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INTRODUCTION

The bedrock geology map, correlation chart, and cross sections portray the distribution, 
structure, and types of bedrock units that are present directly beneath as much as 600 feet 
(183 meters) of unconsolidated deposits of Pleistocene age.  The bedrock geology map 
(Plate 2) shows the bedrock as it would appear if viewed from an aerial perspective after 
all unconsolidated sediments are stripped away.  The bedrock geologic cross sections 
add a third dimension and show how bedrock layers would appear if exposed in deep 
trenches cut to depths of hundreds of feet below the land surface.  Some of the geologic 
layers are very thin compared to their areal extent, and it is necessary to use a vertical 
dimension ten times horizontal distance to show these units. 

The bedrock underlying McLeod County consists of gently dipping Paleozoic and 
Mesoproterozoic sedimentary rocks in the eastern part and a complex assemblage of 
Paleoproterozoic and Archean rocks in the central and western parts.  Because of the thick 
cover of Pleistocene glacial deposits, no bedrock outcrops exist, and bedrock geology 
must be generalized using available water well and geophysical data.  The geology of the 
Phanerozoic rocks is based largely on descriptions from driller's logs, and where available, 
cuttings and geophysical logs from municipal and other deep wells.  Relatively few water 
wells penetrate Precambrian bedrock in McLeod County, and geologic interpretations 
here rely primarily on aeromagnetic and gravity data.  These data are particularly 
useful for mapping Precambrian rocks in the region, which are typically associated 
with strong contrasts in density and magnetization (Chandler and others, 2008).  The 
interpretations that are presented here are supported by earlier investigations to the north 
(Boerboom and others, 1995; Jirsa and others, 2003; Chandler and others, 2008) and to 
the west (Southwick, 2002), where better outcrop and drill hole control have allowed the 
establishment of some guiding relationships between Precambrian geology and observed 
gravity and magnetic signatures.  A brief description of the aeromagnetic gravity data 
and the interpretive procedures used in McLeod County is included below.  

DESCRIPTION OF AEROMAGNETIC AND GRAVITY DATA AND 
INTERPRETIVE PROCEDURES

Aeromagnetic data (airborne measurements of the earth's magnetic field) are sensitive 
to subsurface variations in the content and physical characteristics of magnetite, which is 
a common accessory mineral in igneous and metamorphic rocks.  The aeromagnetic data 
used in this study were acquired by a statewide program of high-resolution surveying 
(Chandler, 1991).  The data in McLeod County were acquired along north–south lines 
that were flown 1,640 feet (500 meters) apart at a mean terrain clearance of 656 feet 
(200 meters).  The line data have been corrected for temporal variations, as well as 
for the effect of the regional geomagnetic field (DGRF model, National Oceanic and 
Atmospheric Administration, 1995), and have been interpolated into gridded data.  The 
gridded aeromagnetic data used in this study were from a statewide, 328-foot (100-meter) 
spaced grid that was produced as part of a program to upgrade the aeromagnetic database 
in Minnesota through reprocessing (Chandler, 2007).  This statewide grid has been 
mathematically continued to a common level of 492 feet (150 meters) above the land 
surface, and reduced to vertical polarization (reduce to pole).  The former operation 

eliminates minor discrepancies that are associated with differing levels of acquisition 
(terrain clearances), whereas the latter operation corrects for the inclination of the earth's 
magnetic field, thereby placing anomalies more directly above their sources.  The use 
of the aeromagnetic data for bedrock mapping was improved by computing first and 
second vertical derivative grids (Figs. 1A, B), which enhances the signature of magnetic 
sources at or near the bedrock surface.

Gravity data, which here are based on measurements taken at the land surface, are 
sensitive to density variations within the bedrock, which in turn reflect variations in bulk 
composition.  Some of the gravity data used in this study were derived from a statewide 
database (Chandler and Lively, 2003), which in McLeod County consisted of stations 
spaced 1 to 2 miles (1.6 to 3.2 kilometers) apart.  This coverage was upgraded to an 
average spacing of about 1 mile (1.6 kilometers) by acquiring 433 new gravity stations 
in 2006 and 2007.  The appended gravity data were corrected for latitude- and elevation-
related effects using standard procedures (International Association of Geodesy, 1971), 
a sea-level datum, and a Bouguer reduction density of 2.67 gm/cc.  The reduced data 
were subsequently used to produce a 2,625-foot (800-meter) spaced grid of the Bouguer 
gravity anomaly for McLeod County and surrounding areas (Fig. 1C).  Following upward-
continuing the Bouguer grid 1.2 miles (2 kilometers) to mitigate noise, the data were 
enhanced by computing a second vertical derivative grid (color part of Fig. 1D).  Similar 
to derivation of the magnetic data, the second vertical derivative operation enhances the 
signature of sources at or near the bedrock surface, thereby improving the utility of the 
gravity data for geologic mapping.

Because of their greater degree of resolution, the first vertical derivative and second 
vertical derivative aeromagnetic data were used to infer the majority of geologic features in 
the Precambrian bedrock including contacts, dikes, and faults (Figs. 1A, B, D).  Contacts 
were inferred around zones of distinct and internally consistent magnetic signature, 
whereas faults were inferred along distinct linear trends that commonly appeared to 
truncate magnetic signatures to either side.  Dikes were inferred along narrow, linear 
anomalies that did not appear to truncate or offset anomaly signatures to either side.  In 
areas lacking magnetic signature, the second vertical derivative gravity data were used 
in some instances to map contacts and faults (Fig. 1D).  Owing to the ambiguities of 
gravity and magnetic interpretation, the geologic map presented here should be used 
with appropriate caution, and significant revisions may occur locally, should new drill 
hole data become available.

PALEOzOIC AND MESOzOIC ROCKS

 The Paleozoic bedrock formations were deposited as sediment in shallow seas that 
covered the region about 500 to 488 million years ago during the Late Cambrian epoch.  
The shallow seas in which the sediment was deposited covered the Hollandale embayment, 
which was a shallow shelf that extended north from central Iowa into southeastern and 
south-central Minnesota from deeper marine basins that covered most of the central 
interior of North America during the Lower and Middle Paleozoic era.  As older layers of 
sediment were buried by succeeding layers, they gradually consolidated and lithified into 
rock: limestone, dolostone, siltstone, shale, and sandstone.  The Cambrian sedimentary 

rock forms distinguishable and mappable units that are given formal names, for example, 
the Mt. Simon Sandstone and St. Lawrence Formation.  More detailed descriptions of 
the paleogeography during the Paleozoic era and naming of the Paleozoic formations 
are given in Mossler (2008).  Nomenclature has been revised for some of the Paleozoic 
formations of Minnesota and some formation names that formerly were in use have been 
replaced by names that are widely accepted elsewhere in the Midwest.  For example, in 
this report rocks formerly referred to as the Franconia Formation are now referred to as 
the Lone Rock Formation, and the sandstone interval referred to as the Ironton-Galesville 
Sandstone is now named the Wonewoc Sandstone.  Characteristics of each rock formation 
and its constituent members are given in the Description of Map Units (Plate 2).

Paleozoic bedrock units of Ordovician age and younger found farther south and 
east in Minnesota and in neighboring states almost certainly were deposited in McLeod 
County; however, during the long intervals when the region was dry land, Paleozoic rock 
younger than Cambrian was eroded from the region.  As the Paleozoic units were stripped 
back, more resistant formations composed of dolostone and limestone formed uplands, 
while less resistant formations composed of shale siltstone and poorly consolidated 
sandstone formed lowlands in front of escarpments or along valleys.  Eventually, eastern 
McLeod County became a lowland underlain by the softer sandstone, shale, and siltstone, 
bordered to the east by highlands capped by dolostone (in present-day Carver, eastern 
Sibley, and Scott Counties).

During the interval between the end of the Cambrian and the beginning of Late 
Cretaceous periods, about 99.6 million years ago, a sequence of fine-grained sandstone, 
siltstone, and shale was deposited in McLeod and neighboring counties in the moat between 
the Paleozoic highlands to the east and Precambrian terrain toward the north and west.  
The formation is as much as 200 feet (61 meters) or more thick and disconformably 
overlies units that range in age from the Mesoproterozoic Hinckley Sandstone to the 
Late Cambrian Lone Rock (Franconia) Formation.  It was initially considered that a least 
some of this unit could be the result of in situ weathering of pre-existing rock related 
to an extensive pre-Late Cretaceous saprolith found throughout southern Minnesota 
described by Parham (1970).  However, there is no evidence that the formation is an 
in situ weathering product derived from Cambrian rock.  Study of samples from a core 
acquired from a test hole drilled near the village of Plato where the formation occupies 
an interval equivalent to the Lone Rock Formation do not support this.  There were no 
weathering features such as relict texture nor any alteration products, such as limonite, 
as would be derived by weathering glauconite.  In addition, the rock has laminae and 
banding that suggests deposition from a medium such as water and the basal contact 
with glauconitic sandstone of the Lone Rock Formation is sharp, not transitional as 
would be expected if the unit was a product of in situ weathering.  The provenance of 
the formation is unknown but it is probably derived largely from pre-existing Paleozoic 
formations because its constituents are mineralogically and texturally mature.

A thin layer of fine- to coarse-grained, pebbly quartz sandstone that overlies the 
unnamed unit of the preceding paragraph at Winsted and other Paleozoic formations 
elsewhere in southern Minnesota is referred to as the Late Cretaceous Dakota Formation.  
The age of this sandstone along with many other isolated occurrences of quartz sandstone 

in southeastern and south-central Minnesota with similar lithology in similar stratigraphic 
positions, is based on similarity in lithology and stratigraphic position to sandstone 
farther west in Minnesota and Iowa that is positively known to be Cretaceous based on 
fossil evidence.

The sandstone is underlain by a thin layer of weathered rock (saprolith) containing 
white to light gray kaolinitic clay.  This saprolith may be much more extensive throughout 
McLeod County than is indicated by its occurrence in a few well cutting sets from 
Winsted and Glencoe.  It is interpreted to be a part of the extensive saprolith of Pre-
Cretaceous to Early Cretaceous age that extends throughout southern Minnesota.  This 
saprolith was described by Parham (1970, p. 48), who indicated it is probably present 
on the Precambrian rocks throughout McLeod County; however, the sparse drilling data 
(well cuttings and drillers' logs) from McLeod County is not conclusive.

MESOPROTEROzOIC ROCKS

Paleozoic bedrock is underlain by a thick pile (up to thousands of feet) of 
Mesoproterozoic (approximately 1,100 Ma) rock of the Keweenawan Supergroup, related 
to the Midcontinent Rift.  This bedrock includes the quartzose Hinckley Sandstone 
and red to brown shale, siltstone, and arkosic to lithic sandstone of the Fond du Lac 
and Solor Church Formations.  Beneath these are volcanic rocks, mainly basalt, of the 
Chengwatana Group.  These sedimentary rocks are known to be low density and essentially 
non-magnetic (Boerboom and Chandler, 2001; Chandler and others, 2008).  They are 
inferred to gradually thicken eastward, where they are characterized by a negative gravity 
signature and a subdued magnetic signature (Fig. 1).  The basal contact inferred for this 
sequence is somewhat arbitrary, and is drawn to encompass the western limit of visible 
smoothing of the second vertical derivative magnetic data (Fig. 1B), which in turn is 
interpreted to mark the onset of significant burial (greater than a few hundred feet) of 
the Archean and Paleoproterozoic basement by these rocks.  Thin occurrences of these 
sedimentary rocks may therefore lie west of the inferred contact.

PALEOPROTEROzOIC AND ARCHEAN ROCKS

Part of McLeod County is interpreted to be underlain by rocks that are associated 
with the Archean Minnesota River Valley subprovince of southwestern Minnesota (Fig. 
2A).  This subprovince, which includes gneissic rocks that are as old as 3,400 to 3,500 
Ma (Bickford and others, 2006; Schmitz and others, 2006), is subdivided by shear 
zones into four distinct blocks: the Benson, Montevideo, Morton, and Jeffers (Fig. 2A; 
Southwick and Chandler, 1996).  The bounding shear zones, which are delineated by 
prominent aeromagnetic lineaments (Fig. 2B), include the Great Lakes Tectonic Zone, 
the Appleton geophysical lineament, and the Yellow Medicine shear zone (Fig. 2A).  
Largely on the basis of aeromagnetic data, the Yellow Medicine shear zone and associated 
faults are interpreted to extend into western McLeod County (Fig. 2), where they form a 
structurally complex, 12 to 19 mile (20 to 30 kilometer) wide zone of variably deformed 
Archean and Paleoproterozoic rocks.  Gneissic rocks of the Morton block are interpreted 
to underlie southwest McLeod County.

To the east the Archean rocks of the Minnesota River Valley subprovince are 
interpreted to be overlain and intruded by Paleoproterozoic rocks that are associated 
with the 1,900 to 1,830 Ma Penokean orogen and the 1,800 to 1,750 Ma Yavapai orogen 
(Fig. 2A; Holm and others, 2005; Chandler and others, 2008).  Rocks that are associated 
with these two orogens, which are characterized by a relatively negative and subdued 
aeromagnetic signature (Fig. 2B), are interpreted to underlie the central and northwestern 
parts of McLeod County.
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Figure 1.  Maps of McLeod County and surrounding areas showing geophysical data that were used to map Precambrian geology.

A.  First vertical derivative enhancement of reduced to pole aeromagnetic data.  Gray-scale format with highs white and lows black.  Heavy solid lines are county boundaries.

B.  Second vertical derivative enhancement of reduced to pole aeromagnetic data.  Gray-scale format with highs white and lows black.  Heavy solid lines are county boundaries.  The irregular line 
in the east-central part of the image approximates the edge of Keweenawan sedimentary rocks, based on the onset of smoothing of anomaly signatures, which in turn is interpreted to represent 
the onset of significant burial of the Archean and Paleoproterozoic basement by these non-magnetic rocks.

C.  Bouguer gravity anomaly map of McLeod County and adjacent areas.  Color shaded relief format with false illumination from the northeast at 45° inclination.  Contour interval is 1 milligal.  
White dots designate individual gravity stations.  Solid lines are county boundaries.  Ticks denote depressions.

D.  Superimposed magnetic on gravity (SMOG) map of McLeod County and adjacent areas.  Map shows the first vertical derivative magnetic anomaly data reduced to pole (gray scale) and 
second vertical derivative gravity anomaly data upward continued to 2 kilometers (color scale).  Black dots designate drill holes with information on Precambrian bedrock, usually derived solely 
from driller's logs.  Thin black lines designate inferred geologic contacts, and thick black lines designate inferred faults.  Purple lines designate inferred dikes with reversed magnetic polarity, 
and magenta lines designate inferred dikes with normal magnetic polarity.  Straight solid lines are county boundaries.

Figure 2.  Maps showing regional geology and aeromagnetic data 
for southwestern Minnesota.

A.  Regional geologic map of southwestern Minnesota.  Dashed 
line rectangle in the east-central part of the map delineates the area 
of the geophysical maps shown in Figure 1.  Drill hole BPL 88-12 
is described in the Description of Map Units on Plate 2 (unit <hl).  
Revised from Boerboom and others (2003).

B.  Regional aeromagnetic map of southwestern Minnesota.  Data 
from the statewide grid are described by Chandler (2007).  Data are 
shown in a color shaded relief format with false illumination from 
the northeast at a 45° inclination.  Dashed line rectangle in the east-
central part of the map delineates the area of the geophysical maps 
shown in Figure 1.

Contacts for Precambrian rocks are based principally on two-dimensional modeling of gravity and magnetic data along profile, though the Mesoproterozoic contacts are also based on well records and cuttings from Glencoe.  Contacts for the Paleozoic bedrock units are 
based on drillers' logs, water well cuttings, and geophysical logs.  The contact between glacial deposits and bedrock is based on the bedrock elevation map (Plate 6).  Vertical exaggeration = 10x.

Contacts for the Paleozoic bedrock units are based on drillers' logs, water well cuttings, and geophysical logs.  The contact between glacial deposits and bedrock is based on the bedrock elevation map 
(Plate 6).  Vertical exaggeration = 10x.

The contact between glacial deposits and bedrock is based on the bedrock elevation map (Plate 6).  Dips of contacts and faults were inferred from two-dimensional modeling of gravity and magnetic data.  Due to vertical exaggeration, features that appear to dip steeply actually 
are interpreted to dip at moderate angles, generally 35° to 50°, to the north.  Vertical exaggeration = 10x.

The cross sections, figures, and text on this plate 
are a continuation of the Bedrock Geology map and 

description on Plate 2, Bedrock Geology.
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