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DESCRIPTION OF MAP UNITS

MESOZOIC

 Ku Ku Ku Cretaceous rocks, undivided (Late Cretaceous)—A heterolithic assemblage of strata that lies 
above Paleozoic bedrock and below till, sand, and gravel of Quaternary age.  Consists 
largely of gray shale and friable sandstone.  Most sandstone is quartzose, light gray to 
pale brown or yellow, and fine- to medium-grained.  It is cross-stratified or structureless, 
and differs from Paleozoic quartzose sandstone in that angular to subangular grains are 
common.  Thin conglomerate beds contain pebbles of vein quartz and Paleozoic chert, 
and typically occur as friable lenses interstratified with quartzose sandstone.  Thin lenses 
of grayish-green to dark gray shale are also interbedded in the sandstone.  Dark gray to 
black, lignitic organic matter is common in both the sandstone and shale.  Local subsurface 
occurrences of yellow, gray, and white shale and sandstone have been tentatively mapped 
as Cretaceous in places where drilling records indicate the composition of the underlying 
bedrock and their stratigraphic position and elevation makes them unlikely to be an in 
situ weathering residuum of Paleozoic bedrock.

Cretaceous sedimentary rocks occur as erosional remnants that unconformably 
overlie the Franconia and St. Lawrence Formations, typically at elevations between 
about 750 and 880 feet (228 and 268 meters) above sea level.  They reach a maximum 
thickness of about 90 feet (27 meters) in the southern part of the quadrangle.  The 
mapped distribution of Cretaceous rocks on this quadrangle is more speculative than 
for other map units: prediction of the subsurface distribution of these strata is rendered 
difficult by the presence of profound unconformities bounding these strata, and because 
information from water-well records alone is typically inadequate to confidently and 
consistently recognize these strata as distinct from quartz-rich Quaternary sand or from 
clay-rich, in situ residuum developed on Paleozoic bedrock.

A Cretaceous age for strata near the Minnesota River is relatively certain, in contrast 
to patchy strata tentatively dated as Cretaceous in the Judson and Mankato, Minnesota 
areas (see Runkel and Mossler, 2004).  The Cretaceous strata shown on this map are 
similar in lithic attributes and elevation to well-dated Cretaceous shale and sandstone less 
than a mile (1.6 kilometers) west of the southern part of this quadrangle (see Dilcher and 
others, 1996).  They represent the easternmost extension of a nearly continuous, large 
subcrop area of strata generally correlative with the Late Cretaceous Dakota Formation 
based on similarity of a variety of fossils (Setterholm, 1990). 

Cretaceous strata in this general area are used for some economic purposes.  At least 
a few wells on this quadrangle are constructed to draw water entirely from Cretaceous 
strata.  About 2 miles (3.2 kilometers) west of the city of Courtland, Minnesota (New strata.  About 2 miles (3.2 kilometers) west of the city of Courtland, Minnesota (New 
Ulm quadrangle), equivalent deposits are mined for shale that is used as a raw material Ulm quadrangle), equivalent deposits are mined for shale that is used as a raw material 
in the production of bricks and modeling clay (Zanko and others, 1998).in the production of bricks and modeling clay (Zanko and others, 1998).in the production of bricks and modeling clay (Zanko and others, 1998).

PALEOZOIC

Sparse outcrops and limited subsurface data indicate that Cambrian strata on this Sparse outcrops and limited subsurface data indicate that Cambrian strata on this Sparse outcrops and limited subsurface data indicate that Cambrian strata on this 
quadrangle differ in some lithic attributes from "typical" Cambrian strata (see Mossler, quadrangle differ in some lithic attributes from "typical" Cambrian strata (see Mossler, 
1987) mapped to the southeast.  The Eau Claire, Franconia, and St. Lawrence Formations 1987) mapped to the southeast.  The Eau Claire, Franconia, and St. Lawrence Formations 1987) mapped to the southeast.  The Eau Claire, Franconia, and St. Lawrence Formations 
are largely composed of variegated (red, green, white) shale and very fine-grained are largely composed of variegated (red, green, white) shale and very fine-grained 
sandstone.  Their apparent similarity to one another renders subsurface mapping of sandstone.  Their apparent similarity to one another renders subsurface mapping of 
formation contacts difficult using only very small outcrops, water-well drilling records, formation contacts difficult using only very small outcrops, water-well drilling records, formation contacts difficult using only very small outcrops, water-well drilling records, 
and limited sets of borehole cuttings.  As a result, formation contacts shown on the map and limited sets of borehole cuttings.  As a result, formation contacts shown on the map 
are strongly dependent on westward tracing of a single readily recognized datum in the are strongly dependent on westward tracing of a single readily recognized datum in the 
subsurface—the top of the Ironton–Galesville Sandstones, in drilling records and natural subsurface—the top of the Ironton–Galesville Sandstones, in drilling records and natural subsurface—the top of the Ironton–Galesville Sandstones, in drilling records and natural 
gamma logs.  Mapped formation boundaries above and below this datum are largely gamma logs.  Mapped formation boundaries above and below this datum are largely 
inferred by projecting unit thicknesses measured to the southeast near Judson, where inferred by projecting unit thicknesses measured to the southeast near Judson, where inferred by projecting unit thicknesses measured to the southeast near Judson, where 
age-equivalent strata are more typical and subsurface data are more abundant.age-equivalent strata are more typical and subsurface data are more abundant.

Much of the strata mapped as the St. Lawrence and Franconia Formations (units Much of the strata mapped as the St. Lawrence and Franconia Formations (units sl 

and f, respectively) have in the past been interpreted as Cretaceous in age (for example respectively) have in the past been interpreted as Cretaceous in age (for example respectively) have in the past been interpreted as Cretaceous in age (for example 
Stauffer and Thiel, 1941; Sloan, 1964; Austin, 1970; Rongstad and Vogel, 1991).  These Stauffer and Thiel, 1941; Sloan, 1964; Austin, 1970; Rongstad and Vogel, 1991).  These 
red, green, and white, shale-rich strata have not, however, produced fossils of Cretaceous red, green, and white, shale-rich strata have not, however, produced fossils of Cretaceous 
age in this area, and can be traced southeastward on natural gamma logs and drilling age in this area, and can be traced southeastward on natural gamma logs and drilling age in this area, and can be traced southeastward on natural gamma logs and drilling 
records to more "typical" St. Lawrence and Franconia Formation strata near Judson.  records to more "typical" St. Lawrence and Franconia Formation strata near Judson.  
Furthermore, subordinate beds of carbonate-rich rock in outcrops of these strata closely Furthermore, subordinate beds of carbonate-rich rock in outcrops of these strata closely Furthermore, subordinate beds of carbonate-rich rock in outcrops of these strata closely 
resemble beds in exposures near Judson that are known with certainty to be part of the resemble beds in exposures near Judson that are known with certainty to be part of the 
St. Lawrence Formation.  Runkel and others (1998) described a similar transition from St. Lawrence Formation.  Runkel and others (1998) described a similar transition from 
the typical Paleozoic formations described by Mossler (1987) in the central Hollandale the typical Paleozoic formations described by Mossler (1987) in the central Hollandale the typical Paleozoic formations described by Mossler (1987) in the central Hollandale 
Embayment, westward to relatively shale-rich equivalent strata in which formation Embayment, westward to relatively shale-rich equivalent strata in which formation 
assignment becomes more difficult.  Relatively strong weathering of the St. Lawrence assignment becomes more difficult.  Relatively strong weathering of the St. Lawrence 
and Franconia Formations where they occur as the uppermost bedrock in this map area, and Franconia Formations where they occur as the uppermost bedrock in this map area, and Franconia Formations where they occur as the uppermost bedrock in this map area, 
and ductile deformation of shale beneath glacial ice sheets may also account for the and ductile deformation of shale beneath glacial ice sheets may also account for the 
difficulty previous workers have encountered in recognizing these formations.  Zanko and difficulty previous workers have encountered in recognizing these formations.  Zanko and difficulty previous workers have encountered in recognizing these formations.  Zanko and 
others (1998) similarly interpreted a Cambrian rather than Cretaceous age for these strata, others (1998) similarly interpreted a Cambrian rather than Cretaceous age for these strata, 
although they suggested that the units are equivalent to the Eau Claire Formation.although they suggested that the units are equivalent to the Eau Claire Formation.

   sl St. Lawrence Formation (Late Cambrian)St. Lawrence Formation (Late Cambrian)St. Lawrence Formation (Late Cambrian)St. Lawrence Formation (Late Cambrian)—The St. Lawrence Formation consists of about —The St. Lawrence Formation consists of about 
60 feet (18 meters) of variegated shale with subordinate tan to pink, very fine-grained, 60 feet (18 meters) of variegated shale with subordinate tan to pink, very fine-grained, 
sandy dolostone and dolomitic sandstone in thin to medium, tabular beds.  Shale is sandy dolostone and dolomitic sandstone in thin to medium, tabular beds.  Shale is 
dominantly green or red, less commonly white to tan.  Dolostone and dolomitic sandstone dominantly green or red, less commonly white to tan.  Dolostone and dolomitic sandstone dominantly green or red, less commonly white to tan.  Dolostone and dolomitic sandstone 
beds typically have shale and sandstone intraclasts in their lower part.  The contact of beds typically have shale and sandstone intraclasts in their lower part.  The contact of 
the St. Lawrence Formation with the underlying Franconia Formation is gradational and the St. Lawrence Formation with the underlying Franconia Formation is gradational and the St. Lawrence Formation with the underlying Franconia Formation is gradational and 
corresponds to a subtle downward transition to strata dominated by pale green, calcareous corresponds to a subtle downward transition to strata dominated by pale green, calcareous 
siltstone and shale.  This lithic difference between the St. Lawrence and Franconia siltstone and shale.  This lithic difference between the St. Lawrence and Franconia 
Formations is subtle, and the contact between the two formations is not exposed in the Formations is subtle, and the contact between the two formations is not exposed in the Formations is subtle, and the contact between the two formations is not exposed in the 
map area.  Drilling records only rarely contain descriptions that allow recognition of map area.  Drilling records only rarely contain descriptions that allow recognition of 
the contact.  Therefore, the mapped extent of the St. Lawrence Formation was based 
largely on projection of its basal contact at a consistent distance (115 feet [35 meters]) 
above the top of the Ironton–Galesville Sandstones, a distance consistent with the known 
thickness of the Franconia Formation southeast of this quadrangle.

The St. Lawrence Formation is used as a source for some water wells in the area. 
Small solution cavities in carbonate-rich beds, and fractures where the formation is at 
or close to the bedrock surface likely provide most yield to these wells. 

   f Franconia Formation (Late Cambrian)Franconia Formation (Late Cambrian)—Variegated shale, siltstone, and sandstone, ranging 
from 100 to 120 feet (30 to 37 meters) in thickness.  Shale beds are dominantly green, with 
subordinate red, white, and tan.  Pale green shale is dominant in the upper approximately 
70 feet (21 meters) of the formation, brick red shale is dominant in the lower 40 feet 
(12 meters).  Shale commonly contains floating grains of fine- to coarse-grained quartz, 
including grains that are pink from iron-oxide coatings, similar to quartz framework grains 
in the Paleoproterozoic Sioux Quartzite (unit s).  Mica is abundant along laminations, 
and glauconite is present in small percentages (less than 2 percent) throughout, but is 
most abundant in the lower 20 feet (6 meters).  Sandstone is yellowish-gray to gray-
yellow-green to white, very fine- to fine-grained, silty, feldspathic, and glauconitic in the 
lowermost approximately 20 feet (6 meters) of the formation.  The sandstone is poorly 
to tightly cemented with calcite.

The Franconia Formation is used as a source for some water wells in the area.  
Water-well construction records suggest that small solution cavities or fractures in 
cemented beds where the formation is at or close to the bedrock surface likely provide 
most yield to these wells.

   ig Ironton and Galesville Sandstones (Late Cambrian)Ironton and Galesville Sandstones (Late Cambrian)—White to tan, fine- to coarse-grained, 
moderately to well-rounded, quartzose sandstone.  White and pale green shale interbeds 
are common.  Some quartz grains are coated with pink to red iron-oxide similar to 
framework grains in the Sioux Quartzite (unit s).  Glauconite is rare in the upper part 
of this unit and absent in the remainder.  Generally friable to moderately well cemented 
based on drillers' descriptions.  The Ironton–Galesville Sandstones are a maximum 
of about 60 to 70 feet (18 to 21 meters) thick.  Contacts with formations above and 
below are transitional.  Regional stratigraphic information (Runkel and others, 1998) 
suggests that an unconformity is present within this map unit, approximating the Ironton 
Sandstone–Galesville Sandstone contact.  However, these two formations cannot be 
distinguished from one another with the limited data available for this map area.

   e Eau Claire FormationEau Claire Formation—Variegated shale, siltstone, and very fine-grained sandstone as much 
as about 60 feet (18 meters) thick.  Shale is dominantly red, with subordinate green to 
white.  Sandstone is tan to red, very fine-grained and feldspathic with interbeds (or 
floating, individual grains) of medium- to coarse-grained, rounded, quartzose sandstone. 
Glauconite and phosphatic brachiopods are present in the upper part of the formation. 

Cm Mt. Simon Sandstone (shown only on cross section)—Fine- to coarse-grained, quartzose 
sandstone.  Minor variegated (green, red, white) shale.  Some quartz grains are coated 
with pink to red Fe-oxide similar to grains in the Sioux Quartzite (unit s).  Reaches a 
maximum thickness of about 200 feet (61 meters) in the eastern part of the map area, 
but probably varies substantially in thickness because it lies on Precambrian rocks with 
profound unconformity. 

PRECAMBRIAN

   s Sioux Quartzite (Paleoproterozoic)—Red to purple quartzite.  Fine- to coarse-grained, 
cross-stratified locally with quartz pebble conglomerate (description based entirely on 
properties known west of the map area). 

Pag Gneiss or granite (Archean or Proterozoic; shown only on cross section)—Based largely 
on geophysical maps and a single borehole with a weathered, potassium-feldspar-rich 
sample from beneath the Mt. Simon Sandstone.  This sample is representative of gneiss 
and granite of Archean or Proterozoic age in the region (see Southwick, 2002)

SOURCES USED TO COMPILE THE GEOLOGIC MAP

The Courtland bedrock geology map was compiled from several sources.  The author mapped and 
described bedrock outcrops in this and adjacent quadrangles.  Reports and publications by Stauffer and 
Thiel (1941), Sloan (1964), Austin (1970), and Zanko and others (1998) were incorporated.  Most of the 
area is overlain by thick Quaternary glacial deposits or by variable thicknesses of Holocene alluvium.  
Outcrops are found only along deeply incised stream valleys or on bedrock terraces.  Therefore, mapping 
for most of the area relied principally on drillers' descriptions of water-well borings, and a few cutting 
sets and natural gamma logs.  
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Figure 1.  Map of the Courtland quadrangle contoured at the top of the Ironton–Galesville Sandstones   Map of the Courtland quadrangle contoured at the top of the Ironton–Galesville Sandstones 
showing geologic structure: scale 1:100,000.  Contour interval is 25 feet (8 meters).  Approximate area 
where the Ironton–Galesville Sandstones are missing because of erosion is shaded.  In those areas, the 
elevation of the top of the Ironton–Galesville Sandstones is estimated by projecting upward from the elevation of the top of the Ironton–Galesville Sandstones is estimated by projecting upward from the 
top of the Eau Claire Formation or Mt. Simon Sandstone, or by interpolating from nearby uneroded top top of the Eau Claire Formation or Mt. Simon Sandstone, or by interpolating from nearby uneroded top 
elevations of the Ironton–Galesville Sandstones.

MAP SYMBOLS

  Geologic contact—Approximately located.

  Line of equal elevation of the bedrock surface—In feet above 
sea level; contour interval is 50 feet (15 meters).  

  Drill holes—Not all intersect bedrock.

   Record of water-well construction (well driller's log)

   Cutting sample

   Cutting sample with borehole geophysical log

  Detailed mapping of bedrock exposure.
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