION FROM OTHER UNITS

Towards the east, the Meyer Lake Member
intertongues with the contemporaneous St. Francis
Formation, a Superior-provenance sediment. Reddish
lacustrine sediment above and below the Meyer
Lake Member indicates the proximity of the ice that
deposited the St. Francis Formation (Meyer, 1986;

Figure 16.7. Location of
reference section B for the Meyer
Lake Member of the Lake Henry
Formation in Minnesota, and
also the St. Francis Formation;
also the type section for the Lake
Henry Formation: core hole SR-5
(U.S. Geological Survey Lake
Henry quadrangle, 7.5-minute
series, 1967).

Meyer Lake Member of the
Lake Henry Formation
Reference section B (ESRI)
1:24,000
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central Minnesota. The member has fewer Cretaceous
and quartz clasts, and more Paleozoic carbonate
clasts than the Browerville and Elmdale Formations.
Diamicton of the similar Eagle Bend Formation
is generally more clayey-textured and contains a
higher proportion of quartz grains and on average
more Paleozoic carbonate and Cretaceous clasts. The
Meyer Lake Member is typically capped by an organic
zone, generally has more incorporated organics, and
commonly has a different color and texture (usually
more clayey) than the overlying Sauk Centre Member.
The Sauk Centre Member has fewer quartz and on
average more carbonate clasts than the Meyer Lake
Member. In the Todd County area, diamicton of the
Meyer Lake Member is more variegated and contains
more dark Precambrian clasts than other diamictons
of northwest provenance.

must have alternated in central Minnesota with that
of the ice advance that deposited the St. Francis
Formation, because the two units intertongue. The
climate during deposition must have been relatively
warm (or highly fluctuating) because organic debris
is commonly associated with the two units.

Age
Uran ium/thorium disequilibrium dating
indicated that the overlying Browerville Formation is
pre-Illinoian in age (Knaeble and Meyer, 2007b). The
Meyer Lake Member has normal polarity remanent
magnetism, implying it is likely Middle Pleistocene in
age (Jennings and others, 2006), deposited sometime
after 780,000 and before 190,000 yr BP.
CORRELATION
The Meyer Lake Member may correlate with
the similar Funkley Formation of north-central
Minnesota (Meyer, 1997; Chapter 7). Diamicton
of the Meyer Lake Member likely correlates with
the recently recognized "Good Thunder formation
till 2" (Lusardi and others, 2012; Meyer and others,
2012a, b; see Appendix). A diamicton similar in
stratigraphic position and lithology to diamicton of
the Meyer Lake Member is present in a core from
southwest Minnesota (SWRA 6; Patterson, 1997).
Silty, carbonate-rich diamictons in the Minnesota
River valley area (Patterson and others, 1999b)
and the Twin Cities area (Meyer, 1992), as well as
the Gervais Formation of northwestern Minnesota
(Harris and others, 1974), may correlate with the
Meyer Lake Member.
GENESIS
Sediment of the Meyer Lake Member of the Lake
Henry Formation has a Winnipeg provenance. It
was deposited by glacial ice (and its meltwater) that
moved into Minnesota from the northwest and flowed
south and southeast across the state. The flank of the
ice advance that deposited the Meyer Lake Member

134

Sauk Centre Member (new) of the Lake Henry Formation
Gary N. Meyer

NAME AND RANK

NOMENCLATURAL HISTORY

I hereby formally name the Sauk Centre Member
of the Lake Henry Formation as a lithostratigraphic
unit of member rank. The member is named after
the town of Sauk Centre, Stearns County, Minnesota
(U.S. Geological Survey Sauk Centre quadrangle,
7.5-minute series, 1965).

The Sauk Centre Member was referred to as the
"Green till" by Meyer (1986) and was first referred
to as the "Sauk Centre till" by Meyer and Knaeble
(1996). Diamicton of the Sauk Centre Member is
exposed just above water level along Hoboken Creek
at the west edge of Sauk Centre (T. 126 N., R. 34 W.,
sec. 9, BCCBC).

Lithologic description

TYPE SECTION

The Sauk Centre Member includes diamicton and
sorted sediment. The diamicton facies commonly
has a loam texture, but includes clay loam and silt
loam-textured layers in some sections. The oxidized
moist color has been observed to be pale olive (5Y
6/4) to olive (5Y 5/3-6) to light yellowish-brown (2.5Y
6/4) in the subsurface. The unoxidized (or gleyed)
color is generally gray (2.5Y 5/1) to greenish-gray
(7.5GY 5/1), but ranges to dark gray (10YR 4/1) to
dark greenish-gray (5GY 4/1). Paleozoic carbonate
is generally abundant in the very coarse-grained
sand fraction, between 35 and 55 percent. Cretaceous
grains are rare, generally 1 percent or less. Cretaceous
shale is absent to very rare. Quartz is commonly less
than 20 percent of the Precambrian fraction, and red
clasts in most sections are rare.

The type section is a continuous rotary-sonic
core: SR-4 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249857. The
core site is located in Stearns County, Minnesota (T.
126 N., R. 34 W., sec. 29, CBCABA; U.S. Geological
Survey Sauk Centre quadrangle, 7.5-minute series,
1965; Fig. 16.8), approximately 4 miles (6 kilometers)
southwest of the town of Sauk Centre. In the core at
a depth of 76 feet (23 meters), 11 feet (3.4 meters) of
light yellowish-brown (2.5Y 6/4) to light brownishgray (2.5Y 6/2), fine-grained sand, silt, and gravelly
sand, with beds of gray (2.5Y 5/1), sandy diamicton
of the Hewitt Formation overlie 6 feet (1.8 meters)
of light gray (2.5Y 7/2), carbonate-rich, gravelly,
medium- to coarse-grained sand of the Sauk Centre
Member. Abruptly at a depth of 82 feet (25 meters),

Figure 16.8. Location of the
type section for the Sauk Centre
Member of the Lake Henry
Formation in Minnesota, and
reference section B for the
Elmdale Formation: core hole
SR-4 (U.S. Geological Survey
Sauk Centre and Raymond Lake
quadrangles, 7.5-minute series,
1965).

Sauk Centre Member of the
Lake Henry Formation
Type section (ESRI)
1:24,000
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is gray (5Y 5/1), dense, carbonate-rich, loam-textured
diamicton of the Sauk Centre Member, which is
olive-gray (5Y 5/2) along joints in the upper few
feet (1 meter). Below a very thin mix zone at 109.5
feet (33.5 meters) is greenish-gray (7.5GY 5/1), silty
diamicton of the Meyer Lake Member interbedded
with very fine-grained sand and silt with a few wood
and shell fragments. From 112 feet (34 meters), pale
olive (7.5Y 6/3), silty, very fine-grained sand overlies
grayish-olive (10Y 5/3), loam-textured diamicton of
the Meyer Lake Member. Core SR-4 is stored at the
Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.

sediment. Light reddish-brown (5YR 6/3) inclusions
increase with depth. At 65.5 feet (20 meters) the Sauk
Centre Member overlies reddish-gray (5YR 5/2) silt
over reddish-brown (5YR 5/4-3), sandy diamicton of
the St. Francis Formation. The core is stored at the
Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.
Reference section B is a sample set from soil
boring SPA-3-A, unique number 244872, Minnesota
Geological Survey cuttings set 1827. The soil boring
site is located in Stearns County, Minnesota (T. 126
N., R. 33 W., sec. 5, DBADBC; U.S. Geological Survey
Ward Springs quadrangle, 7.5-minute series, 1966; Fig.
16.10), about 5 miles (8 kilometers) east–northeast of
Sauk Centre. At a depth of 44 feet (13.5 meters) gray
(2.5Y 5/1), calcareous, loam to sandy loam-textured
diamicton of Rainy provenance (equivalent to the
Saum Formation) overlies 4 feet (1.2 meters) of dark
grayish-brown (2.5Y 4/2), slightly calcareous, clay
loam-textured sediment interpreted to be reworked
interglacial sediment. Below this unit at 48 feet
(14.5 meters) is light yellowish-brown (2.5Y 6/3-4),
calcareous, silt loam to loam-textured diamicton of
the Sauk Centre Member. The Sauk Centre Member
diamicton is gray (2.5Y 5/1) from 84 feet (25.5 meters)
to the base of the hole at 101 feet (31 meters). Splitspoon core and cuttings samples from soil boring
SPA-3-A are stored at the Minnesota Geological
Survey cuttings library in St. Paul.

Reference sectionS
Reference section A is a continuous rotary-sonic
core: SR-3 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249856. The core
site is located in Stearns County, Minnesota (T. 126
N., R. 31 W., sec. 5, DBDDAD; U.S. Geological Survey
Albany quadrangle, 7.5-minute series, 1965; Fig. 16.9),
approximately 2 miles (1.6 kilometers) southwest
of St. Francis, and about 16 miles (26 kilometers)
east of Sauk Centre. The core records the contact
at a depth of about 42.5 feet (13 meters) between
overlying greenish-gray (2.5GY 6/1), loam-textured
Rainy-provenance diamicton of the Saum Formation
and greenish-gray (7.5GY 6/1), loam diamicton of
the Sauk Centre Member. Abruptly at 57 feet (17.5
meters), the core consists of a dark to very dark gray
(5Y 4-3/1), silty clay loam to loam-textured sediment
with a trace of gravel, interpreted to be reworked lake

Figure 16.9. Location of
reference section A for the
Sauk Centre and Meyer Lake
Members of the Lake Henry
Formation in Minnesota, and for
the Lake Henry and St. Francis
Formations: core hole SR-3 (U.S.
Geological Survey Albany and
Upsala quadrangles, 7.5-minute
series, 1965, 1978).

Sauk Centre Member of the
Lake Henry Formation
Reference section A (ESRI)
1:24,000
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Figure 16.10. Location of
reference section B for the Sauk
Centre Member of the Lake
Henry Formation in Minnesota:
s o i l b o r i n g S PA - 3 - A ( U . S .
Geological Survey Ward Springs
and Melrose quadrangles, 7.5minute series, 1966, 1979).

Sauk Centre Member of the
Lake Henry Formation
Reference section B (ESRI)
1:24,000

DESCRIPTION OF BOUNDARIES
Rainy-provenance sediment likely equivalent to
the Saum Formation stratigraphically overlies the
Sauk Centre Member, but its distribution in central
Minnesota is patchy. In most sections the Sauk
Centre Member is truncated and overlain by the
Browerville Formation or younger units. At several
sites northeast of Sauk Centre, where buried by prelate Wisconsinan, Rainy-provenance sediment (Meyer,
1986; Meyer and Knaeble, 1996), the Sauk Centre
Member is partially leached at the top and is deeply
oxidized, indicating a significant weathering period
prior to deposition of the Rainy-provenance sediment.
Towards the east, the Sauk Centre Member overlies
the St. Francis Formation (Meyer and Knaeble, 1996).
Towards the west, the top of the underlying Meyer
Lake Member is commonly gleyed, but no leached
zone has been noted.
Dimensions, shape, and geographic
distribution
The Sauk Centre Member as defined herein is
present primarily in the subsurface across most of
Todd, western and southern Stearns, and eastern
Douglas (Meyer, 1986; Southwick and others, 1986;
Meyer and others, 1995; Meyer and Swanson, 1996)
and Pope Counties (included in the Gervais Formation
by Harris and others, 2003), where it commonly
exceeds 30 feet (10 meters) and in places is greater
than 65 feet (20 meters) thick (Fig. 16.11).

Figure 16.11. Distribution of the Sauk Centre Member
of the Lake Henry Formation within Minnesota.

137

DIFFERENTIATION FROM OTHER UNITS

It was deposited by glacial ice (and its meltwater)
that moved into Minnesota from the northwest and
flowed south and southeast across the state.

The Sauk Centre Member contains more clasts
of Paleozoic carbonate than units of northeast
provenance, and its diamicton is generally finertextured. The Sauk Centre Member has many fewer
Cretaceous shale grains and a higher proportion of
Paleozoic carbonate than late Wisconsinan sediment
of northwest provenance in central Minnesota. The
member has fewer Cretaceous and quartz clasts and
more Paleozoic carbonate clasts than the Bigfork,
Browerville, Elmdale, and Wirt Formations. Diamicton
of the similar Eagle Bend Formation is more clayeytextured and contains a higher proportion of quartz
grains and Cretaceous clasts. The underlying Meyer
Lake Member is typically capped by an organic zone,
has more incorporated organics, and commonly has
a different color and texture than the overlying Sauk
Centre Member. The Sauk Centre Member has fewer
quartz and on average more carbonate clasts than
the Meyer Lake Member.
Age
Uran ium/thorium disequilibrium dating
indicated that the overlying Browerville Formation
is pre-Illinoian in age (Knaeble and Meyer, 2007b).
The underlying Meyer Lake Member has normal
polarity remanent magnetism, implying it is likely
Middle Pleistocene in age (Jennings and others,
2006), deposited sometime after 780,000 and before
190,000 yr BP.
CORRELATION
The Sauk Centre Member may correlate with
the similar Funkley Formation of north-central
Minnesota (Meyer, 1997; Chapter 7). Diamicton of
the Sauk Centre Member may correlate with the
recently recognized "Good Thunder formation till 1"
(Lusardi and others, 2012; Meyer and others, 2012a,
b). A diamicton similar in stratigraphic position and
lithology to diamicton of the Sauk Centre Member
is present in southwest Minnesota (SWRA 5, Fig. 11;
Patterson, 1997). Silty, carbonate-rich diamictons
in the Minnesota River valley area (Patterson and
others, 1999b) and the Twin Cities area (Meyer, 1992),
as well as the Gervais Formation of northwestern
Minnesota (Harris and others, 1974), may correlate
with the Sauk Centre Member.
GENESIS
Sediment of the Sauk Centre Member of the
Lake Henry Formation has a Winnipeg provenance.
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Chapter 17
Loveland Formation (redefined)
Howard C. Hobbs

Name and Rank

TYPE SECTION

The Loveland Formation is hereby redefined for
use in Minnesota from the commonly used "Loveland
Loess," as a lithostratigraphic unit of formation rank.
The name is derived from Loveland, Iowa, on the
east side of the Missouri River valley.

The original type section was defined by Kay and
Graham (1943) near the town of Loveland, Iowa (T. 77
N., R. 44 W., sec. 3; U.S. Geological Survey Loveland
quadrangle, 7.5-minute series, 1994). After the original
type section was destroyed for road construction,
Daniels and Handy (1959) designated another cut
in the same section, on the south edge of the U.S.
Geological Survey Missouri Valley quadrangle, 7.5minute series, 1970. A map showing the type section
area can be found in Syverson and others (2011).
Formally, the new type section was considered a
paratype section. The description below is from Bettis
and others (1990, p. 54), using original terminology,
with their terminology in parentheses (the Pisgah
Formation is the lithostratigraphic equivalent in
Iowa to the Roxana Silt). Metric conversion was
not in the original; only the bottom of each unit was
converted.

Lithologic description
In Wisconsin, relatively unweathered Loveland
Formation material has been described as a yellowishbrown (10YR 5/4) to light brownish-gray (2.5Y 6/2),
unbedded silt to silt loam (Knox and others, 2011, p.
15). Most observers have found it similar in color
and texture to the younger Peoria Formation (also
called "Peoria Silt" and "Peoria Loess"). However,
it has a thick, well-developed soil (Sangamonian) in
its upper part, typically with a brown (7.5YR 4/4)
to yellowish-brown (10YR 4/4), clayey B horizon
(Knox and others, 2011). In Minnesota, unaltered
Loveland Formation material has not been found,
but the Sangamon Soil has been observed in a road
cut in Houston County (Lively and others, 1987).
The parent material of the soil is interpreted by this
author to be a stack of loess and paleosol units, with
silt of the Loveland Formation as the uppermost
member of the stack. It is likely that most areas
with Sangamon Soil under loess in southeastern
Minnesota (Mason, 1992) were also developed in the
Loveland Formation.

0-78 feet (23.7 meters)—Oxidized unleached
Wisconsinan (Peoria) loess
78-83 feet (25.3 meters)—Oxidized and leached
Wisconsinan (Peoria) loess
83-91 feet (27.7 meters)—Oxidized and unleached
Wisconsinan (Peoria) loess
91-102 feet (31.1 meters)—Oxidized and leached
Wisconsinan (Peoria) loess
102-102.25 feet (31.2 meters)—A1b soil horizon in
Farmdale increment (Pisgah Formation)
102.25-104 feet (31.7 meters)—C1b soil horizon in
Farmdale increment (Pisgah Formation)
104-114 feet (34.8 meters)—Oxidized and unleached
Farmdale increment (Pisgah Formation)
114-118 feet (36 meters)—Sangamon Soil (inceptisol)
developed in Loveland Loess
118-123 feet (37.5 meters)—Oxidized and leached
Loveland Loess
123-130 feet (39.6) meters)—Oxidized and unleached
Loveland Loess
130-134 feet (40.8 meters)—Oxidized and unleached
Kansan (pre-Illinoian) till

NOMENCLATURAL HISTORY
Shimek (1909) first used the Loveland name;
Bettis and others (1990) summarized the development
of its use. The most common term in the region
at present is "Loveland Loess," which does not fit
the Minnesota stratigraphic framework because it
is a genetic term. In Wisconsin (Knox and others,
2011), this unit is defined as the Loveland Member
of the Kieler Formation. This terminology was not
adopted because the Kieler Formation name is not
used in Minnesota.
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This section is unusual in that the Sangamon
Soil is weakly expressed, in contrast to its strong
expression elsewhere.

boundary, abundant fine-grained oxides and
iron concretions, common medium concretions
and medium-grained yellowish-brown (10YR
5/4) mottles, common thin discontinuous brown
(7.5YR 4/2) argillans on angular blocks.
4BEtb: 140-172 (3.55-4.36) Brown (7.5YR 4/4 and
5/4) to yellowish-brown (10YR 4/4-5/6) silty
clay loam to silt loam, strong to moderate
medium angular to subangular blocky structure,
friable (subangular blocks) to firm (angular
blocks), noneffervescent, clear smooth lower
boundary, common fine-grained oxides and
iron concentrations, thick to thin argillans, few
to common discontinuous silans.
4Btb: 172-198 (4.36-5.02) Brown to dark yellowishbrown (10YR 5/3-4/4) silty clay loam, moderate
medium subangular blocky structure, friable,
noneffervescent, abrupt smooth lower boundary,
common fine-grained iron oxides and abundant
medium-grained iron concentrations in upper
part, but few in lower part, thick continuous
argillans, very few discontinuous silans in upper
part.
5Btb: 198-202 (5.02-5.13) Brown to pale brown (10YR
5/3-6/3) silty clay loam with few chert pebbles,
strong medium to fine angular blocky structure,
firm, noneffervescent, abrupt smooth lower
boundary, abundant fine to medium oxides, thick
continuous argillans.
6Bgb: 202-229 (5.13-5.81) Gray (10YR 5/1) clay, weak
coarse- to medium-grained subangular blocky
structure, plastic and sticky, noneffervescent,

Reference section
The Hokah 2 section (T. 103 N., R. 4 W., sec. 10,
BBD; U.S. Geological Survey Brownsville quadrangle,
7.5-minute series, 1980) in Houston County, Minnesota
is hereby designated as the Minnesota reference
section for the Loveland Formation (Fig. 17.1). The
upper parts of the section are described in the Peoria
Formation (Chapter 21) and Roxana Silt (Chapter 23)
sections of this volume. The description here begins
at the bottom of the Roxana Silt, simplified from
Lively and others (1987), where it was identified as
Sangamon Soil developed in slope-wash sediments.
Depth is in inches; meters are in parentheses. The
units listed below beginning with "4" are included
in the Loveland Formation.
4 E B b : 1 2 4 - 1 3 0 ( 3 . 1 4 - 3 . 3 0 ) Ye l l o w i s h - b r o w n
(10YR 5/4-5/6) silt loam, weak to moderate
medium subangular blocky structure, friable,
noneffervescent, clear smooth lower boundary,
abundant medium oxides and fine-grained iron
concretions, abundant fine- to medium-grained
yellowish-brown (10YR 5/8) mottles, few thin
discontinuous light gray (10YR 7/2) silans.
4Btb: 130-140 (3.30-3.55) Brown to strong brown (7.5YR
5/4-5/6) silty clay loam, moderate mediumto fine-grained subangular blocky structure,
friable, noneffervescent, gradual smooth lower

Figure 17.1. Location of the
reference section for the Loveland
and Peoria Formations, and the
type section for the Roxana Silt:
the Hokah 2 site (U.S. Geological
Survey Brownsville quadrangle,
7.5-minute series, 1980).

Loveland Formation
Reference section (ESRI)
1:24,000
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DESCRIPTION OF BOUNDARIES

clear smooth lower boundary, abundant mediumgrained oxides in upper part, abundant red
(2.5YR 4/6) to reddish-brown (5YR 4/4) mottles,
abundant slickensides with oxide accumulations
along the slickensides, occasional pebbles.
6BC: 229-267 (5.81-6.78) Dark yellowish-brown (10YR
3/4-4/4) clay, weak to moderate coarse subangular
blocky structure, friable, noneffervescent, abrupt
smooth lower boundary, common fine-grained
oxides, abundant coarse-grained light gray to
light brownish-gray (10YR 6/1-6/2) mottles.
7C: 267 to base of exposure (about 285) (6.78-7.3)
Light brownish-gray (2.5Y 6/2) clay to sandy
clay loam, massive to single grain, friable to
loose, noneffervescent, abundant medium- to
coarse-grained strong brown (7.5YR 5/6) mottles.
Weathered New Richmond sandstone.

In Minnesota, the Loveland Formation is
overlain by the Roxana Silt and Peoria Formation.
Its upper contact is typically eroded. However, the
contact is commonly "welded," or transitional with
the overlying units. At the reference section, the
Loveland Formation rests on older loess and loessderived slopewash units over weathered bedrock.
It could potentially rest on older glacial sediment
in other places.
Dimensions, shape, and geographic
distribution
The Loveland Formation has been observed
in only a few places in Minnesota, with varying
degrees of confidence. Where observed, it has been
underneath Roxana Silt deposits in southeastern
Minnesota (Fig. 17.2), so a Roxana Silt distribution
map is a reasonable proxy. This co-occurrence
suggests that the erosional episode that removed the
Loveland Formation and Roxana Silt from all but the
gentlest slopes post-dated Roxana Silt deposition.
The Loveland Formation may have originally been
as widespread as the Peoria Formation, so remnants
may have been preserved outside the area of Roxana
Silt distribution, which was apparently restricted in
Minnesota to the southeastern counties bordering the
Mississippi River. The Loveland Formation could
potentially occur under the Peoria Formation in
southwestern Minnesota, but it has not been reported.

This author interprets the upper part of the profile
(all the horizons beginning with 4) to be the Loveland
Formation, strongly altered pedogenically. The upper
two horizons (4EBb and 4Btb) may represent a second
pulse of deposition after the lower part had already
experienced considerable soil formation. The pebbles
in the lower part of the profile (horizons beginning
with 5 and 6) are indicative of some slopewash
deposition, but the material is predominantly silt
that was most likely either direct airfall or washed
in from nearby older loess units.

Figure 17.2. Map of Minnesota
indicating Houston County (inset) that
shows the ridge-top distribution of the
Loveland Formation and the overlying
Roxana Silt.
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The observed thickness of the Loveland Formation
in Minnesota is only a few feet (less than 2 meters)
due to erosion, but a potential exists of greater
thickness in areas of exceptional preservation. Leigh
and Knox (1994) found the greatest thickness of old
loess deposits in abandoned bedrock meanders in
the Driftless Area of Wisconsin.
DIFFERENTIATION FROM OTHER UNITS
The Loveland Formation is similar to silt of the
Peoria Formation, but has been exposed to a much
greater degree of soil development. It also has greater
soil development than the Roxana Silt and lacks the
pink tinge that is typical of the Roxana Silt. It is not
easily distinguishable from older loess deposits, which
also have a high degree of soil development.
Age
The age of the Loveland Formation is beyond
the range of radiocarbon dating. Four samples at
the Loveland Formation type section produced a
mean age of 159 ± 14 Ka by optical methods (Forman
and Pierson, 2002), which would indicate deposition
during marine isotope stage (MIS) 6 (Fig. 1). Dating
of deposits associated with the Illinoian Episode in
Illinois indicated that the late Illinoian Episode took
place during MIS 6 (Curry and others, 2011). Thus
the Loveland Formation can be considered Illinoian
in age.
CORRELATION
The Loveland Formation is equivalent to the
Loveland Loess and the Loveland Member of the
Kieler Formation.
GENESIS
The Loveland Formation is loess, a winddeposited sediment. As is the case for the Peoria
Formation, it may contain a slopewash component,
but not necessarily any definite signs of slopewash
such as pebbles or clear bedding. It is chronologically
associated with the Illinoian Episode; see Chapter 21
for why loess is commonly associated with glacial
periods. It is unclear how much of its sediment was
derived from major meltwater streams such as the
Mississippi and Missouri Rivers, and how much from
widespread wind erosion on the uplands.
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Chapter 18
Mulligan Formation (new)
Gary N. Meyer

NAME AND RANK

averaging 12 percent. Cretaceous grains are absent
to very rare (Meyer, 1997).

I hereby formally name the Mulligan Formation
as a lithostratigraphic unit of formation rank.
The formation is named after Mulligan Lake in
northwestern Beltrami County, Minnesota (U.S.
Geological Survey Mulligan Lake and Winter Road
Lake SW quadrangles, 7.5-minute series, 1968,
1969).

NOMENCLATURAL HISTORY
The sediment of the Mulligan Formation was
first referred to as the "Mulligan Lake till" by Meyer
(1997).
TYPE SECTION

Lithologic description

The type section is a continuous rotary-sonic
core: OB-517 (Martin and others, 1991; Meyer, 1997),
Minnesota Geological Survey unique number 256846.
The core site is located in southwestern Lake of the
Woods County, Minnesota (T. 158 N., R. 35 W., sec.
30, AABBBC; U.S. Geological Survey Shilling Dam
NW quadrangle, 7.5-minute series, 1973; Fig. 18.2),
approximately 4.5 miles (7.5 kilometers) southeast of
Mulligan Lake, and about 15.5 miles (25 kilometers)
northeast of the town of Four Town. In the core
at a depth of 129 feet (39.5 meters), dark gray (5Y
4/1), clay loam-textured diamicton of the Wirt

The Mulligan Formation includes diamicton and
sorted sediment of Rainy provenance. The diamicton
facies has a sandy loam-texture, but ranges to coarser
loam-texture at the base of some sections (Fig. 18.1).
Diamicton samples from five sites in north-central
Minnesota average 61 percent sand, 27 percent silt,
and 12 percent clay. The unoxidized moist color is
gray (5Y 5/1), ranging to dark gray (5Y 4/1, 7.5Y
4/1) where the diamicton is fine-textured. Gley
color is greenish-gray (10Y 5/1, 5GY 5/1). Paleozoic
carbonate composes a low to moderate proportion of
the very coarse-grained (1-2 millimeter) sand fraction,

Clay

*

Mulligan Formation
Saum Formation
Shooks Formation

Figure 18.1. Matrix textures of pre-late Wisconsinan,
Rainy-provenance diamicton from the Mulligan, Shooks,
and Saum Formations (Meyer, 1997). Colored polygons
enclose the range of distribution; open shapes denote
the average textures at each site, and solid shapes
denote the average overall texture.

*
*

Sand

**
*

*

Silt
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Figure 18.2. Location of the type
section for the Mulligan Formation
i n M i n n e s o t a , a n d re f e re n c e
section B for the Shooks and Wirt
Formations: core hole OB-517 (U.S.
Geological Survey Shilling Dam
NW quadrangle, 7.5-minute series,
1973).

Mulligan Formation
Type section (LMIC)
1:24,000

Reference sectionS

Formation grades to gray (2.5Y 5/1), calcareous,
silty clay, obscurely laminated with clayey silt. The
silty clay has an interbedded contact above 136.5
feet (41.5 meters) with underlying gray (5Y 5/1),
calcareous, sandy loam diamicton of the Mulligan
Formation. Large pebbles are fairly common in
Mulligan Formation diamicton. Cobbles are present
at 154.5, 166, 167, 179, 180, and 184 feet (47, 50.5, 51,
54.5, 55, and 56 meters), with six cobbles from 185
to 189 feet (56.5 to 57.5 meters), a boulder from 196
to 197 feet (59.5 to 60 meters), and cobbles at 200
and 209.5 feet (61 and 64 meters). A bed of silty
gravel is at 146 feet (44.5 meters); the diamicton is
interbedded with sand from 163 to 165 feet (49.5
to 50.5 meters), with a bed of well-sorted, coarsegrained sand from 165 to 166 feet (50.5 meters),
and more sand beds at 167 and 170 feet (51 and 52
meters). No core was recovered from 210 to 212
feet (64 to 64.5 meters), and recovery from 212 to
220 feet (64.5 to 67 meters; the same diamicton as
above) was poor. Bedrock is at 220 feet (67 meters).
Two samples from the overlying Wirt Formation
diamicton average 21 percent Paleozoic carbonate
and only a trace of Cretaceous grains in the very
coarse-grained (1-2 millimeter) sand fraction. Two
samples of the Mulligan Formation diamicton range
from 11 to 16 percent Paleozoic carbonate and 0 to 1
percent Cretaceous grains. Dark Precambrian grains
averaged 16 percent of the total Precambrian grains
for the Mulligan Formation diamictons, versus 12
percent for the Wirt Formation diamictons. Core OB517 is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.

Reference section A is a continuous rotarysonic core: OB-320 (Martin and others, 1989; Meyer,
1997), Minnesota Geological Survey unique number
255789. The site is located in northern Itasca County,
Minnesota (T. 150 N., R. 26 W., sec. 28, DCDBCD; U.S.
Geological Survey Pomroy quadrangle, 7.5-minute
series, 1971; Fig. 18.3), approximately 500 feet (152
meters) northeast of the north end of Wirt Lake, and
about 80 miles (129 kilometers) southeast of Mulligan
Lake. In the core at a depth of 188.5 feet (57.5 meters),
dark gray (5Y 4/1), calcareous, sandy loam-textured
diamicton of the Wirt Formation overlies gray (2.5Y
5/1), gravelly, coarse-grained sand. At 190 feet (58
meters), the sand overlies gray (5Y 5/1), moderately
calcareous to calcareous, sandy loam diamicton of
the Mulligan Formation; a few oxidized bands are
present. From 191.5 to 192 feet (58.4 to 58.5 meters)
is greenish, iron-stained, silty, coarse-grained sand
with a few pebbles. A grayish-brown (2.5Y 5/2),
coarse-grained sand bed is at 194 feet (59.1 meters), a
silty coarse-grained sand bed at 195 feet (59.4 meters),
and silty coarse-grained sand with a few pebbles
from 195.5 to 196 feet (59.6 to 59.7 meters). Below is
dark gray (5Y 4/1), loam diamicton, to grayish-green
(5G 4/2) saprolith at 198.5 feet (60.5 meters); mixed
with saprolite from 198 feet (60.4 meters). Paleozoic
carbonate and Cretaceous grains in five samples of
the overlying Wirt Formation diamicton average 15
and 7 percent, respectively. Cretaceous shale clasts
are common in places. Paleozoic carbonate content
in a sample from the top of the Mulligan Formation
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Figure 18.3. Location of reference
section A for the Mulligan and
Shooks Formations in Minnesota,
and the type section for the Wirt
Formation: core hole OB-320
(U.S. Geological Survey Pomroy
quadrangle, 7.5-minute series,
1971).

Mulligan Formation
Reference section A (LMIC)
1:24,000

Figure 18.4. Location of
reference section B for the
Mulligan Formation: core hole
OB-321 (U.S. Geological Survey
Pomroy quadrangle, 7.5-minute
series, 1971).

Mulligan Formation
Reference section B (LMIC)
1:24,000

diamicton is 5 percent, 8 percent in a sample from
193 feet (58.8 meters), and 11 percent from a sample
at 197 feet (60 meters). Cretaceous grains are absent
in the lower two samples, and those present in the
upper sample are all lignite. Core OB-320 is stored
at the Minnesota Department of Natural Resources
core library in Hibbing, Minnesota.
Reference section B is a continuous rotary-sonic
core: OB-321 (Martin and others, 1989; Meyer, 1997),
Minnesota Geological Survey unique number 256860.
The site is located in southern Koochiching County,
Minnesota (T. 151 N., R. 26 W., sec. 33, AAADAA;

U.S. Geological Survey Pomroy quadrangle, 7.5minute series, 1971; Fig. 18.4), approximately 2 miles
(3.2 kilometers) south of the town of Wildwood,
and about 76.5 miles (123 kilometers) southeast of
Mulligan Lake. In the core at a depth of 179 feet
(54.5 meters), a 2.5-foot (0.8-meter) bed of greenishgray (5GY 5/1), calcareous, clay-textured diamicton,
tentatively assigned to the Eagle Bend Formation,
overlies greenish-gray (5GY 6/1), slightly calcareous,
well-sorted, very fine-grained sandy silt, the top of
the Mulligan Formation. The sandy silt has a silt bed
and a silty fine- to medium-grained sand lens in the
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upper foot (0.3 meter). From 185 to 186 feet (56.4
to 57 meters) is greenish-gray (5GY 5/1), slightly to
moderately calcareous, sandy silt with small pebbles;
below is very fine-grained sandy silt to 188.5 feet
(57.5 meters), overlying sandy silt, which has a large
pebble at 189.5 feet (57.8 meters) and a fine-grained
sand bed at the base at 190 feet (58 meters). From
190 to 191.5 feet (58 to 58.4 meters) is moderately
calcareous, silt loam diamicton. Greenish-gray (5GY
6/1), very fine-grained sandy silt below grades by 193
feet (59 meters) to greenish-gray (5GY 5/1), slightly
calcareous, sandy loam diamicton. The diamicton
has sand lenses at 193.5 feet (59 meters) and from 195
to 196 feet (59.4 to 59.7 meters). There are cobbles at
197.5, 199, 203, 203.5, 205, 208, and 209 feet (60.2, 60.7,
61.9, 62, 62.5, 63.4, and 63.7 meters). The diamicton
is moderately calcareous by 201 feet (61.5 meters).
There is mostly gravelly sand from 203.5 to 204.5 feet
(62 to 62.3 meters), and a sand lens at 205 feet (62.5
meters). Olive-gray (5Y 5/2), coarse-grained sand
occurs from 209 to 211 feet (63.7 to 64.3 meters), with
large pebbles in the lower foot (0.3 meter). Below
is gray (5Y 5/1), slightly to moderately calcareous,
sandy loam diamicton; moderately calcareous by 213
feet (65 meters). There are small cobbles at 215 and
219 feet (65.5 and 67 meters), mostly sandy silt and
sand from 215.5 to 217 feet (65.5 to 66 meters), and
an abrupt basal contact at 220 feet (67 meters). Gray
(5Y 6/1), medium- to coarse-grained sand below to
226.5 feet (69 meters), with sandy diamicton lenses
at 221.5 and 223 feet (67.5 and 68 meters). Below
is gray (5Y 5/1), slightly to moderately calcareous,
sandy loam diamicton; sand lens at 230 feet (70
meters), diamicton grades to light olive-gray (5Y
6/2), medium- to coarse-grained sand by 231.5 feet
(70.6 meters). The sand has a sandy diamicton lens
at 232 feet (70.7 meters), and grades to gray (5Y 5/1),
moderately calcareous, sandy loam diamicton by
233.5 feet (71 meters). At 236 feet (72 meters) is light
yellowish-brown (2.5Y 6/4), fine- to medium-grained
sand, with two cobbles at about 236.5 feet (72.1
meters). The sand below is medium-grained to 241
feet (73.5 meters), where it is fine- to medium-grained.
The sand has one pebble at 238 feet (72.5 meters),
and scattered coarse grains. The sand is coarsegrained below 243 feet (74 meters), with a gravelly
bed at 246 feet (75 meters); there is a medium- to
coarse-grained sand to 247 feet (75.3 meters), and
more coarse-grained sand below. Carbonate grains
are uncommon. There is a coarse-grained silt bed
at about 253 feet (77.1 meters), and coarse- to very
coarse-grained sand with a few pebbles below to
the base of the core at 255 feet (77.7 meters). The
oxidized sand, due to similar lithology, is placed

into the Mulligan Formation, but it may be part of
an older, unrecognized unit. Cretaceous grains are
absent in the 1-2 millimeter portion of seven samples
of the Mulligan Formation diamicton, and Paleozoic
carbonate ranges from 2 to 9 percent, averaging 5
percent. Core OB-321 is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.
DESCRIPTION OF BOUNDARIES
Bedded sediment of the Wirt Formation grades
into underlying, unoxidized diamicton of the Mulligan
Formation at three sites. The Mulligan Formation is
overlain by units younger than the Wirt Formation
at three other sites. In three core holes, diamicton or
sand of the Mulligan Formation overlies Precambrian
bedrock. In a fourth core hole, number KR-73, the
base at 226 feet (69 meters) is Mulligan Formation
diamicton, with large cobbles similar in lithology to
bedrock encountered at 238 feet (72.5 meters) in a
rotary-sonic hole drilled at the site (Boerboom and
others, 1989). In core OB-321, unoxidized Mulligan
Formation diamicton overlies oxidized sand of Rainy
provenance. In core OB-325, 163.5 feet (49.8 meters)
of Mulligan Formation sand and gravel were cored
without reaching the base (Meyer, 1997).
Dimensions, shape, and geographic
distribution
The Mulligan Formation as defined herein is
present in the subsurface of north-central Minnesota
(Fig. 18.5). It has been recognized in Lake of the
Woods, eastern Beltrami, southwestern Koochiching,
and northwestern Itasca Counties (Meyer, 1997). It
is likely largely absent north of this area, but it is
probably present, at least in patches, to the west and
south. Diamicton of the Mulligan Formation at five
sites in north-central Minnesota ranges from 3.5 to
83.5 feet (1 to 25.5 meters) thick, with an average of
31 feet (9.5 meters).
DIFFERENTIATION FROM OTHER UNITS
The Mulligan Formation contains fewer clasts
of Paleozoic carbonate than most units of northwest
provenance, and its diamicton is generally coarsertextured. The northwest provenance but lowPaleozoic-carbonate Bigfork, Wirt, and Elmdale
Formations generally have a much greater percentage
of Cretaceous clasts than does the Mulligan Formation
(except in Lake of the Woods County). Superiorprovenance sediment is more reddish in color and
contains a much higher percentage of red volcanic and
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Wirt Formation, along with the Elmdale Formation,
is one of the oldest tills in Minnesota.
CORRELATION
A loam-textured diamicton of Rainy provenance
that may be equivalent to the Mulligan Formation
is present below diamicton of the Wirt Formation
in core OB-402 (see Fig. 15.8), taken from a site in
eastern Crow Wing County in central Minnesota
(Martin and others, 1989). The loam diamicton
has many more red Precambrian clasts (about 6
percent of the Precambrian 1-2 millimeter grainsize fraction) than does the Mulligan Formation of
northern Minnesota, presumably due to incorporation
of proximal Superior-provenance sediment. A loamtextured diamicton of Rainy provenance present
below Elmdale Formation diamicton in a core drilled
in northern Benton County may correlate with
diamicton of the Mulligan Formation (Meyer and
Gowan, 2010).
Figure 18.5. Distribution of the Mulligan Formation
within Minnesota.

GENESIS
Sediment of the Mulligan Formation has a Rainy
provenance. It was deposited by glacial ice (and its
meltwater) that moved across the Canadian Shield
into Minnesota from the northeast, and flowed
southwest and west across at least the northern part
of the state.

sedimentary clasts than does the Mulligan Formation.
It is commonly difficult to distinguish the Mulligan
Formation from other Rainy-provenance units where
only one Rainy-provenance unit is present in a drill
hole, or where intervening Winnipeg-provenance
sediment is absent. In general, late Wisconsinan
Rainy-provenance diamicton is less compact, less
clayey, and contains fewer carbonate, quartz, and
saprolite clasts. Diamicton of the Shooks Formation
is generally more clayey-textured (Fig. 18.1) than
diamicton of the Mulligan Formation. Mulligan
Formation diamicton is in general less stony than
diamicton of the Saum Formation, and on average
contains a greater percentage of quartz and lower
percentage of dark Precambrian clasts (Martin and
others, 1989, 1991; Meyer, 1997).
Age
Uran ium/thorium disequilibrium dating
indicated that the overlying Browerville Formation
is pre-Illinoian in age (Knaeble and Meyer, 2007b).
E q u i v o c a l e v i d e n c e f ro m d e t r i t a l re m a n e n t
magnetization analysis may indicate the Elmdale
Formation, correlated with the younger Wirt
Formation, was deposited prior to or near the
Brunhes-Matuyama magnetic-reversal boundary,
dated at 780,000 yr BP (Meyer, 1986; Meyer, 2000). The
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Chapter 19
New Brighton Formation (revised)
Gary N. Meyer

NAME AND RANK

Heights area (Meyer, 2007a). The gravelly sand
facies is also generally in the subsurface, but is at
or near the surface where deltas formed in glacial
Lake Anoka, or where glacial and fluvial sediment
was reworked by near shore processes, such as in
northeast Hennepin County. Clasts are of Riding
Mountain provenance mixed with varying amounts
of clasts of Superior provenance.

The New Brighton Formation is hereby revised
from Stone (1966a) to include both his Turtle Lake
Sand and Fridley Formation, in addition to the New
Brighton Formation as he defined it. The sediments
of these three units are similar, and it has since been
determined (Meyer, 1998) that the sediment of these
units was laid down in the same large glacial lake,
glacial Lake Anoka. The New Brighton Formation
is herein formally revised to include all the deposits
of glacial Lake Anoka, including the deposits of
the now discarded Fridley Formation and Turtle
Lake Sand. The formation is named after the city
of New Brighton, Ramsey County, Minnesota (U.S.
Geological Survey New Brighton quadrangle, 7.5
minute series, 1993).

NOMENCLATURAL HISTORY
A relatively small deposit of bedded sediment in
northwestern Ramsey County was formally named
the New Brighton Formation by Stone (1966a). Meyer
and Patterson (1999) informally revised the formation
to include all the deposits of glacial Lake Anoka,
including the "Fridley Formation" and the "Turtle
Lake Sand," two formations formally named by Stone
(1966a) and no longer recognized (see Appendix).

Lithologic description
The New Brighton Formation includes three
facies: 1. Very fine- to medium-grained sand, 2.
Silt and clay, and 3. Medium-grained sand to finegrained gravel. The fine-grained sand facies is
most extensive. According to Stone (1966a, p. 21),
it "…generally is horizontally laminated to thinbedded or cross-laminated with rare thin laminae
of clayey silt. Individual laminae of the sand are
generally well sorted, but variations in grain size
from lamina to lamina are common. The upper 5 to
8 feet [1.5 to 2.4 meters], however, generally have
been so modified by wind action and weathering
that no bedding or lamination is evident. Many of
the medium-sized sand grains are well rounded.
Some ice-rafted pebbles occur within the sands.
Iron-stained layers ranging from a fraction of an
inch to 2 feet [61 centimeters] thick are numerous in
the upper 12 feet [3.7 meters] of the sand. In some
places small-scale faulting, probably resulting from
differential settlement is common." The oxidized
moist color is generally light yellowish-brown (2.5Y10YR 6/3-4) to very pale brown (10YR 7/3). The
unoxidized color is generally light gray to gray (2.5Y
to 10YR hue), although the finer-grained facies can
be dark gray. The silt and clay facies is generally
present below the fine-grained sand facies, but is at
or near the surface in places, such as in the Vadnais

TYPE SECTION
Stone (1966a, b) assigned each of the three facies
of the New Brighton Formation a type section: the
fine-grained sand facies was assigned a 42-foot (13meter) high road cut in New Brighton, the silt and
clay facies was assigned a 24-foot (7.3-meter) section
in a log of a bridge boring drilled in Roseville, and the
gravelly sand facies was assigned a 10-foot (3-meter)
section in an excavation in New Brighton. Because
the original type sections are covered and samples
from them are not available, several new reference
sections are provided.
Reference sectionS
Reference section A is a stream cut: Quaternary
unique number Q0023611. The site is located along
the Rum River in Isanti County, Minnesota (T. 34 N.,
R. 24 W., sec. 15, DCCBDC; U.S. Geological Survey
St. Francis quadrangle, 7.5-minute series, 1974; Fig.
19.1), about 3 miles (5 kilometers) northwest of
Bethel and approximately 26 miles (42 kilometers)
northwest of New Brighton. At the top of the section
at about 909 feet (277 meters) above mean sea level,
is yellowish-brown (10YR 5/6), fine-grained sand
with a few small pebbles; by 4 feet (1.2 meters) from
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Figure 19.1. Location of reference
section A for the New Brighton
Formation in Minnesota (U.S.
Geological Survey St. Francis
quadrangle, 7.5-minute series,
1974).

New Brighton Formation
Reference section A (ESRI)
1:24,000

the top the sand is light yellowish-brown (10YR 6/4)
with common iron stained bands. Below 4 feet (1.2
meters) are a few beds where coarse grains up to
granules are fairly common. A few medium-sized
pebbles and rare large pebbles are scattered in the
fine-grained sand. About 8 feet (2.4 meters) below
the top is pale brown (10YR 6/3), very fine- to finegrained sand with a few granules. From 10 to 15 feet
(3 to 4.6 meters) is very pale brown (10YR 7/3), very
fine-grained sand. Below a thin layer of gravelly finegrained sand at 15 feet (4.6 meters) is gray (5Y 5/1),
massive to laminated, silt to very fine-grained sandy
silt to 17 feet (5.2 meters). Laterally the silt layer
pinches out and the gravelly sand layer thickens to 3
feet (1 meter) or more of cross-bedded, very fine- to
coarse-grained sand with scattered granules to small
pebbles. At 17 feet (5.2 meters) is very fine-grained
sand with manganese and iron stains; at about 18 to
19 feet (5.5 to 5.8 meters) is iron-cemented gravelly
sand with a large pebble to small cobble layer. From
19 feet (5.8 meters) to the base of the New Brighton
Formation at about 19.5 feet (5.9 meters) is thinly
bedded, very fine-grained sandy silt to gravelly sand
with silt lenses. The underlying New Ulm Formation
consists of dark gray (5Y 4/1), sandy loam-textured
diamicton interbedded with grayish-brown (10YR
5/2), very loamy sand and gravel, extending below
water level at about 22 feet (6.7 meters) below the
top of the exposure. Samples from the exposure
are stored at the Minnesota Geological Survey in
St. Paul.
Reference section B is a stream cut: Quaternary
unique number 00Q0023615. The site is located in

Locke Park along Rice Creek in Fridley, Anoka County,
Minnesota (T. 30 N., R. 24 W., sec. 11, DDCCAC; U.S.
Geological Survey Minneapolis North quadrangle,
7.5-minute series, 1967; Fig. 19.2), approximately
3.5 miles (6 kilometers) northwest of New Brighton.
The stream cut is about 125 feet (38 meters) east of
the south end of a pedestrian bridge crossing Rice
Creek. At the top of the section, at an elevation of
about 851 feet (259 meters) above mean sea level, is
about 1 foot (0.3 meter) of silty, very fine-grained
sand in the root zone. Below to a depth of about
7 feet (2.1 meters) is very pale brown (10YR 8/2 to
10YR 7/3), iron-stained, calcareous, massive silt. The
basal foot (0.3 meter) of the New Brighton Formation
consists of a thin bed of gray (10YR 5/1), silty clay
over light brownish-gray (10YR 6/2), fine-grained
silt to 7.5 feet (2.3 meters), over thinly bedded to
laminated clay to clayey silt to the contact at 8 feet
(2.4 meters) with grayish-brown (10YR 5/2), sandy
loam-textured diamicton of the New Ulm Formation.
Water level is about 10 feet (3 meters) below the basal
contact. Samples from the exposure are stored at the
Minnesota Geological Survey in St. Paul.
Reference section C is a continuous rotarysonic core: RR-1, Minnesota Geological Survey
unique number 247130. The core site is located in
Ramsey County, Minnesota (T. 30 N., R. 23 W., sec.
14, DDBBBC; U.S. Geological Survey New Brighton
quadrangle, 7.5-minute series, 1993; Fig. 19.3), in the
city of Shoreview, about 135 feet (41 meters) southeast
of the intersection of Mound Avenue and Larson
Road, near the type area of the "Turtle Lake Sand"
(Stone, 1966a). From the land surface, at about 897
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Figure 19.2. Location of
reference section B fo r t h e
New Brighton Formation in
Minnesota (U.S. Geological
Survey Minneapolis North and
New Brighton quadrangles, 7.5minute series, 1993).

New Brighton Formation
Reference section B (ESRI)
1:24,000

Figure 19.3. Location of
reference section C for the
New Brighton Formation in
M i n n e s o t a : c o re h o l e R R - 1
(U.S. Geological Survey New
Brighton and White Bear West
quadrangles, 7.5-minute series,
1993).

New Brighton Formation
Reference section C (ESRI)
1:24,000

feet (273 meters) above mean sea level, to a depth
of about 3.5 feet (1.1 meters), is black to very dark
brown (10YR 2/1-2), peaty, very fine- to fine-grained
sand with rare sand grains. Below is the top of the
New Brighton Formation, light yellowish-brown
(2.5Y 6/3), silty, very fine-grained sand with a few
fine-grained sand grains. Some coarser grains up
to granules are present below 5 feet (1.5 meters),
including a small pebble at 5.5 feet (1.7 meters).
Coarse-grained clasts are in one-grain-thick laminae.
Silt content also varies below 5 feet (1.5 meters), and
is generally low below 13 feet (4 meters). The color

changes to light brownish-gray (2.5Y 6/2) by 7 feet
(2.1 meters), and greenish-gray (2.5GY 6/1) to light
olive-gray (5Y 6/2) at 8 feet (2.4 meters). A layer of
small pebbles at 8.5 feet (2.6 meters) has common
shale granules. A layer of very fine- to fine-grained
sand at 10 feet (3 meters) has coarser shale grains,
a shale pebble is at 11 feet (3.4 meters), and more
shale granules are at 12, 15, and 21 feet (3.7, 4.6,
and 6.4 meters); most coarse grains are shale. At
17 feet (5.2 meters) is a lens of dark gray (10Y 4/1),
clayey silt. From 22 to 25 feet (6.7 to 7.6 meters),
very fine- to fine-grained sand is not as well sorted
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as above, with fairly common coarse shale grains
and rare shale granules. At 23.5 feet (7.2 meters)
is a 0.4-inch (1-centimeter) thick bed of clayey silt,
coarsening downwards to fine- to medium-grained
sand with coarse shale grains at 24 feet (7.3 meters).
From 25 to 30 feet (7.7 to 9.1 meters) the sand is more
distinctly bedded: very fine- to fine-grained sand
with beds of silty, very fine-grained sand and thin
beds of shale-rich sand with up to coarse grains. A
0.4-inch (1-centimeter) thick clayey silt bed is at 28.5
feet (8.7 meters), and a small shale pebble at 30 feet
(9.1 meters). From 30 to 35 feet (9.1 to 10.7 meters)
are rhythmically bedded sequences about 1 foot (0.3
meter) thick, each of gravelly sand grading up to
silt. Two large pebbles are present at the base of the
uppermost sequence. At 32 feet (9.8 meters) the silt
is finely laminated, but in other sequences the silt
is massive and coarser-grained. Below 35 feet (10.7
meters) is very fine- to fine-grained sand with fairly
common granule to small pebble-size shale clasts.
Fine-grained sand below 37 feet (11.3 meters) has
less shale, and grades to fine- to medium-grained
sand by about 40 feet (12.2 meters), and fine- to
coarse-grained sand by 42 feet (12.8 meters). Below
is moderately sorted, gravelly sand with abundant
carbonate. From 43.5 to 44.5 feet (13.3 to 13.6 meters)
is poorly sorted, gravelly, very fine- to fine-grained
sand, and from 44.5 to 45 feet (13.6 to 13.7 meters) is
silt to very fine-grained sandy silt with shale pebbles.
Gravelly sand extends below to the contact at 45.5
feet (14 meters) with dark gray (5Y 4/1), calcareous,
loamy diamicton of the New Ulm Formation. The
core is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.

Sherburne, southern Pine, and southeast Mille
Lacs Counties (Fig. 19.4; Meyer, 1998, 2007b, 2008,
2010).
DIFFERENTIATION FROM OTHER UNITS
Yellowish-brown to gray colors and shale and
carbonate clasts in the coarser-grained fraction
distinguish New Brighton Formation sediment from
reddish sediment of the Cromwell Formation, which
is generally lower in carbonate and lacks shale clasts.
It is distinguished from similar lacustrine sediment
of the New Ulm Formation by being within the
bounds of glacial Lake Anoka, below an elevation
of approximately 960 feet (293 meters) above mean
sea level.
Age
Wood derived from the fine-grained sand facies
of the New Brighton Formation has yielded dates of
11,710 ± 80, 12,030 ± 200, and 41,800 ± 1,000 14C yr BP
(13,593 ± 146, 14,088 ± 346, and 45,345 ± 1,100 cal yr
BP; Meyer, 1998). The older date is probably from
re-deposited wood (Meyer, 1998).

DESCRIPTION OF BOUNDARIES
Sediment of the New Brighton Formation
commonly extends to the land surface, but in many
places is covered by younger paludal, eolian, and
fluvial sediment. The New Brighton Formation
generally is gradational with and commonly overlies
the New Ulm Formation, but in places the latter is
absent and the New Brighton Formation lies directly
on the Cromwell Formation.
Dimensions, shape, and geographic
distribution
The New Brighton Formation consists of the
sediment laid down in glacial Lake Anoka, which
covered most of Anoka County, large parts of Isanti
and Chisago Counties, and northwest Washington,
northern Ramsey, northeast Hennepin, eastern

Figure 19.4. Distribution of the New Brighton
Formation within Minnesota.
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CORRELATION
T h e N e w B r i g h t o n F o r m a t i o n c o r re l a t e s
genetically and roughly chronologically with deposits
of other glacial lakes formed on top of deposits of the
New Ulm Formation, such as glacial Lakes Minnesota
and Benson.
GENESIS
Sediment of the New Brighton Formation has
a Riding Mountain provenance. It was deposited
in glacial lakes and streams by meltwater mostly
emanating from and reworking deposits of the Des
Moines and Red River lobes.
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Chapter 20
New Ulm Formation (revised)
Barbara A. Lusardi

Name and Rank

and Minnesota sediment is not formally assigned
lithostratigraphic status at this time.

I hereby formally revise the New Ulm Formation
as a lithostratigraphic unit of formation rank. The
name is modified from the "New Ulm Till" as named
and described by Matsch (1972). It is named for the
city of New Ulm, Brown County, Minnesota (Fig.
20.1). This revision is made not only to change
the name, but also to allow for multiple diamicton
units. Additionally, sorted sediments with lithologic
character and stratigraphic position similar to
the diamicton are also included in the New Ulm
Formation.

NOMENCLATURAL HISTORY
This unit was originally defined as the "New Ulm
Till" by Matsch (1972). It was Matsch's intention to
formally define this unit and we hereby recognize
it in this volume. Matsch and Schneider (1986) later
referred to it as the "New Ulm Formation," and they
considered it to be a formal lithostratigraphic unit.
Meyer and Patterson (1999) included diamicton
deposited by the Grantsburg sublobe as part of the
"New Ulm formation," which they considered to be
an informal name.

Lithologic description
Diamicton of the New Ulm Formation is
calcareous, pebbly sandy loam to pebbly clay loam.
The diamicton color is typically light olive-brown
(2.5Y 5/4) to gray-brown (2.5Y 5/2) where oxidized,
and dark gray-brown (10YR 4/1) to gray (10YR 5/1)
where unoxidized. The diagnostic feature of New
Ulm Formation diamicton is that it contains various
amounts of gray shale fragments that are derived
from the Cretaceous Pierre Shale located in northern
North Dakota and southern Manitoba (Fig. 5). The
shale in the very coarse-grained sand fraction ranges
from as little as 2 percent to more than 80 percent in
places. The New Ulm Formation contains at least
nine diamicton units that differ from one another in
texture and shale content.
In addition to diamicton, the New Ulm Formation
contains layers of sand and gravel, silt, and clay.
Deposits of massive silt to rhythmically bedded silt,
fine-grained sand, and clay, which were deposited
in glacial Lake Benson (Fig. 20.1), occur in Swift and
Chippewa Counties in western Minnesota. Silt, finegrained sand, and clay were also deposited in glacial
Lake Minnesota, which occurred south of the bend
in the Minnesota River covering parts of Blue Earth,
Watonwan, and Faribault Counties. Rhythmically
bedded to massive silt and clay also occur in Pine and
Kanabec Counties, and this sediment was deposited in
glacial Lake Grantsburg. The glacial Lake Grantsburg
sediment is included in the Falun Member of the New
Ulm Formation, whereas the glacial Lakes Benson

TYPE SECTION
The type section, defined by Matsch (1972) and
which is retained here, is a road cut along Minnesota
Highway 68 in Brown County, Minnesota (T. 109 N.,
R. 30 W., sec. 4, AD; U.S. Geological Survey New
Ulm quadrangle, 7.5-minute series, 1992; Fig. 20.2).
The exposure extends northward from the southeast
corner of the northeast quarter of the section for
approximately 2,000 feet (610 meters) to the bluff of
the Cottonwood River. The base of the diamicton
is exposed on the west side of Minnesota Highway
68, 500 feet (152 meters) south of the bridge over
the river, where it unconformably overlies older
sediments of either the Traverse des Sioux Formation
or Good Thunder formation. Matsch (1972) noted
that the basal contact over much of the Minnesota
River valley area is a boulder pavement that formed
at the top of an underlying diamicton that he referred
to as the "Granite Falls Till," a name that we abandon
in this report. The exposure at the type section is
now overgrown.
Reference sectionS
Matsch (1972) established two reference sections
in the Minnesota River valley, only one of which
is discussed here, and it is referred to as reference
section A. The section is north of the intersection
of U.S. Highway 14 and Minnesota Highway 15 in
Nicollet County, Minnesota (T. 110 N., R. 30 W., sec.
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Figure 20.1. Map showing the general overall extent of the New Ulm Formation (shaded).
The dashed lines show the boundaries between members of the New Ulm Formation.
Some of the boundaries are marked by moraines (bold). Location of type (clear circle)
and reference sections (black circles) are indicated.

21, AB; U.S. Geological Survey New Ulm quadrangle,
7.5-minute series, 1992), where 20 feet (6 meters) of
pale yellow, calcareous diamicton lie atop unoxidized
diamicton over bouldery gravel (Fig. 20.3). Recent
sampling of this site and surrounding area revealed
the upper diamicton to be from the Heiberg Member
of the New Ulm Formation (this chapter). The section

is slumped below 20 feet (6 meters), however, and
the underlying bouldery gravel was not observed.
Samples from an adjacent cut reveal diamicton of
the Heiberg Member to a depth of at least 45 feet (14
meters), below which the outcrop is also slumped.
For this revision, another reference section—a
rotary-sonic core—is added as reference section B.
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Figure 20.2. Location of the
original type section for the New
Ulm Formation in Brown County,
Minnesota (U.S. Geological
Survey New Ulm quadrangle,
7.5-minute series, 1992).

New Ulm Formation
Type section (ESRI)
1:24,000

Figure 20.3. Location of
reference section A for the
New Ulm Formation in Nicollet
C o u n t y, M i n n e s o t a ( U . S .
Geological Survey New Ulm
quadrangle, 7.5-minute series,
1992).

New Ulm Formation
Reference section A (ESRI)
1:24,000

DESCRIPTION OF BOUNDARIES

The core was drilled in Sibley County, Minnesota (T.
114 N., R. 26 W., sec. 4, DCDCDD; U.S. Geological
Survey Hamburg quadrangle, 7.5-minute series, 1981;
Fig. 20.4). In this borehole, approximately 73 feet (22
meters) of diamicton interpreted to be the New Ulm
Formation were encountered (Fig. 20.5). The upper
35 feet (11 meters) belong to the Heiberg Member;
the lower 38 feet (12 meters) are the Villard Member
of the New Ulm Formation. Underlying the Villard
Member are 9 feet (3 meters) of diamicton that may
be the Moland Member of the New Ulm Formation
or the Traverse des Sioux Formation.

The New Ulm Formation consists of at least
nine members named, from oldest to youngest, the
Verdi, Moland, Ivanhoe, Dovray, Garden City, Villard,
Twin Cities, Falun, and Heiberg Members. The
New Ulm Formation is the surface material across
much of the southern half of Minnesota (Fig. 20.1).
In places, a clast pavement marks the lower contact
with underlying diamicton or sand and gravel. In
other places where the diamicton of the New Ulm
Formation is mixed with underlying Superior- or
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Figure 20.4. Location of
reference section B for the New
Ulm Formation in Sibley County,
Minnesota (U.S. Geological
Survey Hamburg quadrangle,
7.5-minute series, 1981).

New Ulm Formation
Reference section B (ESRI)
1:24,000
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Figure 20.5. Log of core taken at reference section B, Sibley County, Minnesota: rotary-sonic
core 1 (Minnesota Geological Survey unique number 270326). Sampled at T. 114 N., R. 26 W.,
sec. 4, DCDCDD, elevation 989 feet (301 meters).
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Rainy-provenance deposits, the lower boundary is
determined at the lowest occurrence of shale-bearing
layers (typically greater than 2 percent shale). In
northwestern Minnesota, the New Ulm Formation is
overlain by shale-bearing diamicton of the informal
Goose River formation (Harris and Berg, 2006).

New Ulm Formation in Iowa (Ruhe, 1969; Kemmis
and others, 1981), to 11,200 14C yr BP (about 13,100
cal yr BP) in lacustrine sediments of glacial Lake
Minnesota (Pottenger and Johnson, 1999). However,
the New Ulm Formation also includes sediment
equivalent to the Sheldon Creek Formation in Iowa.
The base of this formation has been dated at 40,000
14
C yr BP (about 43,700 cal yr BP; Bettis and others,
1996).

Dimensions, shape, and geographic
distribution
Deposits of the New Ulm Formation extend from
just beyond the Bemis moraine (Figs. 13, 20.1) to
the east (through Dakota, Rice, Dodge, and Mower
Counties) and to the southwest (through Pipestone,
Rock, and Nobles Counties), and across southern
Minnesota to the Iowa border. The western edge
follows the South Dakota border from just beyond the
Bemis moraine in Pipestone County north to the Big
Stone moraine in Big Stone County. The New Ulm
Formation extends north to the Big Stone moraine
(Fig. 13). North of the Big Stone moraine and west
of the Alexandria moraine complex, shale-bearing
surface deposits similar to the New Ulm Formation
are included in the James River, Goose River, and
Otter Tail River formations, which are informally
named. Shale-bearing deposits to the east and north
of the Alexandria moraine complex—parts of Douglas,
Pope, Stearns, Meeker, and Wright Counties—are
herein included in the New Ulm Formation. East
of the Mississippi River, the New Ulm Formation
extends northward to the Pine City moraine (Fig.
13) and eastward to the Wisconsin border including
parts of Sherburne, Isanti, Chisago, Pine, Anoka,
Washington, and Ramsey Counties.

CORRELATION
Part the New Ulm Formation is
lithostratigraphically correlative to the Trade River
Formation in Wisconsin and to the Dows and Sheldon
Creek Formations in Iowa. Portions of the Blackduck
and Aitkin Formations may have been deposited at
the same time as the New Ulm Formation.
GENESIS
The New Ulm Formation is associated with
several advances and retreats of the Des Moines lobe,
which advanced from the northwest. The diamicton
is interpreted to be till. Deposits contain common
crystalline rocks (basalt, granite, and rhyolite),
common limestone and dolostone fragments,
and uncommon to abundant gray, siliceous shale
fragments. These components are characteristic
of sediment derived from the Riding Mountain
provenance.
Much of the diamicton was deposited subglacially,
beneath the ice of the Des Moines lobe. Diamicton
that is interbedded with sand and gravel and even
lacustrine sediment was deposited in a supraglacial
or stagnant ice environment. Laminated silt, clay,
and diamicton were deposited in ice-dammed lakes
known as glacial Lakes Minnesota, Benson, and
Grantsburg. Sand and gravel were deposited as
outwash from glacial meltwater. These deposits
may take the form of eskers, outwash plains, and
meltwater river channels.

DIFFERENTIATION FROM OTHER UNITS
Members of the New Ulm Formation may be
differentiated from other units by the presence
of gray shale from the Cretaceous Pierre Shale.
Deposits of the New Ulm Formation contain 2 to
80 percent gray shale fragments in the very coarsegrained sand fraction. Some older formations in
Minnesota may contain up to 5 percent gray shale
fragments; however, these units also contain a higher
percentage of carbonate fragments and occur in a
lower stratigraphic position.
Age
The New Ulm Formation was deposited during
the late Wisconsinan glaciation. There are many
radiocarbon dates that range from over 15,000 14C yr
BP (about 18,250 cal yr BP) at the base of the Dows
Formation, the lithostratigraphic continuation of the
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Dovray Member (new) of the New Ulm Formation
Barbara A. Lusardi and Carrie E. Jennings

Name and Rank

5/1) where unoxidized. The average composition
of the very coarse-grained sand fraction includes
crystalline (44 percent), carbonate (30 percent), and
shale fragments (26 percent; Fig. 20.7). In addition
to the diamicton, the Dovray Member includes
associated sand and gravel that were deposited in
meltwater streams and silty lacustrine sediment.

We hereby formally name the Dovray Member of
the New Ulm Formation as a lithostratigraphic unit
of member rank. It is named for the town of Dovray
in Murray County, Minnesota (Fig. 20.6).
Lithologic description

NOMENCLATURAL HISTORY

The Dovray Member is composed almost entirely
of loam diamicton, which is pebbly loam to clay loam
with an average of 40 percent sand, 37 percent silt,
and 23 percent clay (Fig. 20.7). The diamicton color
is variable but is typically light yellow-brown (10YR
6/4) to brownish-gray (10YR 6/2) where oxidized,
and dark gray-brown (10YR 4/1) to gray (10YR

The Dovray Member of the New Ulm Formation
is a new name. This unit was mapped as part of the
Des Moines-lobe family of tills by Patterson (1997;
Patterson's unit D-1).
TYPE SECTION
Owing to the general lack of exposures in
southwestern Minnesota, rotary-sonic core SWRA
1 (Minnesota Geological Survey core 249609) will
serve as the type section for the Dovray Member of
the New Ulm Formation (Figs. 20.8, 20.9). The core
was drilled in Cottonwood County, Minnesota (T. 107
N., R. 38 W., sec. 34, BCBCCD; U.S. Geological Survey
Westbrook quadrangle, 7.5-minute series, 1967). In
this borehole, approximately 51 feet (16 meters) of
diamicton of the Dovray Member were encountered
starting at a depth of 9 feet (3 meters). The Dovray
Member is underlain by 15 feet (5 meters) of sand,
which are underlain by diamicton of the Ivanhoe
Member of the New Ulm Formation (this chapter).
Immediately overlying the Dovray Member are
approximately 9 feet (3 meters) of silty clay loam
interpreted to be lacustrine sediment.
Reference section

Dovray

Rotary-sonic core UMRB 1 (Minnesota Geological
Survey core 291922) is the reference section for
the Dovray Member of the New Ulm Formation
(Figs. 20.10, 20.11). The core was drilled in Lac
qui Parle County, Minnesota (T. 117 N., R. 46 W.,
sec. 34, CBCADD; U.S. Geological Survey Gary
NW quadrangle, 7.5-minute series, 1967). In this
borehole, approximately 32 feet (10 meters) of
diamicton interpreted to be the Dovray Member were
encountered starting at a depth of 29 feet (9 meters).
The Dovray Member is underlain by 3 feet (1 meter) of
sand, which are underlain by an older diamicton ("Till

SWRA 1

Figure 20.6. Distribution of the Dovray Member
(shaded) of the New Ulm Formation (black outline)
in Minnesota. Where the Dovray Member extends
beyond the boundary of the New Ulm Formation
it is referred to as the Lower James member of the
James River formation. The town of Dovray and the
location of rotary-sonic core SWRA 1 (type section)
are also shown.
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Figure 20.7. Ternary diagrams showing data from the Dovray Member of the New Ulm Formation.
A. Matrix texture (less than 2 millimeter size fraction).
B. Composition of the very coarse-grained (1-2 millimeters) sand fraction.
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Figure 20.8. The log from SWRA rotary-sonic core 1 (site 20093) serves as the type section for the
Dovray, Ivanhoe, and Verdi Members of the New Ulm Formation, Cottonwood County, Minnesota
(T. 107 N., R. 38 W., sec. 34, BCBCCD, elevation 1,413 feet [431 meters], U.S. Geological Survey
Westbrook quadrangle, 7.5-minute series, 1967).
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Figure 20.9. Location of the type
section for the Dovray, Ivanhoe,
and Verdi Members of the New
Ul m F or ma t i on , C ot t on w ood
County, Minnesota (U.S. Geological
Survey Westbrook quadrangle, 7.5minute series, 1967).

Dovray, Ivanhoe, and
Verdi Members of the
New Ulm Formation
Type section (ESRI)
1:24,000
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F i g u r e 2 0 . 11 . L o c a t i o n o f
the reference section for the
Dovray Member of the New
Ulm Formation in Lac qui
Parle County, Minnesota (U.S.
Geological Survey Gary NW
quadrangle, 7.5-minute series,
1967).

Dovray Member of the
New Ulm Formation
Reference section (ESRI)
1:24,000

unit 7" of Patterson and others, 1999b). Immediately
overlying the Dovray Member are approximately 11
feet (3 meters) of laminated sandy clay loam, which
are interpreted to be lacustrine sediment.

overlain by lake sediment and a thin unit of what is
interpreted to be diamicton of the Heiberg Member.
It is unclear how the Dovray Member relates to units
of the New Ulm Formation in the eastern part of its
extent. North of Lac Qui Parle County, the Dovray
Member continues in the subsurface beyond the
Big Stone moraine. It is believed to extend from
the Alexandria moraine complex west to the North
Dakota border, and north to at least Grant County,
where diamicton of the Dovray Member has been
identified in a rotary-sonic drill hole (core number
6603; Harris, 1999).

DESCRIPTION OF BOUNDARIES
North and east of the Altamont moraine (Fig.
20.1), the Dovray Member occurs at the surface. It
is underlain by the Ivanhoe Member from which it
is nearly indistinguishable in the field. Further to
the north and east, the Dovray Member is truncated
by younger deposits of the Heiberg Member of the
New Ulm Formation. In some locations, such as the
type and reference section cores, diamicton of the
Dovray Member is capped by bedded fine-grained
sediment.

DIFFERENTIATION FROM OTHER UNITS
The Dovray Member is sandier and contains
about 12 percent more gray shale fragments than
does the underlying Ivanhoe Member (Fig. 20.8). To
the north and east, the Dovray Member is overlain
in places by the Heiberg Member, which is similar
in texture, but contains about 15 percent more gray
shale fragments than does the Dovray Member.

Dimensions, shape, and geographic
distribution
The Dovray Member lies at the surface northeast
of the Altamont moraine in southwestern Minnesota.
It covers parts of Yellow Medicine, Lincoln, Lyon,
Murray, Cottonwood, Nobles, Jackson, Martin,
and Watonwan Counties. Constructional glacial
landforms, most notably the Altamont moraine to
the south and the Marshall moraine (Fig. 20.1) to
the north, separate this unit from the older Ivanhoe
and the younger Heiberg Members, respectively.
Approximately 51 feet (16 meters) of the Dovray
Member occur at the type section and about 31
feet (10 meters) of the Dovray Member occur at the
reference section. In this core, the Dovray Member is

Age
The Dovray Member of the New Ulm Formation
was deposited during the late Wisconsinan glaciation.
The Dovray Member was deposited at the same time
as the formation of the Altamont moraine (Fig. 20.1),
and the age of this advance was suggested by Kemmis
(1991) to be approximately 13,000 14C yr BP (about
15,850 cal yr BP).
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CORRELATION
The Dovray Member lithostratigraphically
correlates in part to the Dows Formation in Iowa
(Hallberg and Kemmis, 1986) and the James River
formation north of the Big Stone moraine in the Red
River Valley of Minnesota (Harris and Berg, 2006).
GENESIS
The Dovray Member of the New Ulm Formation
is the till deposited by the Des Moines lobe during
its advance to the Altamont moraine in southwestern
Minnesota. It was deposited by glacial ice (and its
meltwater) that moved into Minnesota from the
northwest (Riding Mountain provenance) and flowed
south and southeast across the state. Repeated
advances of the Des Moines lobe are thought to
represent renewed flow after stagnation of some
part of the lobe (Patterson, 1997), behavior that
could be explained by new sources of ice being
tapped or captured by migrating or evolving ice
streams (Lusardi and others, 2011). At times the
ice lobe was broad, and till provenance indicates it
was draining a wide source area. The early Dovray
Member is evidence of such an advance, whereby the
till is a mixture of sediment from both the north and
the northwest. During later advances, separate ice
streams appear to have formed in the source areas,
depositing the distinctly different Villard (north)
and Heiberg (northwest) Members (Lusardi and
others, 2011).
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Falun Member (redefined) of the New Ulm Formation
Mark D. Johnson

Name and Rank

NOMENCLATURAL HISTORY

The Falun Member of the Trade River Formation
was formally named by Johnson and Hemstad (2000)
in Wisconsin, but in this report, it is redefined and
recognized as a member of the New Ulm Formation
wherever the Falun Member is found in Minnesota.
This redefinition does not affect the status of the
Falun Member in Wisconsin. The redefinition is
simply that this unit is considered part of the New
Ulm Formation in Minnesota. The unit is named for
the town of Falun in Burnett County, Wisconsin.

The first use of the name was by Johnson (2000)
and Johnson and Hemstad (2000), who defined the
unit.
TYPE SECTION
The type section is a backhoe excavation
(during June, 1992) on the south side of Wisconsin
Highway 70, approximately 1.9 miles (3 kilometers)
east of Grantsburg, Burnett County, Wisconsin (T.
38 N., R. 18 W., sec. 19, ABA; UTM 528,130m E.,
5,068,840m N.; U.S. Geological Survey Grantsburg
quadrangle, 7.5-minute series, 1982; Fig. 20.12). At
the type section, sediment of the Falun Member is
overlain by 2.5 feet (0.8 meter) of tan to gray loose
sand with a mixed zone of sandy gray loam at the
contact; this overlying sediment is not defined
lithostratigraphically. The Falun Member sediment
is 4 feet (1.2 meters) thick and consists of 1.3 feet
(0.4 meter) of massive clay and silty clay overlying
2.5 feet (0.8 meter) of rhythmically bedded clay and
silty clay. The rhythmically bedded silt and clay beds
are interpreted to be varves (Johnson and Hemstad,
1998). Thirty-eight varves are in the bedded part;
the lowest 17 are quite thin (0.2 to 1.2 inches [0.5 to
3.0 centimeters]) and red. The 21 upper varves are

Lithologic description
The Falun Member consists predominantly of
calcareous, rhythmically laminated, rhythmically
bedded, and massive clay and silty clay, interpreted to
be lake sediment deposited in glacial Lake Grantsburg.
At reference section B, the Falun Member includes
silt and fine-grained sand at the base of the unit. In
places sand is found within the member. Silty clay
layers are dark yellowish-brown to yellowish-brown
(10YR 4-5/4), clay layers are predominantly dark
grayish-brown to brown (10YR 4/2 to 7.5YR 4/4),
but in places are reddish-brown (5YR 4/4).

Figure 20.12. Location of the type
section for the Falun Member
of the New Ulm Formation in
Wisconsin (formerly of the Trade
River Formation; U.S. Geological
Survey Grantsburg quadrangle,
7.5-minute series, 1982).

Falun Member of the
New Ulm Formation
Type section (ESRI)
1:24,000
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thicker (1.2 to 1.6 inches [2.5 to 4.0 centimeters])
and grayer; the clayey winter layer is darker than
the silty summer layer. Some of the winter layers
in this section are slightly redder at their bases. The
Falun Member is between 920 and 930 feet (280 and
283 meters) in elevation. The Falun Member overlies
red, ripple-bedded to laminated, fine- to mediumgrained sand of the Copper Falls Formation at the
type section in Wisconsin (the Copper Falls Formation
in Wisconsin is lithostratigraphically equivalent to
the Cromwell Formation of Minnesota). Ripple-crest
and cross-bed orientations show current flow to the
west and northwest.

Reference section B is a backhoe excavation
(from June, 1992) from a local farm in Pine County,
Minnesota (T. 39 N., R. 20 W., sec. 10, BDA; UTM
513,375m E., 5,081,253m N.; U.S. Geological Survey
Cedar Lake quadrangle, 7.5-minute series, 1983;
Fig. 20.14). In this section, approximately 3 feet
(1 meter) of silt (possibly loess, undifferentiated
lithostratigraphically) overlie 10 feet (3 meters) of
rhythmically bedded silty clay and clay interpreted
to be varves. Eighty-two couplets are present at
this site and range in thickness from 1.0 to 15.0
inches (3 to 38 centimeters); most are between 1 and
2 inches (2.5 and 4.5 centimeters). The varves are
predominantly gray, but a few thin, red, winter layers
are among the first six varves. Above varve number
40, the winter layers begin to show redder colors,
and varves 64 to 82 have reddish-brown (5YR 4/4)
winter layers with relatively thin summer layers (0.2
inch [0.5 centimeter]). Within some of the summer
layers in the central part of the sequence, laminations
of coarse-grained silt and very fine-grained sand
are present. The varved part of the Falun Member
at this site overlies 6.6 feet (2.0 meters) of a dark
grayish-brown to strong brown (10YR 4/2 to 7.5-10YR
5/6), calcareous, coarse-grained silt and fine-grained
sand facies of the Falun Member. In places this silty
and sandy facies has slightly convoluted bedding.
The lower part of this silt and sand facies has been
oxidized and is brown to dark brown (7.5YR 4/4).
The Falun Member sharply overlies red coarsegrained sand of the Cromwell Formation.

Reference sectionS
Reference section A is a gravel pit on the north
side of M-Y Road, Burnett County, Wisconsin (T.
37 N., R. 18 W., sec. 3, CCB; UTM 532,172m E.,
5,062,714m N.; U.S. Geological Survey Trade Lake
quadrangle, 7.5-minute series, 1983; Fig. 20.13). In
this section, a clayey, slightly pebbly, till-like sediment
about 3 feet (1 meter) thick overlies 4 feet (1.2 meters)
of Falun Member sediment. This overlying sediment
is included in the Trade River Formation, because
reference section A is in Wisconsin; the Trade River
Formation is equivalent to the New Ulm Formation
of Minnesota. The upper 3 feet (1 meter) of the
Falun Member are massive and 1.5 feet (0.5 meter)
are laminated. The laminations, 34 of which are
present, are interpreted to be varves. The lowest
12 to 14 varves are red. The Falun Member sharply
overlies several feet of pebbly sand of the Copper
Falls Formation.

Figure 20.13. Location of
reference section A for the
Falun Member of the New
Ulm Formation in Wisconsin
(formerly of the Trade River
Formation; U.S. Geological
Survey Trade Lake quadrangle,
7.5-minute series, 1983).

Falun Member of the
New Ulm Formation
Reference section A (ESRI)
1:24,000

164

Figure 20.14. Location of
reference section B for the
Falun Member of the New
Ulm Formation in Minnesota
(formerly of the Trade River
Formation; U.S. Geological
Survey Cedar Lake quadrangle,
7.5-minute series, 1983).

Falun Member of the
New Ulm Formation
Reference section B (ESRI)
1:24,000

DESCRIPTION OF BOUNDARIES
The basal contact of the Falun Member is sharp
and overlies red sand, slightly pebbly sand, and
pebbly sand of the Cromwell Formation in Minnesota.
The Falun Member is at or near the surface and is
overlain in places by sand up to several feet thick
or silt up to 1.6 feet (0.5 meter) thick, presumably
of the New Brighton Formation. The upper contact
is in many places not as sharp, presumably because
soil-forming processes mixed overlying sediment
with the Falun Member.
Dimensions, shape, and geographic
distribution
The Falun Member is near the surface in an
east–west band in Minnesota between Pine City and
Hinckley in Pine County, and continues westward
into southern Kanabec County (Figs. 20.1, 20.15). It
occurs almost entirely north of the Pine City moraine
(Fig. 13). It probably extends farther west, but has
not been mapped there. The Falun Member ranges
in thickness from approximately 3 to 15 feet (1 to
5 meters). The unit is thickest near the Pine City
moraine and in low swales between upland areas.
It is usually absent on hilltops and slopes, indicating
that its distribution is patchy.
DIFFERENTIATION FROM OTHER UNITS
The Falun Member is most similar (in grain size)
to sediment of the Sunrise Member of the Cromwell
Formation, but can be differentiated easily because the

Figure 20.15. Distribution of the Falun Member
(shaded) of the New Ulm Formation (black outline)
in Minnesota.
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Falun Member is gray and more calcareous than the
Sunrise Member, has thicker beds and laminations,
and occupies a higher stratigraphic position.
Age
The age of the Falun Member is not well known,
but it is approximately the same age as till of the Twin
Cities Member of the New Ulm Formation. Till of the
Twin Cities Member was deposited by the Grantsburg
sublobe and may have been deposited as early as
16,000 14C yr BP (about 19,150 cal yr BP; Wright, 1972b;
Wright and others, 1973) and as late as 12,300 14C
yr BP (about 14,450 cal yr BP; Clayton and Moran,
1982). Johnson (2000) suggested it was deposited
about 14,000 14C yr BP (about 17,250 cal yr BP). A
summary of Minnesota glacial history suggested that
glacial Lake Grantsburg was in existence at around
13,000 14C yr BP (about 16,000 cal yr BP; Jennings
and others, 2013).
CORRELATION
The Falun Member is roughly equivalent in
age to the Twin Cities Member of the New Ulm
Formation.
GENESIS
The Falun Member was deposited in glacial
Lake Grantsburg while the Grantsburg sublobe (Fig.
3) stood at the Pine City moraine (Fig. 13). The
rhythmically laminated layers are interpreted to be
varves. The sedimentology of the varves at reference
section B suggest that glacial Lake Grantsburg was
short lived, perhaps on the order of 100 years (Johnson
and Hemstad, 1998).
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Garden City Member (new) of the New Ulm Formation
Mark D. Johnson and Alan R. Knaeble

Name and Rank

TYPE SECTION

We hereby formally name the Garden City Member
of the New Ulm Formation as a lithostratigraphic unit
of member rank. The name comes from Garden City,
a town in Blue Earth County, Minnesota along the
banks of the Watonwan River.

The type section (Fig. 20.16) is a stream cut along
the south side of the Watonwan River opposite the
town of Garden City (T. 107 N., R. 28 W., sec. 26, BC;
U.S. Geological Survey Lake Crystal quadrangle, 7.5minute series, 1974). The stream cut spans over 60 feet
(20 meters), and the general stratigraphy is as follows:
15 feet (5 meters) of New Ulm Formation diamicton
(of the Heiberg or Dovray Member) at the top overlie
20 to 25 feet (7 to 8 meters) of rippled fine-grained
sand with beds of clay, which in turn overlie 5 to 10
feet (1 to 3 meters) of Garden City Member diamicton.
Older gray till of unknown lithostratigraphic affinity
and bedrock (presumably Cretaceous) underlie the
Garden City Member diamicton.

Lithologic description
The Garden City Member is a bed of loam to clay
loam diamicton of Riding Mountain provenance and
is similar to other diamicton units in the New Ulm
Formation. Six analyses of the Garden City Member
diamicton from the type and reference sections show
it to have 38 to 44 percent sand, 15 to 23 percent silt,
and 38 to 46 percent clay. The very coarse-grained
sand fraction of these samples contains 37 to 56
percent Cretaceous shale. The diamicton is very
dark gray to very dark grayish-brown.

Reference section
The reference section (Fig. 20.16) is very close to
the type section and consists of a stream cut along
the Watonwan River northwest of Garden City (T.
107 N., R. 28 W., sec. 22, DDB; U.S. Geological Survey
Lake Crystal quadrangle, 7.5-minute series, 1974).
The stratigraphy at the reference section is similar
to the type section with 20 feet (6 meters) of New

NOMENCLATURAL HISTORY
This unit is named for the first time in this
report.

Figure 20.16. Location of the
type and reference sections
for the Garden City Member
of the New Ulm Formation in
Minnesota (U.S. Geological
Survey Lake Crystal quadrangle,
7.5-minute series, 1974). The
type section is immediately
sout h of G arden Cit y ; t h e
reference section is the square
in the northwest.

Garden City Member
of the New Ulm Formation
Type (south) and reference
(north) sections (ESRI)
1:24,000
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Ulm Formation diamicton (of the Heiberg or Dovray
Member), 40 feet (13 meters) of fine-grained sand and
silt, and appearing at the base of the exposure, the
Garden City Member. The only difference between
the reference section and the type section is the
presence of a 6-foot (2-meter) thick amalgamated
unit of diamicton and sand 3 feet (1 meter) below
the upper New Ulm Formation diamicton.

the New Ulm Formation is uncertain. The Villard,
Dovray, Ivanhoe, and Verdi Members are older
than the Heiberg Member, and the Garden City
Member may correlate to one of them. However, the
Garden City Member has a different composition and
texture—if it correlates to one of these, it represents
a lateral variation in texture and composition.
GENESIS

DESCRIPTION OF BOUNDARIES

This unit is till deposited by the Des Moines
lobe. The sand, silt, and clay overlying this member
are interpreted to be lake sediment, which, because
they are overlain by another New Ulm Formation till,
represent an early phase of glacial Lake Minnesota
(Fig. 13). Ripple cross-bedding indicates current
flow to the southeast during sand deposition. The
lake sediment was deformed by the advance that
deposited the upper New Ulm Formation till at this
site, which according to a boulder pavement below
it, was deposited by ice flowing S. 40° E.

The Garden City Member is overlain by bedded
sand, silt, and clay of the New Ulm Formation that have
not been formally defined lithostratigraphically.
Dimensions, shape, and geographic
distribution
The Garden City Member diamicton is a distinct
stratigraphic unit in the New Ulm Formation. The
Garden City Member diamicton is exposed along
portions of the Blue Earth River and its tributaries
(Figs. 20.1, 20.17). The unit is present along the
Watonwan, Blue Earth, and Maple Rivers, but
exposures further east along the Le Sueur River
and further north along the Blue Earth River suggest
that the Garden City Member is absent, or if present,
probably patchy in those areas. The Garden City
Member likely extends to the south and west, but
has not been mapped.
DIFFERENTIATION FROM OTHER UNITS
Because of its stratigraphic position and Riding
Mountain provenance, the Garden City Member
is clearly a unit within the New Ulm Formation
and most similar to other diamicton members of
the New Ulm Formation. The grain size and shale
percentages indicate it is most similar to the Heiberg
Member of the New Ulm Formation, although the
Heiberg Member commonly has about 10 percent less
shale. The Heiberg Member is the surface New Ulm
Formation unit in Blue Earth County, and in many
places, a sand and gravel layer may separate it from
the underlying Garden City Member.
Age
The age of the Garden City Member is not known.
See the description of the New Ulm Formation for
the age of this formation.
CORRELATION

Figure 20.17. Distribution of the Garden City Member
(shaded) of the New Ulm Formation (black outline)
in Minnesota.

Because of its limited extent, the Garden City
Member's precise correlation to other members of
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Heiberg Member (new) of the New Ulm Formation
Barbara A. Lusardi and Kenneth L. Harris

Name and Rank

this site, four Quaternary stratigraphic units are
exposed (Fig. 20.21). About 13 feet (4 meters) of
the Heiberg Member are exposed at river level. The
Heiberg Member is overlain by 9 feet (2.8 meters)
of St. Hilaire member diamicton of the Goose River
formation followed by 12 feet (3.5 meters) of diamicton
of the Upper Red Lake Falls member of the Red Lake
Falls formation. The top of the section contains 6
feet (1.8 meters) of shoreline sediment from glacial
Lake Agassiz, which are not lithostratigraphically
defined.

We hereby formally name the Heiberg Member of
the New Ulm Formation. It is named for the town of
Heiberg, Norman County, Minnesota (Fig. 20.18).
Lithologic description
The Heiberg Member is composed almost entirely
of diamicton, which is a pebbly loam to clay loam
that averages 38 percent sand, 37 percent silt, and 25
percent clay (Fig. 20.19). The till color is typically
light yellow-brown (10YR 6/4) to brownish-gray
(10YR 6/2) where oxidized, and dark gray-brown
(10YR 4/1) to gray (10YR 5/1) where unoxidized.
The average composition of the very coarse-grained
sand fraction includes crystalline rocks (36 percent),
carbonate rocks (23 percent), and shale fragments (41
percent; Fig. 20.19). In addition to the diamicton,
the Heiberg Member includes associated sand and
gravel that were deposited in meltwater streams and
silty lacustrine sediment.

Reference sectionS
Reference section A is a borehole taken north of
Clear Lake in Sibley County, Minnesota (T. 112 N.,
R. 31 W., sec. 36, BBBADD; U.S. Geological Survey
St. George quadrangle, 7.5-minute series, 1964; Fig.
20.22). In this borehole, approximately 151 feet (46
meters) of diamicton interpreted to be the Heiberg
Member were encountered at the surface (Fig. 20.23).
The Heiberg Member contains several zones of
material that are somewhat sandy and lower in gray
shale content than the bulk of the Heiberg Member
till. The Heiberg Member till is underlain by 18 feet
(5 meters) of silt and sand and gravel layers, which
are underlain by 3 feet (1 meter) of sandy till with a
low percentage of shale, interpreted to be the Moland
Member of the New Ulm Formation. Beneath the
Moland Member diamicton, the Traverse des Sioux
Formation diamicton occurs underlain by a Superiorprovenance till perhaps of the Henderson or Hawk
Creek Formation. Nearly 50 feet (15 meters) of Good
Thunder formation diamicton underlie the Superior
diamicton, followed by sand and gravel and saprolith,
which are reached at a depth of 270 feet (82 meters)
below the land surface.
Reference section B is located just north of
Mankato on the west side of Minnesota Highway
169 behind the gas station south of the Happy Chef
restaurant (T. 108 N., R. 27 W., sec. 1, BABD; U.S.
Geological Survey Mankato West quadrangle, 7.5minute series, 1974; Fig. 20.24). This is a very steep
cut exposing approximately 75 feet (23 meters) of
glacial sediment. The upper 30 feet (10 meters)
are yellow-brown, loamy diamicton of the Heiberg
Member, which here has 33 percent shale. A thin sand
layer separates this upper till from the underlying

NOMENCLATURAL HISTORY
As the surface unit across much of southern
Minnesota, it was the Heiberg Member that was
originally defined as the "New Ulm Till" by Matsch
(1972). Till of the Heiberg Member was initially
described and defined in a cut bank along the Wild
Rice River near Heiberg, Minnesota. This unit was
designated as unit RRV 9, or "Heiberg till," of the
informal lower "Goose River group," by Harris and
others (1995, 1999, 2003) and Harris and Berg (2006;
see Table 5). Continued mapping showed that this
unit extends to the south, and we include it in the
New Ulm Formation where the Heiberg Member
occurs south of the Big Stone moraine (Figs. 13,
20.18). In Todd County, Knaeble and Meyer (2007a)
attributed Des Moines-lobe deposits, including what
is now considered to be the Heiberg Member, to the
New Ulm Formation.
TYPE SECTION
Till of the Heiberg Member was described at a
cut bank along the Wild Rice River near Heiberg,
Norman County, Minnesota (T. 144 N., R. 44 W.,
sec. 16, CCCAB; U.S. Geological Survey Twin Valley
quadrangle, 7.5-minute series, 1965; Fig. 20.20). At
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Figure 20.18. Distribution map showing the extent of the New Ulm Formation (black outline),
and the aerial extent (dark gray) and interpreted subsurface extent (light gray) of the Heiberg
Member in Minnesota. North of the Big Stone moraine, the unit is referred to as the Heiberg
Member of the Goose River formation. The town of Heiberg, and the Le Sueur, St. George, and
Mankato West quadrangles are labelled; moraines are labelled in bold.
3 feet (1 meter) of brown-gray, low-shale sandy
loam till interpreted to be the Moland Member of
the New Ulm Formation. Below this are about 14
feet (3 meters) of fine- to coarse-grained sand with
some gravel interbedded with sandy loam till layers.
Six feet (2 meters) of brown-gray sandy loam till
underneath the sand belong to the Traverse des Sioux

Formation. Another sand layer (4 feet [1.2 meters])
separates this till from the underlying gray loam till
belonging to the informal Good Thunder formation
till series. The lowermost sections of the outcrop
are slumped over.
Reference section C (Fig. 20.25) is located west
of Minnesota Highway 169 in Nicollet County,
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Figure 20.19. Ternary diagrams showing data from the Heiberg Member of the New Ulm Formation.
A. Matrix texture (less than 2 millimeter size fraction).
B. Composition of the very coarse-grained (1-2 millimeters) sand fraction.

Figure 20.20. Location of the type
section for the Heiberg Member
of the New Ulm Formation in
Norman County, Minnesota, the
Wild Rice River cut bank (core
N-5945, Heiberg Section; U.S.
Geological Survey Twin Valley
quadrangle, 7.5-minute series,
1965).

Heiberg Member of the
New Ulm Formation
Type section (ESRI)
1:24,000

Minnesota (T. 111 N., R. 26 W., sec. 28, CBBB; U.S.
Geological Survey Le Sueur quadrangle, 7.5-minute
series, 1965) and was described in Jennings and others
(2011). The upper 20 feet (6 meters), upslope from
the top of the exposed vertical face, are sand with
some gravel and a few till layers. Below the contact
starting at the vertical face, 20 feet (6 meters) of gray,
loamy, shale-rich diamicton of the Heiberg Member
are exposed. At the base of the Heiberg Member

till is a distinct contact with 8 feet (2.5 meters) of
underlying brown-gray, sandy loam, shale-free
diamicton interpreted to be the Traverse des Sioux
Formation. At the very bottom of the outcrop, 3
feet (1 meter) of gray, loam-textured till of the Good
Thunder formation (see Appendix) are interbedded
with clayey silt.
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DESCRIPTION OF BOUNDARIES
1,035

Glacial Lake Agassiz,
shoreline sediment

1,025

Elevation (feet)

The Heiberg Member is the surface unit across
much of southern Minnesota (Figs. 20.1, 20.18).
It is exposed south and west of the Alexandria
moraine complex (Fig. 13) in central Minnesota,
and north of a line extending roughly from Canby
to Marshall to St. James and Easton in the southern
part of the state. It is exposed west of the Bemis
moraine complex in eastern Minnesota, west of a line
extending roughly from Freeborn to Hope to Faribault
and north to Minnetonka. The northern boundary
is more irregular—south of a line from Glencoe
to Willmar to Alexandria. North of the Big Stone
moraine, the Heiberg Member is overlain by younger
diamicton and lake sediment in the Red River Valley.
The Heiberg Member is typically underlain by older
members of the New Ulm Formation, including the
Villard Member to the north and in the south by a
diamicton with a low shale clast content that may
correlate to the Moland Member identified further to
the east. In parts of central Minnesota, the Heiberg
Member is underlain by the Garden City Member
of the New Ulm Formation (Fig. 11). To the west,
the Heiberg Member may be underlain by till of the
Dovray Member.

Red Lake Falls Formation,
Upper Red Lake Falls Member

1,015
Goose River formation,
St. Hilaire member

1,005

Goose River formation,
Heiberg Member

995

Dimensions, shape, and geographic
distribution

Figure 20.21. Outcrop log of the Heiberg Member
type section (Fig. 20.20).

The Heiberg Member follows north of the
Marshall moraine as defined by Leverett and Sardeson
(1932; Fig. 20.18) across southern Minnesota nearly
to the Bemis moraine and north to the western part

Figure 20.22. Location of
reference section A for the
Heiberg Member of the New
Ulm Formation in Sibley County,
Minnesota: core 270331 (U.S.
Geological Survey St. George
quadrangle, 7.5-minute series,
1964).

Heiberg Member of the
New Ulm Formation
Reference section A (ESRI)
1:24,000
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Figure 20.23. Log of south-central rotary-sonic
core 3 (site 270331). Sampled at T. 112 N., R. 31
W., sec. 36, BBBADD; U.S. Geological Survey St.
George quadrangle, 7.5-minute series, 1964.
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Figure 20.24. Location of
reference section B for the
Heiberg Member of the New
Ulm Formation in Nicollet
County, Minnesota: site 28474
(U.S. Geological Survey
Mankato West quadrangle,
7.5-minute series, 1974).

Heiberg Member of the
New Ulm Formation
Reference section B (ESRI)
1:24,000
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Fig ur e 20.25. Locatio n o f
reference section C for the
Heiberg Member of the New
Ulm Formation in Nicollet
County, Minnesota: site 28516
(U.S. Geological Survey Le
Sueur quadrangle, 7.5-minute
series, 1965).

Heiberg Member of the
New Ulm Formation
Reference section C (ESRI)
1:24,000

of the Twin Cities metropolitan area. It extends
northwestward and up the eastern side of the Big
Stone moraine. North of the Big Stone moraine, the
Heiberg Member occurs in the subsurface throughout
all but the northeastern quarter of the Red River
Valley. There are few clear geomorphic features
that mark its boundaries. The Heiberg Member
is bounded by the prominent Alexandria moraine
complex across the eastern half of Douglas, Pope,
and Kandiyohi Counties. To the northwest, the
Heiberg Member extends into North Dakota, where
it is included in the Goose River formation. Till of
the Heiberg Member is generally less than 50 feet
(15 meters) thick, but can be much thicker, such
as at reference section A, where it is 150 feet (82
meters) thick.

and others, 2011). Therefore, the ice that deposited
the Heiberg Member had begun to wane by that time.
This is in agreement with other radiocarbon dates
from this region, including a date of 11,200 14C yr
BP (about 13,100 cal yr BP; Pottenger and Johnson,
1999), also in lacustrine sediments of glacial Lake
Minnesota.
CORRELATION
The Heiberg Member of the New Ulm Formation
continues north of the Big Stone moraine, where it
is included in the informal Goose River formation.
The nomenclature break occurs at the Big Stone
moraine or at about lat 46°N., the approximate
boundary between Red River lobe and Des Moines
lobe nomenclature. The Heiberg Member of the New
Ulm Formation is slightly younger than the Villard
Member of the New Ulm Formation.

DIFFERENTIATION FROM OTHER UNITS
The Heiberg Member, a Riding Mountainprovenance diamicton, can be distinguished from
other strata by its stratigraphic position, less sandy
texture, and an additional 15 to 30 percent more
gray shale fragments than the various underlying
members of the New Ulm Formation.

GENESIS
The Heiberg Member of the New Ulm Formation
was deposited by glacial ice (and its meltwater)
that moved into Minnesota from the northwest
(Riding Mountain provenance). The ice flowed
across North Dakota and the Red River Valley and
into southern Minnesota as the Des Moines lobe
(Fig. 3). As proposed by Lusardi and others (2011),
the ice recognized as the Des Moines lobe was more
complex and consisted of independent ice streams.
The ice that deposited the Heiberg Member was
impeded in southern Minnesota by the presence
of a second ice mass that was advancing at the

Age
The Heiberg Member of the New Ulm Formation
was deposited during the late Wisconsinan glaciation.
Wood found at the contact of glacial Lake Minnesota
sediment and the underlying Heiberg Member till
implies that the lake is no older than 12,260 ± 90 14C
yr BP (Beta-260449; 14,376 ± 314 cal yr BP; Jennings
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Figure 20.26. Digital elevation model of the middle Minnesota River watershed in southcentral Minnesota showing a subtle, flow-parallel ridge interpreted to be a shear zone
between two dynamically independent ice streams. The ice that deposited the Villard
Member of the New Ulm Formation flowed on the north side of the shear zone. Ice that
deposited the Heiberg Member flowed south of the shear zone from a more westerly
direction. Moraine ridges (perpendicular to ice flow) are indicated to illustrate the
difference in flow direction north and south of the shear boundary and the scalloping in
the outermost moraine. Topographic profile along line A–A' illustrates the broad nature
of the shear-zone ridge (modified from Lusardi and others, 2011).

same time, which deposited the Villard Member
of the New Ulm Formation (Fig. 20.26). The flowparallel junction of the two till sheets is marked by
a subtle, broad, linear highland that becomes less
distinct in its southeastern extent. The highland
ridge is dotted with small hills of sand and gravel,
and these are interpreted to represent the location
of the shear-zone junction of these two ice lobes.
The Heiberg Member thus overlaps the Villard
Member along a broad, linear highland that is dotted
with small hills of sand and gravel. This junction
indicates that the two ice streams were dynamically
independent; as the northern (Villard Member) ice

stream thinned, stagnated, or retreated, the southern
(Heiberg Member) ice stream moved into that area
(Lusardi and others, 2011).
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Ivanhoe Member (new) of the New Ulm Formation
Barbara A. Lusardi and Carrie E. Jennings

Name and Rank

occurs, stream sediment of the Ivanhoe Member may
be difficult to distinguish from stream sediment
included in the older Verdi Member.

We hereby formally name the Ivanhoe Member of
the New Ulm Formation as a lithostratigraphic unit
of member rank. It is named for the town of Ivanhoe
in Lincoln County, Minnesota (Fig. 20.1).

NOMENCLATURAL HISTORY
The Ivanhoe Member of the New Ulm Formation
is a new name that includes, among others, the glacial
sediments in the Bemis moraine in southwestern
Minnesota. The moraine was named by Leverett
(1922) for the town of Bemis, South Dakota. Leverett
distinguished between the "old gray drift" south and
west of the moraine (herein called the Verdi Member
of the New Ulm Formation) and the "young gray
drift" to the north and east of the moraine (herein
called the Ivanhoe Member; Leverett and Sardeson,
1919, 1932). Ruhe (1950a, 1952) defined "Cary drift,"
a "morphostratigraphic unit," as "...that part of the
lobe from the margin of the lobe to the margin of
the Altamont moraine, and includes all of the Bemis
morainic system" (Ruhe, 1952, p. 47). This unit was
mapped in southwestern Minnesota as the till of the
Bemis phase (unit D-2) by Patterson (1997).

Lithologic description
The Ivanhoe Member is composed primarily of
loam diamicton. Diamicton of the Ivanhoe Member
of the New Ulm Formation is a calcareous, pebbly
loam to clay loam (average 35 percent sand, 39 percent
silt, 26 percent clay; Fig. 20.27). It is typically light
olive-brown (2.5Y 5/6) to light yellow-brown (2.5Y
6/4) where oxidized, and very dark gray (2.5Y 3/1)
where unoxidized. The average composition of the
very coarse-grained sand fraction includes crystalline
rocks (59 percent), carbonate rocks (28 percent), and
shale fragments (13 percent; Fig. 20.27).
In addition to the diamicton, the Ivanhoe
Member includes associated sand and gravel that
were deposited in meltwater streams. To the south
and west of the area in which the Ivanhoe diamicton
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Figure 20.27. Ternary diagrams showing data from the Ivanhoe and Verdi Members of the New Ulm
Formation.
A. Matrix texture (less than 2 millimeter size fraction).
B. Composition of the very coarse-grained (1-2 millimeters) sand fraction.
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TYPE SECTION

Reference section B is a Giddings hole (number
Q19879) drilled in Lincoln County, Minnesota,
approximately 3 miles (5 kilometers) south of
Ivanhoe (T. 111 N., R. 45 W., sec. 26, DDDDA; U.S.
Geological Survey Arco quadrangle, 7.5-minute series,
1963; Fig. 20.29). In this hole, the same sequence of
approximately 11 feet (3 meters) of calcareous, light
olive-brown (2.5Y 5/4), pebbly diamicton interpreted
to be the Ivanhoe Member occurs below thin topsoil.
Gray to red-brown mottles are common in the upper
5 to 8 feet (2 to 3 meters).
Reference site C is a Giddings hole (number
Q19878), also drilled in Lincoln County, Minnesota
(T. 110 N., R. 44 W., sec. 33, BBBBB; U.S. Geological
Survey Tyler quadrangle, 7.5-minute series, 1963; Fig.
20.30). At this location, 8 feet (2 meters) of diamicton
interpreted to be the Ivanhoe Member are capped by
8 feet (2 meters) of very fine-grained sand and silt.
Immediately above the diamicton is about 1 foot (0.3
meter) of well-sorted, fine- to medium-grained sand.
Samples and field notes for these sites are maintained
at the Minnesota Geological Survey in St. Paul.

B e c a u s e o f t h e s c a rc i t y o f e x p o s u re s i n
southwestern Minnesota, rotary-sonic core SWRA 1
(Minnesota Geological Survey core 249609) will serve
as the type section for the Ivanhoe Member of the
New Ulm Formation, which is also the type section of
the Dovray Member of the New Ulm Formation (Fig.
20.8). The core was drilled in Cottonwood County,
Minnesota (T. 107 N., R. 38 W., sec. 34, BCBCCD; U.S.
Geological Survey Westbrook quadrangle, 7.5-minute
series, 1967; Fig. 20.9). In this borehole, approximately
22 feet (7 meters) of diamicton interpreted to be the
Ivanhoe Member were encountered starting at a
depth of 78 feet (24 meters). The Ivanhoe Member is
underlain by till of the Verdi Member (this chapter).
Immediately overlying the Ivanhoe Member are
approximately 60 feet (18 meters) of till interpreted
to be the Dovray Member (this chapter), and 15 feet
(5 meters) of sand.
Reference sectionS
Reference section A is an augered Giddings hole
(number Q19881) about 3 miles (5 kilometers) south
of Ivanhoe. The hole was drilled in Lincoln County,
Minnesota (T. 111 N., R. 46 W., sec. 22, BBBBB; U.S.
Geological Survey Lake Benton NW quadrangle,
7.5-minute series, 1967; Fig. 20.28). In this hole,
approximately 11 feet (3 meters) of calcareous, light
olive-brown (2.5Y 5/4), pebbly diamicton of the
Ivanhoe Member occur below thin topsoil. Gray to
red-brown mottles are common in the upper 5 to 8
feet (2 to 3 meters).

DESCRIPTION OF BOUNDARIES
Within the Bemis moraine in western Minnesota
(Fig. 13), as well as north and east of the Bemis
moraine, the Ivanhoe Member occurs at the surface.
It is underlain by the Verdi Member, from which
it is nearly indistinguishable in the field. To the
south and west of the moraine, meltwater sand and
gravel, interpreted to be part of the Ivanhoe Member,
occupies stream channels carved during an earlier

Figure 20.28. Location of
reference section A for the
Ivanhoe Member of the New
Ulm Formation in Lincoln
C o u n t y, M i n n e s o t a : s i t e
Q19881 (U.S. Geological
Survey Lake Benton NW
quadrangle, 7.5-minute series,
1967).

Ivanhoe Member of the
New Ulm Formation
Reference section A (ESRI)
1:24,000
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Figure 20.29. Location of
reference section B for the
Ivanhoe Member of the New
Ulm Formation in Lincoln
County, Minnesota: site Q19879
(U.S. Geological Survey Arco
quadrangle, 7.5-minute series,
1963).

Ivanhoe Member of the
New Ulm Formation
Reference section B (ESRI)
1:24,000

Figure 20.30. Location of
reference section C for the
Ivanhoe Member of the New
Ulm Formation in Lincoln
County, Minnesota: site Q19878
(U.S. Geological Survey Tyler
quadrangle, 7.5-minute series,
1963).

Ivanhoe Member of the
New Ulm Formation
Reference section C (ESRI)
1:24,000

Dimensions, shape, and geographic
distribution

advance that deposited till of the Verdi Member.
Further to the north and east, the Ivanhoe Member
is buried by younger deposits of the Dovray Member
of the New Ulm Formation. In some locations, as
in the type section core, till of the Ivanhoe Member
is capped by outwash stream sediment, which is in
turn overlain by till of the Dovray Member.

The Ivanhoe Member lies at the surface as a narrow
till plain northeast and parallel to the prominent
Bemis moraine in southwestern Minnesota through
Lincoln, Pipestone, Murray, Cottonwood, Nobles,
and Jackson Counties (Fig. 20.31). Constructional
glacial landforms, most notably the Bemis moraine,
separate this unit from the older tills to the south and
west. About 22 feet (7 meters) of the Ivanhoe Member
occur at the type section, approximately 34 miles (51
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Moines-lobe till and the underlying loess in Iowa
indicate that the advance reached its maximum at
about 14,000 14C yr BP (about 17,250 cal yr BP; Kemmis
and others, 1981). Dates from wood in postglacial
depressions in southern Minnesota indicate that the
younger sediments on top of the Ivanhoe Member
were deposited before 12,000 14C yr BP (about 14,000
cal yr BP; Clayton and Moran, 1982).
CORRELATION
The Ivanhoe Member correlates in part to the
Dows Formation in Iowa (Hallberg and Kemmis,
1986).
GENESIS
The Ivanhoe Member of the New Ulm Formation
is the till of the Bemis moraine in southwestern
Minnesota. It was deposited by glacial ice (and
its meltwater) that moved into Minnesota from the
northwest (Riding Mountain provenance) and flowed
south and southeast across the state.

Ivanhoe
SWRA 1

Figure 20.31. Distribution of the Ivanhoe Member
(shaded) of the New Ulm Formation (black outline)
in Minnesota.

kilometers) east of its surface exposure. We found
no evidence for the presence of the Ivanhoe Member
outside of southwestern Minnesota; however, New
Ulm Formation till in the Bemis moraine of eastern
Minnesota was deposited at about the same time.
DIFFERENTIATION FROM OTHER UNITS
The Ivanhoe Member is similar in color and
texture to the Verdi Member but has on average 10
percent fewer carbonate grains in the very coarsegrained sand fraction (Fig. 20.27). Meltwater sand
and gravel deposits of the Ivanhoe Member, which
may occupy the stream channels outside of the Bemis
moraine, are distinguished by the lack of iron and
manganese staining that is characteristic of adjacent
but slightly older Verdi Member outwash deposits.
To the north and east, the Ivanhoe Member is overlain
by the Dovray Member, which is sandier and contains
about 5 percent more gray shale fragments than the
Ivanhoe Member.
Age
The Ivanhoe Member of the New Ulm Formation
was deposited during the late Wisconsinan glaciation.
Numerous dates from wood at the contact of Des
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Moland Member (new) of the New Ulm Formation
Howard C. Hobbs

Name and Rank

22 percent carbonate, and 5 percent shale. Limited
data suggest that the shale content increases to the
west underneath and beyond the Bemis moraine,
but remains generally under 20 percent, which
is lower than other members of the New Ulm
Formation. Figure 20.32 shows only samples taken
where the Moland Member is at the surface, because
their identification is relatively certain, whereas
identification of the Moland Member in the subsurface
is difficult. Sorted sand and gravel is included in
the unit if it is associated with the diamicton, but
little is known at this time about the extent of these
meltwater deposits. In Mower and southwestern
Dodge Counties, sand and gravel of the New Ulm
Formation accumulated east of the Des Moineslobe margin, but it is not possible to separate the
contribution of the Moland Member from the later
outwash from the Bemis ice margin.

I hereby name the Moland Member of the New
Ulm Formation as a lithostratigraphic unit of member
rank. The name comes from the town of Moland,
in southwestern Rice County, Minnesota (U.S.
Geological Survey Moland quadrangle, 7.5-minute
series, 1962.)
Lithologic description
The Moland Member consists primarily of
calcareous diamicton. The oxidized color is typically
dark yellowish-brown to olive-brown (10YR 4/4
to 2.5Y 4/3); the unoxidized color is gray, but not
commonly observed, both because the unit is thin
and because it is mostly observed in well-drained
positions. Figure 20.32 shows the range and average
texture of Moland Member diamicton. The texture
averages 49 percent sand, 32 percent silt, and 19
percent clay. Figure 20.32 shows the range and
average proportion of crystalline, carbonate, and
shale grains in the 1-2 millimeter fractions of the
texture samples. The average is 73 percent crystalline,

NOMENCLATURAL HISTORY
Joseph Cummins of the Soil Conservation Service
(now Natural Resources Conservation Service) was
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Figure 20.32. Ternary diagrams showing data from diamicton of the Moland Member of the New Ulm
Formation.
A. Matrix texture (less than 2-millimeter size fraction).
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probably the first to notice that some soils east of the
Bemis moraine in southeastern Minnesota were similar
to the soils west of the Bemis moraine, which had
long been mapped as the boundary of the Des Moines
lobe. The diamicton in these soils was described as
"friable," in contrast to the "firm" diamicton in soils
developed in older glacial deposits farther east.
These soils were grouped in the Merton, Maxcreek,
and Moland series. A Moland–Maxcreek–Merton
soil association was mapped in Rice County (Carlson
and others, 1975) in a band that approximates the
extent of the Moland Member in the southern part
of Rice County.
The unit now recognized as the Moland Member
was first mapped geologically as thin-mantled till and
thin-mantled outwash in Dakota County under the
heading "Des Moines lobe and Grantsburg sublobe
deposits" (Hobbs and others, 1990); and "Deposits
older than Bemis moraine" in Rice County under
the heading "Late Wisconsinan deposits" (Patterson
and Hobbs, 1995). The unit was called the "Sheldon
Creek till member" by Meyer and Knaeble (1998)
and Hobbs (2005). One map by Lusardi and others
(2002) did not use a stratigraphic name for the unit
but mapped it under the heading "Des Moines lobe
sediment associated with the northwest-source ice
advances of the Moland and older phases."

The boring was done in the south right-of-way of
230th Street East (T. 108 N., R. 18 W., sec. 19 CBA; lat
44°8'46"N., long 93°2'39"W.; U.S. Geological Survey
Moland quadrangle, 7.5-minute series, 1962; Fig.
20.33). The local landscape is a low-relief plain with
some very shallow closed depressions. Valleys are
few and shallow and streams are slow moving. The
eastern edge of the Bemis moraine lies a few miles
west of the site, but it is low relief and indistinct in
this area.
The boring penetrated 16.5 feet (5 meters) of
Moland Member material (samples 1, 2, and 3), 1 foot
(0.3 meter) of low-sand diamicton (sample 4), and 3.5
feet (1.1 meters) of leached older diamicton (sample 5).
The Moland Member is diamicton (sample 1, sandy
loam; samples 2 and 3, loam) except for the interval
from 10 to 12 feet (3 to 4 meters), which is silty finegrained sand (not sampled). The Moland Member is
calcareous except for the upper 2 feet or so (0.6 meter);
it is yellowish-brown to olive-brown (10YR 5/5 to
2.5Y 4/3); color becomes slightly duller from top to
bottom. It is interpreted to be till deposited by the
first advance of the Des Moines lobe. The underlying
unit is a noncalcareous, brown, silty clay loam (sample
4). It is interpreted to be slopewash sediment derived
from the stratigraphically underlying diamicton. The
lowest unit is a noncalcareous clay loam diamicton
(sample 5); it is highly oxidized (between yellowishbrown and light olive-brown, 10YR-2.5Y 5/6). It is
interpreted to be till, pre-Wisconsinan glaciation or
older, which made up the landscape across which
the Des Moines lobe advanced.

TYPE SECTION
The type section for the Moland Member is here
designated to be soil boring FG-7 (Quaternary unique
number 15952) in western Dodge County, Minnesota.

Figure 20.33. Location of the type
section for the Moland Member
of the New Ulm Formation in
Minnesota, southern right-ofway of 230th Street East (U.S.
Geological Survey Moland
quadrangle, 7.5-minute series,
1962).

Moland Member of the
New Ulm Formation
Type section (ESRI)
1:24,000
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Reference section

the 1-2 millimeter fraction. Precambrian grains are
predominantly granitic. It contains about 4 percent
Cretaceous limestone.

The reference section for the Moland Member is a
gully cutbank in Dakota County, Minnesota (T. 112 N.,
R. 20 W., sec. 4, BBBD; U.S. Geological Survey Castle
Rock quadrangle, 7.5-minute series, 1974; Fig. 20.34).
The site is in a dissected plain; the gully drains into
an old meltwater channel now occupied by Chub
Creek. However, the dissected surface is modified
by a hummock-and-hollow pattern of considerably
less relief than the dissection, but which is sufficient
to create a few shallow closed depressions (the site
was sampled before the Quaternary unique number
system was created).
The cutbank exposes 3 feet (1 meter) of Moland
Member diamicton overlying diamicton of an older
unit, probably the Browerville Formation. The contact
is clear and sharp. The Moland Member is brown
(10YR 4/3), leached, clay loam. Its surface is more
cracked from wetting and drying than the underlying
unit. Gray shale makes up about 6 percent of the 1-2
millimeter grains. Many of the grains have split into
flakes from post-depositional weathering, and each
flake was counted as one half grain. Precambrian
grains make up more than 90 percent of the very
coarse-grained sand fraction, and 9 percent of
these grains are red grains from the Superior basin.
Paleozoic grains are represented mainly by chert.
The underlying diamicton is dark yellowish-brown,
calcareous loam containing secondary carbonate. It
grades down over 15 feet (5 meters) of exposure to an
unoxidized gray (Munsell color not noted). Sampled
near the top, it contains no shale and no red grains in

DESCRIPTION OF BOUNDARIES
The Moland Member is at the surface in the area
where it was first recognized and is best known. Here
it is overlain by modern soil, which is developed
either in the Moland Member or in a thin overlying
veneer of Peoria Formation silt. Where it is buried
by another member of the New Ulm Formation,
its upper contact is uncertain. Member contacts
within the New Ulm Formation tend to be obscure,
because the materials are not very different. The
chief criterion for recognizing the Moland Member
in cuttings samples is shale content; the Moland
Member is lower in shale than any other member of
the New Ulm Formation. Cuttings samples generally
show a trend of decreasing shale downhole through
the New Ulm Formation, not a sharp cut-off. But
cuttings samples also show deficiencies such as
mixing between depths.
Rotary-sonic boring 3 (Minnesota Geological
Survey unique number 249055) in Rice County
penetrated 130 feet (40 meters) of New Ulm Formation
material overlying Traverse des Sioux Formation
material. The lower part of the New Ulm Formation
interval contains considerably fewer Cretaceous
grains than the rest of the unit (Hobbs and others,
1995), which suggests that the Moland Member is
present at this site. The contact was not noted in
the core description, however.

Figure 20.34. Location of the
reference section for the Moland
Member of the New Ulm
Formation in Dakota County,
Minnesota, a gully cutbank (U.S.
Geological Survey Castle Rock
quadrangle, 7.5-minute series,
1974).

Moland Member of the
New Ulm Formation
Reference section (ESRI)
1:24,000
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The lower boundary of the Moland Member
appears not to be strongly erosional outside the
Bemis moraine, although an intact soil profile has
never been observed. However, the Sangamon Soil
was apparently stripped off prior to deposition of
the Moland Member, because it is also not preserved
outside the Moland margin, except in extreme
southeastern Minnesota (Roxana Silt, Chapter 23).
Across most of its extent, the Moland Member overlies
older diamicton of northwestern provenance, most
commonly the Browerville Formation. In northern
Dakota County, in the northern part of its extent, it
apparently overlies sediment of Superior provenance
in places, because it includes some red grains there
that are absent elsewhere. The New Ulm Formation
within the Bemis moraine has an erosional lower
contact, which in many places is presumably the
lower boundary of the Moland Member.

in places. It has been described and identified in
places in the lower Minnesota River valley (Knaeble,
unpub. data). Where the Moland Member is at the
surface, it is fairly thin; the maximum observed
thickness is 25 feet (8 meters) in Mower County
(Quaternary unique number 21064); the minimum
observed recognizable thickness is 2 feet (0.6 meter)
in Dodge County (Quaternary unique number 15959).
It appears to generally thin from west to east, but this
trend has many exceptions. If this trend continued
west under the Bemis moraine and beyond, it would
eventually reach the "normal" thickness for a member
of the New Ulm Formation, 30 to 50 feet (10 to 15
meters). However, some soil borings up-ice from
the Bemis moraine do not penetrate any Moland
Member material. The original depositional thickness
of the Moland Member may have been negated by
subsequent Des Moines-lobe erosion.

Dimensions, shape, and geographic
distribution

DIFFERENTIATION FROM OTHER UNITS
Criteria for recognizing the New Ulm Formation
are described in the New Ulm Formation section of this
chapter. The Moland Member can be distinguished
from other members of the New Ulm Formation
by its sandier texture and lower shale content in
its diamicton facies. It is the lowest member in the
New Ulm Formation, so samples of similar texture
and lithology stratigraphically higher in the New
Ulm Formation section should not be considered to
be the Moland Member, but some local variation. In
the Minnesota River valley, it can be distinguished
from the Traverse des Sioux Formation because the
Traverse des Sioux Formation lacks Pierre Shale
clasts. The landscape where the Moland Member is
at the surface can be recognized as the area east of the
Bemis moraine, where the earlier landscape has been
modified by a very low-relief hummocky topography
with some shallow, undrained depressions. The
preexisting topography ranges from flat to moderately
dissected.

The surface distribution of the Moland Member
is shown in Figure 20.35. Its buried extent is not
well-known and is not shown. It could potentially
underlie most of the Des Moines lobe, but has most
likely been heavily eroded and completely removed

Age
There are no numerical ages directly tied to the
Moland Member in Minnesota. It is older than the
Bemis moraine, which has been consistently dated
at 14,000 14C yr BP (about 17,250 cal yr BP; Clayton
and Moran, 1982). The Moland Member probably
correlates to the Sheldon Creek Formation of Iowa,
which has been attributed to two glacial advances at
approximately 26,000 to 40,000 14C yr BP (about 31,000
to 43,700 cal yr BP; Kilgore and others, 2007).

Figure 20.35. Distribution of the Moland Member
(shaded) of the New Ulm Formation (black outline)
in Minnesota.
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CORRELATION
The Moland Member apparently correlates
lithostratigraphically to the Sheldon Creek Formation
in Iowa (Bettis and others, 1996). However, the
Sheldon Creek Formation is said to have been
deposited by two separate ice advances (Kilgore and
others, 2007), but only one advance is recognized in
Minnesota. The Moland Member probably correlates
to the Verdi Member of the New Ulm Formation,
which occupies a similar position outside the Bemis
moraine on the west side of the Des Moines lobe.
The texture and grain lithology of the Verdi Member
are different, but it may have formed from the same
glacial advance during the same time.
GENESIS
The Moland Member was deposited by glacial ice
and associated meltwater. It was deposited by the
Des Moines lobe in a broad sense, although strictly
speaking the Des Moines lobe label is applied to the
later Bemis phase that actually reached Des Moines,
Iowa. This ice advance followed the general trend of
the later Des Moines lobe, but not identically. The
lobe was wider than the lobe of the Bemis phase
advance in southern Minnesota, but did not extend
as far south. It may have been narrower on the
northeastern flank because it was hemmed in by ice
of the Rainy and Superior lobes, which had melted
by the Bemis phase. The Des Moines lobe in general
has a Riding Mountain provenance characterized
by fragments of gray shale, but because shale is
uncommon to rare in the Moland Member, it may be
called "Riding Mountain–Winnipeg" provenance.
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Twin Cities Member (revised) of the New Ulm Formation
Barbara A. Lusardi

Name and Rank

Fig. 20.36). In addition to diamicton, the Twin Cities
Member includes layers of sand and gravel and
lacustrine silt and clay.

I hereby formally name the Twin Cities Member
of the New Ulm Formation as a lithostratigraphic
unit of member rank. The name is revised from the
"Twin Cities Formation" as named and defined by
Stone (1966a).

NOMENCLATURAL HISTORY
Stone (1966a) defined this diamicton as part of
the "Twin Cities Formation." Meyer and Patterson
(1999) included till deposited by the Grantsburg
sublobe as part of their informally named "New
Ulm formation."

Lithologic description
The Twin Cities Member of the New Ulm
Formation consists predominately of diamicton,
which is a pebbly sandy loam to loam (average 50
percent sand, 32 percent silt, 18 percent clay; Fig.
20.36). The till color is variable but is typically
light yellow-brown (10YR 6/4) to brownish-gray
(10YR 6/2) where oxidized, and dark gray-brown
(10YR 4/1) to gray (10YR 5/1) where unoxidized. In
places the till is a blend of northwest- and northeastsource material; in other places, the till is stratified
with distinct brown and red layers. The average
composition of the very coarse-grained sand fraction
includes crystalline rocks (71 percent), carbonate
rocks (16 percent), and shale fragments (13 percent;

A.

TYPE SECTION
Stone's (1966a) original type section is a road
cut on the north side of 3rd Street, 0.25 mile (0.4
kilometer) east of Silver Lake Road in New Brighton,
Ramsey County, Minnesota (T. 30 N., R. 23 W., sec.
30, DBCD; U.S. Geological Survey New Brighton
quadrangle, 7.5-minute series, 1993; Fig. 20.37). This
site is no longer exposed.
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Figure 20.36. Ternary diagrams showing data from the Twin Cities Member of the New Ulm Formation
(n=130).
A. Matrix texture (less than 2 millimeter size fraction).
B. Composition of the very coarse-grained (1-2 millimeters) sand fraction.
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Twin Cities Member of the
New Ulm Formation
Type section (ESRI)
1:24,000

Figure 20.37. Location of the
original type section for the Twin
Cities Formation of Stone (1966a;
herein the Twin Cities Member
of the New Ulm Formation; U.S.
Geological Survey New Brighton
quadrangle, 7.5-minute series,
1993).

Twin Cities Member of the
New Ulm Formation
Reference section A (ESRI)
1:24,000

Figure 20.38. Location of
reference sect ion A (S t on e,
1 9 6 6 a ) f o r t h e Tw i n C i t i e s
Member of the New Ulm
Formation in Minnesota (U.S.
Geological Survey New Brighton
quadrangle, 7.5-minute series,
1993).

Reference sectionS

Minnesota (T. 35 N., R. 20 W., sec. 12, CCC; U.S.
Geological Survey Sunrise quadrangle, 7.5-minute
series, 1983; Fig. 20.39). In this small gravel pit, 25
to 30 feet (7 to 9 meters) of material are exposed,
although only the top 7 to 10 feet are not covered by
slump. Of that upper section, 4 to 5 feet (1.2 to 1.5
meters) are massive, blocky diamicton, which contain
inclusions of red sand. This diamicton is interpreted
to be till of the Twin Cities Member. The lower part
of the diamicton includes layers of brown till with
red streaks interbedded with red sand. The lower
contact of the diamicton is sharp but irregular. At

Stone (1966a) identified a reference section (here
referred to as reference section A) in a borrow pit
immediately east of Hart Lake and north of 37th
Street NE in St. Anthony Village, Ramsey County,
Minnesota (T. 30 N., R. 24 W., sec. 36, DDC; U.S.
Geological Survey New Brighton quadrangle, 7.5minute series, 1993; Fig. 20.38). This site has been
covered and is no longer available.
For this revision, a reference section B has been
identified. The site is a gravel pit in Chisago County,
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Figure 20.39. Location of
reference section B for the Twin
Cities Member of the New Ulm
Formation in Minnesota (U.S.
Geological Survey Sunrise
quadrangle, 7.5-minute series,
1983).

Twin Cities Member of the
New Ulm Formation
Reference section B (ESRI)
1:24,000

this site, the Twin Cities Member diamicton overlies
reddish sand with some gravel that is part of the
Cromwell Formation or Hillside Sand.

moraine along a line just north of Scandia, Hugo, and
eventually back into the Twin Cities metropolitan
area near Falcon Heights, Ramsey County, Minnesota
(Fig. 20.40).

DESCRIPTION OF BOUNDARIES

DIFFERENTIATION FROM OTHER UNITS

In most outcrops, the Twin Cities Member is the
uppermost diamicton. It may be overlain by lacustrine
sediment of the New Brighton Formation or younger
fluvial and organic sediment. Where exposed, the
lower contact is sharp where underlain by sand and
gravel of either the Hillside Sand or the Cromwell
Formation, and gradational where underlain by
diamicton of the Cromwell Formation. The Twin
Cities Member grades laterally into diamicton of the
Villard Member of the New Ulm Formation. The
boundary with the Villard Member follows the St.
Croix moraine (Fig. 13), which roughly follows the
Mississippi River valley in this region (Fig. 20.40).

The Twin Cities Member is the lateral equivalent
to the Villard Member, with the Twin Cities Member
sediment down-ice of the St. Croix moraine. Twin
Cities Member diamicton is similar to the Villard
Member in that it contains 12 to 20 percent gray
shale fragments. Unlike the Villard Member, the
Twin Cities Member includes increasing amounts
of red sediment towards the base. In addition, the
Twin Cities Member contains a greater amount of
dark and red rock fragments. The presence of gray
shale fragments distinguishes the Twin Cities Member
from the underlying Cromwell Formation and older
Pleistocene deposits.

Dimensions, shape, and geographic
distribution

Age

Till of the Twin Cities Member of the New Ulm
Formation extends northeast of the Mississippi River
from the Twin Cities metropolitan area to St. Cloud.
Its northern extent follows an irregular boundary
corresponding to the Pine City moraine near Pine
City, Minnesota (Fig. 13). To the east, the Twin Cities
Member extends to the state boundary; in Wisconsin,
this unit is included in the Trade River Formation,
which extends to Grantsburg, Wisconsin, for which
the Grantsburg sublobe was named. Finally to the
south, the Twin Cities Member follows the St. Croix

The Twin Cities Member of the New Ulm
Formation was deposited during the late Wisconsinan
glaciation. Radiocarbon dates range from 16,000
14
C yr BP (about 19,000 cal yr BP; Wright, 1972b) to
12,300 14C yr BP (about 14,500 cal yr BP; Clayton and
Moran, 1982). Johnson (2000) estimated the age to
be 14,000 14C yr BP (about 17,000 cal yr BP). A recent
summary of Minnesota glacial history suggested that
the advance that deposited the Twin Cities Member
occurred at around 13,000 14C yr BP (about 16,000
cal yr BP; Jennings and others, 2013).
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Figure 20.40. Distribution of the Twin Cities Member
(shaded) of the New Ulm Formation (black outline)
in Minnesota.

CORRELATION
The Twin Cities Member is the lateral equivalent
of the Villard Member of the New Ulm Formation.
It is also equivalent to the Trade River Formation of
western Wisconsin (Johnson, 2000).
GENESIS
The Twin Cities Member of the New Ulm
Formation is associated with the advance of the
Grantsburg sublobe, a northeast-trending offshoot
of the Des Moines lobe (Fig. 3). Deposits contain
abundant crystalline rocks (basalt, granite, and
rhyolite), red sandstone clasts, and some gray, siliceous
shale fragments. As it crossed the St. Croix moraine,
the Grantsburg sublobe incorporated Superiorprovenance debris of the Cromwell Formation, and
this is why the base of the Twin Cities Member till
is layered with reddish diamicton.
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Verdi Member (new) of the New Ulm Formation
Barbara A. Lusardi and Carrie E. Jennings

Name and Rank

In addition to the diamicton, the Verdi Member
includes associated sand and gravel that were
deposited in meltwater streams. These stream
channels extend to the south and west of the Verdi
Member margin, cutting through older till units.
In places, these stream channels may be occupied
by younger glacial stream deposits of the Ivanhoe
Member.

We hereby formally name the Verdi Member of
the New Ulm Formation as a lithostratigraphic unit
of member rank. It is named for the town of Verdi,
Lincoln County, Minnesota (Fig. 20.41).
Lithologic description
The Verdi Member is composed almost entirely
of loam diamicton that is a pebbly loam to clay loam
(average 32 percent sand, 40 percent silt, 28 percent
clay; Fig. 20.27). It is typically light olive-brown (2.5Y
5/6) to light yellow-brown (2.5Y 6/4) where oxidized,
and very dark gray (2.5Y 3/1) where unoxidized.
The average composition of the very coarse-grained
sand fraction includes crystalline rocks (45 percent),
carbonate rocks (42 percent), and shale fragments (13
percent; Fig. 20.27).

NOMENCLATURAL HISTORY
Till of the Verdi Member was originally considered
to be part of the "Iowan Drift" by Leverett and
Sardeson (1932). Ruhe (1950a, b) referred to this same
till as the "Tazewell Drift." Matsch (1972) called it
the "extramorainic shale-bearing drift." This material
was also referred to as the "Toronto till" by Gilbertson
(1990) and Lineberg (1993). Patterson (1997) mapped
this unit as the "Verdi till."
TYPE SECTION
B e c a u s e o f t h e s c a rc i t y o f e x p o s u re s i n
southwestern Minnesota, rotary-sonic core SWRA 1
(Minnesota Geological Survey core number 249609)
will serve as the type section for the Verdi Member
of the New Ulm Formation (Figs. 20.8, 20.41). The
core was drilled in Cottonwood County, Minnesota
(T. 107 N., R. 38 W., sec. 34, BCBCCD; U.S. Geological
Survey Westbrook quadrangle, 7.5-minute series,
1967; Fig. 20.9). In this borehole, approximately 45
feet (14 meters) of diamicton of the Verdi Member
occur starting at a depth of 105 feet (32 meters). The
Verdi Member is underlain by an older diamicton
that may correlate to the Gervais Formation (Fig.
11; Thorleifson and others, 2005; Harris and Berg,
2006). Immediately overlying the Verdi Member are
approximately 22 feet (7 meters) of diamicton of the
Ivanhoe Member of the New Ulm Formation.

Verdi
A B
C
D

Reference sectionS

SWRA 1

Reference section A is an augered Giddings hole
(number Q19882) about 5 miles (8 kilometers) west
of the town of Verdi, Pipestone County, Minnesota
(T. 108 N., R. 47 W., sec. 1, CDCC; U.S. Geological
Survey Elkton quadrangle, 7.5-minute series, 1967;
Fig. 20.42). In this hole, approximately 23 feet (7
meters) of light yellowish-brown (2.5Y 6/4) diamicton

Figure 20.41. Distribution of the Verdi Member
(shaded) of the New Ulm Formation (black outline)
in Minnesota. The town of Verdi, the locations of
reference sections A through D, and the location of
rotary-sonic core SWRA 1 (type section) are also
shown.
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of the Verdi Member occur below thin topsoil. A
3-inch (7-centimeter) layer of wet sand is present at a
depth of about 4 feet (1.2 meters). Samples and field
notes for this site are maintained at the Minnesota
Geological Survey in St. Paul.
Three additional Giddings sites, all located
about 30 miles (48 kilometers) southeast of Verdi, are
included for reference. Reference section B (number
Q19955) was drilled in Murray County, Minnesota
(T. 105 N., R. 43 W., sec. 19, BCCCC; U.S. Geological
Survey Edgerton NE quadrangle, 7.5-minute series,

1967; Fig. 20.43). In this hole, approximately 19 feet (6
meters) of light yellowish-brown (2.5Y 6/4) diamicton
of the Verdi Member occur below thin topsoil.
Reference section C (number Q19914) is also
in Murray County, Minnesota (T. 105 N., R. 43 W.,
sec. 11, DCCC; U.S. Geological Survey Chandler
quadrangle, 7.5-minute series, 1967; Fig. 20.44). At
this location, 14 feet (4 meters) of Verdi Member
diamicton occur.
Reference section D (number Q19968) is in
Nobles County, Minnesota (T. 104 N., R. 42 W.,

Figure 20.42. Location of
reference section A for the
Ve rd i M e m b e r o f t h e N e w
Ulm Formation in Pipestone
County, Minnesota: site Q19882
(U.S. Geological Survey Elkton
quadrangle, 7.5-minute series,
1967).

Verdi Member of the
New Ulm Formation
Reference section A (LMIC)
1:24,000

Figure 20.43. Location of
reference section B for the
Verdi Member of the New Ulm
Formation in Murray County,
Minnesota: site Q19955 (U.S.
Geological Survey Edgerton NE
quadrangle, 7.5-minute series,
1967).

Verdi Member of the
New Ulm Formation
Reference section B (LMIC)
1:24,000
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DESCRIPTION OF BOUNDARIES

sec. 6, CCBBC; U.S. Geological Survey Slayton SW
quadrangle, 7.5-minute series, 1967; Fig. 20.45). At
this location, the Verdi Member is capped by 3 feet (1
meter) of clayey silt. Below that, 7 feet (2 meters) of
diamicton of undesignated lithostratigraphic status
were encountered. Samples and field notes for these
sites are maintained at the Minnesota Geological
Survey in St. Paul.

South and west of the Bemis moraine, the Verdi
member occurs at the surface and lies atop an older
till, possibly the Gervais Formation (Thorleifson and
others, 2005; Harris and Berg, 2006). Where exposed
at the surface, the Verdi Member may be covered
by up to 5 feet (1.5 meters) of windblown sediment,
which is Peoria Formation loess. North and east of
the Bemis moraine, the Verdi Member is overlain by
till of the Bemis advance, herein called the Ivanhoe
Member of the New Ulm Formation.

Figure 20.44. Location of
reference section C for the
Verdi Member of the New Ulm
Formation in Murray County,
Minnesota: site Q19914 (U.S.
Geological Survey Chandler
quadrangle, 7.5-minute series,
1967).

Verdi Member of the
New Ulm Formation
Reference section C (ESRI)
1:24,000

Figure 20.45. Location of
reference section D for the
Verdi Member of the New Ulm
Formation in Nobles County,
Minnesota: site Q19968 (U.S.
Geological Survey Slayton SW
quadrangle, 7.5-minute series,
1967).

Verdi Member of the
New Ulm Formation
Reference section D (ESRI)
1:24,000
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Dimensions, shape, and geographic
distribution

CORRELATION
In South Dakota, the Verdi Member correlates
to the "Toronto till" of Gilbertson (1990). Patterson
(1997) indicated a possible correlation of the Verdi
Member to the "Moland phase" of the Des Moines
lobe, referring to the ice advance that deposited
the Moland Member of the New Ulm Formation
in eastern Minnesota (Patterson and Hobbs, 1995).
Although these two units may be about the same
age, they are lithologically distinguishable.

The Verdi Member lies at the surface and makes
up a narrow till plain southwest and parallel to the
prominent Bemis moraine in southwestern Minnesota
that runs through Pipestone, Rock, and Nobles
Counties. Constructional glacial landforms are
not obvious, and if it were not for the younger
Bemis moraine (Fig. 13), the diamicton would be
indistinguishable in the field from the diamicton
in the Bemis moraine (herein named the Ivanhoe
Member of the New Ulm Formation). About 32 feet
(10 meters) of Verdi Member material occur at the
type section approximately 34 miles (51 kilometers)
east of its surface exposure. There is little evidence
of the Verdi Member in outcrops or boreholes across
southern Minnesota. It is possible, but not likely,
that deposits of the Verdi Member once covered this
entire region but have since been eroded away.

GENESIS
The Verdi Member diamicton is interpreted to be
till deposited during the earliest advance of the Des
Moines lobe during the late Wisconsinan glaciation.
It was deposited by glacial ice (and its meltwater)
that moved into Minnesota from the northwest
(Riding Mountain provenance) and flowed south
and southeast across the state.

DIFFERENTIATION FROM OTHER UNITS
The Verdi Member is similar in color and texture
to the Ivanhoe Member but has on average 10 percent
more carbonate grains in the very coarse-grained
sand fraction (Fig. 20.7). The Verdi Member rests on
top of an older, dense, clay-loam diamicton, possibly
the Gervais Formation (Thorleifson and others,
2005; Harris and Berg, 2006), and may be covered
in places by loess of the Peoria Formation. The
older diamicton can be distinguished by its lack of
gray shale fragments. Associated outwash sand and
gravel of the Verdi Member tends to be more strongly
iron stained than the outwash associated with the
Ivanhoe advance, both of which may occur within
drainageways southwest of the Bemis moraine.
Age
The Verdi Member of the New Ulm Formation
was deposited during the late Wisconsinan glaciation.
Suggested ages of the Verdi Member range from
20,000 to 30,000 14C yr BP (24,000 to 34,300 cal yr
BP). Clayton and Moran (1982) reported a date of
20,670 +1,500/-1,000 14C yr BP (about 24,875 cal yr
BP) from wood in southwestern Minnesota. The
wood is interpreted to have been buried during
the ice advance that deposited the Verdi Member
diamicton and is from unpublished work by Matsch
(an advance he referred to as the "MN2 advance").
Gilbertson (1990) reported a date of 29,910 ± 1,100
14
C yr BP (about 34,200 cal yr BP) on wood from
deposits of the equivalent "Toronto advance" in
South Dakota.
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Villard Member (new) of the New Ulm Formation
Barbara A. Lusardi and Kenneth L. Harris

Name and Rank

very coarse-grained sand fraction includes crystalline
rocks (52 percent), carbonate rocks (31 percent), and
shale fragments (17 percent; Fig. 20.47). In addition to
the diamicton, the Villard Member includes associated
sand and gravel that were deposited in meltwater
streams, and silty lacustrine sediment.

We hereby formally name the Villard Member of
the New Ulm Formation as a lithostratigraphic unit
of member rank. It is named for the town of Villard
in Pope County, Minnesota (Fig. 20.46).
Lithologic description

NOMENCLATURAL HISTORY

The Villard Member is composed almost entirely
of diamicton, which is a pebbly loam to clay loam
texture, averaging 45 percent sand, 36 percent silt,
and 19 percent clay (Fig. 20.47). The diamicton color
is variable but is typically light yellow-brown (10YR
6/4) to brownish-gray (10YR 6/2) where oxidized,
and dark gray-brown (10YR 4/1) to gray (10YR 5/1)
where unoxidized. The average composition of the

This unit was designated as unit RRV 12, part
of the informal "Otter Tail River group," by Harris
and others (1995, 1999, 2003; Table 5). Harris and
Berg (2006) correlated their "Villard formation" of
the Otter Tail River group with unit RRV 12. In
Todd County, Knaeble and Meyer (2007a) attributed
Des Moines-lobe deposits, including what is now
included in the Villard Member, to the "New Ulm
Formation." In Stearns County, Meyer and Knaeble
(1995) identified deposits as being associated with
the Des Moines lobe (correlating with the "New Ulm
Till" of Matsch, 1972).
TYPE SECTION
Minnesota Geological Survey rotary-sonic core
N-8005 (Minnesota Geological Survey number 255372)
is designated the type section for the Villard Member
of the New Ulm Formation (Figs. 20.48, 20.49). The
core was drilled in Pope County, Minnesota (T.
123 N., R. 38 W., sec. 10 DDDD; U.S. Geological
Survey Swift Falls quadrangle, 7.5-minute series,
1968). An original summary of this core appeared
in Harris and others (2003). Since then, however, the
interpretation of named units has been revised. In
this borehole, approximately 65 feet (20 meters) of
diamicton of the Villard Member are at the surface.
The Villard Member is underlain by approximately
25 feet (8 meters) of diamicton interpreted to be the
Dovray Member (but referred to as the "James River
formation" by Harris and others, 1999; Table 5).

Villard
Swift Lake
quadrangle
Heatwole
quadrangle

Figure 20.46. Distribution map showing the extent
of the New Ulm Formation (bold outline), and the
aerial extent (dark gray) and interpreted subsurface
extent (light gray) of the Villard Member. Where the
Villard Member extends beyond the boundary of the
New Ulm Formation it is considered part of the James
River formation. The town of Villard, and the Swift
Lake and Heatwole quadrangles are also shown.

Reference section
Rotary-sonic core MCL-2 (Minnesota Geological
Survey number 257599) will serve as the reference
section for the Villard Member of the New Ulm
Formation (Figs. 20.50, 20.51). The core was drilled
in McLeod County, Minnesota (T. 116 N., R. 30 W.,
sec. 22, CBBBBB; U.S. Geological Survey Heatwole
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Figure 20.47. Ternary diagrams showing data from the Villard Member of the New Ulm
Formation.
A. Matrix texture (less than 2-millimeter size fraction).
B. Composition of the very coarse-grained (1-2 millimeter) sand fraction.

Figure 20.48. Location of the type
section for the Villard Member
of the New Ulm Formation in
Minnesota (U.S. Geological
Survey Swift Falls quadrangle,
7.5-minute series, 1968).

Villard Member of the
New Ulm Formation
Type section (ESRI)
1:24,000

quadrangle, 7.5-minute series, 1982). In this borehole,
approximately 74 feet (23 meters) of sandy loam
diamicton of the Villard Member were encountered at
the surface. The upper 16 feet (5 meters) are oxidized
yellowish-brown (10YR 4/4 to 10YR 5/4). Below
16 feet (5 meters), the diamicton is unoxidized very
dark gray (5Y 3/1). The overall texture averages 47
percent sand, 33 percent silt, and 20 percent clay, and

the average composition of the very coarse-grained
sand fraction includes crystalline rocks (56 percent),
carbonate rocks (30 percent), and shale fragments
(14 percent). The lowermost couple of feet (1 meter)
consist of diamicton that may be from the Moland
Member. The diamicton is underlain by 2 feet (0.6
meter) of coarse-grained sand and gravel, which are
underlain by nearly 40 feet (12 meters) of diamicton
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Figure 20.49. Log of Pope County rotary-sonic
core 8005 (site 255372), the type section of the
Villard Member, sampled at T. 123 N., R. 38 W.,
sec. 10, DDDD; U.S. Geological Survey Swift Falls
quadrangle, 7.5-minute series, 1968. See Figure 20.46
for location.

The Villard Member marks the northern extent
of the shale-bearing sediments of the New Ulm
Formation. The Villard Member is exposed at the
surface north and east of the Alexandria moraine
complex in central Minnesota (Figs. 13, 20.46), and
north of a line extending roughly from Willmar
to Brownton to Glencoe and across into parts of
northern Carver, western Hennepin, and eastern
Scott Counties. In places, the Villard Member may
be capped by a thin layer of silty lacustrine sediment.
It is underlain by a variety of older units including
the non-shale-bearing diamictons of the Wadena lobe
(Hewitt Formation) and the Superior lobe (Cromwell
Formation). It may also be underlain by diamicton of
the Traverse des Sioux Formation, the Good Thunder
formation, or even older units composed of Winnipegprovenance diamicton. In south-central Minnesota
(Sibley and Nicollet Counties), the Villard Member
is underlain by a low-shale New Ulm Formation
diamicton that may correlate to the Moland Member
identified further to the east. Along its southern
extent, the Villard Member may be found adjacent
to, and in places overlain by, age-equivalent and
slightly younger deposits of the Heiberg Member of
the New Ulm Formation. To the north and east across
the Mississippi River valley, the New Ulm Formation
till lithostratigraphically equivalent to the Villard
Member becomes mixed with red deposits of the
northeast-sourced Superior lobe. In this region, the

Figure 20.50. Location of the
reference section for the Villard
Member of the new Ulm Formation
in Minnesota (U.S. Geological
Survey Heatwole quadrangle,
7.5-minute series, 1982).

Villard Member of the
New Ulm Formation
Reference section (ESRI)
1:24,000
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Figure 20.51. Log of McLeod County rotarysonic core 2 (site 257599), the reference section
for the Villard Member, sampled at T. 116 N., R.
30 W., sec. 22, CBBBBB; U.S. Geological Survey
Heatwole quadrangle, 7.5-minute series, 1982.
See Figure 20.46 for map location.
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mixture of brown/gray material from the northwest
with the red material from the northeast (attributed
to the Grantsburg sublobe of the Des Moines lobe) is
defined as the Twin Cities Member of the New Ulm
Formation (this chapter).
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River valley in Renville and Nicollet Counties. In
the south-central part of the state, diamicton of the
Villard Member has been identified in drill holes in
Le Sueur, Rice, and Scott Counties.
DIFFERENTIATION FROM OTHER UNITS

Dimensions, shape, and geographic
distribution

The Villard Member is less sandy and contains
more gray shale fragments than do the various
underlying older tills from the north and northeast
(Fig. 20.47). The Villard Member is overlain by the
Heiberg Member, which is less sandy and contains
nearly twice as many gray shale fragments than does
the Villard Member.

There are no clear geomorphic features that
mark the boundaries of the Villard Member. At its
northernmost extent, the Villard Member is exposed
at the surface atop and north of the prominent
Alexandria moraine complex—across the eastern half
of Douglas, Pope, and Kandiyohi Counties. It is also
exposed in the southwest corner of Todd County, as
well as across the western half of Stearns County and
parts of Meeker, McLeod, Wright, Carver, Hennepin,
and Scott Counties. Drilling indicated that the
Villard Member extends below the Heiberg Member
to the south, but not as far as the present Minnesota

Age
The Villard Member of the New Ulm Formation
was deposited during the late Wisconsinan glaciation.
No dates are associated directly with the Villard
Member; however, it was deposited during the same
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event that formed the Pine City moraine (Fig. 13). The
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age of this event was suggested to be approximately
12,300 14C yr BP (about 14,450 cal yr BP; Wright and
Rubin, 1956; Clayton and Moran, 1982), but in a recent
summary of Minnesota glacial history, the formation
of the Pine City moraine was suggested to be older,
at around 13,000 14C yr BP (about 16,000 cal yr BP;
Jennings and others, 2013).
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CORRELATION
The Villard Member of the New Ulm Formation
continues north of the Big Stone moraine, where it is
included in the informal James River formation. The
nomenclature break occurs at the Big Stone moraine or
at about lat 46°N., the approximate boundary between
Red River lobe and Des Moines lobe nomenclature.
The Villard Member is the lateral equivalent of the
Twin Cities Member of the New Ulm Formation.
The Heiberg and Villard Members are coeval but are
not lithologically equivalent. The Villard Member is
also lithostratigraphically equivalent and correlative
in age to the Trade River Formation in Wisconsin
(Johnson and Hemstad, 2000).
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Moland?

Figure 20.52. Initial ice movement (black arrows)
during the deposition of the Villard and Heiberg
Members of the New Ulm Formation (modified from
Lusardi and others, 2011).

GENESIS
The Villard Member diamicton was deposited
by glacial ice (and its meltwater) that moved into
Minnesota from the north (Winnipeg provenance),
and we interpret the diamicton to be till. The shale
content of the till, however, suggests that ice streams
from the northwest (Riding Mountain provenance)
also contributed to the advancing ice. The ice flowed
through the present Red River Valley and across the
prominent and sandy Alexandria moraine complex
(Fig. 20.52). The Villard Member can be traced downice into the northeast protruding sublobe of the Des
Moines lobe, the Grantsburg sublobe, where it mixed
with red deposits from the northeast to form deposits
of the Twin Cities Member. The ice that deposited
the Villard Member likely did not extend south to the
present Minnesota River valley because its advance
was impeded by the presence of a second ice lobe
that was advancing at the same time lateral to it. The
flow-parallel junction of the till sheets is marked by
a subtle, broad, linear highland that becomes less
distinct in its southeastern extent (see Fig. 20.26).
It is dotted with small hills of sand and gravel. The
Heiberg Member overlaps the Villard Member along
this junction, indicating that the two ice streams were
dynamically independent; as the northern (Villard) ice
stream thinned, stagnated, or retreated, the southern
(Heiberg Member) ice stream moved into that area
(Fig. 20.53; Lusardi and others, 2011).

Grantsburg
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0
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60 mi
80 km
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Ivanhoe
Verdi

Moland?

Figure 20.53. Later ice movements (black arrows)
during deposition of Heiberg Member diamicton
(solid line) on top of the Villard Member as the Villard
Member ice source diminished and the Heiberg
Member ice spread into that area. The area where
the Heiberg Member overlaps the Villard Member
is both shaded and stippled (modified from Lusardi
and others, 2011).
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Chapter 21
Peoria Formation (revised)
Howard C. Hobbs

NAME AND RANK

"Peoria Silt," avoiding the lithogenetic term "loess."
Loess had long been recognized in Minnesota, but
not formally named. For example, Leverett and
Sardeson (1932) recognized the loess of southeastern
Minnesota as part of a much larger Mississippi–Ohio
River valley loess deposit and attributed the loess
of southwestern Minnesota to dust blown from the
Missouri River valley and the arid western plains.
Many Minnesota Geological Survey county atlas
maps showed loess as an unnamed overlay. The first
use of the Peoria name in Minnesota was by Hobbs
(1999). He used it informally in the current sense
as a formation containing two map units: loess and
eolian sand. Since 1999, most Minnesota Geological
Survey maps that include significant areas of loess
have treated this unit as an informal lithostratigraphic
formation. Maps include Hobbs (2000, 2005) and
Meyer and Lusardi (2000). The surficial geologic
map of the Faribault quadrangle (Lusardi and others,
2002) did not use lithostratigraphic terminology, but
acknowledged that the loess unit is equivalent to the
Peoria Formation.

The "Peoria Silt" as revised by Hansel and Johnson
(1996) is hereby accepted as a lithostratigraphic unit
of formation rank in Minnesota, where it will be
called the Peoria Formation. It is here revised to
include sand associated with the silt. The name
comes from the city of Peoria, Illinois. This chapter
provides information about its extent and character
in Minnesota.
Lithologic description
The Peoria Formation is composed predominantly
of massive silt loam (silt with minor admixture of clay
and fine-grained sand). It contains in places a thin
basal layer of clean, fine- to medium-grained sand.
In places, the basal sand is the main unit, covered
thinly or not at all by silt. In other places, the entire
unit is composed predominantly of fine- to very
fine-grained sand. The oxidized color of the Peoria
Formation is typically light olive-brown (2.5Y 5/4),
but in places it is yellowish-brown (10YR 5/4). The
unoxidized color (rarely present in surface exposures)
is dark gray to dark grayish-brown (2.5Y 4/1, 4/2).
The unit is calcareous except where leached. The
leached zone is normally the upper 5 to 6 feet (1.5
to 1.8 meters). White concretions of secondary
carbonate, known as "loess puppies," commonly are
present in the upper approximately 3 feet (1 meter) of
the unleached zone, and locally deeper. The Peoria
Formation is interpreted to be eolian sediment.
Mason (1992) made many detailed descriptions of
Peoria Formation sediments in Fillmore and Houston
Counties, Minnesota.

TYPE SECTION
The type section is the Tindall School Section
in the west bluff of the Illinois River valley south of
Peoria, Illinois (Hansel and Johnson, 1996).
Reference sectionS
Minnesota reference sections are hereby chosen
to represent the silt facies and the sand facies,
respectively. Reference section A, Hokah 2, is a
construction road cut in a realigned segment of
Houston County Road 18, near the town of Hokah,
Minnesota (T. 103 N., R. 4 W., sec. 10, BBD; lat
43°44'36"N., long 91°18'41"W.; U.S. Geological Survey
Brownsville quadrangle, 7.5-minute series, 1980; Fig.
21.1). The description here has been condensed; the
full description of the Peoria Formation is on page
114 of Lively and others (1987).
The upper horizons of the modern soil are not
present. The description begins with the current land
surface. Depth is in inches, followed by centimeters
in parentheses. Using pedologic terminology, the
description is as follows:

NOMENCLATURAL HISTORY
The name "Peorian" was introduced by Leverett
(1899) for a soil that he inferred to have formed during
an interglacial interval. Alden and Leighton (1917)
applied the name to loess deposits previously called
"Iowan." The name was modified to "Peoria loess"
for use as a lithostratigraphic unit in Kansas (Frye
and Leonard, 1951), and that usage was introduced
in Illinois by Frye and Willman (1960). Hansel and
Johnson (1996) changed the formation name to
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Figure 21.1. Location of
reference section A for the
Peoria Formation in Minnesota,
type section for the Roxana
Silt, and reference section for
the Loveland Formation (U.S.
Geological Survey Brownsville
quadrangle, 7.5-minute series,
1980).

Peoria Formation
Reference section A (ESRI)
1:24,000

0-18 inches (45 centimeters): BC horizon: Dark
yellowish-brown to yellowish-brown (10YR
4/4-5/4) silt loam, moderate coarse-grained
subangular blocky structure, friable, noneffervescent, common fine-grained oxides, and
abundant root tubules.
18-60 inches (45-152 centimeters): C1 and C2 horizons:
Yellowish-brown (10YR 5/4) silt loam, massive,
friable, abundant fine-grained oxides, common
iron concretions, common to abundant grayishbrown (2.5Y 5/2) mottles, with yellowish-brown
(10YR 5/6) mottles in lower part, common to
abundant root tubules in upper part.
60-89 inches (152-226 centimeters): C3 and C4
horizons: Yellowish-brown and light yellowishbrown (10YR 5/4 and 6/4) silt loam, massive,
friable, abundant fine-grained oxides, moderate
to strong effervescence, few fine-grained iron and
carbonate concretions in lower part, common
to abundant mottles and streaks of grayer and
browner colors.
89-103 inches (226-261 centimeters): C5 horizon:
Grayish-brown (10YR 5/2) silt loam, massive,
firm, abundant fine-grained oxides in upper
half, moderate to strong effervescence, abundant
coarse-grained yellowish-brown to brownishy e l l o w ( 1 0 Y R 5 / 6 - 6 / 8 ) i ro n c o n c re t i o n s
(pipestems) with brown (7.5YR 4/2) centers,
few gastropod shells.
• The Peoria loess proper in this cut is underlain
by sediment labeled as "pedisediment." This
is interpreted to be slopewash derived from

above. It must be very local because this
site is less than 1,000 feet (305 meters) from
a divide. It is presumably derived from the
underlying Roxana Silt, mixed with the first
increment of the dust that formed the Peoria
Formation.
103-107 inches (261-271 centimeters): 2C horizon:
Brown to grayish-brown (7.5YR-2.5Y 5/2) silt
loam, weakly stratified, moderate to weak
effervescence, few fine-grained carbonate
concretions, pipestems as above.
At this site, the Peoria Formation is underlain by
the Farmdale Soil developed in silt of the Roxana Silt
(Chapter 23), which in turn overlies the Sangamon Soil
developed in "slopewash sediments" over weathered
Paleozoic sandstone (see Chapter 17).
Reference section B, is a backhoe trench in a
county Conservation Reserve field in Fillmore County,
Minnesota (T. 101 N., R. 12 W., sec. 23, CCA; lat
43°31'53" N., long 92°14'41"W.; U.S. Geological Survey
Greenleafton quadrangle, 7.5-minute series, 1965;
Fig. 21.2). The trench was excavated in a linear sand
"stringer" near but outside the area of thick Peoria
Formation silt. The west side of the trench was
excavated in sand; the east side in silt outside the
stringer. Descriptions are simplified from Zanner
(1998), supplemented by notes from the author.
Thirteen stratigraphic units above bedrock were
recognized in several backhoe excavations in the
area, six of which comprise the Peoria Formation at
this site. All six units within the Peoria Formation
are present at this location. All are described here
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Figure 21.2. Location of
reference section B for the Peoria
Formation in Minnesota (U.S.
Geological Survey Greenleafton
quadrangle, 7.5-minute series,
1965).

Peoria Formation
Reference section B (ESRI)
1:24,000

in order to clarify the stratigraphic setting of the
Peoria Formation sand facies. All contacts within
the Peoria Formation are conformable. No scour
surfaces were recognized, nor are there any incipient
paleosols present.
Peoria Formation
1. Solum of modern soils. Dickenson series (finegrained sandy loam) is mapped where sand
forms the surface layer. Kasson series (silt loam)
is mapped off the stringer. Thickness about 2
feet (0.6 meter).
2. Bioturbated silty sand (west side); bioturbated
silt (east side). In both these units, roots and
burrowing animals have obliterated any primary
sedimentary structures. Some pedogenic
development occurs, including organic and clay
lamellae in the sand facies. Sand component of
this and underlying Peoria Formation units is
on the borderline between fine- and mediumgrained sand. Both bioturbated units are dark
yellowish-brown to olive-brown (10YR-2.5Y 4/4),
noncalcareous (for thickness, see unit 3).
3. Undisturbed sand (west) and silt (east). In the
sand facies, lamellae and individual animal
burrows are present, but depositional features
are well-preserved. The sand grades east to a
relatively uniform silt. Overall color of the sand
is hard to determine because of bedding, but
probably brown (10YR). Noncalcareous. The
sand is thinly laminated less than 0.2 inch (1 to
5 millimeters); beds are primarily flat, but a few
short segments of more inclined stratification

4.

5.

6.
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were observed. The beds appear to be defined
by a small amount of finer-grained material
periodically added to a uniform, fine- to mediumgrained sand. No bands of coarser-grained sand
were observed. Total thickness of units 2 and 3 is
about 3 feet (1 meter), but the relative thickness
of the bioturbated and undisturbed parts varies
considerably within the trench.
"Cemented" sand. This thin unit is similar to
the unit above, but pedogenic clay has cemented
the grains, and somewhat obscured the bedding.
Yellowish-brown (10YR 5/6), noncalcareous.
Units 4, 5, and 6 underlay the sand facies of unit
3, but apparently pinch out beneath the silt facies
(not exposed as far east because of the ramp
leading out of the trench). These units, unlike
the ones above, are disturbed by cryoturbation
features. Total thickness of the three units is
about 2 feet (0.6 meter).
Laminated sand; includes silty beds up to an
inch (2.5 centimeters) thick. The thicker silty
beds consist of thin laminae of silt and sand.
Unit 5 is the same as unit 4 except without the
clay cement. The lowest beds are primarily
sand that has filled in the microtopography on
unit 6 below. Sand ranges from strong brown to
yellowish-brown (7.5YR 4/6 to 10YR 5/6). Silt
beds typically are light brownish-gray (10YR
6/2). Both are noncalcareous.
Silt with sand beds. There is an abrupt change
from sand to the silt at the boundary, but unit 6
contains thin sand laminae. Silt is generally pale

brown (10YR 6/3), whereas the sand laminae
are yellowish-brown (10YR 5/6) from limonite
staining. This unit appears to drape, rather than
fill in, microtopography on unit 7. The lower
contact is sharp.

(Mossler, 1995). These older, unconsolidated units
are thin and include two stone lines, a sand and
gravel unit, and bedrock residuum.

Older (pre-Peoria Formation) units
7. Stone line 1. A concentration of cobbles and
pebbles, predominantly graywacke, basalt, and
granite, with a few cherty fossils. Many of the
stones are ventifacts—they have been faceted and
polished by windblown sand. The stones are
generally rooted in sand and gravel (unit 8) or
diamicton (unit 9) below, and protrude into unit
6 or unit 8 above. But they are not ventifaceted
only on the protruding side; some are faceted
on several different sides. Interpreted to be
an erosional lag of underlying units. Exposed
to windblown sand, and shifted or overturned
while being sandblasted. The stone line has been
disrupted, and stones have locally been thrust
up into the overlying silt.
8. Sand and gravel or sand. Generally yellowishbrown to strong brown (10YR to 7.5YR 5/6).
Displays great variety of textures including
medium-grained sand lacking gravel, sandy
gravel, silty fine-grained sand. Typically dirty
and noncalcareous. Mostly underlies the stone
line, but covers it in places. Thickness is 1 foot
(0.3 meter) or less. Sand in this position, below
silt of the Peoria Formation but above a diamicton,
is widely recognized in soil descriptions of this
area (Voy and Highland, 1975; Carlson, 1989).
Interpreted to be a barren-landscape slopewash,
but may be eolian in part, especially the finergrained component above the stone line.
9. Diamicton. Strong brown (7.5YR 5/6), stony,
sandy loam with sand inclusions (texture is loam
or sandy clay loam in places). Coarse-grained
fragments predominantly are erratics. Unsorted,
noncalcareous. Displays many cryoturbation
structures: sand wedges, sand-filled cracks and
involutions. Thickness varies from absent to 3
feet (1 meter). Interpreted by Zanner (1998) to be
glacial till, but interpreted here to be a solifluction
deposit which reworked older diamicton (till) and
gravelly sand (either glaciofluvial, slopewash,
or both). This author has interpreted some
diamicton in the area to be pre-Wisconsinan till,
but these layers are thicker, denser, and much
less sandy than this deposit.

The Peoria Formation in most places is not
overlain by any other geologic unit in Minnesota.
The modern soil is developed in the upper part
of the Peoria Formation. This is in contrast to its
distribution in Iowa, where the Peoria Formation is
commonly overlain by till of the Dows Formation,
which is lithostratigraphically equivalent to (most of)
the New Ulm Formation of Minnesota (Chapter 20).
The lower contact of the Peoria Formation is generally
a sharp erosional contact with older units. The most
common units are bedrock formations and diamicton
deposits of older, pre-Wisconsinan glaciations. In a
small portion of its extent, it overlies the Roxana Silt,
with a moderately sharp contact (Lively and others,
1987). In some places, the Peoria Formation overlies
a partly truncated Sangamon Soil developed in older
Quaternary sediment. In some places, the Peoria
Formation is underlain by glacial and glaciofluvial
sediment of the late Wisconsinan glaciation; here
only the upper part of the Peoria Formation was
deposited. This last situation is common outside
the core areas of Peoria Formation deposition in
southeast and southwest Minnesota.

DESCRIPTION OF BOUNDARIES

Dimensions, shape, and geographic
distribution
In Minnesota, thick silt of the Peoria Formation
occupies two areas: southeastern and southwestern
Minnesota, separated by deposits of the New Ulm
Formation. The Peoria Formation in southwestern
Minnesota has not been studied in detail, and its
thickness and grain-size distribution are not well
known. A pattern of thin loess close to the ice of the
last glaciation, and thicker loess farther away may be
inferred by analogy to southeastern Minnesota. In
southeastern Minnesota, loess of the Peoria Formation
thins and fines eastward from an abrupt western
limit of thick loess (Mason and others, 1994). Within
a few miles of the limit, it may be composed of very
fine-grained sand and be up to 20 feet (7 meters)
thick. Away from the limit, the loess layer is typically
15 feet (5 meters) thick on relatively flat uplands,
thinning on increasingly steep slopes. However,
its thickness is augmented in footslope positions,
presumably with slopewash and mudflow addition
from upslope. Cryptic increments of re-transported
loess are included in the Peoria Formation, because
there is no practical way of recognizing them. The

In places unit 9 is underlain by units 10 to 13,
over dolostone bedrock of the Wapsipinicon Group
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maximum thickness documented in Minnesota is
about 33 feet (10 meters). The sand facies of the
Peoria Formation is rarely thicker than 3 to 6 feet
(1 to 2 meters). Figure 21.3 shows the distribution
of thick silt of the Peoria Formation. The Peoria
Formation is thin and patchy over much of Minnesota,
especially over outwash sand and gravel, but also
over any sediment downwind of large glacial lakes,
which acted as a local source of windblown silt and
fine-grained sand when they dried up.

color, generally brown to reddish-brown (7.5 and
5YR 5/4). Postglacial alluvium tends to be silty,
especially in drainage areas where the Peoria
Formation is widespread, but alluvial silt is restricted
to floodplains, typically exhibits visible bedding,
and contains some organic material, which is rare
in the Peoria Formation. Silty colluvium on slopes
is not defined as a formal stratigraphic unit at this
time. Where it is visually indistinguishable from
the Peoria Formation, it is included, and where it
contains coarse-grained fragments of local bedrock,
the colluvium is excluded from the Peoria Formation
and included in an as yet unnamed formation.
Sand of the Peoria Formation is well-sorted, fine- to
medium-grained sand lacking pebbles. Glaciofluvial
sand almost everywhere contains at least some
pebbles and coarse-grained sand. Glaciolacustrine
sand normally displays bedding.
Two other silty, eolian lithostratigraphic units
are recognized in Minnesota underneath the Peoria
Formation: the Roxana Silt and the Loveland
Formation. The Roxana Silt is redder and finergrained than the Peoria Formation silt; it typically
is brown (7.5YR 4/2-4/4) to pink (7.5YR 7/4). It
is thin, commonly less than 3 feet (1 meter) thick,
and has been leached to its full thickness. Silt of
the Loveland Formation is much more weathered
than silt of the Peoria Formation. It has developed
a strong soil profile (the Sangamon Soil) that extends
through the entire unit, at least where observed in
Minnesota. The upper part of the Sangamon profile
has been strongly enriched in clay, but silt is still the
dominant grain size. Sand is very minor, and some
larger grains are secondary oxides.

DIFFERENTIATION FROM OTHER UNITS
The Peoria Formation can be distinguished from
glacial and glaciofluvial sediments by its lack of large
clasts. The only units that the Peoria Formation is
likely to be confused with are other eolian units,
slopewash deposits, and certain glaciolacustrine
sediments. Silt and very fine-grained sand of
the Peoria Formation can be distinguished from
glaciolacustrine sediment of the New Ulm Formation
by lack of bedding in the former. Glaciolacustrine
silt of the Cromwell Formation can be distinguished
from the Peoria Formation by bedding and a redder

Age
Basal ages of the Peoria Formation range from
less than 20,000 to about 29,000 14C yr BP (about 24,000
to 33,500 cal yr BP). Deposition ended in most areas
about 13,000 14C yr BP (about 15,850 cal yr BP; Ruhe
and others, 1968; McKay, 1979). Thermoluminescence
dates on undisturbed sand of the Peoria Formation in
Fillmore County range from about 15,000 to 11,000 yr
BP (Zanner, 1998). The younger dates on sand suggest
that sand continued to blow locally, even after the
major sources of silt were covered by vegetation.
CORRELATION

Figure 21.3 Distribution of the Peoria Formation
within Minnesota. The area of thick Peoria
Formation deposits is dark gray, the area of thin
Peoria Formation deposits is light gray, and the
area where the Peoria Formation is locally patchy
or nonexistent is white.

Mason and others (1994) suggested that the
Peoria Formation is correlated in time and process to
the Iowan Erosion Surface of Iowa and southeastern
Minnesota, from which it derived some of its material.
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The thin silt and sand deposits that overlie the
Iowan Erosion Surface are here included in the
Peoria Formation. Correlative deposits sharing the
Peoria Formation name occur in neighboring states,
especially states that contain areas that remained icefree during the Wisconsinan glaciation. In Wisconsin,
the correlative unit is called the Peoria Member of
the Kieler Formation, which includes all the loess
units of Wisconsin (Syverson and others, 2011).
The correlative unit in Iowa is called "Peoria loess"
(for example Prior, 1991). In Nebraska, the Peoria
Formation includes the Peoria Loess and the Peoria
Dunesand (Reed and Dreeszen, 1965).
GENESIS
The Peoria Formation is windblown material
deposited during the last glaciation (Wisconsinan
Episode). It resulted from a widespread disruption of
vegetative cover as continental glaciers advanced out
of the Canadian Shield. In part, this disruption was
from large amounts of sediment washed out from the
glaciers, creating braided streams overloaded with
sediment. The strong dependence of these streams
on meltwater supply resulted in wide dry flats in the
winter, from which sand and silt were picked up by
winds. In addition, the climate was chilled by masses
of ice for many miles beyond the glacier front, creating
a wide zone of permafrost (Johnson, 1990; Hobbs,
unpub. data). The periglacial area was a surface of
transport for saltating sand grains, and the frostchurned surface was probably also a source of dust
(Mason, 1992; Mason and others, 1994, 1999; Zanner,
1998). This periglacial area in northeastern Iowa and
southeastern Minnesota had been considered the till
of an "Iowan" glaciation younger than the Illinoian,
because it lacked a Sangamon Soil. Ruhe and others
(1968) demonstrated that this area was actually an
erosion surface cut in older till and renamed it the
"Iowan Erosion Surface." Because its deposition
closely tracked upwind erosion, the initiation and
cessation of deposition is strongly time-transgressive
over the extent of the formation.
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Chapter 22
Rose Creek Formation (new)
Gary N. Meyer

NAME AND RANK

but is darker in places (10YR 5/4-8, 10YR 4/3). Gley
colors have been noted to range in hue from 7.5Y to
5G; the value ranges from 4 to 6. The unoxidized
moist color is generally 5-7.5Y 4-5/1. Paleozoic
carbonate composes a moderate proportion of the
very coarse-grained (1-2 millimeter) sand fraction
with 32 outcrop, auger, and core samples averaging 22
percent, and 14 cuttings samples averaging 19 percent.
Cretaceous grains are absent to rare, averaging 1
percent (Meyer, 2000).

I hereby formally name the Rose Creek Formation
as a lithostratigraphic unit of formation rank. The
formation is named after the town of Rose Creek,
Mower County, Minnesota (U.S. Geological Survey
Rose Creek quadrangle, 7.5-minute series, 1982).
Lithologic description
The Rose Creek Formation includes diamicton
and sorted sediment. The diamicton facies ranges
from loam to sandy loam in texture (Fig. 22.1), and
in many areas is characterized by thin interbeds of
sand and gravel. In the type area of Mower County,
169 samples averaged 49 percent sand, 33 percent silt,
and 18 percent clay (Meyer, 2000). The oxidized moist
color is generally light olive-brown (2.5Y 5/4-8) to
light yellowish-brown to olive-yellow (2.5Y 6/3-8),

NOMENCLATURAL HISTORY
The informal "Rose Creek formation" was defined
and mapped in Mower County by Meyer and Knaeble
(1998) to include till and associated sorted sediment
and paleosols. It was correlated by Meyer (2000)
with the "Saum till" (Meyer, 1997) of north-central
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Minnesota, and with the "sandy till" (Hobbs, 1988)
of Olmsted County, southeastern Minnesota. The
informal unit was later mapped in parts of Dodge,
Olmsted, and Fillmore Counties by Hobbs (2005).

(83 centimeters) thick, which was followed about 70
feet (21.5 meters) into the bank of Rose Creek. Peat
and organic silt are present between Browerville
and Rose Creek Formation diamictons at a number
of sites across Mower County. Mottled, grayishbrown (2.5Y 5/2), calcareous, loamy diamicton of
the older Elmdale Formation is present at creek level
(Quaternary unique number 00Q0021234) about 1,640
feet (500 meters) to the south of the Weimer cut, at
an elevation of 1,255 feet (383 meters). Samples from
both exposures are stored at the Minnesota Geological
Survey in St. Paul.

TYPE SECTION
The type section is a stream cut. The site
(the "Weimer cut," Quaternary unique number
00Q0021233) is located along the south bank of
Rose Creek in Mower County, Minnesota (T. 103 N.,
R. 17 W., sec. 12, DAACCC; U.S. Geological Survey
Brownsdale quadrangle, 7.5-minute series, 1982;
Fig. 22.2), approximately 3.3 miles (5.3 kilometers)
northeast of the town of Rose Creek. At the top of
the section at about 1,271 feet (387 meters) above
mean sea level and below a postglacial gravel lag
lie 2 to 3 feet (0.6 to 0.9 meter) of yellowish-brown
(10YR 5/4), noncalcareous, loamy diamicton of
the Browerville Formation, over about 1 foot (0.3
meter) of very dark grayish-brown (10YR 3/2, 3/1),
noncalcareous, silty clay loam, interpreted to be
a paleosol (the Bennington Member of the Rose
Creek Formation). Below is brown (10YR 4/3),
noncalcareous, loam-textured diamicton, becoming
less clayey and lighter colored (2.5Y 5/4) with depth,
and ranging to sandy loam in texture. The diamicton
is calcareous below 8 feet (2.4 meters) from the top.
A sample at water level, 12 feet (3.7 meters) below
the top, had 17 percent Paleozoic carbonate in the
1-2 millimeter grain-size fraction, and no Cretaceous
grains. Winchell (1884) reported an attempt near
this site to mine a peat bed that was up to 18 inches

Reference sectionS
Reference section A is a continuous rotary-sonic
core: MR-3 (Meyer, 2000), Minnesota Geological
Survey unique number 250762. The site is located in
Mower County, Minnesota (T. 103 N., R. 16 W., sec.
16, CDCDDD; U.S. Geological Survey Brownsdale
quadrangle, 7.5-minute series, 1982; Fig. 22.3),
approximately 3 miles (4.6 kilometers) west of Dexter
and about 8.5 miles (13.5 kilometers) northeast of
Rose Creek. At a depth of about 97.5 feet (29.5
meters), dark gray (7.5Y 4/1), calcareous, silt loamtextured diamicton of the Browerville Formation
overlies dark gray (7.5Y 4/1), noncalcareous, silty
clay interpreted to be a paleosol at the top of the
Rose Creek Formation. The base of the overlying
Browerville Formation contains dark grayish-brown
organic inclusions. At a depth of 98 feet (30 meters),
the noncalcareous sediment has more clasts and is
clay loam-textured. Greenish-gray (7.5GY 5/1) bands

Figure 22.2. Location of the
type section for the Rose Creek
Formation in Minnesota: the
We i m e r c u t ( U . S . G e o l o g i c a l
Survey Brownsdale quadrangle,
7.5-minute series, 1982).

Rose Creek Formation
Type section (ESRI)
1:24,000
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Figure 22.3. Location of
reference section A for the Rose
Creek Formation in Minnesota:
core hole MR-3 (U.S. Geological
Survey Brownsdale quadrangle,
7.5-minute series, 1982).

Rose Creek Formation
Reference section A (ESRI)
1:24,000

appear at 99 feet (30 meters), and the sediment is
all greenish-gray (with 10GY 5/1 banding) by 100
feet (30.5 meters); 5GY 6/1 at 101.5 feet (31 meters),
grading to 5GY 5/1 by 104.5 feet (32 meters), and
2.5GY 5/1 at 107.5 feet (32.8 meters). The sediment
grades to a loamy diamicton, and is calcareous at
101.5 feet (31 meters; the base of the Bennington
Member), with fairly common small carbonate clasts.
The diamicton contains large fragments of a broken
granite cobble from 107.5 to 108.5 feet (32.8 to 33.1
meters), with a broken cobble and other large clasts
and dark gray (7.5Y 4/1) interbeds from 109.5 to 110
feet (33.4 to 33.5 meters). The diamicton is oxidized
and iron stained along joints. The diamicton is
abruptly dark gray (7.5Y 4/1) at 110 feet (33.5 meters),
with more large granite clasts. Below 112.5 feet (34.3
meters) the diamicton is mixed with olive-gray (5Y
5/2), silty, very fine-grained sand, and below 113 feet
(34.4 meters) it is mixed with greenish-gray (2.5GY
5/1), noncalcareous, clayey diamicton. Abruptly
at 113.5 feet (34.6 meters) is very dark gray (5Y
3/1), noncalcareous, silty clay loam to clay loamtextured diamicton of the Elmdale Formation. The
underlying diamicton and sand is leached to 130.5
feet (40 meters). The core is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.
Reference section B is a continuous rotary-sonic
core: MR-1 (Meyer, 2000), Minnesota Geological
Survey unique number 250760. The core site is
located in northwestern Mower County, Minnesota
(T. 104 N., R. 18 W., sec. 8, CDACAC; U.S. Geological
Survey Blooming Prairie quadrangle, 7.5-minute

series, 1967; Fig. 22.4), approximately 3.5 miles (5.5
kilometers) southeast of Blooming Prairie, and about
18 miles (29 kilometers) northwest of Rose Creek. In
the core at a depth of 32.5 feet (9.9 meters), dark gray
(7.5Y 4/1), moderately calcareous, silt loam diamicton
of the Browerville Formation overlies dense, banded,
dark gray (5-7.5Y 4/1) and greenish-gray (5-2.5GY
5/1), noncalcareous, thinly bedded silt loam and
loam of the Bennington Member of the Rose Creek
Formation. Silty, very fine-grained sand laminae at
about 34 feet (10.5 meters), and dark gray, clayey silt
beds are present below 35.5 feet (11 meters); mostly
dark gray (5Y 4/1 with a 2.5Y 4/1 bed) below 37 feet
(11.5 meters). At 38.5 feet (11.7 meters; the base of
the Bennington Member) is a faceted and striated
basalt cobble over greenish-gray (5GY 5/1, grading
to 6/1 by 43 feet [13.1 meters]), calcareous, loamy
diamicton. Dark gray, clayey silt is mixed with the
diamicton to 41 feet (12.5 meters). Carbonate pebbles
are common. Silty sand lenses are present at 42
feet (12.8 meters), with minor iron staining. There
is an oxidized (2.5Y 6/6) fine-grained sand parting
at 50.5 feet (15.5 meters), and the diamicton is light
yellowish-brown (2.5Y 6/4) in the last few inches (8
centimeters) above the contact at 52 feet (16 meters)
with very dense, calcareous, loam diamicton of the
Elmdale Formation. The top 2 inches (5 centimeters)
of the Elmdale diamicton are oxidized (2.5Y 6/4-6)
and overlie variegated, generally olive colored (5Y
5/3) diamicton to 53 feet (16.2 meters), where it is
mostly very dark gray (5Y 3/1). The core is stored
at the Minnesota Department of Natural Resources
core library in Hibbing, Minnesota.
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Figure 22.4. Location of reference
section B for the Rose Creek
Formation in Minnesota: core hole
MR-1 (U.S. Geological Survey
Blooming Prairie quadrangle,
7.5-minute series, 1967).

Rose Creek Formation
Reference section B (ESRI)
1:24,000

DESCRIPTION OF BOUNDARIES
The Rose Creek Formation consists of the
Bennington Member and other unnamed units.
Rose Creek Formation sediment, where buried,
underlies Browerville Formation sediment across
most of the type area, with the exception of a small
area north and west of Austin where the Browerville
Formation is absent and the Rose Creek Formation
is overlain by sediment of the New Ulm Formation.
Organic detritus is commonly found in bedded
sediment between diamictons of the Rose Creek and
Browerville Formations. Pollen analysis suggested
that sufficient time elapsed for a boreal forest to form
between advances of ice that deposited diamicton of
the two formations. The Bennington Member of the
Rose Creek Formation is widespread and interpreted
to be a paleosol formed in sorted sediment at the top
of the unit; it includes colluvial/lacustrine sediment.
The Rose Creek Formation unconformably overlies
the deeply weathered and dissected surface of the
Elmdale Formation or pre-Pleistocene units, implying
significant erosion prior to the ice advance that
deposited the Rose Creek Formation (Meyer and
Knaeble, 1998; Meyer and Mossler, 1998; Meyer,
2000).

Figure 22.5. Distribution of the Rose Creek Formation
within Minnesota.

Dimensions, shape, and geographic
distribution

below the Browerville Formation, the Rose Creek
Formation is generally less than 30 feet (9 meters)
thick, and in places it is less than 10 feet (3 meters)
thick (Meyer and Knaeble, 1998; Meyer and Mossler,
1998).

The Rose Creek Formation as defined herein is
present across most of Mower County and extends
into the surrounding Minnesota counties and south
into Iowa (Fig. 22.5). Although extensively preserved
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DIFFERENTIATION FROM OTHER UNITS

the basis of the Rose Creek Formation's relatively
flat-lying, undissected contact with the overlying
Browerville Formation and the more dissected contact
with the underlying, deeply weathered Elmdale
Formation, even though diamicton of the older, Rainy
provenance Shooks Formation is closer in texture
to the diamicton of the Rose Creek Formation (Fig.
22.1).

T h e R o s e C re e k F o r m a t i o n d i a m i c t o n i s
predominantly of Rainy provenance and generally
c o a r s e r t e x t u re d t h a n Wi n n i p e g - p ro v e n a n c e
diamicton. Where the underlying Elmdale Formation
lacks Cretaceous clasts and is texturally similar, it
can be separated from the Rose Creek Formation
by the common, intervening, thick weathering
horizon. The Browerville Formation, which generally
has significantly more Cretaceous clasts, is also
separated from the Rose Creek Formation by a
commonly preserved weathering horizon. The
Rose Creek Formation is distinguished from units
of Riding Mountain provenance, such as the New
Ulm Formation, by a lack of Cretaceous shale
clasts. Diamicton of the Rose Creek Formation also
has a higher percentage of monomineralic quartz
grains than diamicton of the New Ulm Formation
(Meyer, 2000). Superior-provenance sediment is
more reddish in color and contains many more red
volcanic and sedimentary clasts than does the Rose
Creek Formation. Other Rainy-provenance units
have not been recognized in the vicinity of the Rose
Creek Formation. In general, it is likely that younger
Rainy-provenance diamicton is less compact, less
clayey, and contains fewer quartz clasts.

GENESIS
Sediment of the Rose Creek Formation in general
has a Rainy provenance. It is interpreted to have
been deposited by glacial ice (and its meltwater) that
moved across the Canadian Shield into Minnesota
from the northeast, and flowed south across the
state. The ice moved over and incorporated much
Winnipeg-provenance sediment during its course
across the state, and thus its deposit, the Rose Creek
Formation, exhibits variable amounts of clasts of
Winnipeg provenance.

Age
Extensive weathering of Browerville Formation
diamicton below unweathered late Wisconsinan
diamicton in one rotary drill hole section (Meyer,
1986), along with infinite radiocarbon dates from
several sites (Meyer and Knaeble, 1996; Meyer, 1997;
Knaeble and Meyer, 2007b), indicate the overlying
Browerville Formation is likely pre-Sangamonian
in age. Uranium/thorium disequilibrium dating
indicated that the overlying Browerville Formation is
pre-Illinoian in age (Knaeble and Meyer, 2007b). Most
samples of the Rose Creek Formation exhibit normal
polarity remanent magnetism (Meyer, 2000), implying
it is likely Middle Pleistocene in age (Jennings and
others, 2006). Thus the Rose Creek Formation was
likely deposited sometime after 780,000 and before
190,000 yr BP.
CORRELATION
The Rose Creek Formation likely correlates with
the Rainy provenance Saum Formation of northcentral Minnesota (Meyer, 2000), although diamicton
of the Rose Creek Formation is finer-textured and
contains more Paleozoic carbonate. The Rose Creek
Formation is correlated with the Saum Formation on
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Bennington Member (new) of the Rose Creek Formation
Gary N. Meyer

NAME AND RANK

and associated organic sediment at the top of the
informal "Rose Creek formation" (Meyer and Knaeble,
1998). The member was named after Bennington
Township in east-central Mower County, where
N.H. Winchell (1884) reported that well diggers
encountered buried peat in a number of places, and
where drilling (the type section) found the thickest
organic-rich section above the underlying diamicton
(Meyer, 2000).

I hereby formally name the Bennington Member
of the Rose Creek Formation as a lithostratigraphic
unit of member rank. The member is named after
Bennington Township, Mower County, Minnesota
(U.S. Geological Survey Grand Meadow, Le Roy,
Ostrander, and Spring Valley quadrangles, 7.5-minute
series, 1965).
Lithologic description

TYPE SECTION

The Bennington Member includes organic
material and underlying noncalcareous, fine-grained
sediment at the top of the Rose Creek Formation.
The organic facies ranges from peat to organic-rich
silt, and the fine-grained sediment facies ranges
from silty clay to loam in texture. In most sections
silt content is greater than clay content. Sediment
sorting generally decreases with depth. The moist
color includes black to dark grayish-brown (2.5Y
2/0, 10YR 2/1-3/2), dark to very dark gray (5-7.5Y
3-4/1), and greenish-gray (2.5-7.5GY 5/1).

The type section is a Giddings auger hole: 6C135, Quaternary unique number Q0021147. The site
is located in Bennington Township, Mower County,
Minnesota (T. 102 N., R. 14 W., sec. 34, DAADAA; U.S.
Geological Survey Ostrander quadrangle, 7.5-minute
series, 1965; Fig. 22.6), approximately 3.4 miles (5.5
kilometers) southwest of the town of Ostrander. At
a depth of 11 feet (3 meters), dark gray (2.5Y 4/0),
calcareous, loamy diamicton of the Browerville
Formation overlies about 6 feet (2 meters) of black
and reddish-brown, peaty, organic silt loam of the
Bennington Member of the Rose Creek Formation.
From 17 feet (5 meters) to the base of the Bennington
Member at 19 feet (6 meters) is black (2.5Y 2/0),
noncalcareous, silty clay. Below is greenish-gray

NOMENCLATURAL HISTORY
The informal "Bennington member" was defined
and mapped in Mower County to include the paleosol

Figure 22.6. Location of the
type section for the Bennington
M e m b e r o f t h e R o s e C re e k
Formation in Minnesota:
Giddings auger hole 6C-135 (U.S.
Geological Survey Ostrander
quadrangle, 7.5-minute series,
1965).

Bennington Member of the
Rose Creek Formation
Type section (ESRI)
1:24,000

209

(5G 5/1), calcareous, loam-textured diamicton of the
Rose Creek Formation, which coarsens with depth.
Samples from the hole are stored at the Minnesota
Geological Survey in St. Paul.

[29.7 to 30 meters]) has greenish-gray (7.5GY 5-6/1)
mottles. Below is greenish-gray (5GY 5-6/1) with
gray (7.5Y 5/1) mottles, calcareous, loam diamicton
of the Rose Creek Formation. The core is stored at
the Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.
Reference section B is a continuous rotary-sonic
core: MR-4 (Meyer, 2000), Minnesota Geological
Survey unique number 250763. The core site is
located in northeastern Mower County, Minnesota (T.
104 N., R. 15 W., sec. 35, ADDACC; U.S. Geological
Survey High Forest quadrangle, 7.5-minute series,
1974; Fig. 22.8), approximately 4.5 miles (7 kilometers)
northwest of Grand Meadow, and about 7 miles (11
kilometers) northwest of Bennington Township.
In the core at a depth of 72 feet (22 meters), very
dark gray (5Y 3/1), calcareous, loam diamicton
of the Browerville Formation, mixed with a small
amount of silty sand, sharply overlies very dark
gray and very dark grayish-brown (10YR 3/1, 3/2),
very fine-grained, sapric peat. Below 76 feet (23
meters) are lighter-colored silty beds and layers of
very decomposed wood. Fairly abruptly at 77.5
feet (23.5 meters) is leached, very dark gray (5Y
3/1), silt loam, which grades to dark gray (5Y 4/1)
loam by 79.5 feet (24 meters). Below the base of
the Bennington Member at 81.5 feet (25 meters) is
calcareous, greenish-gray (7.5GY 6/1), loam diamicton
of the Rose Creek Formation. The core is stored at
the Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.

Reference sectionS
Reference section A is a continuous rotary-sonic
core: MR-5 (Meyer, 2000), Minnesota Geological
Survey unique number 250764. The site is located in
Mower County, Minnesota (T. 102 N., R. 15 W., sec. 15,
BBBCCA; U.S. Geological Survey Dexter quadrangle,
7.5-minute series, 1965; Fig. 22.7), approximately 3
miles (5 kilometers) west of Bennington Township,
and about 4 miles (7 kilometers) southeast of Elkton.
At a depth of about 92 feet (28 meters), dark gray (7.5Y
4/1), calcareous, loam-diamicton of the Browerville
Formation is interbedded with, and at 92.5 feet
(28.2 meters) grades to, underlying organic silt. At
the contact a few inches (8 centimeters) of slightly
calcareous, gray (7.5Y 5/1) silt to very dark gray (2.5Y
3/1), organic silt overlie noncalcareous, bedded, very
dark gray (10YR 3/1) and black (10YR 2/1), organic
silt, with scattered, small, woody fragments and rare
sand grains. Below about 94 feet (28.7 meters) are
thin, dark gray (7.5Y 4/1), clayey silt beds with sand
grains, which by 94.5 feet (28.8 meters) grade into
thin beds of leached clay loam interbedded with the
organic silt. The core is all leached, dark gray (7.5Y
4/1), clay loam below about 95.5 feet (29.1 meters),
except a few thin beds of darker silt at about 96.5
feet (29.4 meters). The lowermost 1 foot (0.3 meter)
of the Bennington Member (from 97.5 to 98.5 feet

Figure 22.7. Location of
reference section A for the
Bennington Member of the Rose
Creek Formation in Minnesota:
core hole MR-5 (U.S. Geological
Survey Dexter quadrangle, 7.5minute series, 1965).

Bennington Member of the
Rose Creek Formation
Reference section A (ESRI)
1:24,000
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Figure 22.8. Location of
re f e re n c e s e c t i o n B f o r t h e
Bennington Member of the Rose
Creek Formation in Minnesota:
core hole MR-4 (U.S. Geological
Survey High Forest quadrangle,
7.5-minute series, 1974).

Bennington Member of the
Rose Creek Formation
Reference section B (ESRI)
1:24,000

DESCRIPTION OF BOUNDARIES
In some sections the top of the Bennington
Member has been reworked by ice or meltwater
and its sediments are interbedded with calcareous
Browerville Formation sediment. Pollen analysis
suggested that sufficient time elapsed for a boreal
forest to form between advances of ice that deposited
diamicton of the two formations. The Bennington
Member of the Rose Creek Formation is a widespread
paleosol at the top of the unit, formed in well to
poorly sorted, fine-grained sediment. The base of
the Bennington Member is an erosional contact, but
because the deposit typically consists of sediment at
least partially derived from reworking the diamicton
below, the basal contact in many places is gradational.
The diamicton below may be noncalcareous or
calcareous, but in most sections it is gleyed (Meyer
and Knaeble, 1998; Meyer, 2000).
Dimensions, shape, and geographic
distribution

Figure 22.9. Distribution of the Bennington Member
of the Rose Creek Formation within Minnesota.

The Bennington Member as defined herein is
present in patches across all but the southwestern
portion of Mower County (Meyer and Knaeble, 1998;
Meyer, 2000), and likely extends into the surrounding
Minnesota counties and south into Iowa (Fig. 22.9).
The upper, organic-rich facies (the thickest section) is
best preserved in the northeast portion of the county.
Where preserved below the Browerville Formation,
the Bennington Member is generally 3 to 10 feet (1
to 3 meters) thick.

DIFFERENTIATION FROM OTHER UNITS
The Bennington Member can be distinguished
from other buried organic layers and paleosols mainly
by its stratigraphic position below the Browerville
Formation and at the top of the Rose Creek Formation.
Overlying Browerville Formation or younger sediment

211

is calcareous, contains less organic material, or is less
dense. Underlying diamicton of the Rose Creek
Formation is coarser-textured.

of the Saum Formation in central and north-central
Minnesota (Fig. 22.10). However, the associated
underlying paleosol, present at nearly every site
below organic material in Mower County and
included in the Bennington Member, has not been
found north of Mower County. Limited pollen
analysis of the organic layer between tills of the
Saum and Browerville Formations in central and
northern Minnesota suggested that sufficient time
elapsed between ice advances for growth of a boreal
forest (Meyer, 1997). Pollen from the Bennington
Member of the Rose Creek Formation at two sites in
Mower County is also dominated by that of spruce,
indicating a cool, moist environment of deposition
(Huber, 1997b). At a third site, pollen is dominated
by that of sedge and grass, with some spruce and
birch, indicating a tundra-type environment (Huber,
1997a).

Age
Uran ium/thorium disequilibrium dating
indicated that the overlying Browerville Formation is
pre-Illinoian in age (Knaeble and Meyer, 2007b). Most
samples of the Bennington Member exhibit normal
polarity remanent magnetism (Meyer, 2000), implying
it is likely Middle Pleistocene in age (Jennings and
others, 2006).
CORRELATION
The Bennington Member of the Rose Creek
Formation likely correlates with organic sediment
below the Browerville Formation in the upper portion
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Figure 22.10. Sites where immediately beneath the
Browerville Formation organic sediment is present
(dark circles) or not present (clear circles). All sites
in Mower County are from the Bennington Member;
modified from Meyer (2000).
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GENESIS
The Bennington Member is interpreted to consist
of marsh and pond sediment deposited over primarily
colluvial sediment. The generally high silt content
probably indicates that the mineral content was
largely derived from remobilized loess, with the
coarser-grained clasts in the lower portion originating
from the underlying till. Cryoturbation along with
soil-forming processes likely served to mix the
sediment subsequent to deposition.
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Chapter 23
Roxana Silt
Howard C. Hobbs

NAME AND RANK

in a realigned segment of Houston County Road 18,
near the town of Hokah, Minnesota (T. 103 N., R. 4
W., sec. 10, BBD; lat 43°44'36"N., long 91°18'41"W.;
U.S. Geological Survey Brownsville quadrangle, 7.5minute series, 1980; Fig. 23.1). The upper part of the
cut consists mainly of Peoria Formation sediment.
The description here begins at the top of the Roxana
Silt, starting 8.9 feet (2.7 meters) from the top of the
exposure; it has been simplified from Lively and
others (1987).

The Roxana Silt as revised by Hansel and Johnson
(1996) is hereby accepted as a lithostratigraphic unit
of formation rank in Minnesota. The name comes
from the town of Roxana, Illinois. This chapter
provides information about its extent and character
in Minnesota.
Lithologic description

8.9-9.2 feet (2.7-2.8 meters): 3Ab horizon: Brown
(7.5YR 5/2) silt loam, massive, firm, noneffervescent, abundant fine-grained iron oxides,
abundant fine-grained iron concretions, common
coarse-grained grayish-brown (2.5Y 5/2) mottles,
common charcoal flecks, date on disseminated
organics 23,760 ± 630 14C yr BP (Beta-14886).
Includes a thin, slightly indurated band of iron
oxide at the bottom.
9.2-9.8 feet (2.8-3.0 meters): 3Eb horizon: Brown to
yellowish-brown (10YR 5/3-5/4) silt loam, weak
to moderate medium platy structure, friable, noneffervescent, abundant fine- to medium-grained
oxides, few to common medium-grained iron
concretions, few to abundant thin, discontinuous
silans, local charcoal flecks.
9.8-10.2 feet (3.0-3.1 meters): 3Bwb horizon: Yellowishbrown (10YR 5/4) silt loam with few fine-grained
pebbles, moderate medium subangular blocky
structure, friable, non-effervescent, few mediumgrained oxides, abundant fine- to mediumgrained iron concretions, local iron and oxide
coatings on ped faces.

The Roxana Silt is composed of massive silt loam
(silt with a minor admixture of clay and fine-grained
sand). The oxidized color of the Roxana Silt is
brown (7.5YR 5/2-5/4) to pink (7.5YR 7/3-7/4). The
unoxidized color has not been observed in Minnesota.
It is noncalcareous in Minnesota, but thick sections
of the Roxana Silt in its type area in Illinois are
calcareous below a surface leached zone. In places,
it contains fine-grained flecks of charcoal.
NOMENCLATURAL HISTORY
In Illinois, the unit was first called the "late
Sangamon loess" (Leighton, 1931, 1933). It was later
called the "Farmdale loess" (Leighton and Willman,
1950) and then named the Roxana Silt by Frye and
Willman (1960). Further information on the Roxana
Silt in Illinois is in Hansel and Johnson (1996). The
Roxana Silt was recognized in Minnesota in 1984 at the
Hokah paleosol site (Lively and others, 1987), and has
been subsequently observed in excavated sinkholes
in southeastern Minnesota (Hobbs, 1994).
TYPE SECTION

At this site, the Roxana Silt overlies a truncated
Sangamon Soil profile developed in slope wash
sediments, over weathered Paleozoic sandstone. The
uppermost horizon of the Sangamon Soil is an EB
horizon, but at the nearby Hokah 1 site, the A horizon
of the Sangamon Soil is preserved (Lively and others,
1987), though it appears to have been somewhat
deformed by saturated flow. The Roxana Silt itself
is the parent material for a weak soil, referred to as
the Farmdale Soil by Willman and Frye (1970).

The type section is the Pleasant Grove School
section, in the bluff of the Mississippi River valley 4
miles (6.4 kilometers) southeast of Roxana, Illinois.
It has been mined and is no longer available.
Reference section
Illinois reference sections are listed in Hansel
and Johnson (1996). A Minnesota reference section
was described in Lively and others (1987). This
reference section, Hokah 2, is a construction road cut
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Figure 23.1. Location of the type
section for the Roxana Silt and
reference section for the Loveland
and Peoria Formations: the Hokah
2 site (U.S. Geological Survey
Brownsville quadrangle, 7.5minute series, 1980).

Roxana Silt
Type section (ESRI)
1:24,000

DESCRIPTION OF BOUNDARIES

of oxidized Peoria Formation material, even pink in
places. It can be distinguished from glaciolacustrine
silt by the lack of bedding, and by its landscape
position on uplands.

The Roxana Silt is overlain by the Peoria
Formation; it has not been observed at the land
surface. It overlies the Sangamon Soil, which is
developed (in this area) in Illinoian and pre-Illinoian
loess and slope sediments. The Roxana Silt and the
Sangamon Soil units were extensively eroded prior
to deposition of the Peoria Formation, with most of
the erosion apparently post-dating deposition of the
Roxana Silt.

Age
Dates of 25,690 ± 780 14C yr BP (Beta-13729; 30,547
± 788 cal yr BP) in the A horizon of the underlying
Sangamon Soil and 23,769 ± 630 14C yr BP (Beta14886; 28,647 ± 727 cal yr BP) in the A horizon of the
Farmdale Soil bracket the deposition of the Roxana
Silt at the Hokah exposure (Lively and others, 1987).
However, both of these dates are from disseminated
organic matter, which is not considered reliable
(Clayton and Moran, 1982). Numerous radiocarbon
dates on various materials related to the Roxana
Silt in Illinois range from 19,340 to 48,000 14C yr BP
(about 23,100 to 52,100 cal yr BP; Hansel and Johnson,
1996). Most of these dates are from the Robein
Member of the Roxana Silt (Hansel and Johnson,
1996), which is interpreted to be reworked loess.
The great majority of the 138 Roxana Silt dates cited
in Hansel and Johnson are in the range of 20,000 to
28,000 14C yr BP (about 24,000 to 32,500 cal yr BP).
That preponderance may reflect the availability of
datable material, but also many of the dates are dates
of reworking. The Robein Member is not recognized
in Minnesota, so these dates may not be relevant to
the age of the Roxana Silt in Minnesota. Leigh and
Knox (1994) obtained accelerator mass spectrometry
(AMS) dates of greater than 47,000 and 45,200 14C yr

Dimensions, shape, and geographic
distribution
The Roxana Silt is less than 3 feet (1 meter)
thick where observed in Minnesota. It occupies flat
interfluves in the southeastern corner of the state.
Figure 23.2 shows the general area of distribution
with an enlargement of southeastern Minnesota.
Most of the information about its distribution is
based on soil auger holes from Mason (1992). West
of the mapped area, remnants are exposed in a small
number of road cuts (E.A. Nater, unpub. data) and
sinkhole fills; it has never been observed west of
Fillmore County.
DIFFERENTIATION FROM OTHER UNITS
The Roxana Silt is more oxidized than the lower
part of the overlying Peoria Formation, and contains
a weak soil. It is leached throughout. The matrix
color of the Roxana Silt is slightly redder than that
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Figure 23.2. Map of Minnesota indicating Houston County (inset) that shows the ridge-top
distribution of the Loveland Formation and the overlying Roxana Silt.

BP (about 50,600 and 49,000 cal yr BP) from above the
base of the Roxana Silt in Wisconsin, and projected
that deposition began about 55,000 cal yr BP.

by glacial ice, the lake rose until it spilled into the
Mississippi River basin. The widely noted "pink"
color of the Roxana Silt is consistent with at least a
component of its sediment being derived from the
glacial Lake Superior basin. Thus, a source of the
sediment may be dust blown from outwash of the
Cromwell/Copper Falls Formations, but there are no
dates from the base of these formations to compare
with the earliest Roxana Silt dates.

CORRELATION
The Roxana Silt in Minnesota correlates with the
Roxana Silt in Illinois, and with the Roxana Member
of the Kieler Formation in Wisconsin (Syverson and
others, 2011). It probably correlates with the Gilman
Canyon Formation of Nebraska (Reed and Dreeszen,
1965). The unit that correlates with the Roxana Silt
in western Iowa has been formally named the Pisgah
Formation (Bettis, 1990).
GENESIS
Although it has long been accepted that the
Roxana Silt is a windblown deposit, its source has
been controversial. Part of the issue has been the
lack of identified glacial deposits of the requisite age
in the upper Mississippi River basin. Leigh (1994)
evaluated a fluvial Mississippi River valley source
and compared it to alternate hypotheses, including
a glaciolacustrine source, a regional slope erosion
source, and a cold-climate desert-dust source. He
presented several lines of evidence refuting the
alternate hypotheses and supporting a proglacial
source from the glacial Mississippi River. However,
it is not necessary for glacial ice to enter the basin
in order for its meltwater to do so. Once the low
eastern outlets of glacial Lake Superior were blocked
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Chapter 24
Saum Formation (new)
Gary N. Meyer

NAME AND RANK

composes a low to moderate proportion of the
very coarse-grained (1-2 millimeter) sand fraction,
averaging 10 percent. Cretaceous grains are absent
to very rare (Meyer, 1997).

I hereby formally name the Saum Formation
as a lithostratigraphic unit of formation rank. The
formation is named after the town of Saum, Beltrami
County, Minnesota (U.S. Geological Survey Saum
quadrangle, 7.5-minute series, 1972).

NOMENCLATURAL HISTORY
The Saum Formation was first referred to as
the "Saum till" by Meyer (1997). The Saum till was
correlated with the "Sandy till" of Meyer (1986) in
central Minnesota (Meyer and Knaeble, 1996).

Lithologic description
The Saum Formation includes diamicton and
sorted sediment. The diamicton facies commonly
has a sandy loam texture, but includes loam-textured
layers in a few sections. Diamicton samples from
nine sites in north-central Minnesota average 15
percent gravel, much higher than other pre-late
Wisconsinan diamictons. The samples average 60
percent sand, 27 percent silt, and 13 percent clay
(Fig. 18.1). The unoxidized to reduced moist color
ranges from gray (5Y 5/1) to greenish-gray (5GY
5/1). The diamicton was oxidized pale brown (10YR
6/3) at one site in Lake of the Woods County, below
unoxidized late Wisconsinan sediment. Oxidized
Rainy-provenance sediment below unoxidized late
Wisconsinan sediment at a few other sites may also
be part of the Saum Formation. Paleozoic carbonate

TYPE SECTION
The type section is a continuous rotary-sonic
core: KR-71 (Meyer, 1997), Minnesota Geological
Survey unique number 247437. The core site is
located in Beltrami County, Minnesota (T. 152 N.,
R. 32 W., sec. 25, DDAADD; U.S. Geological Survey
Saum quadrangle, 7.5-minute series, 1972; Fig. 24.1),
approximately 1.7 miles (2.8 kilometers) south of
Saum, and about 3 miles (5 kilometers) east of
Lower Red Lake. The core records a gradational
contact at a depth of about 198.5 feet (60.5 meters)
between overlying olive-gray (5Y 5/2), loam-textured

Saum Formation
Type section (LMIC)
1:24,000

Figure 24.1. Location of the type
section for the Saum Formation and
reference section for the Funkley
Formation in Minnesota: core hole
KR-71 (U.S. Geological Survey
Saum quadrangle, 7.5-minute
series, 1972).
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diamicton of the Browerville Formation, and gray
(7.5Y 5/1), sandy loam-textured diamicton of the
Saum Formation. The sandy diamicton overlies gray
(7.5Y 5/1), loam-textured diamicton of the Funkley
Formation at 204 feet (62 meters). A small cobble is at
the contact; the diamicton below has a few iron stains
towards the top. The Saum Formation diamicton is
less rocky and contains more Paleozoic carbonate
(18.5 percent of the 1-2 millimeter grain-size fraction)
than at most other sites where recognized, but core
KR-71 is the only core where diamicton of the next
youngest and oldest units are preserved. The core
is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.

name. The diamicton has a gravelly coarse-grained
sand lens at about 159 feet (48.5 meters), and is
sandy loam-textured below. Cobbles are common
above 168 feet (51 meters) and at the base at 178.5
feet (54.5 meters), where the diamicton overlies gray
(5Y 6/1), silty, very fine-grained sand, interpreted to
be part of the Shooks Formation. At 183 feet (55.8
meters) is gray (5Y 5/1), very fine-grained sandy
silt, with a diamicton bed at 184 feet (56.1 meters).
Below 184.5 feet (56.2 meters) is thick, gray (5Y 5/1)
diamicton of the Shooks Formation. Diamicton of
the Saum Formation, compared with diamicton of
the Shooks Formation, averages less clay (13 percent
vs. 19 percent), Paleozoic carbonate (8 percent vs.
11 percent), and quartz (12 percent vs. 18 percent),
and averages more sand (56 percent vs. 52 percent)
and more dark Precambrian grains (21 percent vs.
13 percent). The core is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.
Reference section B is a continuous rotarysonic core: OB-521 (Martin and others, 1991; Meyer,
1997), Minnesota Geological Survey unique number
256850. The core site is located in western Lake of
the Woods County, Minnesota (T. 160 N., R. 36 W.,
sec. 30, CDCDCD; U.S. Geological Survey Mulligan
Lake NE quadrangle, 7.5-minute series, 1968; Fig.
24.3), approximately 15.5 miles (25 kilometers)
southwest of the town of Roosevelt, and about 56
miles (90 kilometers) northwest of Saum. In the core
at a depth of 192 feet (58.5 meters), greenish-gray
(10Y 5/1), calcareous, sandy loam diamicton of the
Saum Formation underlies thick gravel interpreted

Reference sectionS
Reference section A is a continuous rotarysonic core: OB-327 (Martin and others, 1989; Meyer,
1997), Minnesota Geological Survey unique number
256863. The site is located in Koochiching County,
Minnesota (T. 152 N., R. 27 W., sec. 36, BDABCC; U.S.
Geological Survey Mizpah NE quadrangle, 7.5-minute
series, 1971; Fig. 24.2), approximately 4 miles (6.3
kilometers) southeast of the town of Gemmel, and
about 29 miles (47 kilometers) east of Saum. At a
depth of about 153.5 feet (47 meters), gray (5Y 5/1),
calcareous to moderately calcareous, dense, loamtextured diamicton of the Saum Formation underlies
unoxidized gravelly sand of Rainy provenance. The
gravelly sand is interpreted to have been deposited
during the late Wisconsinan glaciation, but this sand
and gravel has not been assigned a lithostratigraphic

Figure 24.2. Location of
reference section A for the Saum
Formation in Minnesota: core
hole OB-327 (U.S. Geological
Survey Mizpah NE quadrangle,
7.5-minute series, 1971).

Saum Formation
Reference section A (LMIC)
1:24,000
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Figure 24.3. Location of
reference section B for the Saum
Formation in Minnesota: core
hole OB-521 (U.S. Geological
Survey Mulligan Lake NE
quadrangle, 7.5-minute series,
1968).

Saum Formation
Reference section B (ESRI)
1:24,000

Dimensions, shape, and geographic
distribution

to be part of the Browerville Formation. Below a
boulder from 203.5 to 204.5 feet (62 to 62.3 meters),
the diamicton is more clayey, with increasing evidence
of incorporated clay. Below 207 feet (63.1 meters),
blocks of very dark gray (5Y 3/1) clay to silty clay are
mixed with the diamicton. At 211 feet (64.3 meters)
is laminated clay, silty clay, and minor silt, which are
part of the Eagle Bend Formation. The diamicton
below 217 feet (66.1 meters) has abundant clasts of
Paleozoic carbonate. A sample from 195 feet (59.4
meters) of the Saum Formation diamicton has 9
percent Paleozoic carbonate in the very coarse-grained
sand fraction. The core is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.

The Saum Formation as defined herein is present
in the subsurface of north-central Minnesota (Fig.
24.4). It has been recognized in Lake of the Woods,
eastern Beltrami, southern Koochiching, and northern
Itasca Counties (Meyer, 1997). It is likely largely
absent north of this area, but it is probably present,
at least in patches, to the west and south. Outside
the north-central Minnesota type area, sediment
equivalent to the Saum Formation is believed to
be present in the subsurface in central Minnesota,
recognized mainly from rotary drill cuttings, but
not formally extended to that area herein because
of poor sample quality. Diamicton of the Saum
Formation at nine sites in north-central Minnesota
ranges from 3 to 36.5 feet (0.9 to 11 meters) thick, with
an average of 16 feet (4.9 meters). Diamicton of the
Saum Formation-equivalent at eight sites in central
Minnesota ranges from 2 to 24 feet (0.6 to 7.3 meters)
thick, with an average of 14 feet (4.3 meters).

DESCRIPTION OF BOUNDARIES
Saum Formation sediment underlies Browerville
Formation sediment in less than half the sections
where the Saum Formation is recognized; elsewhere it
underlies late Wisconsinan sediment. Organic detritus
is commonly found in bedded sediment between the
Saum and Browerville Formations (Meyer, 1997,
2000; see Fig. 22.1). Pollen analysis suggested that
sufficient time elapsed for a boreal forest to form
between advances of ice that deposited diamicton of
the two formations. The Saum Formation overlies
the next older Funkley Formation at the type section
(Fig. 24.1), but elsewhere overlies older Quaternary
units, or bedrock, implying extensive erosion by the
ice advance that deposited the Saum Formation.

DIFFERENTIATION FROM OTHER UNITS
The Saum Formation contains fewer clasts of
Paleozoic carbonate than most units of northwest
provenance, and its diamicton is generally coarsertextured. The low Paleozoic carbonate Bigfork, Wirt,
and Elmdale Formations generally have many more
Cretaceous clasts than does the Saum Formation
(except in Lake of the Woods County). Superiorprovenance sediment is more reddish in color and
contains many more red volcanic and sedimentary
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pre-Illinoian in age (Knaeble and Meyer, 2007b). The
underlying Eagle Bend Formation has normal polarity
remanent magnetism, implying it is likely Middle
Pleistocene in age (Jennings and others, 2006). Thus
the Saum Formation was likely deposited sometime
after 780,000 and before 190,000 yr BP.
CORRELATION
The Saum Formation likely correlates with
the Rose Creek Formation of southeast Minnesota
(Meyer, 2000). However, diamicton of the Rose
Creek Formation is finer-textured and contains more
Paleozoic carbonate.
GENESIS
Sediment of the Saum Formation has a Rainy
provenance. It was deposited by glacial ice (and its
meltwater) that moved across the Canadian Shield
into Minnesota from the northeast, and flowed
southwest and west across the state.

Figure 24.4. Distribution of the Saum Formation
within Minnesota.

clasts than does the Saum Formation. It is commonly
difficult to distinguish the Saum Formation from
other Rainy-provenance units where only one Rainyprovenance unit is present in a drill hole, or where
intervening Winnipeg-provenance sediment is absent.
In general, younger Rainy-provenance diamicton
is less compact, less clayey, and contains fewer
carbonate, quartz, and saprolite clasts than the Saum
Formation. Diamicton of the Shooks Formation is
more clayey-textured (Fig. 18.1), and diamicton of
the Mulligan Formation is less stony than diamicton
of the Saum Formation. Diamicton of the two older
formations on average contain more quartz and
less dark Precambrian clasts than diamicton of the
Saum Formation (Martin and others, 1989, 1991;
Meyer, 1997).
Age
Extensive weathering of Browerville Formation
diamicton below unweathered late Wisconsinan
diamicton in one rotary drill hole section (Meyer,
1986), along with infinite radiocarbon dates from
several sites (Meyer and Knaeble, 1996; Meyer, 1997;
Knaeble and Meyer, 2007b), indicate the overlying
Browerville Formation is likely pre-Sangamonian
in age. Uranium/thorium disequilibrium dating
indicated that the overlying Browerville Formation is
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Chapter 25
Shooks Formation (new)
Gary N. Meyer

NAME AND RANK

averaging 9 percent. Cretaceous grains are absent
to very rare (Meyer, 1997).

I hereby formally name the Shooks Formation
as a lithostratigraphic unit of formation rank. The
formation is named after the town of Shooks, Beltrami
County, Minnesota (U.S. Geological Survey Funkley
and Kelliher quadrangles, 7.5-minute series, 1971).

NOMENCLATURAL HISTORY
The Shooks Formation name is first used here.
It includes the "Shooks till" of Meyer (1997). The
Shooks till was tentatively recognized at a few sites
in central Minnesota (Meyer and Knaeble, 1996).

Lithologic description
The Shooks Formation includes diamicton and
sorted sediment. The diamicton facies commonly
has a loam texture, and ranges from loam to sandy
clay loam to sandy loam in texture (Fig. 18.1).
Diamicton samples from 12 sites in north-central
Minnesota average 50 percent sand, 30 percent silt,
and 20 percent clay. The diamicton is oxidized light
yellowish-brown (2.5Y 6/4) at one site, and partially
oxidized (5Y 5-4/2, 2.5Y 5/2, 10YR 4/2) at several
sites. Gley colors range from gray (N5/0) to greenishgray (2.5GY 5/1, 5GY 5/1) to dark greenish-gray
(5GY 4/1). The unoxidized color ranges from gray
(5Y 5/1, 7.5Y 5/1) to dark gray (5Y 4/1). Paleozoic
carbonate composes a low to moderate proportion of
the very coarse-grained (1-2 millimeter) sand fraction,

TYPE SECTION
The type section is a continuous rotary-sonic
core: KR-73 (Meyer, 1997), Minnesota Geological
Survey unique number 247438. The core site is
located in Beltrami County, Minnesota (T. 151 N.,
R. 30 W., sec. 27, DDDABC; U.S. Geological Survey
Funkley quadrangle, 7.5-minute series, 1971; Fig.
25.1), approximately 1 mile (2 kilometers) southwest
of Shooks. In the core at a depth of 171.5 feet (52.5
meters), a cobble marks the contact between overlying
very dark gray (5Y 3/1), clay loam-textured diamicton
of the Bigfork Formation, and gray to olive-gray (7.5Y
5/1-2), calcareous, loam-textured diamicton of the
Shooks Formation. Abruptly at 194 feet (59 meters),

Figure 25.1. Location of the type
section for the Shooks Formation
and reference section A for the
Bigfork and Wirt Formations:
core hole KR-73 (U.S. Geological
Survey Funkley quadrangle, 7.5minute series, 1971).

Shooks Formation
Type section (LMIC)
1:24,000

221

the Shooks Formation overlies very dark gray (5Y
3/1), calcareous, clay loam-textured diamicton of the
Wirt Formation. The Shooks Formation diamicton
in this core contains more Paleozoic carbonate (19
percent) in the very coarse-grained sand fraction than
diamicton of the Bigfork (14 percent) and Wirt (8
percent) Formations. Cretaceous grains are virtually
absent in the Shooks Formation, but average 4 percent
and 7 percent, respectively, in the Bigfork and Wirt
Formations. Core KR-73 is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.

Below is greenish-gray (5GY 5/1) to gray (5Y 5/1),
calcareous, loam diamicton, with a small cobble at 167
feet (50.9 meters). Below 167.5 feet (51.1 meters), the
diamicton is mixed with clay. At 168.5 to 171.5 feet
(51.4 to 52.3 meters) is mottled (10YR 4/2, 5Y 5/1, 5Y
4/1), dense clay with a fine-grained sand lens near the
base. From 171.5 to 173.5 feet (52.3 to 52.9 meters) is
interbedded, gray (5Y 5/1) and grayish-brown (2.5Y
5/2), gravelly loam diamicton, medium-grained sand,
and silty gravelly sand, with large cobbles near the
top and in the middle. Below 173.5 feet (52.9 meters)
is gray to olive-gray (5Y 5/1-2), calcareous, dense,
loam-textured diamicton. At a depth of 175 feet
(53.3 meters), a cobble marks the gradational contact
with underlying sandy loam diamicton of the Wirt
Formation. The Wirt Formation has olive-gray (5Y
5/2) mottles to about 179 feet (54.5 meters), where
it grades to a very dark gray (5Y 3/1), clay loam
diamicton. Precambrian clasts dominate the very
coarse-grained (1-2 millimeter) sand fraction of four
samples of the Shooks Formation diamicton; Paleozoic
carbonate averages 5 percent, and Cretaceous grains
are absent. The underlying Wirt Formation diamicton
averages 15 percent Paleozoic carbonate and 7 percent
Cretaceous grains. Core OB-320 is stored at the
Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.
Reference section B is a continuous rotary-sonic
core: OB-517 (Martin and others, 1991; Meyer, 1997),
Minnesota Geological Survey unique number 256846.
The core site is located in Lake of the Woods County,
Minnesota (T. 158 N., R. 35 W., sec. 30, AABBBC; U.S.
Geological Survey Shilling Dam NW quadrangle,
7.5-minute series, 1973; Fig. 25.3), approximately
15.5 miles (25 kilometers) northeast of the town
of Four Town, and about 56 miles (90 kilometers)
northwest of Shooks. In the core at a depth of 98
feet (30 meters), dark grayish-brown (2.5Y 4/2),
calcareous, clay loam-textured diamicton of the
Bigfork Formation overlies grayish-brown (2.5Y
5/2), clayey silt, which is laminated with dark gray
clay below 99 feet (30.2 meters), and grades to very
fine-grained sandy silt below 102 feet (31 meters).
The top of the Shooks Formation at 103 feet (31.5
meters) is olive-gray (5Y 5-4/2), calcareous, loamtextured diamicton. The diamicton is very dense
below 115 feet (35 meters), has two small cobbles at
116.5 feet (35.5 meters), and grades at a depth of 117
feet (35.7 meters) to dark gray (2.5Y 4/1), calcareous,
clay loam diamicton of the Wirt Formation. Other
than color and texture, the diamicton of the Shooks
Formation and those above and below it are quite
similar. Paleozoic carbonate composes 19 percent
and 21 percent, respectively, of the very coarse-

Reference sectionS
Reference section A is a continuous rotary-sonic
core: OB-320 (Martin and others, 1989; Meyer, 1997),
Minnesota Geological Survey unique number 255789.
The site is located in Itasca County, Minnesota (T.
150 N., R. 26 W., sec. 28, DCDBCD; U.S. Geological
Survey Pomroy quadrangle, 7.5-minute series,
1971; Fig. 25.2), approximately 500 feet (150 meters)
northeast of the north end of Wirt Lake, and about
23 miles (37 kilometers) southeast of Shooks. In the
core, Rainy-provenance diamicton of undesignated
lithostratigraphic status, interpreted to be late
Wisconsinan, overlies 5.5 feet (1.7 meters) of sand
over 2.5 feet (0.8 meter) of gray (5Y 5/1), slightly
calcareous silt with scattered sand grains and a
few pebbles, which overlie the top of the Shooks
Formation at a depth of 135 feet (41 meters). The top
of the formation is pale olive (5Y 6/4), coarse-grained
sand. Below 141 feet (43 meters) is medium-grained
sand with a lens of dark greenish-gray to grayishgreen (5G 4/1-2), sandy diamicton at 144 feet (44
meters), and a silt lens of the same color at 146 feet
(44.5 meters). Below 146 feet is coarse-grained sand,
not as green as above, with coarse- to very coarsegrained sand below 149 feet (45.5 meters). Below a
small cobble at 152 feet (46.5 meters) is gray (N 5/1),
calcareous, sandy loam-textured diamicton with finegrained sand and sandy silt laminations. Below 153.5
feet (46.8 meters), the diamicton is loam-textured
and interbedded with very fine-grained sand; 155
to 155.5 feet (47.2 to 47.4 meters) is silty very finegrained sand. Below is dark grayish-brown (10YR
4/2), calcareous, loam diamicton, gray (5Y 5/1) by 158
feet (48.2 meters), with a silt lens and small cobble at
156 feet (47.5 meters), and clay beds at 157 and 158
feet (47.9 and 48.2 meters). Below is greenish-gray
(5GY 6/1), silty, very fine-grained sand to 160 feet (49
meters), over medium- to coarse-grained sand with
some silt. From 162 to 165 feet (49.5 to 50.5 meters) is
coarse-grained sand, with a silty clay bed at the base.
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Figure 25.2. Location of reference
section A for the Mulligan and
Shooks Formations in Minnesota,
and the type section for the Wirt
Formation: core hole OB-320
(U.S. Geological Survey Pomroy
quadrangle, 7.5-minute series,
1971).

Shooks Formation
Reference section A (LMIC)
1:24,000

Figure 25.3. Location of
reference section B for the
Shooks and Wirt Formations
and the type section for
the Mulligan Formation in
Minnesota: core hole OB-517
(U.S. Geological Survey Shilling
Dam NW quadrangle, 7.5minute series, 1973).

Shooks Formation
Reference section B (LMIC)
1:24,000

DESCRIPTION OF BOUNDARIES

grained sand fraction of diamicton of the Bigfork
and Wirt Formations, versus 17 percent of the Shooks
Formation diamicton. Cretaceous limestone and
shale are absent from all three diamictons. Dark
grains compose 12 percent of the total Precambrian
portion of the very coarse-grained sand fraction of
the Bigfork and Wirt Formations, versus 10 percent
of the Shooks Formation diamicton. Core OB-517
is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.

Three cores record that the Shooks Formation
is overlain by the next youngest unit, the Bigfork
Formation. In cores KR-73 and OB-301 (see Fig. 3.2),
the contact between the formations is erosional, with
superposed unoxidized diamictons. In core OB-517
(Fig. 25.3), diamictons of the two formations are
separated by lake sediment. Unoxidized diamicton of
the Shooks Formation overlies unoxidized, unleached
diamicton of the next older Wirt Formation at three
sites, over bedded sediment of probable Rainy
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provenance at four sites, and over bedrock at four
sites. Greenish-gray (5GY 5/1), moderately calcareous
silt below Shooks Formation diamicton in core OB507 is interbedded with light brown (7.5YR 6/3),
non-calcareous clay, which may have a Superior
provenance (Meyer, 1997).
Dimensions, shape, and geographic
distribution
The Shooks Formation as defined herein is
present in the subsurface of north-central Minnesota
(Fig. 25.4). It has been recognized in Lake of the
Woods, eastern Beltrami, southwestern Koochiching,
and northern Itasca Counties (Meyer, 1997). It is
likely largely absent north of this area, but it is
probably present, at least in patches, to the west
and south. Diamicton of the Shooks Formation is
present between diamictons of the Bigfork and Wirt
Formations in core OB-402 (see Fig. 15.8), taken
from a site in eastern Crow Wing County in central
Minnesota (Martin and others, 1989; Knaeble and
Meyer, 2004).
Diamicton of the Shooks Formation at 11 sites in
north-central Minnesota ranges from 4 to 79.5 feet
(1.2 to 24 meters) thick, with an average of 23 feet
(7 meters).

Figure 25.4. Distribution of the Shooks Formation
within Minnesota.

Age
Uranium/thorium disequilibrium dat in g
indicated that the overlying Browerville Formation
is pre-Illinoian in age (Knaeble and Meyer, 2007b).

DIFFERENTIATION FROM OTHER UNITS
The Shooks Formation contains fewer clasts of
Paleozoic carbonate than most units of northwest
provenance, and its diamicton is generally coarsertextured. The low-Paleozoic carbonate Bigfork, Wirt,
and Elmdale Formations generally have many more
Cretaceous clasts than does the Shooks Formation
(except in Lake of the Woods County). Superiorprovenance sediment is more reddish in color and
contains more red volcanic and sedimentary clasts
than does the Shooks Formation. It is commonly
difficult to distinguish the Shooks Formation from
other Rainy-provenance units where only one Rainyprovenance unit is present in a drill hole, or where
intervening Winnipeg-provenance sediment is absent.
In general, late Wisconsinan Rainy-provenance
diamicton is less compact, less clayey, and contains
fewer carbonate, quartz, and saprolite clasts.
Diamicton of the Shooks Formation is generally
more clayey-textured (Fig. 18.1) than diamicton of
the Mulligan and Saum Formations, and generally
is less stony than diamicton of the Saum Formation.
Diamicton of the Shooks Formation on average
contains more quartz and less dark Precambrian
clasts than does diamicton of the Saum Formation
(Martin and others, 1989, 1991; Meyer, 1997).

CORRELATION
Outside the north-central Minnesota type area,
sediment equivalent to that of the Shooks Formation
is believed to be present in the subsurface in central
Minnesota, recognized in one or two cores and a few
rotary drill-hole cuttings (Meyer and Knaeble, 1996;
Meyer and Gowan, 2010).
GENESIS
Sediment of the Shooks Formation has a Rainy
provenance. It was deposited by glacial ice (and its
meltwater) that moved across the Canadian Shield
into Minnesota from the northeast, and flowed
southwest and west across the state. The higher clay
content for the Shooks Formation than is typical for
Rainy-provenance diamicton is attributed to the ice
that deposited the Shooks Formation having advanced
into a proglacial lake (Meyer, 1997).
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Chapter 26
St. Francis Formation (new)
Gary N. Meyer

NAME AND RANK

NOMENCLATURAL HISTORY

I hereby formally name the St. Francis Formation
as a lithostratigraphic unit of formation rank. The
formation is named after the town of St. Francis,
Stearns County, Minnesota. Ice-thrust sediment
likely of the St. Francis Formation is exposed in the
Powder Ridge Ski pit in Stearns County, Minnesota (T.
122 N., R. 29 W., sec. 27, DC; U.S. Geological Survey
Upsala quadrangle, 7.5-minute-series, 1971; Knaeble,
1996). Because this and other known outcrops of the
formation are in uncertain stratigraphic position, the
type and reference sections are all core.

The "St. Francis till" was first recognized in
Minnesota Geological Survey core SR-3, drilled
near the town of St. Francis (Meyer and Knaeble,
1996). The till was correlated with the "Red Sandy
till" of the Todd County area (Meyer, 1986). It was
also recognized that the "First Red till" was likely
deposited during the same glaciation as was the till
of the St. Francis Formation and Meyer Lake and
Sauk Centre Members of the Lake Henry Formation
(Knaeble and Meyer, 1996). The St. Francis Formation
is first used here in order to place the similar "St.
Francis till" and "First Red till" in the same formation.
The St. Francis Formation consists of Superiorprovenance sediment and it intertongues with the
contemporaneous Lake Henry Formation.

Lithologic description
The St. Francis Formation includes diamicton and
sorted sediment. The diamicton facies commonly
has a sandy loam texture, but includes loam-textured
layers, especially towards the base of a section.
The oxidized moist color of the diamicton has
been observed to be reddish-brown (5YR 5/3, 5/4,
4/3, 2.5YR 4/4) to yellowish-red (5YR 4/6) in the
subsurface. The unoxidized color is generally dark
gray to brown (7.5YR 4/1-2), but commonly ranges
to dark grayish-brown (10YR 4/2) where the base of
the diamicton is more loamy-textured. Dark grains
compose about 17 percent of the Precambrian very
coarse-grained sand fraction, and red grains average
about 11 percent, with nearly half being sandstone.
Paleozoic carbonate composes a low to moderate
proportion of the very coarse-grained sand fraction,
whereas Cretaceous grains are generally rare and
shale is absent (Meyer, 1986; Meyer and Knaeble,
1996). The St. Francis Formation occurs in places as
two separate units, but these have not been formalized
as members of this formation. Based on limited data,
diamicton of the informal upper member (previously
the "St. Francis till") averages slightly more Paleozoic
carbonate and dark Precambrian grains and fewer
quartz grains than diamicton of the informal lower
member (previously referred to as the "First Red till"
[Meyer, 1986; Meyer and Knaeble, 1996]).

TYPE SECTION
The type section is a continuous rotary-sonic core:
TR-1, Minnesota Geological Survey unique number
256714. The core site is located in Todd County,
Minnesota (T. 128 N., R. 32 W., sec. 25, CCBCCC;
U.S. Geological Survey Burtrum quadrangle, 7.5minute-series, 1978; Fig. 26.1), about 1 mile (2
kilometers) east of Burtrum, and about 8 miles (13
kilometers) northwest of St. Francis. The core records
the gradational contact at a depth of 90.5 feet (27.5
meters) between overlying variegated (2.5Y 4-3/1,
6-5/2), very calcareous, shell-bearing silty clay
loam, interpreted to be re-worked lake sediment
at the base of the Browerville Formation, and very
dark gray (2.5Y 3/1), very calcareous, shell-rich silt
loam at the top of the St. Francis Formation. At 92
feet (28 meters) is a sharp contact with underlying
greenish-gray (2.5GY 5/1, 6/1), calcareous silt to
clayey silt with distorted laminae. Shell fragments
decrease with depth, and are absent by 93 feet
(28.5 meters) at the gradational contact with brown
(7.5YR 4-5/2), laminated silt and clayey silt. A few
very fine-grained sandy silt laminae are present
by 95 feet (29 meters). At 96.5 feet (29.4 meters)
is brown (7.5YR 5/2), massive, coarse-grained silt,
with a few granules and small pebbles below 97
feet (29.6 meters). From 99.5 to 100.5 feet (30.3 to

225

30.6 meters) is brown (7.5YR 5/2), interbedded and
mixed, fine-grained gravelly sand, sandy silt, and
silt, with a medium-grained gravel bed at the base.
Below to 101 feet (31 meters) is yellowish-red (5YR
4/6), moderately calcareous, sandy loam diamicton,
interpreted to be a mudflow deposit or possibly a
large "till ball." A high percentage of quartz and a
low percentage of dark Precambrian grains in the 1-2
millimeter grain-size fraction suggest it was derived
from the lower member of the St. Francis Formation.
Below a laminae of fine-grained sand at 101 feet (30.8
meters) is brown to grayish-brown (7.5YR-10YR 5/2),
calcareous, massive coarse-grained silt with rare sand
grains, with a bed of brown (7.5YR 5/3), silty, very
fine-grained sand from 102.5 to 103 feet (31.2 to 31.4
meters). From 104 feet (31.7 meters) is brown (7.5YR
5/2, 3), silty, very fine-grained sand and very finegrained sand with a few sandy silt beds; from 106 feet
(30.3 meters) is reddish-gray (5YR 5/2), very fine- to
fine-grained sand with a medium-grained gravelly
layer at 106.5 feet (32.5 meters); and from 107.5 to
108 feet (32.8 to 32.9 meters) is grayish-brown (10YR
5/2), massive, very well-sorted silt. Below to 108.5
feet (33.1 meters) with fairly abrupt contacts is brown
(7.5YR 5/2), gravelly sand with large pebbles, over
dark grayish-brown (10YR 4/2), loam diamicton.
Brown (7.5YR 5/2) mottles or streaks are present to
about 109 feet (33.2 meters). Carbonate pebbles are
fairly common. Sand content decreases with depth
from 51 to 41 percent, whereas clay content increases
from 17 to 25 percent. Color is more yellowish (2.5Y
4/2) by 113 feet (34.4 meters), and is almost dark gray
(2.5Y 4/2-1) at the base of the diamicton at 114 feet

(34.7 meters). Forming the base of the upper member
of the St. Francis Formation is grayish-brown (10YR
5/2), loamy, fine- to medium-grained gravel, with a
layer of dark gray to dark grayish-brown (2.5Y 4/1-2),
gravelly loam diamicton at 115 feet (35.1 meters).
Below is the top of the Meyer Lake Member of the
Lake Henry Formation, dark greenish-gray (2.5GY
4/1) silt to silty clay with sand grains in laminae and
as "drops," and a few tiny shell and wood fragments.
Below 116 feet (35.4 meters) diamicton of the Meyer
Lake Member extends to 156 feet (47.5 meters), where
dark gray (5Y 4/1), loam diamicton is mixed with
brown (7.5YR 4/2-3), silty to loamy sediment. The
contact at 157 feet (47.9 meters) with the underlying
lower member of the St. Francis Formation is marked
by a cobble. Below to 158 feet (48.2 meters) is
brown (7.5YR 4/2-3), calcareous, sandy silt, silt,
and clayey silt, with distorted bedding in the upper
part. Contact with the dense, brown (7.5YR 4/2),
calcareous, loam diamicton below is gradational
and interbedded. Color changes to grayish-brown
(10YR 4/2) at 158.5 feet (48.3 meters), but reddishbrown (5YR 4/4-5) streaks or mottles continue to 160
feet (48.8 meters). Mottles below to 161 feet (49.1
meters) are brown (10YR 4/3). Carbonate pebbles are
common. Paleozoic carbonate in the 1-2 millimeter
grain-size fraction increases from 15 percent at the top
to 24 percent at the base, and clay content increases
from 12 to 23 percent top to bottom. Diamicton of the
lower member of the St. Francis Formation averages
34 percent quartz in the Precambrian portion of the
1-2 millimeter grain-size fraction versus 26 percent in
diamicton of the upper member, and dark grains in

Figure 26.1. Location of the type
section for the St. Francis and Eagle
Bend Formations and the Meyer
Lake Member of the Lake Henry
Formation, and reference section
A for the Elmdale Formation in
Minnesota: core hole TR-1 (U.S.
Geological Survey Burtrum and
Swanville quadrangles, 7.5-minute
series, 1978).

St. Francis Formation
Type section (ESRI)
1:24,000
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the lower member average only 13 percent versus 20
percent in the upper member. The contact at 167 feet
(50.9 meters) with the underlying light olive-brown
(2.5Y 5/4), carbonate-rich, clay diamicton of the
Eagle Bend Formation is abrupt. The core is stored
at the Minnesota Department of Natural Resources
core library in Hibbing, Minnesota.

sandy loam-textured diamicton of the St. Francis
Formation. The diamicton is calcareous and rich
in fine-grained sand. By 70.5 feet (21.5 meters) it is
reddish-gray (5YR 5/2) in color. By about 75 feet (23
meters) the diamicton grades to dark reddish-gray
(5YR 4/2), with a loam texture. At about 77.5 feet
(23.5 meters) the loam diamicton is dark grayishbrown (10YR 4/2) in color; it is rich in silt and finegrained sand and most pebbles are small. By 82 feet
(25 meters) the diamicton is gray (2.5Y 5/1) and fines
with depth. At 85 feet (26 meters) it grades into gray
(5Y 5/1), loam-textured diamicton of the Lake Henry
Formation (Meyer Lake Member), which contains
inclusions of plant debris and reddish silt and clay
interpreted to be younger sediments mixed into the
diamicton from above, through collapse from melting
of buried ice. The core is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.
Reference section B is a continuous rotary-sonic
core: SR-5 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249858. The
core site is located in Stearns County, Minnesota (T.
123 N., R. 33 W., sec. 11, AABABA; U.S. Geological
Survey Lake Henry quadrangle, 7.5-minute series,
1967; Fig. 26.3), approximately 2 miles (3 kilometers)
northeast of the town of Lake Henry, and about 21
miles (34 kilometers) southwest of St. Francis. The
core records the abrupt contact at a depth of about
110 feet (33.5 meters) between very dark gray (2.5Y
3/1), clay loam-textured diamicton of the Lake Henry
Formation (Meyer Lake Member), and underlying
brown (10YR 5/3), gravelly, coarse-grained sand of

Reference sectionS
Reference section A is a continuous rotary-sonic
core: SR-3 (Meyer and Swanson, 1996), Minnesota
Geological Survey unique number 249856. The
core site is located in Stearns County, Minnesota (T.
126 N., R. 31 W., sec. 5, DBDDAD; U.S. Geological
Survey Albany quadrangle, 7.5-minute series, 1965;
Fig. 26.2), approximately 1 mile (1.7 kilometers)
southwest of St. Francis. The core records the contact
at a depth of about 65.5 feet (20 meters) between the
overlying Sauk Centre Member of the Lake Henry
Formation and the St. Francis Formation. The base
of the Sauk Centre Member here consists of dark
gray (5Y 4/1), loam-textured sediment with a trace
of gravel, interpreted to be reworked lake sediment.
Light reddish-brown (5YR 6/3) silt and minor redclay inclusions increase with depth. At 65.5 feet
(20 meters) is reddish-gray (5YR 5/2), moderately
calcareous silt of the St. Francis Formation. The silt
is massive and well sorted, with scattered very finegrained sand grains. Some grayish, fine-grained silt
and reddish-brown (5YR 4/3, 5/3), clay laminae are
present below 68 feet (20.8 meters). At 69 feet (21
meters) the silt grades to reddish-brown (5YR 5/4-3),

Figure 26.2. Location of
reference section A for the
St. Francis and Lake Henry
Formations in Minnesota,
and for the Meyer Lake and
Sauk Centre Members of the
Lake Henry Formation: core
hole SR-3 (U.S. Geological
Survey, Albany and Upsala
quadrangles, 7.5-minute series,
1965, 1978).

St. Francis Formation
Reference section A (ESRI)
1:24,000
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Figure 26.3. Location of
reference section B for both
the St. Francis Formation and
the Meyer Lake Member of the
Lake Henry Formation and
the type section for the Lake
Henry Formation in Minnesota:
core hole SR-5 (U.S. Geological
Survey Lake Henry quadrangle,
7.5-minute series, 1967).

St. Francis Formation
Reference section B (ESRI)
1:24,000

the St. Francis Formation. The overlying diamicton
has notable incorporated organic debris. A thin,
grayish, silty, very fine-grained sand bed is at the
contact. Dark and red Precambrian clasts are common
in the gravelly sand. At 111.5 feet (34 meters) a
coarse-grained gravel layer overlies a bed of olivegray (5Y 5/2), laminated silt and sandy silt, which
grades to medium- to coarse-grained sand with
gravel at the base at 112 feet (34.1 meters). Below
the gravelly layer is brownish (close to 7.5YR colors),
laminated silt to fine-grained sand to 112.5 feet (34.3
meters); over thinly-bedded medium- to coarsegrained sand to 113 feet (34.4 meters), over bedded
grayish silt to fine-grained sand to 113.5 feet (34.6
meters), over medium- to coarse-grained sand with
a coarse-grained gravel layer at the base at 114 feet
(34.7 meters). From 114 to 115 feet (34.7 to 35.1
meters) is gray (2.5Y 5/1), silty, medium- to coarsegrained sand with some granules. Below to 116 feet
(35.4 meters) is brown (10YR 5/3), silty, gravelly
coarse-grained sand with abundant dark and some
red pebbles; carbonate pebbles are fairly minor.
Abruptly at 116 feet (35.4 meters) is brown (7.5YR
5/3), well-sorted, medium-grained sand with beds
of small pebbles; at the base is a bed of calcareous,
grayish-brown (2.5Y 5/2), finely laminated silt. From
117 to 117.5 feet (35.7 to 35.8 meters) is gravelly
coarse-grained sand with cemented nodules. Below
is gray (7.5Y 5/1), very well-sorted, coarse-grained
silt to very fine-grained sandy silt to 118 feet (36
meters), over light yellowish-brown (10YR 6/4), silty,
very fine-grained sand, with a few small pebbles
(dropstones). At 118.5 feet (36.1 meters) are a number

of carbonate-cemented, gravelly sand nodules; some
grayish layers are below. Abruptly at 119.5 feet (36.4
meters) is light olive-brown (2.5Y 5/4), very rocky,
sandy loam-textured diamicton. A variegated matrix
(7.5Y 5/2 to 7.5YR 5/3) is due to a high content of
weathered Precambrian clasts. Abruptly at 120.5
feet (36.7 meters) is dark grayish-brown (10YR 4/2),
gravelly sandy loam diamicton, and at 121 feet (36.9
meters) is yellowish-brown and brown (10YR 5/4,
3), poorly sorted, silty, gravelly sand with cobbles.
At 122 feet (37.2 meters) is an interbedded contact
with underlying calcareous, olive-gray (10Y 5/2),
very well-sorted, very fine-grained sandy silt of the
Eagle Bend Formation. Core SR-5 is stored at the
Minnesota Department of Natural Resources core
library in Hibbing, Minnesota.
DESCRIPTION OF BOUNDARIES
The St. Francis Formation intertongues with
the contemporaneous Lake Henry Formation; the
Sauk Centre Member entirely overlies the St. Francis
Formation, and the Meyer Lake Member intertongues
with the St. Francis Formation. Reddish lacustrine
sediment above and below the Meyer Lake Member
suggests the proximity of the ice that deposited the St.
Francis Formation (Meyer, 1986; Meyer and Knaeble,
1996). Subsurface evidence indicates the presence
of organics above and below both the upper and
lower members of the St. Francis Formation. The
formation has been observed to be strongly oxidized
only where it underlies sediment younger than the
Lake Henry Formation. A leached zone has not been
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noted in central Minnesota. The St. Francis Formation
commonly overlies deeply oxidized or gleyed Eagle
Bend Formation material, or older units.
Dimensions, shape, and geographic
distribution
The St. Francis Formation as defined herein is
present in the subsurface across much of central
Minnesota (Fig. 26.4). The formation has been
recognized in northern Benton, southwestern
Morrison, eastern Douglas, southeastern Otter Tail,
and south-central Wadena Counties, and is present
in patches across most of Todd and Stearns Counties
(Meyer, 1986; Southwick and others, 1986; Meyer and
Knaeble, 1996; Meyer and Swanson, 1996; Knaeble
and Meyer, 2007a; Meyer and Gowan, 2010). The
upper member of the St. Francis Formation has not
been recognized north of Browerville or in west or
southwestern Stearns County. Diamictons of the two
members each average about 13 feet (4 meters) in
thickness. The St. Francis Formation is also present
in a core from eastern Beltrami County, extending
the range of the formation to north-central Minnesota
(Meyer, 1997).

Figure 26.4. Distribution of the St. Francis Formation
within Minnesota.

DIFFERENTIATION FROM OTHER UNITS

CORRELATION

The St. Francis Formation contains more red
Precambrian clasts than units of Rainy, Winnipeg,
and Riding Mountain provenance. Its diamicton is
generally coarser-textured than those of northwest
provenance. It has a lower proportion of Paleozoic
carbonate than the Lake Henry and Eagle Bend
Formations, a lower percentage of Cretaceous clasts
than the Browerville and Elmdale Formations, and a
much lower proportion of Cretaceous shale grains than
the New Ulm Formation and other units of Riding
Mountain provenance. The St. Francis Formation
is distinguished from the Cromwell Formation by
having lower gravel content, a much lower percentage
of 1-2 millimeter sand grains, generally a higher
proportion of Precambrian sandstone and quartz
clasts, and more Paleozoic carbonate (Meyer, 1986;
Meyer and Knaeble, 1996).

The St. Francis Formation may correlate with the
River Falls Formation of western Wisconsin (Baker
and others, 1983; Mickelson and others, 1984) and
the Twin Cities area in Minnesota (Meyer, 1992), and
with the Hawk Creek Formation in the Minnesota
River valley area.
GENESIS
Sediment of the St. Francis Formation has a
Superior provenance. It was deposited by glacial
ice (and its meltwater) that moved into Minnesota
from the Lake Superior basin and flowed southwest,
west, and northwest across the state.

Age
Uran ium/thorium disequilibrium dating
indicated that the overlying Browerville Formation is
pre-Illinoian in age (Knaeble and Meyer, 2007b). The
St. Francis Formation has normal polarity remanent
magnetism, implying it is likely Middle Pleistocene
in age (Jennings and others, 2006). The St. Francis
Formation was deposited sometime after 780,000 and
before 190,000 yr BP.
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Chapter 27
Traverse des Sioux Formation (new)
Mark D. Johnson and Alan R. Knaeble

Name and rank

TYPE SECTION

We hereby formally name the Traverse des Sioux
Formation as a lithostratigraphic unit of formation
rank. The name comes from Traverse des Sioux, a
crossing of the Minnesota River at the north edge of
St. Peter, Minnesota.

The type section is a road cut along a driveway
on Township Road 25 (T. 111 N., R. 26 W., sec. 9, CCC;
UTM 423,094m E., 4,919,860m N.; U.S. Geological
Survey Le Sueur quadrangle, 7.5-minute series, 1965;
Fig. 27.1). The cut exposes several meters of massive
Traverse des Sioux Formation diamicton, overlain by
3 feet (1 meter) of hillslope sediment.

Lithologic description
The Traverse des Sioux Formation is composed
predominantly of tan, sandy loam diamicton. The
moist color is 10YR 4/4. Matrix grain size ranges
from 48 to 68 percent sand, 22 to 33 percent silt, and 5
to 22 percent clay, with the average being 54 percent
sand, 32 percent silt, and 14 percent clay. Sand in
the very coarse-grained sand fraction is 74 percent
crystalline, 25 percent carbonate, and 1 percent
Cretaceous grains. Most samples lack Cretaceous
shale. Among the crystalline grains, 5 percent are
red, which is relatively high, considering that most
tills in southern Minnesota have less than 1 percent,
except for the Superior-provenance tills, which
commonly have 13 to 17 percent. The diamicton is
massive, but south of St. Peter it is interbedded with
sand and gravel deposits, which are also included
within this formation. In places, the diamicton
contains incorporated diamicton from the underlying
Henderson and Good Thunder formations. The
Traverse des Sioux Formation also includes bedded
silt and clay interpreted to be varved lake sediment,
with varve thicknesses ranging from 2 to 12 inches
(5 to 30 centimeters). This bedded sediment occurs
in outcrops near Jordan, Minnesota, where it was
previously mined for brick manufacture.

Reference sectionS
Reference section A is west of Le Sueur,
Minnesota (T. 112 N., R. 26 W., sec. 34, ABD; UTM
425,459m E., 4,924,175m N.; U.S. Geological Survey
Le Sueur quadrangle, 7.5-minute series, 1965; Fig.
27.2). The section is an east-facing excavation. Here,
several feet of diamicton of the Traverse des Sioux
Formation sharply overlie several feet of reddish,
sandy diamicton of the Henderson Formation.
Reference section B is north of New Ulm,
Minnesota (T. 110 N., R. 30 W., sec. 16, BCA; UTM
384,583m E., 4,910,216m N.; U.S. Geological Survey
New Ulm quadrangle, 7.5-minute series, 1964; Fig.
27.3). The section is a south-facing cut. Here,
approximately 16 feet (5 meters) of Traverse des Sioux
Formation diamicton is separated from overlying till
of the New Ulm Formation by a prominent boulder
pavement.
Reference section C is in Jordan, Minnesota (T.
114 N., R. 23 W., sec. 19, ADD; UTM 450,452m E.,
4,946,275m N.; U.S. Geological Survey Jordan East
quadrangle, 7.5-minute series, 1981; Fig. 27.4). Here
in an excavation near 2nd Street East in 2003, 13 to
16 feet (4 to 5 meters) of bedded silt and clay were
exposed. This bedded sediment is interpreted to be
varved clay of the Traverse des Sioux Formation.

NOMENCLATURAL HISTORY
This unit was referred to as the "tan sandy
till" informally by Gramstad and others (1997);
these authors considered it correlative to Matsch's
(1972) "Granite Falls Till." The varved lake sediment
described here was first noted by Upham (1883).

DESCRIPTION OF BOUNDARIES
In most outcrops, the Traverse des Sioux
Formation is overlain by diamicton of the New
Ulm Formation. In places, such as reference section
B, a clast pavement marks the contact, with cobbles
and boulders lying mostly in the Traverse des Sioux
Formation diamicton with their bevelled and striated
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Figure 27.1. Location of the
type section for the Traverse
des Sioux Formation: a road
cut along a driveway (U.S.
Geological Survey Le Sueur
quadrangle, 7.5-minute series,
1965).

Traverse des Sioux Formation
Type section (ESRI)
1:24,000

Figure 27.2. Location of
reference section A for the
Traverse des Sioux Formation
and the reference section for
the Henderson Formation,
just west of Le Sueur, Sibley
C o u n t y, M i n n e s o t a ( U . S .
Geological Survey Le Sueur
quadrangle, 7-5-minute series,
1965).

Traverse des Sioux Formation
Reference section A (ESRI)
1:24,000

Dimensions, shape, and geographic
distribution

tops at or just above the contact with the New Ulm
Formation diamicton. Where observed, the lower
contact is sharp and overlies till of the Henderson
Formation, where present, or the Good Thunder
formation (see Appendix) in the Le Sueur area. In
Mankato and further south, much of the Traverse des
Sioux Formation is predominantly pebbly sand and
gravel, interpreted to be stream sediment, and overlies
diamicton of the Good Thunder formation.

The diamicton of the Traverse des Sioux
Formation is 3 to 33 feet (1 to 10 meters) thick in
exposures. It has been described in the Minnesota
River valley from Henderson to Mankato and west
to New Ulm (Fig. 27.5). It is also present south of
Mankato in valleys of tributaries to the Minnesota
River, but there it consists mostly of sand and gravel.
It is also present in a drill hole near Lonsdale, Rice
County, Minnesota (Fig. 27.5).
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Figure 27.3. Location of
reference section B for the
Traverse Des Sioux Formation
(U.S. Geological Survey New
Ulm quadrangle, 7.5-minute
series, 1964).

Traverse des Sioux Formation
Reference section B (ESRI)
1:24,000

Figure 27.4. Location of
reference section C for
t h e Tr a v e r s e D e s S i o u x
Formation in Minnesota (U.S.
Geological Survey Jordan East
quadrangle, 7.5-minute series,
1981). Here in an excavation
in 2003, 13 to 16 feet (4 to 5
meters) of bedded silt and
clay were exposed.

Traverse des Sioux Formation
Reference section C (ESRI)
1:24,000

DIFFERENTIATION FROM OTHER UNITS

a sandy loam texture similar to the Traverse des
Sioux Formation, but has more gray shale (3 to 15
percent), which comprises approximately 90 percent
of the Cretaceous grains. The Moland Member also
contains Superior-source red clasts (more than other
New Ulm Formation tills) but a lower percentage
than the Traverse des Sioux Formation.

The Traverse des Sioux Formation diamicton
can be identified by its oxidized tan color, dense
character, sandy loam texture, absence of gray shale,
small amount of Superior-source red clasts, and its
stratigraphic position.
The lowest New Ulm Formation member, the
Moland Member, is the unit most easily confused
with the Traverse des Sioux Formation because it
directly overlies the Traverse des Sioux Formation.
The Moland Member is commonly dense and has
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to 25 feet (3 to 8 meters) thick across northern and
central Sibley County, as well as in western Wright
County.
GENESIS

M

in

ne

so

ta

Ri

The diamicton of the Traverse des Sioux
Formation is till, which was deposited during an
advance of a glacier carrying sediment that bears
a mixed Rainy and Winnipeg provenance. The till
north of the prominent bend in the Minnesota River
at Mankato has a strong fabric showing ice flow to
the south. South of Mankato, stream sediment with
a Traverse des Sioux Formation composition is more
common than till, suggesting that the southernmost
ice margin of this advance was in the Mankato area
(Fig. 27.5).
Varved lake sediment overlying diamicton of
the Traverse des Sioux Formation at Blakeley and at
Jordan indicates the presence of an ice-dammed lake
during retreat of the ice that deposited the Traverse
des Sioux Formation till.

ve

r

Figure 27.5. The light gray shaded region indicates
the known regional extent of the Traverse des Sioux
Formation based on outcrops, some of which are
shown by the clear circles. The two black circles
indicate the presence of bedded silt and clay overlying
Traverse des Sioux Formation till. The dark gray
area south of the Minnesota River bend represents
a region where it is more common to find sand and
gravel of the Traverse des Sioux Formation.

Age
The Traverse des Sioux Formation was deposited
during the late Wisconsinan glaciation, but no
numerical dates exist at present.
CORRELATION
There is no other unit in southern Minnesota
directly correlated to the Traverse des Sioux
Formation. Certain diamicton units west of New Ulm
originally included in Matsch's (1972) "Granite Falls
Till" (see Appendix) may correlate to the Traverse
des Sioux Formation, but this correlation cannot be
made at this time.
The Traverse des Sioux Formation likely correlates
with the Hewitt Formation of central Minnesota. It
cannot be traced continuously in the subsurface but
there is evidence in drill cuttings and core that it
is in the subsurface, in many places, commonly 10
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Chapter 28
Whetstone Formation (new)
Carrie E. Jennings

Name and Rank

have been observed. The diamicton contains very
few pebbles and cobbles with few clasts in excess
of 2 inches (5 centimeters) in diameter. The matrix
(less than 2 millimeter fraction) contains from 31 to
42 percent sand, 30 to 36 percent silt, and 24 to 38
percent clay (Fig. 28.1). The very coarse-grained
sand fraction contains 52 to 67 percent Precambrian
grains, 21 to 30 percent Paleozoic carbonate grains,
and between 8 and 20 percent Cretaceous grains, with
only 28 percent of those being shale; this is typical of
a Winnipeg-provenance diamicton (Fig. 28.1).

I hereby formally name the Whetstone Formation
as a lithostratigraphic unit of formation rank to
include the formerly described "Whetstone Till"
(Gilbertson and Jensema, 1987; Gilbertson, 1990)
and related glaciogenic deposits. The name comes
from an exposure on the east bank of the Whetstone
River, in Grant County, South Dakota. Most of
this description is taken directly or modified from
Gilbertson (1990).
Lithologic description

NOMENCLATURAL HISTORY

The Whetstone Formation is the stratigraphically
lowest preserved glacial unit in southwest Minnesota
and east-central South Dakota and is a massive,
calcareous, pebble-poor loam to clay-loam diamicton
that is typically gray (10Y/R 5/1) where dry and
dark gray (2.5Y 4/1) to very dark grayish-brown
(10Y/R 3/2) where wet. In outcrop, the diamicton
is structureless to weakly jointed, and develops
fairly steep slopes. No oxidized or leached horizons

A.

SAND

This unit was first named in an abstract by
Gilbertson and Jensema (1987) and was described
more fully in Gilbertson's (1990) thesis. Gilbertson
was employed by the South Dakota Geological Survey
and engaged in mapping the formerly glaciated
area of eastern South Dakota when he took a leave
to complete graduate school under the supervision
of Dr. Charles Matsch, who was also familiar with

B.

CLAY

SILT

PRECAMBRIAN

CRETACEOUS

PALEOZOIC

Figure 28.1. Matrix texture and very coarse-grained sand lithology for the Whetstone Formation
(17 samples). Reprinted from Gilbertson (1990, p. 24).
A. Average sand-silt-clay = 39-33-28, with standard deviations 3-2-3.
B. Average Precambrian-Paleozoic-Cretatceous = 60-25-15, with standard deviations of 4-2-4.
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the glacial geology of western Minnesota and
eastern South Dakota from work initiated during
his dissertation.

Beneath this, from 14.5 to 14.75 feet (4.4 to 4.5
meters), gray laminated clay and silt are interpreted
to be lacustrine sediment. The sediment has a
sharp, conformable contact with the unit beneath.
It has been informally called the "gastropod silts" by
Gilbertson (1990), as discussed in the Introduction
in this report.
From 14.75 to 19.0 feet (4.5 to 5.8 meters), there is
tan, silty, fine-grained sand that is thinly laminated.
There are some medium-grained sand layers. The top
of the sequence contains some disseminated organic
material, and is stained by leisengange banding. The
lower contact is sharp and planar. From 19.0 to 23
feet (5.8 to 7 meters) there is a yellow-brown to tan
coarse-grained sand to pebbly, coarse-grained sand.
It has tabular and cross beds and coarsens upwards.
The lower contact is sharp and erosional.
The lowest unit exposed above river level is from
23.0 to 34.5 feet (7 to 10.5 meters). It is defined as
the till of the Whetstone Formation and is dark gray
(unoxidized), pebbly, silty, calcareous, and massive.
The lower contact is not visible.

TYPE SECTION
The type section was referred to as the "Gaging
Station Section" by Gilbertson (1990) and is about 1
mile (1.6 kilometers) west–southwest of Big Stone
City, South Dakota (T. 121 N., R. 46 W., sec. 18, BDCA;
U.S. Geological Survey Ortonville quadrangle, 7.5minute series, 1971; Fig. 28.2). The description of this
section appeared in Gilbertson (1990, Appendix C).
The section exposes approximately 35 feet
(10.5 meters) of various glaciogenic units, and the
diamicton of the Whetstone Formation is the lowest
unit exposed, immediately above river level. From
the top of the section, from 0 to 0.5 feet (0 to 15
centimeters), there is black topsoil. The section
from 0.5 to 4 feet (0.2 to 1.2 meters) overlies a light
yellow-brown (oxidized), sandy, pebbly diamicton
with abundant medium- to coarse-grained sand and
common shale pebbles. The lower contact is sharp.
This unit is interpreted to be colluvium derived
from New Ulm Formation till. It is underlain by a
stone lag.
From 4.0 to 14.5 feet (1.2 to 4.4 meters), reddishbrown (oxidized), sandy till is interpreted to be
part of the Hawk Creek Formation. It is calcareous,
massive, and has common fractures and joints with
iron-stained surfaces. The lower contact is sharp
and possibly erosional.

Reference sectionS
Reference section A is the "Nordick Farm Section,"
located in Lac Qui Parle County, Minnesota in a
drainage ditch trending north to the North Fork of
the Yellow Bank River (T. 120 N., R. 46 W., sec. 20,
AACB; U.S. Geological Survey Rosen quadrangle,
7.5-minute series, 1971; Fig. 28.3). The outcrop is at
an approximate elevation of 1,090 feet (323 meters).
In this section approximately 60 feet (18.3 meters) of

Figure 28.2. Location of the
type section for the Whetstone
Formation in Minnesota (U.S.
Geological Survey Ortonville
quadrangle, 7.5-minute series,
1971). This is the "Gaging Station
Section" described by Gilbertson
(1990) and is about a mile west–
southwest of Big Stone City.

Whetstone Formation
Type section (ESRI)
1:24,000
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Figure 28.3. Location of
reference section A for the
Whetstone Formation in
Minnesota (U.S. Geological
Survey Rosen quadrangle, 7.5minute series, 1971). This is
the "Nordick Farm Section" of
Gilbertson (1990) and is in a
drainage ditch trending north
to the North Fork of the Yellow
Bank River.

Whetstone Formaiton
Reference section A (ESRI)
1:24,000

glaciogenic sediment are exposed, with the diamicton
of the Whetstone Formation in the lowermost 9 feet
(2.7 meters; from 51 to 60 feet [15.5 to 18.3 meters]).
The lower contact is not exposed.
From 0 to 36 feet (0 to 11 meters) is a yellowbrown (oxidized), silty diamicton of the New Ulm
Formation. It has abundant shale clasts, lenses of
sorted sand and gravel, and has a gradational lower
contact with interbedded sand and gravel. The sand
and gravel lies between 36 and 38 feet (11 and 11.5
meters) and also has common shale clasts, minor beds
of shale-rich till, and a sharp lower contact.
At 38 feet (11.5 meters) there is a horizontal line
of boulders that are commonly faceted and striated
on their upper surfaces, a boulder pavement.
From 38 to 50 feet (11.5 to 15.2 meters) is an
intermixed, dark gray, sandy till and reddish-brown,
sandy till with a sharp lower contact. These two
tills are the Hewitt Formation and the Hawk Creek
Formation, respectively.
From 50 to 51 feet (15.2 to 15.5 meters) is a darkbrown, silty sand with disseminated organic matter
and some plant macrofossils. It has a sharp lower
contact and is interpreted to be the informally named
"gastropod silts."
From 51 feet to the bottom of the ditch at 60 feet
(15.5 to 18.3 meters) is a dark gray (unoxidized),
pebbly, massive diamicton of the Whetstone
Formation.
Reference section B is the "Whetstone Bridge
Section." This exposure is on the east bank of the
Whetstone River, just north of the bridge crossing

the river in Grant County, South Dakota (T. 121 N.,
R. 47 W., sec. 13, CCDD; U.S. Geological Survey
Big Stone Lake SE quadrangle, 7.5-minute series,
1971; approximate elevation 1,050 feet (320 meters);
Fig. 28.4). Approximately 34 feet (10.4 meters) of
glaciogenic sediment are exposed above river level
and the Whetstone Formation is the lowermost unit
exposed. The lower contact is not visible.
From 0 to 5.0 feet (0 to 1.5 meters) the exposure
is covered. Between 5.0 and 15.0 feet (1.5 and 4.5
meters) is a yellow-brown (oxidized), coarse-grained
sand to coarse-grained gravel with a sharp, erosional,
lower contact.
The diamicton of the Hawk Creek Formation is
exposed from 15.0 to 22.0 feet (4.5 to 6.7 meters). It
is reddish-brown (oxidized) and sandy.
The interval between 22.0 and 25.5 feet (6.7
and 7.8 meters) was covered at the time of section
description. Reddish-brown (possibly oxidized) sand
and gravel is exposed beneath this at 25.5 to 27.0 feet
(7.8 to 8.2 meters). It has a sharp lower contact.
The gray (unoxidized), pebbly diamicton exposed
from 27.0 to 34.0 feet (8.2 to 10.4 meters) is the
Whetstone Formation.
DESCRIPTION OF BOUNDARIES
Sharp, irregular contacts separate the till of the
Whetstone Formation with the overlying sand of
the informal "gastropod silts." Groundwater seeps
commonly mark the distinct change in permeability.
The lower contact is not exposed in the area of the
type and reference sections. In test holes, the unit
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Figure 28.4. Location of
reference section B for the
Whetstone Formation in
Minnesota (U.S. Geological
Survey Big Stone Lake SE
quadrangle, 7.5-minute series,
1971). This is the "Whetstone
Bridge Section" of Gilbertson
(1990) and is on the east bank of
the Whetstone River, just north
of the bridge over the river in
Grant County, South Dakota,
at an approximate elevation of
1,050 feet (320 meters).

Whetstone Formation
Reference section B (ESRI)
1:24,000

beneath the Whetstone Formation is also sorted
sediment but the nature of the contact is unclear.
Dimensions, shape, and geographic
distribution
Surface exposures of the Whetstone Formation
are limited to cutbanks in the lower reaches of the
Whetstone River in northeastern Grant County, South
Dakota and the Yellow Bank River in northwestern
Lac Qui Parle County, Minnesota (Fig. 28.5). Exposed
thicknesses of the till range from 3 to 10 feet (1 to
3 meters). In the subsurface, drilling records from
the South Dakota Geological Survey suggested that
the Whetstone Formation can be traced westward
into the central part of Grant County, South Dakota,
where it is truncated by an erosional unconformity.
Another similar diamicton in the thick stack of
diamictons in the Coteau des Prairies region (Fig. 2)
is also truncated by an erosional unconformity and is
a possible correlative unit, known as "Drift Complex
III" (Gilbertson, 1990).
DIFFERENTIATION FROM OTHER UNITS
The Whetstone Formation diamicton can be
differentiated from other Winnipeg-provenance
diamictons by its low position in the stratigraphy
and by its fairly high Cretaceous coarse-grained sand
fraction ranging from 8 to 20 percent, but with only
28 percent of those being shale. It is difficult to make
distinctions in the field if there is no stratigraphic
context between the Whetstone Formation and a

Figure 28.5. Distribution of the Whetstone Formation
within Minnesota.
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similar till, the "South Fork Till" (Gilbertson, 1990;
see Appendix). Without stratigraphic context, the
Whetstone Formation can be distinguished from
these other Winnipeg-sourced tills only through
laboratory analysis of the very coarse-grained sand
composition.

the Gervais Formation and Browerville Formation
(Chapter 6), and limited stratigraphic constraints
permit the possibility that the Whetstone Formation
correlates to these formations. However, there are
many gray diamictons that are difficult to distinguish
from one another, and until better correlation tools
are available, this unit will be restricted in area to
the lower reaches of the two rivers mentioned in the
type and reference sections.

Age
The age of the diamicton is constrained by
amino acid dating of gastropods within the silt lying
above the Whetstone Formation, which yielded
a date of 140,000 ± 70,000 cal yr BP (Gilbertson,
1990). This method of dating assumes a constant
rate of diagenesis of amino acids with time, but it is
known that the rate varies with temperature. There
is no clear consensus on the status of the amino
acid method as a dating tool (Wehmiller and Miller,
2000). The large error bars associated with the date
obtained for this sample is a reflection of the inherent
uncertainties of the method.

GENESIS
The diamicton of the Whetstone Formation is till,
and based on the provenance of the clasts and matrix
of the till, it was deposited by a glacier advancing
from the north to slightly northeast of its outcrop
area in South Dakota, along a path similar to the
Red River lobe. This advance direction bypassed the
subcrop of Pierre Shale, but did allow incorporation
of other Cretaceous grains as well as Paleozoic
and Precambrian grains. Orientations of elongate
clasts in the till show a fabric oriented toward the
north– northeast (Fig. 28.6), the inferred direction
of origin.

CORRELATION
The Whetstone Formation is lithologically similar
to other Winnipeg-provenance diamictons such as

A.

B.

n = 15

C.

n = 32

D.

n = 32

n = 30
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Figure 28.6. Orientation of elongate
stones in the Whetstone Formation;
from Gilbertson (1990, p. 27).
A. Whetstone Bridge Section (T.
121 N., R. 47 W., sec. 13, CCDD,
U.S. Geological Survey Big Stone
Lake SE quadrangle, 7.5-minute
series, 1971).
B. Gaging Station Section, north
end (T. 121 N., R. 46 W., sec. 18,
BDCA, U.S. Geological Survey
Ortonville quadrangle, 7.5-minute
series, 1971).
C. Gaging Station Section, south
end (T. 121 N., R. 46 W., sec. 18,
BDCA, U.S. Geological Survey
Ortonville quadrangle, 7.5-minute
series, 1971).
D. Nordick Farm Section (T.
120 N., R. 46 W., sec. 20, AACB,
U.S. Geological Survey Rosen
quadrangle, 7.5-minute series,
1971).

Chapter 29
Wirt Formation (new)
Gary N. Meyer

NAME AND RANK

gray (5Y 5/2) mottles to about 179 feet (54.6 meters),
where it grades to a very dark gray (5Y3/1), clay
loam diamicton. From 184 to 184.5 feet (56.1 to 56.2
meters) is dark gray (2.5Y 4/1), loamy, coarse-grained
sand. The diamicton below is dark gray (5Y 4/1) and
changes to a sandy loam texture at 186.5 feet (56.8
meters). Gray (2.5Y 5/1), gravelly, coarse-grained
sand from 188.5 to 190 feet (57.5 to 57.9 meters)
overlies gray (5Y 5/1), moderately calcareous to
calcareous, sandy loam diamicton of the Mulligan
Formation. Precambrian clasts dominate the very
coarse-grained (1-2 millimeter) sand fraction in four
of five samples of Wirt Formation diamicton, with
Paleozoic carbonate ranging from 8 to 28 percent, and
Cretaceous grains from 0 to 23 percent, averaging 15
and 7 percent respectively. Cretaceous shale clasts
are common in places. Dark Precambrian grains
range from 1 to 13 percent of the total Precambrian
grains. Core OB-320 is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.

I hereby formally name the Wirt Formation as
a lithostratigraphic unit of formation rank. The
formation is named after Wirt Lake, a lake in northern
Itasca County, Minnesota (U.S. Geological Survey
Pomroy quadrangle, 7.5-minute series, 1971).
Lithologic description
The Wirt Formation includes diamicton and
sorted sediment. The diamicton facies commonly has
a loam to clay loam texture, but is coarser-grained
in places (see Fig. 3.1). At one site in Lake of the
Woods County, its oxidized moist color is very dark
grayish-brown (2.5Y 3/2) to dark brown (10YR 3/3).
At the three other recognized sites the formation is
unoxidized to the top, from gray to very dark gray (5Y
5/1-3/1; 2.5Y 5-4/1). Paleozoic carbonate commonly
composes a low to moderate proportion of the very
coarse-grained sand fraction, from 6 to 28 percent.
Cretaceous grains range from 0 to 23 percent, and
average 4 percent. The Precambrian portion of the
1-2 millimeter sand fraction is relatively high in
quartz, averaging 28 percent, and low in dark grains,
averaging 9 percent (Meyer, 1997).

Reference sectionS
Reference section A is a continuous rotary-sonic
core: KR-73 (Meyer, 1997), Minnesota Geological
Survey unique number 247438. The core site is
located in Beltrami County, Minnesota (T. 151 N.,
R. 30 W., sec. 27, DDDABC; U.S. Geological Survey
Funkley quadrangle, 7.5-minute series, 1971; Fig. 29.2),
approximately 1 mile (1.6 kilometers) southwest of the
town of Shooks, and about 23 miles (37 kilometers)
northwest of Wirt Lake. In the core at a depth of
194 feet (59 meters), gray to olive-gray (7.5Y 5/1-2),
calcareous, loam-textured diamicton of the Shooks
Formation abruptly overlies very dark gray (5Y 3/1),
calcareous, clay loam-textured diamicton of the Wirt
Formation. The diamicton is loam-textured below
about 201 feet (61.3 meters). From about 202 to
203 feet (61.6 to 61.9 meters) is dark gray (5Y 4/1),
loamy, fine-grained sand; below is very dark gray
(5Y 3/1), loam diamicton, interbedded with beds of
medium- to very fine-grained sand. Below 207 feet
(63 meters) the diamicton is massive to 210 feet (64
meters), where it abruptly overlies gray and dark
gray (5Y 5/1 and 4/1), laminated silt and clayey silt,

NOMENCLATURAL HISTORY
The diamicton of the unit was first informally
named the "Wirt Lake till" by Meyer (1997).
TYPE SECTION
The type section is a continuous rotary-sonic
core: OB-320 (Martin and others, 1989; Meyer, 1997),
Minnesota Geological Survey unique number 255789.
The site is located in Itasca County, Minnesota (T. 150
N., R. 26 W., sec. 28, DCDBCD; U.S. Geological Survey
Pomroy quadrangle, 7.5-minute series, 1971; Fig.
29.1), approximately 500 feet (150 meters) northeast
of the north end of Wirt Lake. At a depth of 175 feet
(53.5 meters), a cobble marks the gradational contact
between overlying gray to olive-gray (5Y 5/1-2),
calcareous, loam-textured diamicton of the Shooks
Formation, and underlying sandy loam diamicton of
the Wirt Formation. The Wirt Formation has olive-
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Figure 29.1. Location of the
t y p e s e c t i o n f o r t h e Wi r t
Formation and reference section
A for the Mulligan and Shooks
Formations in Minnesota: core
hole OB-320 (U.S. Geological
Survey Pomroy quadrangle,
7.5-minute series, 1971).

Wirt Formation
Type section (LMIC)
1:24,000

Figure 29.2. Location of
reference section A for the Wirt
and Bigfork Formations and
type section for the Shooks
Formation: core hole KR-73
(U.S. Geological Survey Funkley
quadrangle, 7.5-minute series,
1971).

Wirt Formation
Reference section A (LMIC)
1:24,000

Cretaceous grains being speckled shale. Core KR-73
is stored at the Minnesota Department of Natural
Resources core library in Hibbing, Minnesota.
Reference section B is a continuous rotary-sonic
core: OB-517 (Martin and others, 1991; Meyer, 1997),
Minnesota Geological Survey unique number 256846.
The core site is located in Lake of the Woods County,
Minnesota (T. 158 N., R. 35 W., sec. 30, AABBBC; U.S.
Geological Survey Shilling Dam NW quadrangle,
7.5-minute series, 1973; Fig. 29.3), approximately
15.5 miles (25 kilometers) northeast of the town of
Four Town, and about 74.5 miles (120 kilometers)

with minor silty clay. Beds of very dark gray (5Y
3/1), clay loam diamicton occur at 211, 212.5, and
215 feet (64.3, 64.8, and 65.5 meters). Clay beds and
laminae are present below 213.5 feet (65 meters). The
bedded sediment grades to gray (5Y 5/1), calcareous,
sandy loam diamicton of the Mulligan Formation
at 222.5 feet (67.8 meters); olive-brown (2.5Y 4/4)
mottles are present below 223.5 feet (68.1 meters).
Light-colored Precambrian clasts dominate the very
coarse-grained sand fraction of six samples of the Wirt
diamicton; Paleozoic carbonate averages 8 percent and
Cretaceous grains 7 percent, with one third of the total
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Figure 29.3. Location of
reference section B for the Wirt
and Shooks Formations and the
type section for the Mulligan
Formation in Minnesota: core
hole OB-517 (U.S. Geological
Survey Shilling Dam NW
quadrangle, 7.5-minute series,
1973).

Wirt Formation
Reference section B (LMIC)
1:24,000

Dimensions, shape, and geographic
distribution

northwest of Wirt Lake. In the core at a depth of 117
feet (35.5 meters), olive-gray (5Y 5-4/2), calcareous,
loam-textured diamicton of the Shooks Formation
grades to dark gray (2.5Y 4/1), calcareous, clay loam
diamicton of the Wirt Formation. The diamicton is
gray (5Y 5/1) from 121 to 125 feet (37 to 38 meters),
and dark gray (5Y 4/1) below to 129 feet (39.5 meters),
where it grades to gray (2.5Y 5/1), calcareous, silty
clay, obscurely laminated with clayey silt. The silty
clay has an interbedded contact above 136.5 feet (41.5
meters) with underlying gray (5Y 5/1), calcareous,
sandy loam diamicton of the Mulligan Formation.
Two samples from the Wirt Formation diamicton
average 30 percent quartz in the Precambrian portion
of the very coarse-grained sand fraction, 21 percent
Paleozoic carbonate, and only a trace of Cretaceous
grains. Core OB-517 is stored at the Minnesota
Department of Natural Resources core library in
Hibbing, Minnesota.

The Wirt Formation as defined herein is present
in the subsurface of north-central Minnesota (Fig.
29.4). The formation has been recognized at one
site each in northern Itasca and eastern Beltrami
Counties, and at two sites in western Lake of the
Woods County (Meyer, 1997). Diamicton of the Wirt
Formation at the four sites ranges from 9.5 to 15.5
feet (2.9 to 4.7 meters) thick, with an average of 12
feet (3.7 meters). It is likely absent to the east and
north of these sites, but it is likely present, at least
in patches, to the west and south. Diamicton of the
Wirt Formation is present between diamicton of the
Shooks Formation and diamicton likely equivalent to
that of the Mulligan Formation in core OB-402 (see
Fig. 15.8), taken from a site in eastern Crow Wing
County, extending the range of the Wirt Formation
into central Minnesota (Fig. 29.4; Martin and others,
1989; Knaeble and Meyer, 2004).

DESCRIPTION OF BOUNDARIES

DIFFERENTIATION FROM OTHER UNITS

U n o x i d i z e d , u n l e a c h e d Wi r t F o r m a t i o n
material is overlain at three sites by unoxidized
diamicton of the Shooks Formation. At a fourth
site, oxidized, unleached Wirt Formation material is
overlain by unoxidized Bigfork Formation sediment.
Bedded sediment of the Wirt Formation grades into
underlying, unoxidized diamicton of the Mulligan
Formation at three sites. Oxidized Wirt Formation
diamicton overlies Precambrian saprolith at one site
(Meyer, 1997).

The Wirt Formation generally contains a higher
proportion of quartz and Cretaceous clasts than units
of northeast provenance, and its diamicton is more
clayey-textured. The Wirt Formation generally has
a lower content of Cretaceous shale grains than late
Wisconsinan sediment of northwest provenance, and
has a higher proportion of quartz and saprolite clasts.
The formation has a lower percentage of Paleozoic
carbonate than the Browerville, Funkley, and Eagle
Bend Formations, and on average contains a higher
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GENESIS
Sediment of the Wirt Formation has a Winnipeg
provenance. It was deposited by glacial ice (and
its meltwater) that moved into Minnesota from the
north–northwest and flowed south and southeast
across the state.

Figure 29.4. Distribution of the Wirt Formation
within Minnesota.

proportion of saprolite and quartz clasts, and a lower
proportion of dark Precambrian clasts. Diamicton
of the similar Bigfork Formation is generally more
clayey textured (see Fig. 3.1), and averages a lower
percentage of Cretaceous and more quartz and
saprolith-derived material (Meyer, 1997).
Age
Uran ium/thorium disequilibrium dating
indicated that the overlying Browerville Formation
is pre-Illinoian in age (Knaeble and Meyer, 2007b).
E q u i v o c a l e v i d e n c e f ro m d e t r i t a l re m a n e n t
magnetization analysis may indicate the Elmdale
Formation, correlated with the Wirt Formation,
was deposited prior to or at the Brunhes-Matuyama
magnetic-reversal boundary, dated at 780,000 yr BP
(Meyer, 1986, 2000).
CORRELATION
The Wirt Formation is correlated with the similar
Elmdale Formation of central Minnesota (Meyer,
1997). The Wirt Formation may correlate with the
Pierce Formation of western Wisconsin (Baker and
others, 1983; Mickelson and others, 1984; Johnson
1986, 2000) and the Twin Cities area (Meyer, 1992).
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APPENDIX

The Quaternary Period is subsequently
divided into two time intervals, the Pleistocene
and Holocene Epochs. The Pleistocene Epoch
began 2,588,000 yr BP. The latest glaciation
ended rather abruptly at around 10,000 14 C
years ago (around 11,600 cal yr BP), and this
climatic event has been used as the beginning
of the Holocene Epoch, although the term has
not been formalized. A type section has been
proposed in the North Greenland Ice Core Project
(NGRIP) that would place the beginning of the
Holocene Epoch at 11,700 years (Walker and
others, 2008). Epoch is a geochronologic unit
and series (for example the Pleistocene Series)
is the corresponding chronostratigraphic unit.
The Pleistocene Epoch is further divided into
the Early (2,588,000 to 780,000 yr BP), Middle
(780,000 to 125,000 yr BP), and Late (125,000 to
11,700 yr BP) ages.
By the late 1800s and early 1900s, it was well
known in Europe and America that there were
numerous glaciations during the Pleistocene
Epoch. A "classic" four-fold sequence of
glaciations was established in the Midwest
with the glaciations named, from oldest to
youngest, Nebraskan, Kansan, Illinoian, and
Wisconsinan. These glaciations were separated
by times of thin or no ice, called interglaciations;
the interglaciation between the Illinoian
and Wisconsinan glaciations was called the
Sangamonian Interglaciation, during which a
prominent soil was formed but later buried by
Wisconsinan deposits, thus becoming a buried
soil, or paleosol. Though these glaciations have
been referred to as ages or stages, which are
subdivisions of epochs and series (for example
the Wisconsin Stage; Willman and Frye, 1970), it
is now more common to refer to these glaciations
as events, whose starting and ending dates are
not necessarily isochronous. These events can be
formalized as diachronic units (North American
Commission on Stratigraphic Nomenclature,
2005), and Minnesota geologists refer to these
events as the Wisconsinan Episode and the
Illinoian Episode. However, in most instances,
the Wisconsinan Episode is referred to more
informally as the Wisconsinan glaciation. In
Minnesota, geologists have used the word phase
to designate separate, shorter-duration events in
the historic activity of a glacial lobe or glacial
lake. The most common phase names used in
Minnesota are listed in Table 4.
With continued mapping and drilling in
the Midwest during the twentieth century, but

BRIEF GLOSSARY
Composition of the 1-2 millimeter sand fraction—
The mineralogy and lithology of the very coarsegrained sand fraction (1-2 millimeter) is routinely
described for till units in Minnesota. A detailed
description of this procedure and how it is used
and applied in Minnesota is provided in Hobbs
(1998b). It has been helpful to summarize the
grain counts in two ways that are commonly
mentioned in the chapters. These identify the
"crystalline, carbonate, and shale," the "light,
dark, and red" and the "Precambrian, Paleozoic,
and Cretaceous" grains (Figs. 6, 7, 8, 9). By
resolving the composition into three categories,
samples can be displayed on triangular diagrams,
and the differences among units clearly seen.
The light, dark, and red grains refer to
the Precambrian rock fragments found in a
sample, with light referring to granite, gneiss,
and quartzite; dark including mafic igneous and
dark metamorphic rocks; and red referring to
iron formation, rhyolite, agate, and Precambrian
sandstone. The Precambrian, Paleozoic, and
Cretaceous grains classification is self-explanatory.
In Minnesota, the Precambrian grains include
those rock types listed above; the Paleozoic
grains include predominantly carbonates and
chert with some sandstone, and the Cretaceous
grains include mostly shale, but also limestone,
lignite, and pyrite.
Geologic time—In this report, various terms referring
to geologic time are used. A brief description
follows.
The Quaternary Period (Fig. 1) is the time
of Earth's history starting 2,588,000 years ago to
the present. It was during the Quaternary Period
that glaciers formed, advanced, and retreated
repeatedly in the middle to high latitudes around
the world. The internationally agreed upon
starting date for the Quaternary Period has
varied over the time of the term's usage, but
the International Commission on Stratigraphy
in 2009 ratified a proposal to formalize the
Quaternary Period and establish its start at
the beginning of the Gelassian Substage at
2,588,000 years ago (Gibbard and others, 2010).
The Quaternary Period is a geochronologic unit.
The sediment, for example in Minnesota, of this
age is referred to as the Quaternary System,
which is a chronostratigraphic unit.
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especially as a result of ocean-floor coring, it
became evident that the "classic four-fold glacial
chronology" of the Midwest was inadequate,
and it has been supplanted by the robust
record of glaciations revealed in the oxygen
isotopes of marine fossils and referred to as the
marine isotope stages (MIS; Fig. 1). Dating of
Midwestern glacial deposits showed that the
Wisconsinan glaciation corresponds to MIS 2 to
4 in the marine cores and the Illinoian glaciation
corresponds to MIS 6 (Curry and others, 2011).
Because these relationships are well established,
"Wisconsinan" and "Illinoian" continue to be
used as event or episode terms. However,
sediments from older glaciations are poorly
dated and correlated, and the terms "Kansan"
and "Nebraskan" in this report are included
only when citing older literature for historic
use. Instead, older glaciations that are poorly
dated are referred to herein as pre-Wisconsinan
or pre-Illinoian.
Finally, dating of these stratigraphic units
in Minnesota, as stated in the Introduction,
has been done using a variety of techniques,
including radiocarbon, optically stimulated
luminescence, amino-acid, and radionuclide
exposure and burial dating. However, most
glacial units in the state are not well dated.
Also important is the magnetic-pole reversal
that occurred 780,000 years ago, and which
separates the Early Pleistocene from the Middle
Pleistocene Epoch. The time from 780,000 yr BP
to the present is our time of normal polarity and
is referred to as the Brunhes Chron (Fig. 1). The
time prior to 780,000 yr BP, when the poles where
reversed, is called the Matuyama Chron.

rotary-sonic or mud rotary), where a copy of
the driller's log is required to be submitted to the
Minnesota Department of Heath, are assigned
a Minnesota Geological Survey unique number
and recorded in the CWI. Boreholes or outcrops
with multiple samples are given one Quaternary
unique number, and individual samples at that
location may be distinguished by a separate
sample number or by depth. When paired
with the Quaternary unique prefix—Q00—the
resulting number provides a unique value that
may be linked or joined in GIS applications.
In the QDI data base, each described glacial
exposure and shallow boring is now represented
by an assigned number (such as 00Q0032567),
designated "site unique number." Samples taken
prior to the inception of the Quaternary unique
data base may be assigned numbers that include
the county code and may not conform to the
described format (for example 78Q015).

UNITS FORMALLY AND INFORMALLY
NAMED IN EARLIER REPORTS BUT
DISCONTINUED IN THIS REPORT
Twenty-two units in Table 3, column D, have been
named formally or used informally in earlier reports,
but we do not recognize them in this report and reject
them for continued usage for the Quaternary Period
deposits of Minnesota. Their names and a short
rationale follow below. These units are no longer
needed because their definition does not follow the
principles we outline in the Introduction or their
use is outdated. Although the North American
Stratigraphic Code recommends that discontinued
units be given the same extensive, eleven-point
description as newly named units, we have deemed
the following rationale sufficient.
Five of these units were defined by Stone (1966a)
based on his mapping of the U.S. Geological Survey
New Brighton quadrangle, 7.5-minute series, 1952.
These are the Arsenal Sand, the Falcon Heights Sand,
the Fridley Formation, the Turtle Lake Sand, and
the West Campus Sand (Stone [1966a] also defined
three other units, the Twin Cities Formation, the New
Brighton Formation, and the Hillside Sand, and all
three of these units are recognized in this report,
but the first two are revised). Stone defined these
units according to the established lithostratigraphic
rules of the time, and his descriptions are technically
sound. However, these units do not fit into the
lithostratigraphic framework adopted in this report,
and they were defined locally without adequate
regional context. Even though a number of these

Grain-size distribution—The grain-size classification
used in this report is 0.063 to 2 millimeter for
sand, 0.002 to 0.063 millimeter for silt, and less
than 0.002 millimeter for clay.
Quaternary Data Index, the County Well Index,
and Quaternary unique numbers—All sites
where Quaternary sediment is encountered and
described by Minnesota Geological Survey field
geologists (outcrops and boreholes) are entered
into a Minnesota Geological Survey internal
working data base called the Quaternary Data
Index (QDI). The QDI includes deep-drilling
sites, which are logged in the County Well Index
(CWI), as well as surface outcrops and shallow
boreholes, which are given unique Q-series
numbers. Deep-drilling sites (for example
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names have been used as stratigraphic names by
area geologic consultants and also in Minnesota
Geological Survey reports, we have decided to
discontinue their use.
An additional four of the units in column D
were formalized using the word drift in the formal
stratigraphic name. We recommend these units be
discontinued because they are no longer used, but
we also reject the continued use of drift for several
reasons. We are discouraging the use of genetic
terms (such as drift, till, or loess) in the description
of materials. Additionally, drift was used formally as
a morpho-stratigraphic term in Illinois (Willman and
Frye, 1970), and we want to avoid misinterpretation
because we do not support the use of formal morphostratigraphy in Minnesota. Finally, we consider
drift to be a reasonable word to use informally, but
outdated for use in formal lithostratigraphy.
Arsenal Sand—The "Arsenal Sand" was defined
by Stone (1966a) as a brown, pebbly, fine- to coarsegrained sand on the, U.S. Geological Survey New
Brighton quadrangle, 7.5-minute-series, 1952. This
unit was recognized as a lithostratigraphic unit by
the U.S. Geological Survey (Keroher, 1970, p. 32). The
sand was interpreted by Stone (1966a) to be a "kame"
deposit. The sand is now included in the Cromwell
Formation and is interpreted to be a subglacial
tunnel-mouth fan associated with the Superior
lobe (Patterson, 1994). The reason for rejection is
that it does not fit into the principles outlined in
the Introduction and was named without adequate
consideration to its regional context. We no longer
recognize this particular body of sand as having a
separate, formal lithostratigraphic status other than
as a part of the Cromwell Formation.
Barnesville formation —The "Barnesville
formation" was first used informally for a till reported
in west-central Minnesota by Anderson (1976) and
Perkins (1977). It is a Riding Mountain provenance
loamy till that is now included in the St. Hilaire
member of the Goose River formation.
Brainerd till—The "Brainerd till" was an informal
name used by Matsch and Schneider (1986) for till of
the Rainy lobe in parts of central Minnesota. In this
report, this material is included in the South Long
Lake Member of the Independence Formation.
Falcon Heights Sand—The "Falcon Heights Sand"
was formally defined by Stone (1966a) for sand and
gravel of mixed provenance deposited by meltwater
from the Grantsburg sublobe on the U.S. Geological
Survey New Brighton quadrangle, 7.5-minute series,
1952. This unit was recognized as a lithostratigraphic
unit by the U.S. Geological Survey (Keroher, 1970,

p. 250-251). This sediment is now considered part
of the New Ulm Formation. We no longer recognize
this particular body of sand as having a separate,
formal lithostratigraphic status other than as a part
of the New Ulm Formation.
Fridley Formation—The "Fridley Formation" was
defined by Stone (1966a) to be sand and silt found in
that portion of the Anoka Sand Plain found on the
U.S. Geological Survey New Brighton quadrangle,
7.5-minute series, 1952. This unit was recognized
as a lithostratigraphic unit by the U.S. Geological
Survey (Keroher, 1970). Stone (1966a) interpreted
this sediment to have been deposited in glacial Lake
Fridley. Investigations by Meyer and others (1993)
and Meyer (1998) showed the stratigraphy and lake
history associated with these deposits to be more
complicated. Sediment that was included in the
"Fridley Formation" is considered to be part of the
New Brighton Formation as revised in this report.
Granite Falls Till—The "Granite Falls Till" was
formally named by Matsch (1972) and it was also
recognized as a formal stratigraphic unit by Matsch
and Schneider (1986). It was named for diamicton
of northwest provenance occurring in the Minnesota
River valley stratigraphically below till of the New
Ulm Formation, with a stone line in places at the
contact between the two units. Further investigations
(Patterson and others, 1999b) in the region indicated
that the unit originally defined as "Granite Falls Till"
contains diamicton from more than one stratigraphic
unit, and possibly as many as five units. A till
sample, collected in 1996 during the Minnesota
Geological Survey's upper Minnesota River basin
mapping project (Patterson and others, 1999b) from
Matsch's type section, was interpreted to be an older,
pre-Wisconsinan-aged till based on its high silt and
carbonate content. Furthermore, recent attempts to
identify the sediment exposed at the original type
section, which is poorly exposed, have shown it to
be impossible to sample the diamicton. Additionally,
correlation of the "Granite Falls Till" with the "Wadena
till" (see below) has further confused understanding
of the composition and extent of the "Granite Falls
Till," particularly because lithologic results of
investigations in Todd County (Meyer, 1986) and the
upper Minnesota River basin regional hydrogeologic
assessment (Patterson and others, 1999b) suggested
that this is an incorrect correlation. However, other
investigations have not yet conclusively identified a
regional stratigraphy to replace the one established
by Matsch (1972), although the Traverse des Sioux
Formation likely includes sediment that was included
in the "Granite Falls Till." Therefore, although we
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are discontinuing use of the term "Granite Falls Till"
with this report, we are also waiting to define the
lithostratigraphy in the region where this unit was
defined.
Hugo Sand—The "Hugo Sand" was named by
Stone (1972) and mapped by Eginton (1975) for
the part of the sediment in the Anoka Sand Plain
deposited in glacial Lake Anoka. This unit was never
formally defined nor the term used extensively. We
therefore discontinue use of this term. The sediment
included in the "Hugo Sand" is now part of the New
Brighton Formation.
Indus formation—The "Indus formation" was a
name suggested for Koochiching-lobe sediment in
northern Koochiching County and intended for use
in a Minnesota Department of Natural Resources
study in 1973. The name was never used (Charles
Matsch, unpub. data).
Kandiyohi till—This unit was introduced by
Crum (1984) and later suggested by Goldstein
(1998) to be correlative to the Browerville Formation
(see Chapter 6) in west-central Minnesota. This
unit was never formally defined. Crum's original
documentation stated that texture and bulk density
were used to separate the till units found at the surface
in Kandiyohi County. Investigations by the Minnesota
Geological Survey in Kandiyohi County conducted
for the Pope County atlas (Harris and Knaeble, 2003)
used texture and lithology results to conclude that till
formerly considered to be "Kandiyohi till" is a Riding
Mountain-provenance diamicton and is included in
the New Ulm Formation.
Lake Agassiz Clay—This is an outdated term
for sediment deposited in glacial Lake Agassiz. It is
listed as a formal lithostratigraphic unit by the U.S.
Geological Survey (Keroher, 1966, p. 2078). It has not
been used in scientific usage for many decades, and
we therefore reject it as a lithostratigraphic term.
Little Fork formation—The "Little Fork formation"
was a name suggested for St. Louis-sublobe sediment
and intended for use in a Minnesota Department of
Natural Resources study in 1973. The name was
never used (Charles Matsch, unpub. data).
Mankato drift—This is an outdated term applied
to deposits of a specific phase (glacial event) of the
Des Moines lobe. These deposits are now included in
the New Ulm Formation (Chapter 20). "Mankato" was
used as a chronostratigraphic ("Mankato Substage"),
geochronologic ("Mankato Subage"), and climatic
stratigraphic ("Mankato Stade") unit during the 1950s
and 1960s (see references in Keroher, 1966, p. 23542355). "Mankato drift" was a morpho-stratigraphic
unit derived from these other usages. None of these

names fit into our new lithostratigraphic framework,
and we discontinue use of all of these terms.
Pierz till—The "Pierz till" was used informally by
Matsch and Schneider (1986) for till of the Superior
lobe in parts of central Minnesota. In this report, this
material is included in the Cromwell Formation.
Rainy drift—This is an outdated term applied
to deposits of the Rainy lobe. This unit was first
used by Norvitch (1962) for sandy, bouldery till in
the Vermilion moraine of northern Minnesota, and
later recognized as a lithostratigraphic unit by the
U.S. Geological Survey (Keroher, 1970, p. 611). This
term does not fit our framework, so we reject its use
as a formal term. However, the term "Rainy" is still
used to designate sediment provenance.
Red River Valley Unit 14—Harris (1998)
presented results from a study of the Quaternary
stratigraphy in the Red River Valley (RRV) in which
stratigraphic units were differentiated and coded
"RRV1," "RRV2," etc. Most of the units that he
identified are formalized, recognized, and defined in
this report. However, limited information is known
about a unit referred to as "RRV14." It is similar to
and stratigraphically beneath the Gardar Formation
but has a patchy distribution and is likely only a local
variant of the Gardar Formation.
St. Charles formation—The "St. Charles
formation" or "St. Charles till" was first used as an
informal unit by Hobbs (1987) for a calcareous loamy
till in Winona County. At one locality near the eastern
edge of the St. Peter escarpment south of Utica,
Winona County, Minnesota (T. 106 N., R. 9 W., sec.
19, CDB; U.S. Geological Survey Utica quadrangle,
7.5-minute series, 1974 [field trip stop 6, Hobbs,
1987]), the till referred to as the St. Charles formation
is calcareous, pebbly loam or clay loam, 8 feet (2.5
meters) thick, uniform yellowish-brown (10YR 5/4) at
the top, grading downward through light gray (2.5Y
6/2) to the base, which is strongly iron stained (10YR
4/6, 4/8). Secondary carbonate deposits are common
in the lower part. This site is east of late Wisconsinan
deposits and was mapped as "Kansan" (Leverett and
Sardeson, 1932). Its relatively fresh appearance can
probably be explained by the leached and oxidized
till having been removed by the same process that
removed the loess. Where thick loess overlies St.
Charles formation sediment, the till is commonly
leached and oxidized. Continued investigation of
this unit showed it to be difficult to distinguish from
the Browerville and Pierce Formations, and it likely
belongs in one of these two units. We therefore
abandon use of the St. Charles formation name for
this unit.
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Superior till—This is an outdated term applied
to deposits of the Superior lobe. Schneider (1961)
used "Superior till" to designate till deposited by
the Superior lobe in central Minnesota. The U.S.
Geological Survey recognized "Superior Till" as a
formal unit (though Schneider did not; see Keroher,
1970, p. 738). We reject "Superior till" as a formal
stratigraphic unit and these sediments are now defined
as being included in the Cromwell Formation.
Toronto till—The "Toronto till" was used by
Gilbertson (1990) and Lineburg (1993) for till in
South Dakota that is similar to Des Moines-lobe till
but that is "extramorainic" to the Bemis moraine.
The material included in the "Toronto till" extends
into Minnesota, but here it is included in the Verdi
Member of the New Ulm Formation.
Turtle Lake Sand—The "Turtle Lake Sand" was
defined by Stone (1966a) for a unit of sand on the
U.S. Geological Survey New Brighton quadrangle,
7.5-minute series, 1952. This unit was recognized as
a formal lithostratigraphic unit (formation status) by
the U.S. Geological Survey (Keroher, 1970, p. 523).
These sediments were deposited in a lake along
the margin of the retreating Grantsburg sublobe.
Investigations by Meyer and others (1993) and Meyer
(1998) showed that the stratigraphy and lake history
associated with these deposits are more complicated,
and this sand is now included in the newly revised
New Brighton Formation. We therefore discontinue
the use of the term "Turtle Lake Sand."
Wadena drift and Wadena till—These are
outdated terms that have been applied to: 1. Diamicton
in the drumlins of the Wadena drumlin field; 2.
Diamicton in the Alexandria moraine; 3. Diamicton
in the Itasca moraine; and 4. Sandy loam, low-shalecontent diamicton (some of which was called the
"Granite Falls Till") in the Minnesota River valley.
The lithostratigraphic equivalency of these various
deposits has never been established. The name has
also been applied to the lobe of ice that formed the
Wadena drumlins, the Alexandria moraine, and the
Itasca moraine. 3 It is now understood that these
geomorphic features were not made by the same lobe.
The U.S. Geological Survey, based on Schneider's
(1961) usage, included "Wadena Drift" and "Wadena
Till" in their list of formally named lithostratigraphic
units (Keroher, 1970, p. 801).

Due to the wide variety of materials, landforms,
and events that have been identified as "Wadena," we
regard it as inappropriate for usage as a stratigraphic
unit, and we therefore discontinue use of this term.
The surface diamicton in the Wadena drumlin field
is now included in the Hewitt Formation. In the
Alexandria moraine, a surface veneer of Des Moineslobe sediment overlies an extensive subsurface unit
that is composed of diamicton that is also included
in the Hewitt Formation. The sediment in the Itasca
moraine is also included in the Hewitt Formation.
Some of the sandy loam, shale-poor diamicton in the
Minnesota River valley is included in the Traverse
des Sioux Formation.
West Campus Sand—Sand and gravel on
Mississippi River terraces on the U.S. Geological
Survey New Brighton quadrangle, 7.5-minute series,
1952, were defined by Stone (1966a) as the "West
Campus Sand." This unit is of mixed provenance
(Superior and Riding Mountain provenance) and
was interpreted by Stone to be a meltwater deposit
of the Grantsburg sublobe. The U.S. Geological
Survey recognized this unit as a lithostratigraphic
unit (Keroher, 1970, p. 817).
Terrace sediments along the Mississippi River
have a complex stratigraphy and lithologic make-up,
and no formal lithostratigraphy is presented in this
report for the sediment found there. Nevertheless,
because the "West Campus Sand" represents only a
small portion of this sediment, and because it was
not named to apply to all Mississippi River terrace
sediment, we have decided to discontinue its use.
Future study on the terrace sediment will perhaps
produce a more regionally useful lithostratigraphic
framework.
West Union gravel—This unit was defined as the
gravel in which "Sauk Valley man" was discovered
(Bryan and others, 1938). It was listed as a formal
lithostratigraphic unit by the U.S. Geological Survey
(Keroher, 1966, p. 4192). Additional mapping (Knaeble
and Meyer, 2007a, b) showed that the material at the
location of the pit described by Bryan and others
(1938) is likely New Ulm Formation sand and gravel
or a mixture of sand and gravel from the New Ulm
Formation and the underlying Hewitt Formation.
Furthermore, the "West Union gravel" was named
at only this one site, and was not intentionally
formally defined by Bryan and others (1938). It has
never been used as a mapping unit, and it does not
fit the framework set up in this report. We therefore
discontinue use of this term.

3We

retain the name "Wadena lobe" for the ice that
formed the Alexandria moraine and the Wadena drumlin
field, but have introduced the term "Itasca lobe" for the ice
that formed the Itasca moraine.
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UNITS USED IN EARLIER REPORTS FOR
WHICH NO ACTION IS TAKEN IN THIS
REPORT

the upper Minnesota River valley in Renville and
Meeker (Meyer, 2015) Counties revealed the Good
Thunder formation to be over 300 feet (100 meters)
thick in some places (Knaeble, 2013). Knaeble (2013)
described leached zones and oxidized (yellow-brown)
or reduced (blue-green) zones at the upper surfaces
of some of the beds, suggesting exposure and soil
formation.
The Good Thunder formation can be distinguished
lithologically from other pre-Illinoian till units by
its abundant Paleozoic carbonate content (ranging
from 30 to 60 percent), small amounts of gray shale
(ranging from 0 to 15 percent, but commonly less
than 5 percent), general scarcity of Superior-source
red grains (less than 1 percent), low monomineralic
quartz content (averaging approximately 20 to 25
percent of the light 1-2 millimeter coarse-grained
sand fraction), and its loam texture (which commonly
has a high silt component).
The Good Thunder formation till units are
interpreted to correlate with the carbonate-rich tills
of central Minnesota, for example the Lake Henry
Formation (Sauk Centre Member and Meyer Lake
Member) and the Eagle Bend Formation. A direct
one-to-one correlation between these tills has not
been made, but evidence suggests that the upper
two Good Thunder formation tills in the Minnesota
River bend area by Mankato correlate with the Sauk
Centre and Meyer Lake Members.
The Good Thunder formation will be divided
into members after additional regional information
has been collected and analyzed.
Holocene lithostratigraphic units—Numerous
lithostratigraphic units composed of sediment
interpreted to be Holocene Epoch (or upper Pleistocene
Epoch) alluvium and colluvium have been described
and formally defined in the neighboring states of
Iowa, Nebraska, North Dakota, and Wisconsin (for
example Bluemle, 1973; Bettis, 1990; Mandel, 1995;
Mason and Knox, 1997; Syverson and others, 2011),
and some of these have been used for stratigraphic
units in Minnesota. However, at this time, we did
not evaluate lithostratigraphic units for these kinds
of deposits, mainly because little investigation has
been conducted on these materials in Minnesota.
We anticipate that future reports on Quaternary
lithostratigraphy will include these deposits.
South Fork till—Gilbertson (1990) identified a
Winnipeg-provenance diamicton that he referred to as
the "South Fork Till," which occurs stratigraphically
below the "Hawk Creek Till" (Hawk Creek Formation
of this report) and the "Yellow Bank Till." Gilbertson's
"Whetstone Till" (Whetstone Formation of this report)

Eight units or groups of units, listed in Table 3,
column E have been used in previous reports, but we
have decided at this time not to take action on them.
In some cases, these units occur in regions that are
being mapped at the present time, and we chose to
wait until more information is available. However,
we include a brief description of these units below.
Coon Creek member of the Cromwell
Formation—The "Coon Creek member" refers to
a layer of clayey, Superior-provenance diamicton
interpreted to be till found north and northeast of
the Twin Cities. This unit was described by Meyer
(1998), and if it is formally defined, it would be
included in the Cromwell Formation. It overlies
glacial lake sediment that is likely the Sunrise
Member of the Cromwell Formation (Chapter 7).
The Superior lobe incorporated lake sediment during
a readvance (perhaps during the Automba phase) and
deposited the Coon Creek member diamicton that is
more clay-rich than other Cromwell Formation tills.
Because of its limited extent and unsure stratigraphic
position, we have chosen to wait to formalize this
unit, although it appears in Figure 11.
Good Thunder formation—The "Good Thunder
formation" refers to pre-Illinoian glacial deposits
in south-central Minnesota extending south of the
Minneapolis–St. Paul metropolitan area primarily
along the Minnesota River valley and adjacent
counties to the western Minnesota border. The
name "Good Thunder formation" was first used by
Gramstad and others (1997) for exposures of this
till south of Mankato, although no type section was
indicated. The name "Good Thunder formation" has
since been used for this unit in several publications
(Lusardi and others, 2012; Meyer and others, 2012a,
b; Knaeble, 2013). Subsequent work shows that the
Good Thunder formation is comprised of multiple
carbonate-rich diamicton units (possibly as many as
four or five till sheets) that have a north–northwest
(Winnipeg to Riding Mountain) source area. These
Good Thunder formation units lie stratigraphically
beneath the Browerville Formation and above the
Elmdale Formation; they are also interbedded in
places with red till of Superior provenance (Fig. 11),
stream sediment, lake sediment, or organic horizons
with wood. Depending upon the location, there may
be other older Rainy, Winnipeg, and Superior source
deposits and/or bedrock beneath the Good Thunder
formation independent of whether the Elmdale
Formation is present or absent. Investigations in
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also occurs below the "Yellow Bank Till," but their
relationship to the "South Fork Till" was not well
established. Although the Whetstone Formation is
extensive and adequately documented to formalize,
few surface localities of the South Fork till have been
identified, and its precise stratigraphic position is
somewhat uncertain. We await further fieldwork
in western Minnesota before we formally define
this unit.
Southwest regional hydrogeologic assessment
(SWRA) units—Patterson and others (1995) and
Patterson (1997) described the complex stratigraphy
in the southwest part of the state in the southwest
regional hydrogeologic assessment (SWRA), and their
stratigraphy is reviewed in the Introduction. These
units were identified from numerous, widespread
surface deposits and three widely spaced, deep
boreholes. The units were named "SWRA 1," "SWRA
2," etc. (Fig. 11) by Patterson and others (1995) and
Patterson (1997). Although some of these units can
be correlated to formal units, most of these units
require further research based on more closely spaced
sampling.
Upper Minnesota River basin (UMRB) units—
Patterson and others (1999b) described a complex
stratigraphy in the upper portion of the Minnesota
River basin, and this stratigraphy is reviewed in the
Minnesota River section of the Introduction. These
units were identified from numerous, widespread
surface deposits, widely spaced, deep boreholes, and
from numerous samples collected along tributaries of
the Minnesota River. These units were referred to as
"Till unit 1," "Till unit 2," etc. in the report (Fig. 11). A
few of the UMRB units have been correlated to known
units (the Hawk Creek, New Ulm, and Whetstone
Formations), but we consider that naming and formal
definition of the remaining units should await further
detailed analysis of UMRB samples. Future research
based on more closely spaced sampling may also be
necessary.
Windrow Formation—The Windrow Formation
is composed of sand, sandstone, gravel, and
conglomerate and is generally considered to be of
Cretaceous age, although difficulty in dating this
unit has made it impossible to exclude a younger
(Tertiary or even Quaternary) age for parts of it.
This unit contains three members. It was defined
in Wisconsin by Thwaites and Twenhofel (1921). It
was abandoned in Minnesota by Stauffer and Thiel
(1941) and revised by Andrews (1958). A more recent
summary of its usage can be found in Clayton and
Attig (1990). Occurrence of Windrow Formation
sediment has been reported in Minnesota, but we
did not evaluate this unit at the present time.
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Yellow Bank till—Gilbertson (1990) identified
a Riding Mountain-provenance diamicton that
occurs stratigraphically below the "Hawk Creek Till"
(Hawk Creek Formation of this report) and above
the "Whetstone Till" (Whetstone Formation of this
report) in eastern South Dakota and in Minnesota
in the upper reaches of the Minnesota River valley.
Few surface localities of this unit were identified,
and its precise stratigraphic position is somewhat
uncertain. We await further fieldwork in western
Minnesota before we formally define this unit.

