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PROVENANCE  RIDING MOUNTAIN WINNIPEG RAINY
TILL TEXTURE  .....................Loamy to sandy ..........Loamy to clayey ..........Loamy to sandy

TILL COLOR
 Oxidized .............................Yellow-brown to  ........Yellow-brown ..............Yellow-brown to
   olive-brown  brown
 Unoxidized .........................Gray ...........................Gray to dark gray ........Green-gray to gray

PEBBLE TYPE (unleached)
 Cretaceous carbonate ........Rare ............................Rare to common .........Absent to rare
 Paleozoic carbonate ...........Common .....................Uncommon to .............Uncommon to
    common common
 Dark-gray to green-
 gray rocks ...........................Uncommon to .............Uncommon to .............Common
   common common
 Red felsite and sandstone ..Rare to uncommon .....Absent to rare .............Rare
 Gray shale ..........................Uncommon to .............Absent to rare .............Absent
   common

Table 1.  Physical characteristics of mapped glacial deposits in the Austin 
quadrangle.

MAP SYMBOLS

 Geologic contact—Approximately located.

 General flow direction of braided streams—Arrow points downstream in the direction 
water once flowed.

 Bedrock meander scar—Relatively distinct; eroded and obscure; dashed where inferred.  
Ticks point downslope.  Inner hill, if present, is not hachured.  Meander scars were 
formed by an earlier phase of the stream, at a higher level within the same valley.  As the 
stream shifts its course during downcutting, some of its meander loops are abandoned 
and left behind; they are gradually obliterated by slope erosion and tributary streams.  
Although classified as either relatively distinct or as obscure, there are many gradations 
in the degree of subsequent erosion.  The older, more obscure scars are generally higher 
above the modern stream level.

 Obscure bedrock channel—Probably a remnant of a glacial meltwater channel.  Not currently 
occupied by a stream.

 Stream-cut scarp—Ticks point down scarp.  Shown only where scarps cut across map 
units.

 Sides of a tunnel valley—Ticks point down slope.  The drainage channel formed by meltwater 
flowing beneath Des Moines-lobe ice.  The tunnel valley was subsequently partly buried 
by deposits of the New Ulm Formation.

 Paleosol remnant (cross-section only)

 Auger boring sample site

 Surface soil sample site
!
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INTRODUCTION

 This surficial geologic map was constructed by combining information from the 
existing surficial geology maps of Mower, Fillmore, Olmsted, and Winona Counties, 
and new mapping of southern Dodge County.  The new mapping was accomplished by 
examining and sampling natural and human-made exposures, and collecting samples 
with a truck-mounted soil auger, during the 2004 field season.  Depth of auger sampling 
generally ranged from 10 to 25 feet (3 to 8 meters).  Auger samples were also taken in 
Olmsted and Winona Counties, which had previously been mapped with the support 
of very few power soil borings.  Auger borings and sample sites from the 2004 field 
season are shown.  Sample locations used for constructing the constituent maps are 
shown on the original maps.  Much of the detail on this map and its constituent county 
maps is based on the soil surveys of the individual counties because exposures are 
sparse, and glacial landforms have largely been destroyed by subsequent erosion.  Soil 
surveys contain much data on the materials in the upper 5 or 6 feet (1.5 to 1.8 meters), 
but no deeper information.

 The Mower County surficial geology map (Meyer and Knaeble, 1998) was critical 
to the effort to differentiate the till stratigraphic units in the Austin quadrangle.  The 
till stratigraphy in Mower County is based on five deep Rotosonic borings, many power 
soil auger borings, and a modern soil survey (Carlson, 1989).  With this as a key, it 
was possible to re-interpret the previously undivided till section in the other counties.  
However, with fewer samples and data points, this reinterpretation is not expected to 
be as accurate outside Mower County.

The correlation of map units incorporates a scheme developed by Johnson and 
others (1997) for the division of the late Quaternary into episodes that emphasize the 
diachronic nature of the map units.  The Michigan subepisode of the Wisconsin Episode 
replaces the Late Wisconsinan glaciation of earlier publications, and the Hudson Episode 
is the name for the current interglacial or postglacial time—the time since Michigan 
deglaciation.  The Sangamon Episode replaces the Sangamonian Interglacial, and the 
Illinois Episode replaces the Illinoian Glaciation.

Due to the scale of the cross section, great vertical exaggeration (50x) was 
necessary to show the thinner Quaternary units.  This makes all slopes appear much 
steeper than they really are.  The line of section was chosen to avoid the steepest 
topography of the quadrangle; the elevation difference between the lowest bedrock 
surface and highest land surface on the line is less than 300 feet (100 meters).  Other 
parts of the quadrangle have elevation differences greater than 500 feet (150 meters), 
and some slopes are extremely steep.

The cross section greatly simplifies the subsurface relationships among the 
Quaternary units, making them appear to be thicker and more continuous than they 
actually are.  Water-well logs are not specific enough to distinguish among the till 
units.  Thin sand and gravel bodies reported on water-well logs are not shown, but 
they may influence the placement of till contacts.

DESCRIPTION OF MAP UNITS

POSTGLACIAL DEPOSITS—HUDSON EPISODE

 Qho Organic deposits—Chiefly well-decomposed plant matter that was deposited 
in marshes.  The unit is generally less than 5 feet (1.5 meters) thick.  
In a few upland areas the unit may actually consist of exhumed organic 
sediment of the Bennington member of the Rose Creek formation (unit 
Qrp).  Unit is mapped only in Mower County.  Organic deposits are 
present in Dodge, Fillmore, and Olmsted Counties, but were considered 
too small to map at this scale.

 Qha Floodplain alluvium—Typically silty sediment over sand.  Gravel is present 
in places.  Bedding is obscure; where visible, it is subhorizontal.  A 
buried soil is visible in places.  The unit was deposited by modern 
streams.  The width of alluvium varies greatly along the same stream; 
map delineation is interrupted in places where it is too narrow to map.  
Depressions on the floodplain are commonly filled with thick, silty to 
clayey sediment, or organic deposits.  Contacts with other units are 
commonly scarps.

DEPOSITS INDIRECTLY RELATED TO GLACIATION—MICHIGAN 
SUBEPISODE

  Peoria Formation—Windblown sand and silt deposited during the Michigan 
subepisode.  Ranges in thickness from a few inches to over 25 feet (8 
meters); thin deposits are not mapped.  Thin eolian sand and silt are 
ubiquitous over the pre-Hudson Episode sediments in this area, and 
overlie every map unit except alluvium (Qha) and organic deposits 
(Qho).  Sand and dust were eroded from the sparsely vegetated landscape 
by wind during the Michigan subepisode (Mason and others, 1994).  
Sand was carried along the ground by saltation; silt was carried in 
suspension.  Both were transported by prevailing northwesterly winds 
and deposited downwind.  The boundary between net wind erosion 
and deposition corresponds to the beginning of deep dissection of the 
landscape by tributaries of the Mississippi River (Mason, 1992).

  Loess—Unbedded silt that is thicker than 5 feet (1.5 meters).  Generally contains 
a small amount of clay (less than 20 percent), and a smaller amount 
of fine-grained sand.  However, in places the loess is composed 
of coarse-grained silt and fine-grained sand, containing very little 
clay.  The texture difference occurs in a fairly regular pattern: there 
is commonly a fining-upward sequence at a given location, and the 
whole deposit becomes finer-grained downwind from the western 
edge, which is roughly the boundary between net wind erosion and 
deposition.  Typical thickness is 7 to 15 feet (2 to 5 meters).  Not 
mapped on bedrock colluvium (Qwc), which contains loess-derived silt 
as part of its description.  Not mapped on floodplain alluvium (Qha), 
but alluvium in this area is largely composed of silt reworked from 
loess, which makes the two units difficult to distinguish in places. 

  Eolian sand—Unbedded, very fine- to medium-grained sand that is thicker than 
3 feet (1 meter).  Contains very little clay and essentially no gravel or 
coarse-grained sand.  Typical thickness is less than 10 feet (3 meters).  
The overall pattern of mapped eolian sand is upwind of most of the 
loess, in the areas of wind erosion.  Unmapped eolian sand underlies 
the loess in places.

 Qwc Bedrock colluvium—Hillslope deposits derived from bedrock and loess.  
Typically consist of two sub-units: a rocky lower unit of angular 
carbonate clasts in a silty to sandy matrix, overlain by an upper unit 
primarily of silt, which contains few carbonate clasts.  The composition 
of the lower unit reflects the bedrock upslope; the upper unit is largely 
reworked loess.  Includes gray clay mudflow sediment where the 
Decorah Shale subcrops at or above this unit.  Flat clasts in both units 
tend to lie parallel to the slope, giving the appearance of bedding.  Both 
sub-units are thin on the upper parts of slopes, and bedrock outcrops are 
common.  Both thicken downslope to a maximum observed thickness of 
about 30 feet (9 meters).  Clasts from the rocky colluvium interfinger 
with sandy stratified sediment (unit Qwa) where the valley sides 
flatten into terraces.  Hillslopes were completely resurfaced during 
the Wisconsin Episode; remnants of earlier colluvium, recognized by 
truncated paleosols, are very rare.

 Qwa Glacial-age alluvium—Stratified sand, gravelly sand, and gravel, which 
commonly coarsens upwards.  It overlies silty slackwater deposits 
in places.  The unit differs from postglacial alluvium (unit Qha) by 
having a coarser texture and lacking organic matter.  It was laid down 
during the last glaciation when the harsher climate led to high rates 
of erosion, both by wind and water (Zanner and Nater, 2000).  The 
unit merges in places with exhumed older deposits of sand and gravel, 
and it possibly includes terrace remnants from earlier periods of slope 
instability.  However, the great bulk of this sediment was deposited 
during the last glaciation.  Distinguished from pre-Wisconsin alluvium 
(unit Qpa) because it lacks a Sangamon Geosol.

WISCONSIN EPISODE GLACIAL AND MELTWATER DEPOSITS

  New Ulm Formation—Glacial and fluvial sediment of Riding Mountain 
provenance (Fig. 1; Table 1) that was deposited during the Michigan 
subepisode of the Wisconsin Episode.  The formation has been modified 
from the New Ulm Till of Matsch (1972) to include related bedded 
sediment (Meyer and Patterson, 1997).  

 Qno  Outwash—Stratified sandy gravel and gravelly sand deposited by glacial 
meltwater.  The unit includes finer-grained, stratified sediment in some 
areas.  The outwash was laid down mostly by meltwater issuing from 
the Bemis-phase Des Moines lobe when it stood west of the Austin 
quadrangle, but it also includes deposits laid down at an earlier, more 
extensive stage of ice advance called the Moland phase (Fig. 2).  These 
deposits are not distinguished on the map, but the earlier deposits 
reached a somewhat higher elevation, and in places underlie the till 
of the Moland phase.  The unit is commonly bounded by scarps where 
present in channels.  

 Qnt  Sheldon Creek till member—Loam- to sandy-loam-textured, unsorted 
sediment having pebbles and scattered cobbles and boulders.  The unit 
was deposited by the Des Moines lobe during the Moland phase (Fig. 
2).  It is correlated with the Sheldon Creek Formation of Iowa (Bettis 
and others, 1996; Bettis, 1997).  The depth of carbonate leaching is 
less than 6 feet (2 meters).  Oxidized color is typically 10YR 5/4 
(yellowish-brown), and the depth of oxidation is typically less than 
10 feet (3 meters).  The till is generally less than 20 feet (6 meters) 
thick.  Where thicker, the till on average is finer grained.  It is not 
as firm as the pre-Wisconsin tills.  The unit is commonly overlain in 
low-lying areas by 3 feet (1 meter) or more of unmapped, loamy to 
clayey slopewash colluvium incorporating organic matter. 

 Qwt  "Friable" till—Glacial sediment of Rainy-Winnipeg provenance (Fig. 1; 
Table 1).  Typically unsorted, clay-poor, silt loam to sandy loam having 
pebbles, cobbles, and boulders.  The depth of carbonate leaching is less 
than 6 feet (2 meters).  Maximum oxidized color is intermediate between 

10YR 5/4 and 5/6 (yellowish-brown).  Unit is not as firm as the pre-
Wisconsin tills in the quadrangle.  Maximum observed thickness is 12 
feet (4 meters), but is much thinner in most places.  Not observed in soil 
borings outside the mapped area, and patchy even where mapped.  The 
gravel pit that exposed the maximum thickness of 12 feet (4 meters) also 
revealed its absence in places between older sediment (weathered sand 
and gravel of unit Qpa) and younger sediment (unmapped eolian sand and 
silt of the Peoria Formation).  Unit is of uncertain age and correlation, 
but I interpret it as a Wisconsin Episode till because it lacks a Sangamon 
Geosol, and its consistency is friable rather than firm.  Wood from this 
till yielded a radiocarbon date of greater than 45,370 B.P. (Beta Analytic 
sample number 136160).  Two dates on wood from mudflow sediment 
under unit Qwa in southwestern Rochester were greater than 46,610 
and 46,140 B.P. (Beta Analytic sample numbers 193704 and 193705).  
I interpret the mudflow sediment to indicate a permafrost climate with 
reduced vegetation to hold back the soil.  Although the wood fragments 
could be much older than the events that deposited them, the simplest 
explanation is that there was a glaciation in the quadrangle earlier than 
the beginning of the Michigan subepisode, which began less than 30,000 
years B.P. in Illinois (Hansel and Johnson, 1996).

PRE-WISCONSIN GLACIAL DEPOSITS AND ASSOCIATED 
PALEOSOLS

Paleosols are soils that are significantly older than the ubiquitous 
modern soil.  In some cases, paleosols are formed by burial.  If a soil 
was buried by alluvium 150 years ago, it stopped developing, and is 
slightly older than the still-developing modern soil, which was not 
buried.  A soil developed in the top of this 150-year-old alluvium is 
part of the "modern" soil, but much less developed, and recognizably 
younger than adjacent unburied soil.  In other cases, a paleosol may 
be recognized by its stronger development than that of a modern soil 
in a similar parent material and landscape position.  This stronger 
development required a longer period of nonglacial climate than the 
current postglacial period, the Hudson Episode.  Older sediments can be 
recognized as pre-Wisconsin Episode by a paleosol developed in their 
upper surfaces (Follmer, 1983).  Paleosols are mapped in the Austin 
quadrangle only where they were mapped in the Mower County soil 
survey (Carlson, 1989).  The other soil surveys from this area are older, 
and have no mapping units corresponding to paleosols, so any paleosol 
remnants there remain unmapped.  Most of the preserved paleosol 
remnants appear to have formed in depressions, which afforded them 
some protection from subsequent erosion.

Processes that require long periods of time include leaching of 
calcium carbonate, weathering of silicate minerals to clay, illuviation of 
clay deeper into the soil, and oxidizing iron-bearing minerals to redder, 
more intensely colored iron oxides.  All of these processes take place 
from the surface progressively downward, and the thickness of a zone 
where a certain process has been completed can be taken as a rough 
relative measure of the time of soil formation in a temperate climate 
(these processes are slow to insignificant in a periglacial permafrost 
climate).  Intense erosion during glacial episodes, both subglacial 
and periglacial, tends to remove these paleosols, particularly their 
upper layers.  Areas unaffected by the direct erosion by ice sheets 
still suffered enhanced erosion due to the harsh climate and reduced 
vegetation cover.  The major agents are slopewash, wind erosion, and 
solifluction.  However, the presence of even a small paleosol remnant 
indicates that the underlying unit was exposed to weathering for a long 
time.  In addition, even where the A and B horizons (the soil proper) 
have largely been removed, its "roots" may be recognized, though 
not mapped as a paleosol.  The most common criteria for recognizing 
these roots compared to soils formed in Michigan subepisode till are: 
a thicker leached zone, a thicker oxidation zone with brighter colors, 
and clay illuviation in joints, extending below the main B horizon.

  Browerville formation—Glacial sediment of Winnipeg provenance (Fig. 1; 
Table 1).  It is correlated with, and named for, the Browerville till of 
Meyer (1986).  The pattern of preserved Browerville till suggests that 
it covered the whole quadrangle at one time; its eastern margin was 
in western Winona County. 

 Qbp  Paleosol—Soil formed in fine-grained swale sediment over till of the 
Browerville formation during the last major interglacial period, the 
Sangamon Episode.  Characteristics of the observed profile suggest a 
correlation with the Sangamon Geosol, a pedostratigraphic unit widely 
recognized in the Midwestern United States that developed during the 
Sangamon Episode.  The Sangamon soil had previously been recognized 
in southeastern Minnesota (Lively and others, 1987; Hobbs, 1998), but 
only in an area farthest from the Wisconsin Episode ice sheets. 

 Qbt  Till—Chiefly loam- to clay-loam-textured, unsorted sediment having 
pebbles and scattered cobbles and boulders.  The coarse-grained sand 
and pebble fraction of the till contains a small but diagnostic proportion 
of Cretaceous-age limestone and calcareous shale.  Gray, noncalcareous 
Cretaceous shale, typical of the New Ulm Formation, is essentially 
absent.  Consistency of the till below the modern soil is firm.  The till 
was deposited by glacial ice during the Illinois Episode, the glacial 
period that preceded the Sangamon.  Maximum observed depth of 
carbonate leaching is about 15 feet (5 meters), but is typically less, 
because the upper part of the leached zone has been locally eroded.  
Maximum observed depth of oxidation is about 17 feet (5 meters), 
and maximum oxidized color is 10YR 5/6 (yellowish-brown).  The till 
typically becomes increasingly silty in texture toward the base because 
of incorporation of underlying lake sediments and possibly loess.  Silty 
till having interbeds and inclusions of silty and sandy lake sediments at 
some of the highest elevations in the quadrangle was likely deposited 
in a supraglacial environment; examples include the narrow ridge under 
Sargeant and the ridge east of Elkton.  The till has a sandy-loam texture 
in places, particularly in the lower part, presumably from incorporation 
of proglacial outwash.  This till ranges from 50 to 100 feet (15 to 30 
meters) thick under the drainage divide areas such as Clayton Township, 
where it is less eroded, and where paleosol remnants are common.  In 
the southwestern corner of the quadrangle, it is largely to completely 
eroded by tributaries of the Cedar River.  East of the divide, it becomes 
thinner and more patchy eastward.  It is generally thinner than 25 feet 
(8 meters) east of Rochester and Stewartville.  Here it was probably 
thinner to begin with, and the dissected landscape caused more rapid 
subsequent erosion.

  Rose Creek formation—Glacial sediment of Rainy–Winnipeg provenance (Fig. 
1; Table 1).  Till of pure Rainy provenance is very sandy, rocky, 
and noncalcareous.  However, the ice that deposited the Rose Creek 
formation advanced over and incorporated fine-grained, calcareous 
till, which modified its composition to a mixed Rainy–Winnipeg 
provenance.  The same process may account for the characteristics of 
the Wisconsin Episode "friable" till.

 Qrp  Bennington member—Paleosol and overlying organic sediment.  The 
texture of the organic-rich sediment is generally silty; that of the paleosol 
below is generally fine-grained loamy with silt dominating over clay.  
The high silt content probably indicates the paleosol primarily formed 
in loess and remobilized loess.  The depth of leached carbonate exceeds 
6 feet (2 meters).  The paleosol is interpreted to have been exhumed 
from beneath the Browerville formation, and therefore, to have formed 
primarily before the Sangamon Interglacial period, generally in pond 
or colluvial sediment over till of the Rose Creek formation.  The 
Bennington member is overlain in places by proglacial lake sediments of 
the Browerville formation.  The pedogenic development of this paleosol 
is less than that of the Sangamon Geosol, which suggests that it formed 
in an interstadial rather than an interglacial period.  Therefore, the 
Rose Creek formation is correlated with the early Illinois Episode

 Qrt  Till—Loam- to sandy-loam-textured, unsorted sediment having pebbles 
and scattered cobbles and boulders.  The unit was deposited by glacial 
ice of the Illinois Episode.  The till is commonly interbedded with thin 
deposits of sandy to gravelly stratified sediment.  The depth of carbonate 
leaching varies considerably; in particular, the more sandy facies are 
deeply or completely leached in places, but in some areas the till is 
leached only in the upper few feet.  The eastern limit of the Rose Creek 
till is probably near Chatfield, because the till has not been observed 
east of there.  The Rose Creek formation is generally less than 30 feet 
(9 meters) thick below the Browerville formation; in places it is less 
than 10 feet (3 meters) thick.  The contact between the Browerville and 
Rose Creek formations is fairly flat, indicating little stream dissection 
between the tills.  The general thinness of the Rose Creek formation, 
coupled with the difficulty of mapping an exhumed deposit, means 
boundaries in many places are very approximately located. 

  Elmdale formation—Glacial sediment of Winnipeg provenance (Fig. 1; Table 1).  
The unit is correlated with and named for the Elmdale till of Meyer 
(1986).  The easternmost mapped extent of the Elmdale till is a few 
miles east of Stewartville, but it may have been much more extensive 
at one time.  It may correlate in part with a very old, highly weathered 
and eroded till (unit rtl of Hobbs, 1984) outside the margin of the 
Browerville till in central Winona County.  The landscape was highly 
eroded, and bedrock valleys were deepened between the deposition of 
the Elmdale and the Rose Creek–Browerville tills. 

 Qep  Paleosol—Unit texture generally ranges from clay to silty clay to clay 
loam.  Interpreted to have been exhumed from beneath the Rose Creek 
formation, and therefore, to have formed primarily in fine-grained 
swale sediment and till of the Elmdale formation.  Where exposed at 
the surface, the paleosol is commonly overlain by a few feet of loamy 
to sandy sediment of the Peoria Formation.

SOURCES OF GEOLOGIC DATA USED 
TO COMPILE THE MAP

 The map shows the location of the Austin quadrangle (shaded) 
relative to other 1:100,000 compilation maps and county boundaries.  
The following sources were used to compile the geology:

A.  Hobbs (1995)

B.  Meyer and Knaeble (1998)

C.  New mapping by Hobbs

D.  Hobbs (1988)—Austin quadrangle portion revised 2004

E.  Hobbs (1984)—Austin quadrangle portion revised 2004
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 Qet  Till—Chiefly loam- to clay-loam-textured, unsorted sediment having 
pebbles and scattered cobbles and boulders.  Silty sand to cobbly gravel 
lenses are uncommon, except toward the base.  In many places, the 
lower part of the till consists largely of resedimented, locally derived 
material.  The unit was deposited by glacial ice, probably in several old 
glaciations.  The Elmdale till as mapped shows considerable variability; 
it is not clear how much is intra-till variation, and how much can be 
attributed to several distinct ice advances separated by interglacial 
stream dissection.  In a few places, the pebbles are almost all rounded, 
polished quartz and chert, derived from the Ostrander Member of the 
Windrow Formation.  In other places, the texture is silty, and the till 
contains considerable plant debris.  The till is commonly deeply or 
completely leached of carbonate.  Unmapped patches of this unit are 
likely present in areas where bedrock is near the surface.

PRE-WISCONSIN EPISODE STRATIFIED SEDIMENT

In Mower County, the pre-Wisconsin outwash units were divided 
and mapped separately in the Browerville, Rose Creek, and Elmdale 
formations (Meyer and Knaeble, 1998).  In Olmsted County, they were 
mapped undivided (Hobbs, 1988).  In Fillmore County, pre-Wisconsin 
Episode fluvial deposits were divided into upland sand and gravel 
(glaciofluvial), and alluvium occupying valleys cut into bedrock (Hobbs, 
1995).  This last system is followed here.  Weathering has blurred much 
of the distinction among the old outwash deposits.  Each delineation 
can be tentatively correlated with the till immediately adjacent, but 
this is not certain.  

 Qpg Upland sand and gravel—Sand, gravelly sand, and gravel that was deposited 
by glacial meltwater, generally in a fluvial environment.  In places, 
the unit includes interbedded till and beds of fine-grained sand to silt 
that were likely laid down in ice-walled lakes.  In other places, till 
interbeds and eroded balls of till are present, and the sediment may 
have been deposited adjacent to or under the ice.  This unit was deeply 
weathered during the Sangamon Episode and in some cases, earlier 
interglacial episodes.  Because of its permeability, gravel is more 
deeply and completely weathered than till during a given time interval.  
Most of this unit is deeply or completely leached of carbonate.  Many 
rocks, especially mica-rich granites, are crumbly to the touch.  The 
upper 10 feet (3 meters) or more is highly oxidized to strong brown 
(7.5YR 4/6) in most places.  Where strongly oxidized, the sand and 
gravel grains are coated and bridged with brown pedogenic clay.  Clay 
is most common in the gravel-rich beds.

Although individual delineations are problematic to correlate to a 
particular till, there is a widespread, though patchy glaciofluvial deposit 
in southeastern Dodge, northeastern Mower, and southwestern Olmsted 
Counties that appears to lie stratigraphically between the Browerville and 
Rose Creek tills.  Many patches of this deposit are mapped northeast of 
Grand Meadow, for example, either on the border between Rose Creek 
and Browerville tills, or geographically surrounded by Rose Creek till 
at a lower elevation.  It typically occurs at an elevation of about 1,300 
feet (400 meters), plus or minus about 40 feet (12 meters).  It tends 
to form hills, but it is not clear whether it was originally deposited in 
hills, as kames for instance, or whether the hills are remnants of an 
eroded tabular deposit.  Under certain conditions, gravel appears to 
be more resistant to erosion than till.  Perhaps it is more resistant to 
solifluction in a permafrost environment, and perhaps also to slopewash 
in a temperate environment.

 Qpa Pre-Wisconsin alluvium—Sand, gravelly sand, and gravel, deposited by 
streams in existing valleys.  Strongly weathered similar to upland sand 
and gravel, except for one small patch where the upper part is cemented 
by secondary calcite, which protected it from weathering.  The two 
small delineations in and adjacent to the northernmost delineation of 
the New Ulm Formation friable till unit (Qwt) are in a shallow valley 
where alluvium is too narrow to map.  One of these is covered by thin, 
patchy, "friable" till.  Mapped pre-Wisconsin alluvium forms terraces; 
unmapped Qpa occurs underneath Wisconsin and Hudson Episode 
alluvium in deep bedrock valleys.  Deeply buried deposits are not 
necessarily weathered.

PREGLACIAL DEPOSITS

 KDO Bedrock, undivided (Cretaceous, Devonian, and Ordovician)—Bedrock and 
weathered bedrock generally within 5 feet (1.5 meters) of the surface.  
Carbonate bedrock is commonly weathered to a clayey, silty, or sandy 
saprolith in the upper 5 feet (1.5 meters) or so, and hard bedrock is 
generally within 10 feet (3 meters) of the surface.  The Cretaceous 
Windrow Formation gravel, sand, and clay is considered bedrock by 
definition, but is generally unconsolidated.  However, the Windrow 
Formation generally consists of small, thin patches in most places.
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Figure 2.  Relationship of the Bemis ice margin of 
the Des Moines lobe to the earlier Moland-phase ice 
margin (Patterson and Hobbs, 1995), which is likely 
correlative with the Verdi ice margin (Patterson, 
1995) west of the Bemis moraine.  The position of the 
Moland and Verdi ice margins in Iowa is interpreted 
from Richmond and others (1991).  The Illinois 
Episode Browerville formation is more extensive in 
southeastern Minnesota than either the Bemis or the 
Moland phases.  Modified from Patterson and Hobbs 
(1995).

Figure 1.  The maximum extent of the Des Moines 
lobe and related ice advances in Minnesota, and the 
source areas of glacial sediment deposited in the Austin 
quadrangle.
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