
  

Sediment Source Apportionment  

to the Lake Pepin TMDL--Source Characterization 
Purpose and Scope of this Report 

This report and accompanying data tables, which are linked to points in an ArcMap project, 

satisfy the requirements of an agreement with the Science Museum of Minnesota (SMM) and the 

University of Minnesota dated January 2, 2007, for the following project: Sediment Source 

Apportionment to the Lake Pepin TMDL—Source Characterization.  The project has been 

designed pursuant to a subset of objectives outlined in the Museum’s larger project entitled 

“Sediment Source Apportionment to the Lake Pepin TMDL project,” sponsored by Minnesota 

Pollution Control Agency (MPCA), CFMS Contract No. A94798.  The MGS portion of the 

project was specifically designed to help guide the selection and interpretation of lake-cores 

planned by the SMM that were intended to serve as reference sites (reference lakes) to document 

recent and historic erosion rates in the agricultural areas of the Middle Minnesota watershed.  A 

state-wide map of the distribution of reference lakes, provided by S. Schottler and D. Blumentritt 

of the SMM, St. Croix Watershed Research Station, is included as a layer in this project 

(XYRef_Lake_Coords.shp).  Watersheds included in this study are the Redwood, Cottonwood, 

Watonwan, Blue Earth, Le Sueur and Minnesota River-Mankato, which includes several small 

tributary watersheds including Seven Mile Creek.  A second goal that was designated in an 

amendment to the initial project was to better predict the texture of surface sediment for input to a 

watershed model being used to address turbidity issues by the MPCA.   

Digital map compilation was not included in this contract.  However, hand-drawn lines that 

were made on over one hundred, 1:24,000 topographic maps were digitally compiled on the draft 

map presented here.  Two compilation scales were necessary owing to the large size of the map 

area and the project duration.  This draft map is provided for the purposes of visualization of the 

extent of the units sampled and to convey the broad distribution of glacial sediment and landform 

associations.   It should not be construed as a final, detailed map consistent with MGS publication 

standards because it represents only the initial steps of surficial map creation followed by 

reconnaissance-level field-checking.   
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Draft map creation 
This draft map covers those portions of the Middle Minnesota watershed not already mapped 

in other published MGS projects (Upper Minnesota River Basin Regional Hydrogeologic Atlas, 

Patterson, 1999; McLeod County Atlas, Lusardi and Jennings, 2009).  All of the units displayed 

on this map were created for this project using the steps described below. The difference in the 

detail at which they are presented represents an effort by the author to make a more detailed 

digital compilation in areas where other MGS mapping projects are ongoing (Sibley, Nicollet and 

Blue Earth counties; Le Sueur River watershed) while remaining mindful of the funded, more 

general goals and duration of this project. 

Sediment texture and glacial landform distribution were based on the interpretation of two 

sets of stereo-pair, aerial photographs taken in 1977-78 (1:80,000) and 1968 (1:90,000) that 

covered the study area.  These leaf-off, early spring, black-and-white images show exaggerated 

(10x) relief when viewed in stereo and the contrast in tone is directly related to the moisture-

holding capacity and organic content of surface sediment (later season photos are less useful for 

showing moisture contrast).  Moisture-holding capacity is directly associated with the grain-size 

distribution of sediment.  It is also affected by aspect and position in the landscape.  Light tones 

on the photos are interpreted as dry units that are typically coarse textured.    Light tones can also 

result if the A horizon (organic) is thin or absent.  Dark tones indicate wetter units that retain 

moisture—typically loamy to clayey glacial and lacustrine sediment.   Alternative interpretations 

should be entertained when the feature is low in the landscape, on a north-facing slope, if frost is 

still in the ground and temporarily impeding drainage (frozen lakes may confirm this), or if a high 

organic content is suspected.   

Areas of similar tone or pattern allow the extent of a unit to be drawn.  Variations in the tone 

can reflect sedimentary features associated with a particular depositional environment.  For 

example, a bright, narrow linear high may be a sandy shore of glacial lake basins, a crevasse-fill 

ridge or an esker.  A mottled, irregular area with rings of contrasting color is likely the result of 

minor sorting of sediment in holes on the surface of down-wasting, stagnant ice.  The relative 

thickness of one unit over another unit may be discerned through a gradation in tone if the two 

layered units are of contrasting properties.    
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Identification of a landform on an air photo can, conversely, be used to infer sediment type 

and variability.  An ice-walled lake plain—an elevated circular plateau—can be inferred to be 

comprised of lake sediment interbedded with re-sedimented till, sometimes with a coarser, near-

shore rim.  An esker—a sinuous ridge perpendicular and leading to an ice margin—can be 

inferred to be comprised of gravel and sand with a possible drape of melt-out till.  A bar—a 

streamlined, low rise in a channel—may be comprised of well sorted, bedded sand and gravel or 

may be a residual form eroded by flowing water and comprised of the native material with a lag 

of coarse clasts that were too large to be carried by the flow.    

Standard air photo interpretation procedures (e.g. Way, 1972; Batterson and Leverman, 1995) 

can lead those familiar with the techniques to an interpretation of the texture, variability and 

extent of the surface sediment and the glacial landform with which the sediment is associated.  

Interpretations are drawn on topographic maps and the additional topographic information such as 

the steepness of slopes (e.g. dry sand and gravel hills have steep slopes and very sharp peaks) as 

well as any anthropogenic features (such as  the  location of gravel or clay pits), may further 

verify the interpreted glacial sediment present in the near-surface.   

When mapping features attributed to continental-scale glaciation, it is helpful to look at a 

very large area (hundreds of square kilometers) because glacial landforms are best interpreted in 

the context of the much larger ice lobe, thereby increasing the ability to predict depositional 

processes and their variability by their location and association with other landforms.  This is 

sometimes referred to as a glacial land-systems approach (e.g. Colgan and Mickelson, 2003).  For 

this project, a regional landform perspective was gained by making observations over more than 

35,000 square kilometers, and draping air-photo- and map-interpretations made on the more-than-

one- hundred, 1:24,000-scale quadrangles over a 30-m digital elevation model of the area (USGS 

2008; http://srtm.usgs.gov).  The regional perspective is also informed by the already extensive 

mapping and interpretation of the deposits and dynamics of the Des Moines lobe in areas 

immediately surrounding this map area by the author, totalling more than 70,000 square 

kilometers (Patterson, 1995, 1996, 1997a and b, 1998, 1999; Patterson and Hobbs, 1995; Lusardi 

et al., 2002; Lusardi and Jennings, 2009; Jennings, 2009). 

The above-described mapping exercise guided the collection of the contracted 300 samples of 

glacial parent material.  This task was amended to the initial contract to better document the 
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sediment texture.  Sampling focused on units bearing silt and clay such as diamicts (till and re-

sedimented till) and other surficial units estimated as having greater than 50% silt and clay (lake 

sediment, colluvium, fine alluvium) because those units are the primary geologic sources of 

suspended sediment in streams (fine-grained sediment included in sand and gravel deposits might 

also contribute a minor amount).  The coarse, sorted sediment was also not sampled because 

detailed information on the its nature and distribution is available in maps published for Renville 

(Anderson, 2003), Nicollet (Ellingson, 2000) and Blue Earth (Ellingson, 1999) counties, by the 

Minerals Division of the Department of Natural Resources to evaluate the quantity and quality of 

aggregate resources.   

Samples for the current project were taken from shallow holes created with a shovel where no 

natural or artificial excavations could be found.  Artificial exposures included borrow pits, 

construction sites and road cuts.  Natural exposures were located primarily along steep slopes and 

river banks.   

The textural data for the samples taken for this project are presented in a table (Appendix A) 

which is digitally linked to points on the digital map product.  A regional textural and lithologic 

till dataset that includes other MGS sample data was used to better define the till sheets in this 

study area.  The analytical and theoretical basis for using a regional dataset to project textures 

across an identifiable till sheet is well grounded in glaciological processes and described in a 

supporting draft paper (Appendix B). Nearby, relevant samples that were examined to help 

interpret the extent of surface till sheets in the Middle Minnesota River Watershed are identified 

in the database for this project.   

Summary of the surficial geology of the major watersheds   
Minnesota-Mankato Watershed 

 This is not a discrete watershed, but rather, a collection of small watersheds that lead 

directly to the Minnesota River—an underfit stream that occupies the very deep and broad, 

glacial River Warren channel.  Since 11,500 radiocarbon years before present (rcbp) (Clayton and 

Moran, 1982; Matsch, 1983), the time of its catastrophic formation as an erosional spillway 

conveying meltwater of the ice sheet that had been stored in glacial Lake Agassiz, the glacial 

River Warren valley has been filling with material delivered by the much smaller, modern 
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Minnesota River, its tributaries and unstable valley walls.      

 

Figure 1 
Decimeter-scale 

sand beds in 

Minnesota River 

alluvium (Ha).  

Although 

predominantly sand, 

they fine up to a 

mud layer on the 

order of 1-2 cm 

thick.  Photo, C. 

Jennings 
 

Holocene alluvium (Ha, Hab) is predominantly sand and individual layers are on the order of a 

decimeter thick.  They commonly fine upward to a clayey silt layer that is typically on order of a 

centimeter thick (Figure 1).  It is possible that large, unmapped areas of mud may drape sandy 

alluvium in many of the backwater areas of the modern floodplain (Ha, Hab).  The unusual 

floodplain width, wherein the underfit, modern Minnesota River occupies the kilometers-wide 

glacial River Warren channel, provides a large area for fines to accumulate.  Terraces that 

resulted from incision (Htxxx with xxx equal to a  number representing the general surface 

elevation of the terraces) are also commonly dominated by sand but on some erosional (strath) 

surfaces, coarser lags dominate. 

 Steep gullies and ravines crenulate the original valley walls of glacial River Warren.  

Ephemeral creeks that occupy them descend through a stack of glacial units, primarily loamy till, 

locally exposing bedrock, as they lead from the river bluff to a terrace or the valley floor, tens-of-

meters below.  If a ravine is too narrow or short to portray the alluvial deposits it contains at the 

map presentation scale (1:100,000), the alluvial unit is combined with the near-vertical valleys 

walls.  The steep slopes are affected more by wet and dry gravitational failure than alluvial 

processes (Hc).     

 Small fans formed at the mouths of many of the ravines where there was a break in slope 

and decrease in the carrying capacity of the stream (Hf).   Sediment delivery has occurred over 
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the Holocene (Figure 2) and each fan’s growth rate depends on the area of the tributary watershed 

as well as climate, stratigraphy, land use and aspect, to name the most dominant factors. 

Radiocarbon data from cores taken through tributary fans in the glacial River Warren channel 

(collected for a Minnesota Department of Transportation study) record common basal ages and a 

wide range of periods of stability of the fan surfaces (Hudak and Hajc, 2005). During the well-

documented mid-Holocene dry period, ~5,000 to 8,000 years ago (Grimm 1983; Webb et al. 

1984; Baker et al., 1992; Webb et al., 1993; Geiss et al., 2003) tributaries to the Minnesota River 

were not as active and soils developed on stabilized fan surfaces (MnDOT, 1999; Hudak and 

Hajic, 2005). Sediment contributions from the Minnesota River to Lake Pepin also decreased 

during this time (Kelley at al., 2006).  More recently, some fans have been bypassed by natural or 

artificial channelization as water finds the local, base level.     

 

Figure 2 
Small alluvial fans, 

outlined and arrows in 

red, formed at the 

mouths of Holocene 

ravines in the glacial 

River Warren valley. 

 

 

Above the flight of sand-capped, strath terraces lies a scoured till surface that is attributed to the 

initial flow of water through the glacial River Warren valley (Qtw).  Bedrock is exposed in a few 

places (Prk) in the valley bottom and low on the valley walls, where the pre-existing bedrock 

topography was higher and river incision exposed it.  The glacial River Warren valley is broader 

and shallower where bedrock hindered valley downcutting and where cross-cutting bedrock 

valleys intersect it.  A bedrock strath surface formed between St. Peter and Le Sueur and is much 

wider than the subsequent gorge that glacial River Warren ultimately formed.  Slightly above the 
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bedrock surface are anastamosing channel forms with intervening bars having foresets up to 15 m 

high (Johnson et al, 1998) (Fig. 3).   

 
Figure 3 
Foresets, approximately 10 m 

high, in gravelly sand on 

terrace near Kasota, Minn.  

Flow direction (N) to the 

right.  Interpreted as a feature 

associated with a prograding 

bar in early glacial River 

Warren when the river was 

confined to a broad, upper 

terrace at this location. 

Photo, C. Jennings   
 

 

 Farther from the channel, the upland area in this watershed is comprised of low-relief till 

plains, primarily of subglacial origin (Qt).  The two till sheets at the surface in most of this 

watershed are the Dahlen member and the Heiberg member of the New Ulm Formation (See 

Appendix B).  The Dahlen member has an average regional texture of 32% sand, 41% silt, 27% 

clay and the Heiberg member, 36%, 38, 25% (MGS till data base, see Appendix B).  On the north 

side of the river, the divide between the Minnesota watershed and the S. Fork of the Crow 

watershed (Mississippi) is formed by a southeast-trending complex of low-relief hills of 

hummocky, till-like sediment (diamict) (Qth (37%-37%-26%); Qtsz (33%-41%-25%); Qliw 

(27%-44%-29%); Qcss (37%-43%-20%) textures are averaged for this project only) see 

Appendix A) with intervening poorly drained areas (Hl, Hp).  The hills are of supraglacial origin 

and therefore must delineate a place on the ice surface where glacigenic debris accumulated and 

was sorted to varying degrees by gravity, flowing and still water. Although the average textures 

for the units in this complex are given above, the supraglacial setting is one that is characterized 

by unpredictability.  Many more samples would be required to fully define the range of textural 

variability of this feature.  This complex forms a boundary between two, more predictable, coeval 

till sheets, the Heiberg member to the south (36%, 38, 25%) and the Villard member to the north 

(45%, 35%, 20, average regional textures, MGS till data base). The Heiberg member overlaps the 
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Villard member and the latter is not exposed at the surface in the Minnesota River watershed. 

This near-surface till stratigraphy and other evidence (see Appendix B) suggest that the broad, 

southeast-trending complex of low-relief hills marks a shear zone between two, parallel ice 

streams where frictional melting may have been enhanced and created an ice-surface low that 

collected supraglacial sediment.  The supraglacial sediment was gradually lowered as the ice 

wasted and now incompletely covers the overconsolidated, dark gray, subglacial till (Qt).  The 

stratigraphy suggests that the more southerly ice stream broadened at the expense of the northern 

one.  Minor transverse-to-flow ridges in this area are interpreted as moraines or near-margin, 

crevasse-fill ridges (Qtm or Qtr).  Elevated ridges parallel to the former ice flow direction with 

highly variable texture, including sand and gravel with inclusions of flow till, are interpreted as 

the deposits of streams that flowed in ice-walled channels through stagnant-ice-cored areas 

(Qcss).  Modern streams (Ha) are commonly parallel to these former, ice-supported streams.  

 On the south side of the Minnesota River, this watershed extends farther from the glacial 

River Warren channel and includes a narrow area that lies between the Cottonwood and 

Watonwan rivers.   It is included in the description of those watersheds. 

 

Redwood River Watershed 

 Only a small portion of the Redwood watershed was mapped for this project as most of 

its area was mapped in an earlier project (Patterson, 1999).  The Redwood River course is a 

patchwork of glacial channels of different origin and age.  It has its headwaters in the Coteau des 

Prairie, an interlobate (between the James and Des Moines lobes) highland comprised of a thick 

stack of glacigenic sediment with till of the Bemis member of the New Ulm formation at the 

surface (average regional texture 34% sand, 36% silt, 29% clay, MGS till data base).  From there 

it flows northeast, down the steep, glacial-erosional scarp of the Coteau to a break in slope that 

represents the margin of the next phase of the lobe, the Altamont phase which is superimposed on 

the subglacial till plain of the earlier phase.  The river crosses the ice marginal stream of the 

Altamont phase and continues northeast across the low relief till plain of the Altamont member of 

the New Ulm Formation (average regional texture 37% sand, 38% silt, 25% clay, MGS till data 

base) (Qt).  It changes course slightly as it enters the ice-marginal stream channel that marks the 

boundary of the next youngest phase of the lobe.  From Green Valley to Seaforth, (Figure 4 a and 

8 



  

b) the Redwood River flows in a channel that has a combination of stream features—those 

associated with erosive (spillway origin) streams and also with sediment-laden, meltwater 

streams.   

          
 

 

 

4a  Redwood River entering glacial channel, 

outlined in red, at Green Valley, red arrow. 
4b Redwood River leaving glacial channel , 

outlined in red, at Seaforth, red arrow. 

In its final northeasterly reach, the Redwood River begins to cross the till plain it had been 

skirting, that of the Assumption member of the New Ulm formation (average regional texture 

36% sand, 38% silt, 25% clay, MGS till data base).  At Redwood Falls, the location of the 

upstream-migrating knickpoint that originated at the confluence with glacial River Warren, the 

bed of the river drops into a deeply incised reach that is at grade with the Minnesota River.  (The 

glacial River Warren channel and walls are as described in the section above.)  Knobs of bedrock 

crop out on the floor of the glacial River Warren channel in North Redwood (Figure 5).  This area 

was stripped of its thick saprolith—a deeply weathered rock material that formed before the late 

Cretaceous period (Patterson and Boerboom, 1999) —by glacial River Warren.  Saprolith was 

exposed by knickpoint migration and is visible in the steep valley walls below the dam, built at 

the location of the falls in 1902.  The dam impounded Lake Redwood, originally 9 m deep but 

now, only 1 m deep on average, having been filled with the sediment derived from the watershed 

in the last century (Figure 5). 
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Lake Redwood 

Holocene 
knickpoint 
migration 

Granite outcrop area 

Saprolith exposed 
on valley walls 

Waterfall and dam location 

River Warren Channel 

 

Cottonwood River Watershed 

Figure 5  Redwood River, Lake and falls area  

 The western portion of the Cottonwood River watershed was also mapped prior to this 

work (Patterson, 1999).  Its headwaters are on the Coteau des Prairies (Bemis phase of the Des 

Moines lobe), but after flowing northeast down the Coteau slope, the Cottonwood River turns 

sharply southeast at the base of the Coteau and follows the ice-marginal stream of the Altamont 

phase of the Des Moines lobe.   The till in this part of the watershed is dense, dark gray and 

interpreted as subglacial in origin (Qt).  Superimposed on the till plain is a network of ridges 

perpendicular to ice flow.  They are interpreted as crevasse-fill and ice-marginal, moraine 

sediment that is till-like (diamicton) but slightly sorted and less consolidated (Qtr, average 

texture for this project 46% sand 36% silt 18% clay; 6 samples).  The Cottonwood River leaves 

the Altamont-aged channel to flow in a younger ice-marginal stream (Qs) in Brown County as it 

crosses into a till plain of the Assumption member (average regional texture 36% sand, 38% silt, 

25% clay, MGS till data base).  Ice-marginal streams are commonly ice-supported in places, 

resulting in a ridge of sand and gravel (Qcss) with lenses of flow-till derived from the former ice 

walls.  A prominent moraine that trends through Springfield (Qtm) and separates Sleepy Eye 
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Creek from the Cottonwood River also marks the boundary between till of the Assumption 

member and the Altamont member.  

 The area of the Minnesota-Mankato watershed between the Cottonwood River and the 

Watonwan River is characterized in the west by a broad ridge of exposed Sioux Quartzite (Prk) 

which also extends into the Cottonwood River watershed.  This part of the Minnesota-Mankato 

watershed has an origin and topography similar to the Cottonwood except that it does not have a 

modern stream occupying its glacial stream channel (Qs).  The southeast end of this watershed 

includes ice-stagnation topography that marks an ice margin, possibly of the Dahlen phase (Qth, 

Qliw, Qtm) and also marks the transition to lake-shore and off-shore sediment (Qb, Ql), as ice-

marginal streams entered the still water of glacial Lake Minnesota. 

Watonwan River Watershed 

The Watonwan River watershed is entirely contained in this new map.  It begins at a major 

ice margin (Qtm) within the Altamont member (average regional texture 37% sand, 38% silt, 

25% clay, MGS till data base) that trends south from an area of exposed Sioux Quartzite (Prk).  

The thin ice of this phase was diverted by the low bedrock outcrop and flowed south on either 

side of it, leaving the Windom area ice-free during this phase.  Meltwater stream deposits, both 

ice supported (Qcss) and not (Qs), were deposited in this temporary re-entrant in the ice margin.  

Subglacial, ice-marginal channels (tunnel valleys) that trend west and southwest to terminate at 

this margin (Qtc), are now expressed as broad, irregular lows.  There may be minor aggregate 

resources associated with these subglacial channels because eskers typically develop as flows 

wane after the large, tunnel-carving discharge.  The aggregate may be partly concealed by a drape 

of collapsed supraglacial material or located at the bottom of linear lakes that now occupy these 

channels in the headwater areas.  Large, tunnel-valley fans (Qcss) formed at the mouths of the 

tunnels where the water discharged from the subglacial conduit and lost much of its capacity to 

carry sediment.  In areas where the margin is not clearly delineated by moraines, these fans are 

used to infer an ice-margin location.   

 The subglacial till of the Altamont member (average regional texture 37% sand, 38% silt, 

25% clay, MGS till data base) characterizes much of the western portion of the Watonwan 

watershed.  It is low relief and has three, closely spaced ice-margins (Qtm) that diverge south and 
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east of the bedrock outcrop.  One of these moraines forms the divide between this watershed and 

the Blue Earth.   

 The North Branch of the Watonwan River occupies an anastomosing channel, possibly 

reflecting its origin as a spillway for meltwater that was ponded farther northwest along the ice 

front out of the map area.  Streamlined forms in an anastamosing river are most likely residual 

features—eroded rather than created by deposition (Qtw).  The North Branch of the Watonwan 

has more sand and gravel than expected in a typical spillway so it was most likely reoccupied by 

a sediment-laden, braided meltwater stream (Qs) after the channel-forming event. The stream 

reach that trends southeast through the town of Madelia along the eastern arm of the watershed 

was ice-supported in places (Qcss) and circumscribes a stagnant-ice area to the north that is 

characterized by hummocky till (Qth) and ice-walled lake plains (Qliw) attributed to the Dahlen 

member of the Des Moines lobe (average regional texture 32% sand, 41% silt, 27% clay, MGS 

till data base).   

The watershed narrows downstream of Madelia.  As the river turns north it enters the incised 

reach that has adjusted to glacial River Warren downcutting.  In this reach the sediment of glacial 

Lake Minnesota forms the flat plain high above the river (Ql, average texture this project 8% 

sand, 58% silt, 34% clay), that in places is interrupted by higher cylindrical hills of older, ice-

walled lake sediment (Qliw average texture this project, 27% sand, 44% silt, 29% clay) that 

existed before the meltwater of glacial Lake Minnesota coalesced and melted through the 

stagnant-ice surface, described further in the Le Sueur watershed section. 

 

Blue Earth River Watershed 

 A prominent moraine (Qtm) defines the divide between the Watonwan and the Blue 

Earth watershed.  Ice margins in this watershed are also delineated by broad areas of hummocky 

till and large, ice-walled lake plains (Qth, Qliw).  Tunnel valleys, expressed as broad troughs 

occupied by chains of modern lakes are mapped as collapsed till (Qtc).  They trend south (uphill) 

towards the former ice margins.  Low-relief, subglacial till plains (Qt) are more limited in extent 

in this watershed.  Glacial Lake Minnesota, impounded by a moraine that trends east along the 

north bank of Elm Creek, covers low-lying till plains with lake sediment (Ql average texture this 

project 8% sand, 58% silt, 34% clay) east of the Blue Earth River in Faribault County.  This is a 
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very small portion of the total area covered by lake sediment (Ql) which for the most part lies in 

the Le Sueur River watershed.  Tunnel valley fans and deltas that were formed prior to lake 

inundation were draped with lake sediment (Figure 6) (Qcssb, Qfb). 

 

Figure 6 
Drape of laminated glacial 

Lake Minnesota sediment 

over 2-3 m of exposed, 

tunnel-valley fan sediment, 

predominantly sandy.  

Swallow holes in the upper 

portion of the fan are 

approximately 2” across; 

Blue Earth watershed. 

Photo, C. Jennings 

Le Sueur River Watershed 

 The Le Sueur River watershed differs from most other southern Minnesota watersheds in 

containing an aerially extensive, low-relief, unconsolidated lacustrine unit that is on average, 98% 

silt and clay and 2m thick but in the southwest part of the basin is locally over 6 m thick. This 

sediment is attributed to the short-lived glacial Lake Minnesota, which mostly likely formed in 

two settings that gradually merged:  in front of an ice margin at the southern limit of the 

watershed (central Faribault County) and on stagnant ice that extended north from that ice margin 

to an active ice front in southern Nicollet County.  The lake sediment is much thicker in the 

earlier, proglacial lake. The thickness of the supraglacial component is less regular because the 

water initially pooled in isolated ice-walled lakes that grew in extent and merged as the ice down-

wasted.  Lake sediment is at the surface in most of this watershed.  The lake is no older than  
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12, 260 +/- 90 radiocarbon years before present (rcbp; 14,660-13,880 calendar years, Beta 

Analytical lab no. 260448), the age of wood found at the contact of the lake sediment and the 

underlying till.   

 As mentioned above, the flat lake plain is interrupted by higher cylindrical hills of older, 

ice-walled lake sediment.  As the ice thinned and ice-walled lakes merged, the water-covered area 

grew and eventually covered nearly the entire watershed and was confined by the hummocky, 

ice- stagnation deposits in the headwaters regions.  The wood that was dated could have derived 

from a forest that developed on the stagnating ice, as is common in some modern glacial 

landscapes today (Figure 7).   

 

Figure 7 
Debris-covered 

stagnant ice of the 

Matanuska Glacier, 

Alaska, in foreground 

with “drunken forest” 

growing on older, 

debris-covered 

stagnant-ice surface in 

distance.   

Photo, C. Jennings. 

 

 The southwest extent of the lake sediment is much thicker (greater than 6 m) and appears 

to have been a proglacial lake, impounded by a moraine south of the watershed. Lake water had 

a number of exit points during the existence of glacial Lake Minnesota as ice-cored moraine areas 

downwasted and ice retreated.  Water initially took advantage of a collapsing, ice-filled tunnel, 
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thinly draped with lake sediment (Qlc) and flowed south into Iowa.  Later it exited east into 

Waseca County along a channel now occupied by a reach of the Le Sueur River, also originally a 

tunnel valley.  The next exit was most likely to the northeast through another low created by a 

tunnel that is now occupied by Lake Elysian.  Water flowed across the modern divide which is a 

continuation of the shear zone between two, parallel ice flows, discussed above. Finally, the lake 

must have drained to the north, the lowest point on the pre-River Warren landscape, as the ice 

impounding it retreated from the moraine that crosses the southern tip of Nicollet County 

(Patterson and Hobbs, 1995).   Glacial lake drainage therefore likely initiated the north-trending 

reach of the Minnesota River, all evidence for which would have been removed by the later, more 

erosive flows of glacial River Warren.   

 Even after the initial channel-forming event attributed to glacial River Warren  (11,500 

rcbp, Clayton and Moran, 1982; Matsch, 1983), extensive lakes existed in the upper Le Sueur 

watershed until approximately 10,070 +/- 80 rcbp (12,040 – 11,270 calendar years, Beta 

Analytical lab number 260449), the age of wood found in collapsed lake sediment aligned with a 

tunnel valley (Figure 8).   

 

Figure 8 
Woody debris (see arrows) 

in late glacial or early 

Holocene lake sediment 

exposed by the Le Sueur 

River.  Wood is 

approximately 10,070 +/- 

80 rcbp (12,040-11,270 

calendar years).   

Photo, C. Jennings 
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This date is consistent with terraces of the Le Sueur in the area where the lake sediment with 

wood was exposed are assigned to the interval between 11,500 and 9,600 calendar years 

(unpublished data, Andrea Johnson) and represent the initial migration of the knickpoint into the 

area.    

Summary of the Middle Minnesota watershed 

 The Minnesota River watershed lies entirely in a broad glacial lowland created by 

repeated advances of confluent ice streams that formed the Des Moines lobe.  Moraines, ice-

marginal streams, broad swaths of hummocky topography and subglacial-tunnel terminations 

mark multiple ice limits.  A newly identified shear-zone complex marks the boundary between 

confluent ice streams within the lobe.  Tills of different phases of the lobe are remarkably similar 

in texture, with average regional textures ranging from 32-37% sand, 41-36% silt and 25-29% 

clay and are mainly differentiated by grain counts of the coarse-sand lithology as well as 

geomorphic features.  The areal extent of sorted, glacially derived sediment that covers the 

uniform subglacial till plains varies between the watersheds as does the overall relief of the 

watersheds.  Watersheds that had stagnant ice margins are characterized by hummocky 

topography.  Sediment eroded from the hills in these areas has relatively good potential to be 

temporarily stored in an intervening closed depression.  In contrast, a large proglacial lake basin 

like glacial Lake Minnesota in the Le Sueur watershed is very low relief, has a higher proportion 

of silt and clay and has fewer local sediment traps.  Meltwater streams that trended southeast 

across the Redwood, Cottonwood and Watonwan watersheds were localized by the ice front and 

entered the western arm of the glacial lake basin in the Blue Earth and Watonwan watersheds 

where they formed deltas into the lake. The modern Redwood, Cottonwood and Watonwan 

occupy reaches of these former meltwater streams. 
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 A thousand years after the earliest age for the initiation of glacial Lake Minnesota, a 

sudden and large down-cutting event created the glacial River Warren channel when vast 

amounts of impounded meltwater were released from glacial Lake Agassiz (Upham, 1890 and 

1895).  The discharge carved a 45-to-70 m deep channel from the South Dakota border trending 

southeast to just beyond the mouth of the Blue Earth River near Mankato, where it turned sharply 

north.  Individual segments of the glacial River Warren channel differ in their width and depth 

because of the varying depth to resistant substrate and reuse of pre-existing valleys cut into the 

buried bedrock surface.  When the glacial River Warren spillway was abandoned, flows of lesser 

volume that formed in response to precipitation falling on the watershed occupied the valleys.  

Since then the glacial River Warren channel has been filling in as tributary streams deliver 

sediment derived from the headward migration of the knickpoints that were initially created by 

the regional change in base level.  
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