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INTRODUCTION

This map is an interpretation of bedrock geologic units exposed and covered by 
glacial sediment in Redwood County.  This is one of several counties along the Minnesota 
River valley that have a long history of geologic study related to the antiquity of the 
bedrock, and commercial interest in quarrying, clay mining, and speculation about 
lignite and other resources.  The interpretation presented here builds on previously 
published and unpublished geologic mapping, augmented with various types of drill 
hole data (see Plate 1, Data-Base Map), geophysical data, and fieldwork by the 
authors.  It integrates many of the bedrock geologic units defined in adjacent counties 
including Renville (Jirsa and others, 2013) and Brown (Boerboom and Steenberg, in 
press); though some of the unit names differ slightly across county boundaries.  The 
bedrock ranges in age from Paleoarchean (approximately 3,600 to 3,200 Ma, or million 
years old) to Late Cretaceous (approximately 90 Ma), and records a complex history 
involving multiple igneous, sedimentary, metamorphic, and tectonic events, as well 
as significant episodes of weathering and erosion.  The geologic interpretation of 
Precambrian bedrock (rocks older than approximately 540 Ma) in most areas of the 
county is based on geophysical maps that show diffuse bands of varied geophysical 
expression.  Where these geophysical patterns are intersected by drill holes, or cross 
areas of exposed bedrock in the Minnesota River valley and its tributaries, the outcrops 
typically show a complex mixture of rock types (Fig. 1).  It is challenging to reconcile 
rock types at the map scale in the narrow exposure area with those in the remainder 
of the county where bedrock is buried.  Measurements of magnetic susceptibility of 
various lithologic components within outcrops helped to assign specific rock types to 
the various aeromagnetic anomaly signatures.  Nevertheless, parts of this interpretation 
that lie some distance from exposures and drill holes are uncertain.  The distribution of 
Cretaceous bedrock is similarly uncertain, as it is based on scant exposures in valleys, 
and the extension of the exposed units to other parts of the county using drilling records 
that contain lithologic descriptions sufficiently detailed to allow differentiation.

GEOLOGIC SETTING

Archean and Proterozoic bedrock

Redwood County contains evidence of major geologic events in the crustal evolution 
of the North American continent during two time periods of the Precambrian—known 
as the Archean (4,000 to 2,500 Ma) and Proterozoic (2,500 to 540 Ma) Eons.  The older 
of these events is the formation of gneisses during the Archean Eon in the Minnesota 
River Valley subprovince of the Superior Province (see Location and Geologic Index).  
Exposures along the Minnesota River valley have long been the subject of geologic 
investigations (for example Hall, 1899), and numerous geologic summaries exist 
(including Lund, 1956; Grant, 1972; Bauer and others, 2011; Southwick, 2014).  The 
Minnesota River Valley subprovince is divided into largely fault-bounded blocks, 
each having distinctive attributes (Southwick and Chandler, 1996; Southwick, 2002).  
Redwood County straddles two of those blocks—the Morton block to the north, and 
the Jeffers block to the south (Fig. 2).  Both are characterized by gneissic bedrock, but 
they differ somewhat in apparent composition of the gneisses contained therein.  The 
Morton block contains tonalitic to granitic migmatitic orthogneiss (derived from an 
intrusive precursor or protolith) with amphibole-rich inclusions, and paragneiss having 
supracrustal (layered sedimentary and volcanic rock) protoliths.  Judging from rare 
exposures and drill core in Brown County to the east and geophysical attributes, the 
Jeffers Block is similar, differing primarily by having somewhat greater gravity anomaly 
expression.  The rocks in both blocks were metamorphosed to upper amphibolite facies, 
and intruded by granitic neosome that occurs as diffuse pods, lenses, and discrete 
bodies.  The two blocks are separated by a large granitic intrusion and an unnamed 
fault that is not everywhere apparent on geophysical maps.  The complexity and high 
metamorphic rank of the gneisses in both blocks indicate that they are uplifted and 
eroded remnants of moderately deep levels of the crust from 12 to 19 miles (20 to 30 
kilometers) depth.

The complex intrusive, metamorphic, and deformation history of the gneisses and 
intrusions has been partially unraveled by high-precision U-Pb geochronologic study 
of samples collected in Redwood and adjacent counties.  The oldest components of 
the gneissic bedrock range in age from 3,535 ± 4 Ma (Bickford and others, 2006) to 
3,422 ± 1 Ma (Schmitz and others, 2006).  Collectively, the ages from Bickford and 
others (2006) and Schmitz and others (2006) indicated that gneisses were formed in 
Paleoarchean time (3,600 to 3,200 Ma), were then partially melted, multiply intruded, 
deformed, and metamorphosed during Mesoarchean (3,200 to 2,800 Ma) and Neoarchean 
(2,800 to 2,500 Ma) time, and intruded by granitic magmas at about 2,600 Ma.  The 
geochronologic data are consistent with the interpretation that the Minnesota River 
Valley subprovince represents one or more continental masses that were accreted to the 
evolving North American continent along the Great Lakes Tectonic Zone (see Index 
map)—a process that was largely complete by about 2,600 Ma.

Geologic mapping by the authors and structural analyses by Lund (1956), Grant 
(1972), and Bauer (1980) indicated that the gneissic bedrock underwent two major 
periods of regional deformation (designated D

1
, D

2
), and two later events that can be 

distinguished locally (Bauer, 1980).  The D
1
 event produced high-grade metamorphism, 

localized melting and melt dispersion, and gneissic foliation (S
1
).  The S

1
 foliation and 

the limbs of associated fold structures (F
1
) are nearly horizontal in many places.  The 

D
2
 event folded S

1
 fabric into shallowly northeast-plunging antiforms and synforms 

(F
2
 folds), and produced localized foliation (S

2
) subparallel to fold axes and zones of 

semi-ductile shear.  The D
2
 deformation was the result of crustal shortening during 

the Neoarchean (approximately 2,680 Ma) Minnesotan Orogeny (Percival and others, 
2006).  The apparent complexity of map patterns is the combined result of open, 
shallowly plunging F

2
 folds imposed on early-formed, subhorizontal S

1
 metamorphic 

fabric, and the interdigitate nature of many of the Archean units.

The gneissic bedrock in both blocks is cut by a variety of intrusions, including 
granite, granodiorite, diorite, and quartz monzonite of likely Archean age (units asg, 
asa, aqm, agr); discretely bounded mafic to felsic intrusions (units <p, <cm, <cd, <gd) 
that are inferred to be Proterozoic in age; and diabasic dikes (units <dn, <dr, <pf) of 
Paleoproterozoic (approximately 2,500 to 1,600 Ma) and perhaps Mesoproterozoic 
(approximately 1,100 Ma) age.

Saprolite

A mantle of weathered rock known as saprolite covers most of the Precambrian 
bedrock surface in Redwood County.  Saprolite is a residuum formed during long 
periods of extensive chemical weathering that converted some to nearly all of the 
minerals in the near-surface Precambrian bedrock into clay minerals.  Chemical 
weathering is carried out by fluids generated at the land surface moving into the rock, 
typically along fractures.  The process generally creates a relatively uniform gradient 
of decreased severity of weathering with depth; however, preferential fluid movement 
along fractures can also leave corestones of unweathered rock surrounded by planar 
zones of heavily weathered materials.  Locally, this weathering process was so complete 
that the resulting kaolin-rich clays are suitable for ceramic, brick, and other uses (Zanko 
and others, 1998).  Typically the uppermost parts of saprolite horizons are the most 
weathered, and original igneous and metamorphic fabrics are not discernible.  In these 
zones, even the protolith (the original, pre-weathering rock type) cannot be established 
with certainty.  In the deeper, less weathered horizons, original fabrics of protoliths 
are locally preserved, despite partial replacement of feldspar and other minerals by 
various clays.  Based on scant drill hole data, saprolite varies in thickness from zero 
to several hundred feet.  A detailed study of saprolite in the Redwood Falls area and 
other parts of Minnesota (Setterholm and Morey, 1995) indicated that saprolite can be 
considerably thicker, especially along steeply dipping fractures that presumably allowed 
deep penetration of groundwater.  The timing of weathering that produced saprolite is 
unknown; however, this type of alteration typically requires prolonged tropical climatic 
conditions, which were common in the Cretaceous Period (approximately 145 to 65 
Ma), but also occurred during other time periods prior to the Cretaceous.  Saprolite 
is covered by and locally incorporated into overlying Cretaceous sedimentary strata 
(unit Ku), implying that at least some of the weathering occurred before or during 
the Cretaceous Period.  Saprolite is not mapped as a separate unit here because: 1. It 
typically is gradational with underlying, less weathered bedrock; 2. It appears to be 
present nearly everywhere in the county, except along the Minnesota River valley and 
some tributary valleys, where it presumably was partially removed by erosion; and 3. 
Saprolite can be difficult to distinguish from glacial sediments and Cretaceous strata 
in most drilling records.  Saprolite is considered part of the Precambrian bedrock 
from which it was derived, and therefore is included in the creation of contour maps 
of Precambrian bedrock topography.  Saprolite is present nearly everywhere beneath 
Cretaceous strata, and either absent or partially eroded where those strata have been 
completely removed.  It is coded as a separate lithologic unit in the County Well 
Index drill hole database that accompanies this map.  The database can be used to 
map full and partial saprolite thicknesses in some areas of adequate data control using 
geographic information system software.

Phanerozoic (Cretaceous) Bedrock

The distribution of Cretaceous strata is shown on the map (pattern), and unit 
thickness is portrayed on Figure 3.  The Cretaceous rocks consist of interlayered, 
poorly indurated shale, mudstone, and sandstone that are generally soft and easily 
eroded.  Setterholm (1994) assigned these strata to Cenomanian and Turonian ages 
(approximately 99 to 90 Ma).  The discontinuous nature of the Cretaceous rocks indicates 
they are remnants of a broader regional distribution that was incised and segmented 
by episodes of widespread erosion.  The eroded top of Cretaceous strata occurs in 
Redwood County at elevations of less than 900 to more than 1,200 feet (274 to 366 
meters) above sea level, and its thickness ranges from zero in the northern part of the 
county, to more than 450 feet (137 meters) in the southwestern part.  The stratigraphy 
of Cretaceous deposits is best determined by fossil content, or natural gamma content 
in borehole geophysical logs.  These types of data are available regionally, but are rare 
in Redwood County.  Based on regional trends, it is likely that most of the Cretaceous 
strata beneath an elevation of about 1,000 feet (305 meters) above sea level consist 
of interbedded mudstone and sandstone representing nearshore, deltaic, and fluvial 
environments.  Those strata above 1,000 feet (305 meters) elevation consist of shale 
deposited in a deeper marine environment.

The Cretaceous strata in the southern part of the county represent a significant 
source of groundwater, particularly where interlayered sandstone is abundant.  Wells 
that utilize Cretaceous aquifers occur mostly in the townships near the southern and 
western borders of the county.  Most of those wells produce water from elevations 
lower than 1,000 feet (305 meters), indicating that the aquifers occur primarily in the 
sandier, non-marine strata.  In a statewide study of Cretaceous bedrock outcrops, Parham 
(1970) recognized two distinct sequences of strata.  The lower sequence immediately 
overlies the saprolite, and formed by reworking of intensely weathered Precambrian 
rocks by near-shore marine or fluvial processes.  The sandstones and mudstones of 
this sequence consist of kaolin clay and angular to rounded quartz grains derived 
from the underlying saprolite.  A pisolitic clay bed is commonly present at the top 
of the lower sequence.  The upper sequence consists of organic-rich clay and shale, 
containing thin (6 inches [15 centimeters] or less) lenses and layers of lignite.  The 
outcrops of Cretaceous bedrock in Redwood County that were described by Parham 
(1970) expose the lower, non-marine strata as defined by Setterholm (1994).

GEOPHYSICAL METHODS

Two principal types of geophysical data—aeromagnetic and gravity anomaly (Fig. 
1)—have proven useful in creation of Precambrian bedrock maps in areas of scant 
drill hole and outcrop data at scales such as those portrayed here.  The aeromagnetic 
data used for this map were part of a statewide program of high-resolution surveying 
(Chandler, 1991).  The data were acquired by a plane with a mounted magnetometer 
flying along north –south lines spaced 1,640 feet (500 meters) apart, and at a mean 
terrain clearance of 656 feet (200 meters).  The gridded aeromagnetic data used in 
this study were derived from a statewide, 328-foot (100-meter) spaced grid that was 
produced as part of a program to upgrade the aeromagnetic database in Minnesota by 
reprocessing (Chandler, 2007).  This statewide grid of total field magnetic anomaly 
data has been mathematically continued to an average level of 492 feet (150 meters) 
above surface, and reduced to vertical polarization assuming induced magnetization.  
The use of the aeromagnetic data for bedrock mapping was improved by computing 
first and second vertical derivative grids, which enhances the signature of magnetic 
sources at or near the bedrock surface.  Most of the gravity data used in this study were 
derived from a statewide database (Chandler and Lively, 2003), which in Redwood 
County consisted of stations spaced roughly 2 miles (3.2 kilometers) apart.  The 
gravity data were used to produce a 2,625-foot (800-meter) spaced grid of the Bouguer 
anomaly for the county and surrounding areas.  Following upward-continuing of the 
Bouguer grid to 1.2 miles (2 kilometers) to mitigate noise, the data were enhanced 
by computing a second vertical derivative grid.  Similar to derivation of the magnetic 
data, the second vertical derivative operation applied to gravity data enhances the 
signature of sources at or near the bedrock surface, thereby improving utility for 
mapping bedrock geology.

Modeling of gravity and magnetic data was conducted to investigate geologic 
structures at depth, and the results were used to help create the geologic cross section 
A–A' presented in Figure 2.  The modeling assumed two-dimensional (strike-infinite) 
structures with end corrections, and were based on profiles that were interpolated at 
0.6-mile (1-kilometer) intervals from grids of the total field magnetic and Bouguer 
gravity anomaly data described above.  Induced magnetization was assumed, and all 
modeling was based on a geomagnetic field with an intensity of 58,500 nanoTeslas, 
inclination of 75°, and a declination of 0°, which is consistent with geomagnetic 
parameters existing in the area at the approximate time of surveying (about 1989; 
National Oceanic and Atmospheric Administration, 1995).  Slab-like bodies were 
assumed, and bodies were added and their geometries were adjusted until their model 
signatures suitably matched the observed gravity and magnetic anomaly signatures.  
Interpretation was constrained during this process by geologic control at the bedrock 
surface and by rock property data (Chandler and Lively, 2011).  Magnetic modeling 
typically is the most effective means of estimating the dips of structures and contacts, 
and the reliability of this approach varies significantly within the area.  Relatively 

weak anomalies (tens of nanoTeslas) that are flanked by diffuse anomaly gradients 
typify much of the Morton and Jeffers blocks, and the modeling here defaulted to 
near-vertical contacts, despite field observations that indicate most contacts between 
units are gently dipping.  In such areas, the gravity and magnetic modeling can only 
outline gross volumes of internally consistent density and magnetization values, with 
little reliable information regarding the actual geometry of their boundaries.  On the 
other hand, modeling of strong anomalies (hundreds of nanoTeslas) that are bounded 
by sharp anomaly gradients are more likely to be suitably approximated by slab-like 
sources, and the dip estimates thus derived are more representative.  These stronger 
anomalies tend to occur along and in the vicinity of major shear zones.  One such 
example is the major fault that is inferred to cut roughly east–west across the northern 
part of the county (Fig. 2); dips along and immediately south of this structure are 
estimated to be steeply south.  The bounding shear between the Morton and Jeffers 
blocks is obscured by granitic rocks along cross section A–A', but modeling of some 
prominent magnetic anomalies immediately to the south of the boundary implies steep 
northward dips.  To the east of cross-section A–A' in adjacent Brown County, where 
the Morton-Jeffers block boundary shear is not obscured by granitic rocks, model 
studies indicated that the boundary and sources immediately south of it dip steeply 
northward.  Magnetic modeling along a shear zone that cuts intermittently along the 
southern margins of Redwood County (Fig. 2) indicated steep southward dips for 
sources along and south of this shear zone.  More information on the model studies 
in the region is available on the digital files that accompany this map.

MINING HISTORY AND MINERAL RESOURCE POTENTIAL

Industrial clay mining

Commercial use of kaolin clay in Redwood County began as early as 1871, and 
has continued intermittently until recently.  Mining operations are currently inactive.  
The locations of clay and other commodity mines are shown in Figure 4.  The former 
Acme Brick Company's Munsell Pit lies in the northeast corner of the county.  Two 
kaolin mines were operated east of Redwood Falls by Ochs Brick and Tile and Northern 
Con-Agg.  The latter company's Belview mine in the northwest corner of the county has 
been abandoned and reclaimed.  Kaolin is a primary weathering product of granitoid 
bedrock (saprolite), which was locally redeposited into more refined sedimentary 
layers during marine transgression in the Cretaceous Period (approximately 90 Ma).  
Kaolin clay is used in the manufacture of cement, brick, ceramics, fillers, and coatings.  
According to Zanko and others (1998), the region has additional clay resource potential, 
with the greatest lying in the area from north of Redwood Falls to the northwestern 
corner of Brown County to the east.

Quarrying of granite, gneiss, and other rock types

The Minnesota River valley has a long history of bedrock quarrying.  A dimension 
stone quarry about 1.5 miles (2.4 kilometers) north of North Redwood (in Renville 
County) began operations in 1887, and in 1912 became part of the North Redwood 
Granite Works Company.  Two types of rock were recovered from this quarry: biotite 
gneiss of greenish-gray color, and pink biotite granite.  These products were used 
for high-grade monuments and structural stone.  The Redwood Falls Public Library, 
High School, Granite Block, and North Redwood Bank Building were constructed 
from stone from the quarry.  Several aggregate quarries are currently operating in 
Redwood County—at least intermittently.  Rock crushed for construction aggregate 
is extracted from a quarry that exposes both granitic gneiss and the Franklin diabase 
dikes in northeastern-most Redwood County.  Just to the northwest adjacent to the 
Cedar Mountain Complex (unis <cm, <cd), gneiss and diorite are crushed for aggregate.  
A quarry east of North Redwood produces aggregate crushed from variably weathered 
paragneiss cut by granitic dikes.  The northwest part of the county contains the remains 
of at least 20 individual historic quarries in Sacred Heart Granite, and one active 
bedrock aggregate quarry operated by Duininck Brothers.  Two small quarries are 
known outside of the Minnesota River valley in Redwood County: the former Clark 
Granite Company quarry southwest of Seaforth, and another southwest of Vesta.  For 
additional information about individual quarries, see Nelson and others (1990).

Gold mining

Gold Mine Lake, about 2 miles (3.2 kilometers) northeast of Delhi (T. 113 N., R. 
36 W., sec. 4), sits adjacent to abandoned mine workings, including a shaft in granitic 
gneiss having minor quartz veins, and a mound of waste rock.  Rock chips in the 
latter contain a very small percentage of copper- and iron-sulfide minerals.  Historical 
records implied work began here in the early 1890s, and that minor amounts of gold 
were recovered (http://redwoodcountyhistoricalsociety.com/delhi-townships-gold-
mine).  Another historical report described an attempt at gold mining in "Swede's 
Forest" a mile (1.6 kilometers) northwest of the "Vicksburg bridge;" however, this 
was not confirmed by recent fieldwork.  Gneissic rocks such as these are not typically 
prospective for gold; however, some possibility may exist in places where the rocks 
were sheared and contain abundant veins.

Mineral resource potential

The most obvious potential for mineral resources in the bedrock of Redwood County 
lies is the continuation or expansion of clay mining and rock quarrying operations.  
In addition, there is at least some potential for economic mineral deposits in other 
Precambrian rock types, including polymetallic mineral deposits (copper, nickel, and 
other metals) in mafic intrusions, such as units <p and <gd (Jirsa and others, 2006); 
and even the possibility of diamonds in small mafic intrusions, such as unit <p.  Some 
exploration for deposits such as these has occurred in the region during the last several 
decades.  In general, the likelihood that these metallic or diamondiferous deposits will 
be discovered and mined is quite small.  The thick veneer of Quaternary sediments and 
Cretaceous strata that overlies the Precambrian bedrock in most of the county makes 
exploration and mining difficult and prohibitively expensive in the current commodity 
market.  Additional information about mineral potential in the Minnesota River valley 
corridor can be found in Martin (2002).

DESCRIPTION OF MAP UNITS

PHANEROzOIC ROCKS

 Ku Cretaceous, undifferentiated—Clay, mudstone, and shale with less     
abundant sandstone and minor lignite locally.  Bedding is nearly 
horizontal in rare exposures.  The basal section overlying saprolite is 
whitish (though stained locally to orange, red, and yellow) and kaolin-
rich, and becomes more gray, organic-rich, and lignitic stratigraphically 
upward.  Strata at elevations greater than 1,000 feet (305 meters) above 
sea level are mostly shale; those below are interlayered shale, mudstone, 
and sandstone.  Unit is likely middle Cenomanian and Turonian age 
(Setterholm, 1994).

PROTEROzOIC ROCKS

  Diabasic dikes—Inferred to be largely Paleoproterozoic in age; however,      
some may be Mesoproterozoic.  Short segments of dikes are exposed 
locally, but most map-scale trajectories are based exclusively on linear 
aeromagnetic map patterns.  The only exceptions are the Franklin 
dikes in the northeast corner of the county, which are sufficiently well 
exposed to establish trend from contacts.  Schmitz and others (2006) 
described two main sets of dikes in the Minnesota River valley: an 
older, northwest-trending set having the composition of quartz tholeiitic 
basalt, and a younger, northeast-trending set with diverse compositions 
including olivine tholeiite, tholeiitic basalt, and hornblende andesite.  
The northwest-trending dikes are similar in trend and composition to 
those of the Kenora-Kabetogama swarm (approximately 2,075 Ma).  
The northeast-trending dikes may relate to those near Granite Falls to 
the northwest dated at 1,878 ± 8 Ma (Chamberlain, unpub. data, 2014); 
to those cutting the approximately 1,780 Ma East-Central Minnesota 
Batholith to the north (Jirsa and others, 2011); or may be associated with 
the approximately 1,100 Ma Midcontinent Rift.  Because the precise 
ages of the various trends of dikes have not been fully established, the 
dikes are separated here by magnetic polarity, regardless of trend.

 <dn  Diabasic dike having normal magnetic polarity—Polarity and trend 
inferred from narrow, linear, positive anomalies on aeromagnetic 
maps.

 <dr  Diabasic dike having reversed magnetic polarity—Polarity and trend 
inferred from narrow, linear, negative anomalies on aeromagnetic 
maps.

 <pf  Franklin diabase dike—A closely spaced pair of anastomosing, west–
northwest-trending diabase dikes exposed south of Franklin.  Dikes 
vary in width from 100 to more than 150 feet (30 to 46 meters), and 
locally appear from outcrop distribution to merge and bifurcate.  
Collectively, these dikes produce an irregular, linear, aeromagnetic low 
implying reversed magnetic polarity, which is substantiated by polarity 
measurements of samples (Chandler, unpub. data).  Samples yielded 
a Pb-Pb zircon age of 2,067.3 ± 0.7 Ma (Schmitz and others, 2006).  
The dikes and adjacent gneissic wall rocks (unit amg) are quarried 
locally and crushed for construction aggregate.

 <p Pyroxene-bearing plug-like intrusion—Inferred from rare outcrops and 
small, semicircular, positive aeromagnetic anomalies typically too 
small to be intersected by the grid of gravity stations.  Based on rare 
exposures and drill core from holes in other counties, rock types may 
include gabbro, gabbronorite, diorite, pyroxenite, and peridotite.  One 
example is the Franklin Peridotite (Boerboom, 2014), exposed in 
Renville County about 2 miles (3.2 kilometers) west of the town of 
Franklin (Jirsa and others, 2013).  The rock there is variably silicified 
and consists of serpentinized olivine, orthopyroxene, hornblende, 
magnetite, and minor spinel, phlogopite, and ilmenite.  Exposures of 
similar rock occur in northwestern Redwood County in a gravel pit 
near Nordeen Slough, and in several places along the banks of the 
Minnesota River.  The unit is commonly associated with fine-grained 
lamprophyre dikes that have fresh prismatic hornblende.  Inferred to 
be similar to the Cobden intrusion (unit <pc) in adjacent Brown County 
(Boerboom and Steenberg, in press).

  Cedar Mountain Complex—A composite intrusion about 1,969 feet (600   
meters) in diameter emplaced into granitic gneiss and clearly cross-
cutting gneissic foliation.  The intrusion has an irregular chilled 
margin of diabase and microgabbro, magmatically layered inner zone 
of hornblende diorite and gabbro (unite <cd), and a monzonitic core 
(unit <cm).  Contacts are based on detailed ground magnetic and gravity 
surveying (Beltrami and others, 1982), with minor adjustments from 
more precise (global positioning system-located) outcrop mapping by 
the authors.  The core zone of monzonite was dated by comparatively 
low-resolution K-Ar analyses of hornblende at approximately 1,750 
Ma (Hanson, 1968).  A construction aggregate quarry just southeast 
of the complex exposes adjacent gneissic wall rock and irregular dikes 
of diorite that may be offshoots of the intrusion.

 <cm  Monzonite—Medium- to coarse-grained, varitextured monzonitic to 
monzodioritic rock.  Based on petrographic work by Daggett (1980), 
the main felsic component contains 50 percent plagioclase, 30 percent 
orthoclase, 8 percent quartz, and small percentages of apatite, epidote, 
sphene, white mica, hematite, and chlorite after biotite.  Unit forms 
the core of the complex and is approximately 902 to 984 feet (275 to 
300 meters) in diameter.  Dikes of similar rock cut the adjacent diorite 
(unit <cd) and locally contain inclusions of it.  Some localities contain 
irregular hybrid compositions of mixed mafic and felsic components, 
indicating the two units are essentially comagmatic.

 <cd  Hornblende diorite to gabbro—Very fine- to coarse-grained and 
varitextured; contains variable percentages of plagioclase, hornblende, 
clinopyroxene, olivine, biotite, and accessory oxides, apatite, and 
chlorite.  Unit ranges in apparent width from 262 to 394 feet (80 to 
120 meters).  Modal layering is well developed, though somewhat 
convolute locally.  It strikes more or less parallel to the intrusion's 
outer contact and dips inward toward the core of the intrusion.

 <gd Pyroxenite, hornblende gabbronorite, and diorite—Intrusions delineated 
by high magnetic and gravity anomalies and inferred to be lithologically 
similar to mafic phases of the Cedar Mountain Complex (unit <cd), 
and the Cobden intrusion in Brown County to the east (unit <pc of 
Boerboom and Steenberg, in press).

ARCHEAN ROCKS

Note that contacts between many of the Archean gneissic units should be considered 
gradational because they typically contain several lithologic components that are 
interdigitate on all scales and vary irregularly in proportions.

    Neoarchean

  Sacred Heart Granite—Consists of granite and monzonite (unit asg)           
containing hornblende- and pyroxene-bearing syenitic, dioritic, and 
lamprophyric phases (unit asa) and large inclusions of gneiss locally.  
The generally more mafic phases contain xenocrysts of potassium 
feldspar, and occur as both dikes cutting granite and as inclusions 
within it, indicating that the two magmas comingled.  Both rock types 
are cut locally by pegmatitic and aplitic dikes.  Samples from granitic 
exposures contain zircons indicating crystallization ages of 2,603.8 ± 
3.5 Ma (Bickford and others, 2006), 2,592 ± 1 Ma, and 2,603 ± 1 Ma 
(Schmitz and others, 2006). 

 asg  Granite to quartz monzonite—Pinkish-gray to red, medium-grained, 
massive to weakly foliated, and biotite-bearing.  Ranges of mineral 
content from Lund (1956) showed potassium feldspar (30 to 44 percent), 
plagioclase (26 to 47 percent), quartz (11 to 32 percent), biotite (3 to 

11 percent), and minor magnetite, apatite, zircon, and sphene.  Unit 
produces a moderate aeromagnetic high.

 asa  Amphibole- and pyroxene-bearing syenite, diorite, and lamprophyre—
Dark salmon red to gray, green, and black, fine- to coarse-grained 
(varitextured) rocks.  Typically intruded by granitoid aplite and 
pegmatite as singular or network dikelets having both diffuse- and 
abrupt-bounded contacts.

 aqm Quartz monzonite, granite, and granodiorite—Pink to tan; medium- to 
coarse-grained, massive to weakly foliated; contains dikes and larger 
irregular masses of aplite and pegmatite.  Unit typically has low 
magnetic susceptibility.  Smaller intrusions of similar composition 
and fabric cut the Morton Gneiss in many places, but are too small to 
portray at this scale.  Although the orientations of individual granitic 
bodies are varied, intrusions trending north–northwest and east–northeast 
(parallel to foliation in host gneisses) are most common.  Exposures 
indicate that dikes both cross-cut and delaminated the regional gneissic 
fabric.  Emplacement age is unknown, but composition and weak fabric 
are similar to approximately 2,600 Ma intrusions elsewhere, including 
the Sacred Heart and Fort Ridgely (Jirsa and others, 2013) Granites.

 agr Granite and granodiorite—Inferred largely from geophysical expression; 
rare exposures are pink, medium- to coarse-grained, and biotite-bearing.  
The largest of these units in the central and southeastern parts of the 
county contain curvilinear aeromagnetic anomalies that may represent 
magmatic foliation or relict pulses of magma emplacement.

    Neoarchean to Paleoarchean

  Morton Block

  Morton Gneiss—Consists of gray, foliated, biotite tonalitic to granodioritic      
gneiss (unit amt) containing local lenses and layers of hornblende-
plagioclase gneiss, paragneiss inferred to have sedimentary and volcanic 
protoliths (unit amp), and intrusions, inclusions, and schlieren (wispy 
lenses) of amphibolite (unit ama); together with largely granitic gneisses 
and foliated granitoid rocks (units amg, amn).  These components are 
complexly interlayered and deformed on all scales.  Consequently, 
the units described below represent various mixtures of two or more 
end-member compositions, and the map distribution of these units 
is controlled to a large degree by geophysical expression based on 
inferences derived from exposures along the Minnesota River valley, 
and scant drill hole information elsewhere.  Multiple zircons acquired 
from the Morton gneiss north of Delhi gave an assortment of ages at 
approximately 3,520, 3,480, 3,380, 3,140, and 2,600 Ma (Bickford and 
others, 2006), reflecting the complex intrusive and remelting history of 
the gneiss.  Metamorphism to upper amphibolite facies accompanied 
the development of S
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 gneissic fabric.  Although unit amg appears from 

cross-cutting relationships to contain some of the youngest components 
of the gneisses, structural patterns in the northern one third of the map 
imply that it underlies much of the layered gneissic rocks (units amp, 
amt, and some of unit ama) exposed along the Minnesota River valley 
and eastward into Renville County.  It is possible that the southern 
two thirds of the map represents the same package of layered gneisses 
that were down-dropped along the east-trending fault that separates 
the two areas.

 amg  Granite-rich migmatitic gneiss and foliated granite—Contains a variably 
but typically weakly magnetic paleosome that consists of foliated biotite 
tonalitic, granodioritic, and granitic orthogneiss with amphibolitic 
inclusions and tectonically segmented intrusions; a neosome that consists 
of pods, stringers, and dikes of pink granite, aplite, and pegmatite that 
locally contains megacrysts of microcline.  Magnetic susceptibility is 
generally low.

 amp  Paragneiss, amphibolite, and migmatite—All rock types are generally 
non-magnetic; however, the unit occurs in zones of moderate to high 
gravity expression, presumably the result of abundant amphibolitic 
enclaves.  Grant (1972) identified a stratigraphic succession of gneissic 
rock types in this unit from exposures north of Delhi in Renville 
County, including quartz-cummingtonite gneiss, cordierite-anthophyllite 
paragneiss, and biotite-quartz paragneiss; interlayered on all scales 
with quartzofeldspathic orthogneiss.  Microcline, muscovite, cordierite, 
garnet, and sillimanite occur locally.  Derivation from graywacke and 
volcanogenic protoliths is inferred from the aluminous composition 
and what appears to be metamorphically modified bedding.

 amn  Granitic paragneiss—Lens-shaped areas of low magnetic expression 
similar in occurrence to unit amp, but typically occur where overall 
gravity expression is low, implying a more felsic composition; includes 
the so-called "layered gneiss" of Grant (1972).

 amt  Tonalitic to granodioritic orthogneiss—Typically gray to pink and 
gray; medium-grained gneiss with minor stringers, pods, dikes, and 
segregations of pink granite; contains moderately abundant intrusions 
and inclusions of amphibolite; gravity and magnetic signatures are 
comparatively higher than adjacent units.  Tonalitic gneiss about 3 
miles (5 kilometers) north of Delhi was analyzed by Schmitz and 
others (2006) and yielded a U-Pb zircon age of 3,422 ± 1 Ma.

 ama  Amphibolite, metadiorite, and amphibolitic orthogneiss—Typically black 
hornblende and white plagioclase; varies from a coarse-grained texture 
with mafic phenocrysts that give the rock a relict intrusive appearance, 
to a uniformly fine- to medium-grained texture that implies volcanic 
origin.  A tholeiitic basalt protolith was inferred by Weiblen (1982) 
for the latter.  Occurs in granitic and layered gneisses as irregular to 
dike-like, pre-metamorphic intrusions that were segmented and rotated 
by D
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 deformation.  The unit also forms discontinuous lenses and 

large, mappable "rafts" in gneiss locally.  Inferred from geophysical 
properties elsewhere.

  Jeffers block—The Jeffers block is a poorly exposed belt of largely gneissic 
rock in the southeastern part of Redwood County that appears from 
geophysical data and rare drilling records to have a larger content of 
intermediate and mafic (higher density) gneisses than much of the 
Morton block.  Geophysical patterns indicate that both blocks have 
similar structural attributes.  The two blocks are separated by a fault 
and granitic intrusion (unit agr).

 aji  Intermediate gneiss—Geophysically similar to and perhaps equivalent 
to unit atm in the Morton block to the north.

 ajm  Mafic gneiss—Geophysically similar to and perhaps equivalent to unit 
ama in the Morton block to the north.
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LOCATION AND GEOLOGIC INDEX

Generalized bedrock geologic map of Minnesota showing the distribution of Precambrian (Archean 
and Proterozoic) and Phanerozoic (Paleozoic and Mesozoic) rocks in and near Redwood County (bold 
black outline).  The Precambrian bedrock is subdivided by age and geographic entities such as province, 
subprovince, orogen, rift, and block.  These entities represent regions of similar characteristics and age 
that typically are separated from one another by faulted, unconformable, or intrusive contacts.  Areas 
where Phanerozoic strata overlie Precambrian bedrock are shown by dot pattern.  Magenta outlines and 
letters indicate adjacent counties for which geologic atlases are published or in progress; B—Brown, 
N—Nicollet, R—Renville, and S—Sibley.  Geology modified from Jirsa and others (2012).
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Figure 3.  Map distribution and thickness 
of Cretaceous bedrock in Redwood County 
(thickness contour interval 25 feet [8 meters]).  
Unit outline is based on rare exposures along 
the Minnesota River valley and its tributaries, 
and on the map distribution of well records 
inferred to report the presence of Cretaceous 
strata.  Unit thickness is derived from the 
subtraction of gridded contour surfaces 
representing the top of Cretaceous layers, 
from the top of Precambrian bedrock (see 
Plate 5, Bedrock Topography).  Given the 
uncertainties of the data set, this depiction 
of the unit does not preclude the possibility 
of its absence within, or presence outside of 
the areas shown.  Bedrock outcrops are gray.
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Figure 2.  Simplified map of Precambrian geology and schematic cross section.  Geologic contacts, faults, and foliation lines match those on the bedrock 
map.  Magenta arrows represent the inferred surface traces of shallowly eastward-plunging fold axes.  The cross section illustrates one interpretation of fold 
geometry and intrusive relationships in the Precambrian rocks that can be gleaned from outcrop, drill hole, and geophysical data.  The dip and position of 
S

1
 foliation, faults, and contacts reflect geophysical modeling and the inferred extension of structural trends from outcrops.  Diabase dikes are shown as 

vertical lines: blue, unit <dr; purple, unit <dn.  Units in the lower part of the section, deeper than 3 miles (5 kilometers), reflect a fundamental transition at 
depth to broad zones of rocks having slightly different geophysical characteristics from those above: darker gray units reflect denser and more magnetic 
crust; lighter gray, less dense and less magnetic.  The origin of this transition is not well understood.  Green horizontal lines on the cross-section represent 
map areas where Cretaceous strata overlie the Precambrian bedrock.  The line thickness portraying Cretaceous cover grossly exceeds the true thickness of 
the unit, which is shown in Figure 3.
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Figure 1.  Map of superimposed first vertical derivative of aeromagnetic data (gray scale), and second vertical 
derivative of gravity anomaly data (color) in the Redwood County area.  The aeromagnetic imagery reflects the amount 
of magnetite in the bedrock—light shades have larger magnetite content; dark shades, less.  Variations in the gravity 
data reflect differences in the density or specific gravity of Precambrian bedrock—reds represent dense, typically 
mafic rock; blues are less dense, typically granitic rock.  Various simplified elements of Precambrian bedrock geology 
are shown in Redwood and adjacent Renville (Jirsa and others, 2013) and Brown (Boerboom and Steenberg, in press) 
Counties.  The map depicts Archean and Proterozoic geologic contacts (thin black lines), faults (thick black lines), 
and foliation trajectories (dashed black lines) inferred from aeromagnetic patterns and S

1
 foliation measurements 

made at outcrops.  Control for the interpretation of Precambrian bedrock geology is shown, including drill holes 
that intersected bedrock (solid black circles), outcrops along the Minnesota River valley (white polygons), and small 
outcrops that lie outboard of the Minnesota River valley (white circles).  The small outcrops in western Brown County 
lie within a thin veneer of Proterozoic Sioux Quartzite, and the outcrop in eastern Brown County exposes Cretaceous 
sedimentary strata—neither unit is portrayed separately on this image, largely because both are transparent to the 
geophysical techniques employed here.  Drill holes for which sample materials (core or cuttings) are available are 
labeled with a drill hole number—see Plate 1 (Data-Base Map) for details.  The location of geologic cross section 
A–A' depicted in Figure 2 is shown by a dashed white line.

Figure 4.  Map of Redwood County 
showing locations of known active and 
inactive mines for kaolin clay, granite, 
gneiss, and one mine that recovered gold 
according to historical accounts.  Bedrock 
outcrops are gray.
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MAP SYMBOLS

Map scale restricts the depiction of structural measurements acquired from outcrop (most notably, 
fractures [joints] and outcrop-scale dikes are omitted), and only a select set of structures is shown.  Digital 
files that accompany this geologic atlas contain all measurements derived from fieldwork by the author and 
transcribed from the published and unpublished work of others.  The symbols used here generally comply 
with those of the U.S. Geological Survey (Federal Geographic Data Committee, 2006), and therefore differ 
somewhat from prior maps of the Minnesota Geological Survey.

 Geologic contact—Approximately located in areas of outcrop along the Minnesota River; inferred 
from geophysical imagery and speculative elsewhere.

 Fault—Inferred and speculative strike-slip and dip-slip faults in Precambrian rocks; displacement 
direction and amount are unknown.

 Foliation trajectory in Precambrian rocks inferred from linear magnetic anomaly—Interpreted 
to reflect metamorphic or magmatic foliation.

 Axial surface trace of upright F2 fold in Precambrian rocks—Based on outcrop measurements 
of strike and dip of primary metamorphic foliation (S

1
) in gneissic bedrock; extension of 

folds beyond exposures is inferred from patterns in aeromagnetic data.  The axial crests and 
troughs of folds typically plunge shallowly to the east and fold limbs are generally shallow; 
antiform, synform.

 Strike and dip of metamorphic foliation—Includes gneissic layering, schistosity, and nebulitic 
flow fabrics assigned to S

1
, but may also reflect S

2
 locally; inclined, vertical.  

 Strike and dip of magmatic or metamorphically modified magmatic foliation—Includes mineral 
alignment and modal layering; inclined, vertical.

 Bearing and plunge of minor fold lineation—Includes outcrop-scale antiforms and synforms; 
both symmetrical and asymmetrical folds occur.  Field relationships imply most are associated 
with D

2
 deformation (F

2
).

 Outcrop—Bedrock at or near the land surface.  Includes areas of multiple small outcrops and 
exposures of saprolite.  Drawn using compilations by Lund (1950) and James A. Grant (in 
Zanko and others, 1998); modified and augmented by the authors using fieldwork, lidar 
imagery, and air photography.  Additional outcrops likely exist in the Minnesota River valley 
and tributaries.

 Kaolin clay mine—Inactive at the time of publication.  Much of the kaolin was mined from 
saprolite—defined here as part of the Precambrian bedrock from which it was derived—and 
thus, the locations of most mines are not within the mapped area of Cretaceous bedrock.

 Bedrock quarry—Depicted are both historic (inactive) quarries, and those at least intermittently 
active at the time of publication (Fig. 4).  Gneiss, granite, diabase, and associated rock 
types were extracted for a variety of products, including dimension stone and construction 
aggregate.
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