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Every reasonable effort has been made to ensure the accuracy of the factual data on which this map 
interpretation is based; however, the Minnesota Geological Survey does not warrant or guarantee that 
there are no errors.  Users may wish to verify critical information; sources include both the references 
listed here and information on file at the offices of the Minnesota Geological Survey in St. Paul.  In 
addition, effort has been made to ensure that the interpretation conforms to sound geologic and 
cartographic principles.  No claim is made that the interpretation shown is rigorously correct, however, 
and it should not be used to guide engineering-scale decisions without site-specific verification.
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INTRODUCTION

The Quaternary Stratigraphy plate shows the unconsolidated materials 
expected to be encountered between the land surface and bedrock in McLeod 
County.  The geologic units shown on the cross sections were defined using 
existing data and interpretation of new data collected for this study.  For the 
most part, the surficial units that appear in the cross sections are identical to 
those mapped and described on the surficial geologic map on Plate 4.  Some 
surface units, such as peat (unit pe) and lake sediment (unit dl), are too thin 
to show in cross section.  Alluvium (unit al) and outwash sand and gravel 
(unit sd) are combined into one unit (sda) for the purpose of modeling, and 
are represented as one unit on the cross sections.  Deeper units appear only in 
cross section.  Outcrops, auger samples, drill core, drill cuttings, and water-
well drillers' logs were used to interpret the stratigraphy.  Key stratigraphic 
control points and scientific rotary-sonic and rotary drill holes completed by 
the Minnesota Geological Survey are differentiated on the cross sections and 
have an associated unique number on file at the Minnesota Geological Survey.  
Logs of the two rotary sonic cores drilled by the Minnesota Geological Survey 
are shown in Figures 1 and 2.  Some water-well drillers' cuttings samples 
collected from sites outside the county were used for interpretation because 
they were near the county border and provided significant detailed stratigraphic 
control.  These drill sites are not shown on the cross sections, but are included 
in the digital file data.  Drill holes, represented by the vertical lines, may 
start above or below the land surface because the data are projected onto 
the cross section from a distance of up to 0.3 mile (0.5 kilometer).  Vertical 
exaggeration is 40x for all cross sections.

DESCRIPTION OF CROSS SECTION UNITS

 sda Sand, gravelly sand, and cobble gravel—Moderately to poorly 
sorted; crossbedded to flatbedded; interbedded in places with 
unsorted sediments (till, cobbles, or boulders).  Includes 
surface outwash (unit sd) and alluvium (unit al).

 dth Loam to clay loam—Pebbly, unsorted, with scattered cobbles and 
rare boulders.  Shale clasts generally compose from 35 to 45 
percent of the very coarse-grained (1 to 2 millimeter) sand 
fraction; includes rare lenses of stratified sediment.  Glacial 
till.

 dtv Clay loam to sandy loam—Pebbly, unsorted, with scattered cobbles 
and rare boulders.  Shale clasts generally compose from 10 
to 25 percent of the very coarse-grained (1 to 2 millimeter) 
sand fraction; includes lenses of stratified sediment.  Glacial 
till.

 sdv Sand and gravel below unit dtv.

 dtj Loam to clay loam—Pebbly, unsorted, with scattered cobbles and 
rare boulders.  Shale clasts generally compose from 18 to 35 
percent of the very coarse-grained (1 to 2 millimeter) sand 
fraction.  Glacial till.

INTRODUCTION

Establishing the location and characteristics of sand and gravel aquifers is an essential 
step toward their wise use and protection.  In McLeod County, this project employed a 
process that combined the understanding of a geologist with the data-handling ability of 
a geographic information system (GIS) to create three-dimensional maps showing the 
distribution of Quaternary sand and gravel deposits that may be aquifers.  Sand and gravel 
distribution at the land surface is interpreted from exposures, shallow drilling, soil mapping, 
and landform interpretation.  In contrast, our attempts to map sand distribution in the 
subsurface rely mostly on well records.  Each well record describes the vertical sequence 
of earth materials at one location.  It falls to the geologist to predict what materials occur 
in the areas between wells or at depths not penetrated by the wells.  That prediction is 
based on an assessment of the available data and an understanding of the glacial history 
and processes that created the glacial sediment.  The distribution of data greatly affects the 
resolution and accuracy of our models.  For example, if the wells are widely spaced, they 
will not intersect narrow deposits of limited extent to support accurate mapping of those 
features.  In a similar manner, bodies of sand and gravel that occur at greater depths are 
typically not intersected by as many wells because shallower bodies of sand and gravel 
are adequate to supply water and there is no need to continue drilling.

The unconsolidated Quaternary sediments that overlie the bedrock in McLeod County 
vary greatly in character and thickness.  These deposits are largely the result of several 
distinct glacial ice advances during the Pleistocene Epoch (Plate 4, Fig. 1).  Most of the 
aquifers within McLeod County consist of sand and gravel beds laid down by meltwater 
that flowed from these glaciers.  Unsorted sediment deposited directly from the ice, termed 
till, and fine-grained clay- and silt-rich bedded sediment deposited in ponded meltwater 
in front of the glaciers, form confining layers that enclose the aquifers.  The till layers 
left by each ice sheet tend to be more laterally persistent than the sand layers because 
ice typically spread across the entire county, whereas meltwater streams that deposited 
the sand and gravel were generally confined to drainages at the lower elevations of the 
evolving landscape.  Sand and gravel may be deposited by both an advancing glacier and 
a retreating glacier of the same cycle, thus till from an ice advance may bury its own sand 
and gravel, as well as material deposited during a previous glacial event.  By convention, 
the name designations of sand and gravel bodies depicted in this report are associated with 
their overlying till (except for those at the land surface; Fig. 3).

Glacial ice and meltwater not only deposited sediments, but also eroded older, underlying 
sediments, creating a very disturbed "layer cake" stratigraphy.  A new layer of sand or till 
could fill a void eroded into an older layer or could completely take the place of an older 
layer, given sufficient erosion.  The net effect of this depositional and erosional activity 
is that sand and gravel bodies that provide water to wells in McLeod County tend to be 
discontinuous.  In order to address this condition, 41 closely spaced cross section lines 
were generated in a west–east direction (Fig. 4).  Along these lines, water well records 
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Figure 1.  McLeod rotary-sonic core #1 (shown on Fig. 4).  Sampled at T. 117 N., R. 29 W., 
sec. 4, elevation 1,090 feet.  MGS #257598 Q23857.

Figure 2.  McLeod rotary-sonic core #2 (shown on Fig. 4).  Sampled at T. 116 N., R. 30 W., 
sec. 22, elevation 1,084 feet.  MGS #257599 Q23858.

 sdj Sand and gravel below unit dtj.

 ct Sandy loam—Pebbly, unsorted, with many cobbles and rare boulders.  
Shale clasts generally compose less than 7 percent of the very 
coarse-grained (1 to 2 millimeter) sand fraction.  Pockets 
of silt, sand, and gravel occur in places.  The sediment is 
generally sandier and contains more crystalline rock fragments 
(basalt, greenstone, or granite) than sediments derived from 
the northwest.  Glacial till.

 sc Sand and gravel below unit ct.

 bt Loam—Sandy, pebbly, unsorted, with scattered cobbles and rare 
boulders.  Shale clasts generally compose less than 2 percent 
of the very coarse-grained (1 to 2 millimeter) sand fraction.  
Contains abundant limestone and fossil fragments.  Pockets 
of silt, sand, and gravel occur in places.  Glacial till.

 sb Sand and gravel below unit bt.

 xt Loam—Pebbly, unsorted, with scattered cobbles and rare boulders.  
Shale clasts generally compose less than 2 percent of the very 
coarse-grained (1 to 2 millimeter) sand fraction.  Pockets of 
silt, sand, and gravel occur in places.  Glacial till.

 sx Sand and gravel below unit xt—This unit was not sampled in the 
course of this project.  The extent is interpreted from water 
well records and inferred based on model results in places 
where no data exist.

 ups Undifferentiated Pleistocene sediment—This unit includes all 
sediment below the lowermost identified till unit and associated 
underlying sand.  Although some water wells extend below this 
boundary, the data are too few to be able to make meaningful 
correlations.

 su Sand and gravel encountered in isolated water wells within 
otherwise undifferentiated sediment.

CROSS SECTION SYMBOLS

  Geologic contact—Based on existing water-well data and from 
modeled surfaces shown in Figures 5 through 11.

  Drill hole—Includes water-well drillers' sites and borings completed 
by the Minnesota Geological Survey.  The top of the drill hole 
symbol may not coincide with the cross section surface elevation 
line because the drill holes are located near (commonly within 
0.3 mile [0.5 kilometer]) but not on the cross section line and 
therefore may have a slightly different surface elevation.  Rotary-
sonic drill holes and a diamond core drill hole are labeled with 
their associated unique number, and shown on Figure 4.

and records of scientific and engineering test holes were used by a geologist to identify 
contacts between till units in the subsurface.  All sections are available in digital files, but 
as an example, the final interpretations along four of these lines are shown in the cross 
sections A through D.

Till is generally described as "clay" by well drillers.  Although sand and gravel can 
occur within a till, they occur more commonly at the contact between two till sheets.  Where 
two clay (till) layers related to different depositional events are not separated by a sand and 
gravel layer, their contact may be recognized by a change in the driller's description of the 
clay's texture, density, or color.  The till contact lines on each individual cross section were 
labeled and converted to points representing the base of the unit.  GIS software extracted 
elevation values for each unit from the points along each cross section line and converted 
these into a gridded elevation surface.  Once the till surfaces were created, they were 
iteratively modified until the geologist was confident that they adequately represented the 
stratigraphic interpretation for the majority of water well data.  A similar process was used 
to compile surfaces of the sand and gravel bodies from the basal contacts along each cross 
section line.  The sand body grid interpretations were also modified to conform to the till 
bodies and water well data.  After both sand and till surface grids were completed, they 
were processed through the GIS program in stratigraphic order from youngest to oldest to 
create a set of top and bottom surfaces for each geologic unit.  These were used to calculate 
the unit thickness, resulting in a three-dimensional geologic model of tills and sands for the 
county.  The more extensive sands portrayed by the model are shown in Figures 5 through 
12, ranging from the youngest sands at the land surface to buried, progressively older sands 
(Fig. 3).  Where saturated, these sand bodies are aquifers.  Their capacities for water yield 
depend on the extent and thickness, as well as factors such as sediment coarseness, degree 
of sorting and consolidation, and recharge characteristics.

The geologic model should be considered a probability map for the occurrence of 
major sand bodies.  The model does not guarantee sand and gravel will be found at all 
places shown, nor does it preclude them from being found in areas where they are not 
shown.  In McLeod County, nearly half of the located water wells utilize relatively thin 
glacial aquifers less than 150 feet (46 meters) below the land surface.  Because of the 
shallow nature of these borings, little data are available from the underlying glacial units, 
which are up to 600 feet (183 meters) thick above the bedrock, in places.  Where too few 
data exist, interpretations of the thickness and extent of sand and gravel bodies have been 
conservative—likely indicating less sand than may actually be present.  Areas where data 
were insufficient are mapped as undifferentiated Pleistocene deposits.  Additional sand 
bodies, or extensions of those mapped, are undoubtedly present in these zones.  

The geologic model provides a realistic interpretation of the distribution and type 
of geologic units encountered in the subsurface.  Due to its interpretive nature and data 
limitations, the model should be used as a guide and should not preclude site-specific 
inspection of individual well logs.
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Figure 3.  Stratigraphic order of sand 
and gravel bodies depicted in cross 
sections and in Figures 5 through 12.

Figure 4.  Location of the 41 
cross sections, constructed at 
regular 1 kilometer (0.6 mile) 
intervals, used to create a 
three-dimensional model of 
the Quaternary deposits of 

McLeod County.  Cross sections A through D appear on the 
Quaternary Stratigraphy section of this plate.  Labeled features 
represent unit boundaries that correspond to interpreted ice margins 
(dashed where in the subsurface).  Boxes denote locations of 
core samples.
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Figure 5.  Surficial sand (unit sda)—Model-generated 
map of the extent and thickness of sand and gravel bodies 
occurring at the land surface in McLeod County.  Compare 
the extent with that of sand and gravel depicted on the 
surficial geologic map on Plate 4.  The surficial aquifer 
of the county is the portion of these sand bodies that is 
below the water table.  These sands are predominantly 
confined to modern drainageways.  It is likely that modern 
river courses were established in channels that used to be 
occupied by glacial meltwater (streams flowing along or 
away from the ice margin).  

Figure 6.  sdv sand and gravel—Model-
generated map of the extent, depth from 
the surface, and thickness of sand bodies 
stratigraphically immediately below till 
unit dtv.  

Figure 7.  sdj sand and gravel —Model-
generated map of the extent, depth from 
the surface, and thickness of sand bodies 
stratigraphically immediately below till 
unit dtj.

Figure 9.  sb sand and gravel—Model-
generated map of the extent, depth from 
the surface, and thickness of sand bodies 
stratigraphically immediately below till 
unit bt.  Unit bt may correlate to the 
Browerville Formation as is identified 
elsewhere in Minnesota (Table 1).  

Browerville till is derived from the Winnipeg provenance, advancing into this area 
from the north–northwest.  This unit was sampled in rotary-sonic core McLeod #2 
(MGS# 257599; Figs. 2, 4); however, no sand and gravel was encountered between 
it and the underlying till unit (xt).

Figure 12.  Undifferentiated Pleistocene 
sediment—Model-generated map of 
the extent, depth from the surface, and 
thickness of Pleistocene sediment for 
which no descriptive data are available, 
con toured  a t  50  foo t  (15  me te r ) 
intervals.
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212 Figure 10.  sx sand and gravel—Model-
generated map of the extent, depth from 
the surface, and thickness of sand bodies 
stratigraphically immediately below till 
unit xt.  Unit xt was sampled in rotary-
sonic core, McLeod #2 (MGS# 257599; 
Figs. 2, 4).  This unit may correlate to 
the Eagle Bend till (Knaeble and Meyer, 
2007) and the OHAW unit (Harris, unpub. 
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212 Figure 11.   su  sand and gravel—
Model-generated map of the extent, 
depth from the surface, and thickness 
of sand bodies that occur within otherwise 
undifferentiated sediment.  These bodies 
are identified from isolated, deep, water 
wells.

 northwest Minnesota Central Minnesota McLeod County Provenance  Age (years
 harris, unpub. data (2008)  Knaeble and Meyer (2007)    before present)
 heiberg formation new ulm till (unit nt)  dth
 31-41-28 35-26-29 36-40-24 Riding Mountain
 32-27-41 40-25-35 35-26-39
 Villard formation new ulm till (units ntc; nth) dtv
 43-35-22 45-33-22 45-36-19 Riding Mountain/
 55-25-20 65-20-15 52-31-17 Winnipeg
 James river formation  dtj
 38-38-24  40-37-23 riding Mountain
 43-26-31  44-30-26
 Marcoux formation hewitt formation ct
 53-31-16 61-26-13 61-26-11 Rainy 
 76-22-02 85-15-00 69-27-4
 Browerville formation Browerville formation bt
 45-36-19 44-34-22 46-40-14 Winnipeg 
 66-32-02 65-30-05 59-40-1
 ohAW eagle Bend xt
 26-42-32 32-38-30 38-40-22 Winnipeg 
 56-43-01 57-41-02 54-45-1

Late Wisconsin   12,000

pre-Wisconsin    200,000

Table 1.  Till units listed in stratigraphic order.  Notation for each till unit is as follows:  first line = matrix texture: 
percentage sand-silt-clay; second line = composition: percentage crystalline-carbonate-shale grains in the 1 to 2 
millimeter very coarse-grained sand.  Approximate relative ages from Knaeble and Meyer (2007).
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Figure 8.  sc sand and gravel—Model-
generated map of the extent, depth from 
the surface, and thickness of sand bodies 
stratigraphically immediately below till 
unit ct.  Unit ct was sampled in rotary-
sonic core McLeod #1 (MGS# 257598; 
Figs. 1, 4).  This unit may correlate to the 

Hewitt formation (Knaeble and Meyer, 2007) and the Marcoux Formation (Harris, 
unpub. data, 2008; Table 1).


