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Glacial Geology of Seven Mile Creek Watershed 
Carrie E. Jennings 

 

 This map and report were created as part of a project entitled "Testing Assumptions of 

Sediment and Nutrient Supply by Fingerprinting Glacial Sediment Sources" that was designed 

with the Brown-Nicollet-Cottonwood Water Quality Board for a Section 319 project funded by 

the Minnesota Pollution Control Agency.  The contract governing this work was signed on March 

21, 2007 and the project end date was scheduled for Aug. 31, 2010.  As part of the broader 

project goals, the Minnesota Geological Survey was responsible for helping to quantify the 

relative contributions of bluff versus upland erosion in the watershed in order to better 

constrain a computer model of the watershed (HSPF model) by: 

• mapping the glacial geology of the Seven Mile Creek watershed 

• identifying the glacial stratigraphic units exposed along Seven Mile Creek 

• preparing a report of findings 

• presenting the results to local interested parties 

Other parts of the project for which the Minnesota Geological Survey does not have a direct 

responsibility for and which are being reported on separately are:  

• Geochemical Anaylses: Persons responsible:  St. Croix Watershed Research Station staff 

including Dan Engstrom, Shawn Schottler, and Dylan Blumentritt. 

• Cosmogenic Analyses: Persons responsible:  Dylan Blumentritt and Lesley Perg, now 

replaced by Patrick Belmont (U of M). 

• Modeling:  Person(s) responsible: BNC staff and Barr Engineering 

This report describing the geologic mapping methods and geologic history of the watershed along 

with a map and legend have been designed to fulfill the contractual agreement between the 

Minnesota Pollution Control Agency and the Minnesota Geological Survey.  They are being 

delivered to Brown-Nicollet Water Quality Board for their use and to the Minnesota Pollution 

Control Agency in fulfillment of the contract. 
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Draft Map Creation 
This map is provided to convey the general distribution of glacial sediment in the Seven Mile 

Creek watershed.  Field samples taken to verify the mapping focused on glacial till.  The map 

should not be construed as a final, detailed map consistent with Minnesota Geological Survey 

(MGS) publication standards for a county atlas because it represents only the initial steps of 

surficial map creation followed by field-checking at a reconnaissance level in the watershed 

outside the Seven Mile Creek Park area.  However, the park itself was sampled in detail.  An 

MGS county atlas for Nicollet County is in progress and builds on the work done for this project. 

Air photo interpretation 

All of the units displayed on this map were initially delineated using the steps described 

below.  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 scale) and 1968 (1:90,000 

scale) that covered the study area   Standard air photo interpretation procedures (e.g. Way, 1972; 

Batterson and Liverman, 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 

pits), may further verify the interpreted glacial sediment present in the near-surface.  The leaf-off, 

early spring, black-and-white images used for this project 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 

considered 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.   
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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 a glacial lake basin, 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.    

Identification of a particular landform on an air photo can also be used to infer sediment type 

and variability associated with that landform.  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-grained, 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-grained clasts that were too large to be carried by the 

flow. 

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 et al., 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 the 30-meter U.S.G.S. digital elevation model of 

the area (Gesch et al., 2002, Gesch, 2007).  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, totaling more than 70,000 

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

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

Field work and verification of interpretations 
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The Natural Resource Conservation Service soil atlas for Nicollet County was used to verify 

air photograph interpretations because soils are derived from the uppermost geologic deposit 

known as the parent material (Jackson, 1990).  Field verification was performed using natural 

exposures, located primarily along the steep slopes in the incised portion of Seven Mile Creek, 

within county park boundaries.  Some sampling sites were hand-digitized and placed on the map 

(the steepness of the ravines and forest cover shielded the handheld GPS receiver and gave faulty 

location information).  However, not all of them are shown because they are closely spaced and 

would plot on top of one another.  Each ravine within the park was walked and sampled.  Beyond 

the park boundaries, less intensive field checking was conducted in the low-relief headwaters 

areas where natural outcrops were limited.  Artificial exposures visited included borrow pits, 

construction sites, and road cuts.  Sampling associated with map creation 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-grained 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 textural data for the samples taken for this project are presented in Table 1.  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.  Nearby, relevant samples were examined to help interpret the 

extent of surface till sheets in the Seven Mile Creek watershed. 
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Q- Num. sample Dpt-ft sand silt clay xlline carb shale correlation 

20949 G-21 S-1 6 35 41 24 71 28 1 Buffalo 
20949 G-21 S-2 11 37 35 28 85 15 0 Buffalo 
20949 G-21 S-3 18 36 36 28 65 29 5  
20949 G-21 S-4 23 38 35 27 74 23 3 Buffalo 
20950 G-20 S-1 3 84 9 7 61 14 24 sand 
20950 G-20 S-2 12 55 27 18     
20951 G-22 S-1 4 42 37 21 45 26 29 James 
20951 G-22 S-2 12 41 35 24     
20952 G-24 S-1 6 26 34 40     
20952 G-24 S-2 15 29 34 37     
20953 G-23 S-1 5 67 21 12 47 30 23  
20954 G-25 S-1 5 42 36 22 54 28 18 Villard 
20954 G-25 S-2 14 43 37 20 46 24 30 James 
26426   19 54 27    silt 
26487 7MC-LR2-15 15-20 41 39 21 44 20 36 Heiberg 
26488 7MC-LR2-30 30-35 65 23 12 47 32 20  
26489 7MC-LR2-B 40 40 40 21     
26490 7MC-LR2-B 60 43 36 21 46 34 20 Villard 
26491 7MC-LR4B 35 37 51 12 100 0 0  
26492 7MC-LR6A 40 40 39 21 37 33 30 James 
26493 7MC-LR6A 30 39 39 22 42 24 34 Heiberg 
26494 7MC-LR6A 10 12 51 37    silt 
26495 7MC-LR8-45 45 31 49 21 49 35 16  
26496 7MC-LR9  58 28 14 89 11 0  
26497 7MC-LR9-T  61 27 13 90 9 0  
26497 7MC-LR9-S  5 86 9    silt 
26497 7MC-LR9  53 32 15 85 15 0  
26498 7MC-LR9-Y-3 15 38 38 24 34 32 34 Heiberg 
26498 7MC-LR9-Y-3 30 38 38 25 41 25 33 James 
26498 7MC-LR9  30 38 39 23 41 22 37 Heiberg 
26498 7MC-LR9  40 43 38 19 44 37 19 Villard 
26499 7MC-LR9  120 50 36 14 86 14 0  
26499 7MC-LR9  125 50 35 15 90 10 0  
26500 7MC-LR9 130 13 65 22    silt 
26500 7MC-LR9 150 9 68 23    silt 
26500 7MC-LR9 153 9 69 22    silt 
26500 7MC-LR9 50' 0 71 29    silt 
26501 7MC-RLTOC 35' 60 26 14 83 17 0  
26502 7MC-LR13B >60 38 39 22 39 24 37 Heiberg 
26502 7MC-LR13B >60 49 34 17 56 33 11 N. York Mills ? 
26502 7MC-LR13B  83 14 3    sand 
26503 7MC-LR6 50 40 39 20 34 24 43 Heiberg 

Table 1.  Samples beginning with G, taken with a pick-up mounted Giddings probe auger; with 7, taken in 

the county park.  Close proximity and poor GPS satellite coverage in the ravines made map portrayal 

unhelpful.  Matrix texture (gravel removed) in percent sand, silt, and clay; coarse sand lithology in percent 

crystalline, carbonate and shale fragments. Refer to Lusardi and others (unpub. data) for more information 

on unit designation. 
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Regional geology of the Minnesota watershed 

 Seven Mile Creek watershed lies within the Minnesota River watershed and is a direct 

tributary to the Minnesota.  The entirety of the Minnesota River watershed is a broad glacial 

lowland created by repeated advances of confluent ice streams that formed the Des Moines lobe.  

Moraines (unit Qtm), ice-marginal streams, broad swaths of hummocky topography comprised of 

sediment deposited on the ice and in supraglacial lakes (unit Qliw), and subglacial-tunnel 

terminations (units Qcss and Qcssb) mark the multiple ice limits (Jennings, 2007, 2010).  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-grained sand rock type as well as geomorphic features.  In addition, a 

supraglacial facies is also delineated based on its more variable texture, unconsolidated state, 

sedimentary structures that indicate flow, and landforms such as hummocks and ice-walled lake 

plains.  The random hills or hummocks in this area are interspersed with poorly connected, low-

lying areas where water ponds or moves slowly down gradient creating the thin drape of units 

typical of unit Qtw.  Sediment may be temporarily stored in these locations and soil surveys 

commonly indicate the presence of a fine-grained colluvium and alluvium, mixed with lacustrine 

and organic-rich detritus. 

 The glacial landscape aligned with the watershed is interpreted as having formed along a 

shear boundary between two contemporaneous ice streams within the Des Moines lobe.  This 

interpretation is based mainly on mapping in areas adjacent to the current study area (Jennings, 

2009, 2010; Lusardi and Jennings, 2009) and the projection of landforms and regional till units 

into this watershed.  A shear zone would have been a low and debris-rich area on the ice surface 

where meltwater and gravity would have focused sediment.  

Glacial River Warren downcutting 

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

approximately 11,500 radiocarbon years before present (Clayton and Moran, 1982; Matsch, 

1983), when vast amounts of impounded meltwater were released from glacial Lake Agassiz 

(Upham, 1890, 1895).  The discharge carved a 45- to 70-meter deep channel from the South 

Dakota border trending southeast to just beyond the mouth of the Blue Earth River near Mankato, 
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where it turned sharply north.  All tributary rivers were forced to adjust to this profound change in 

local base level.  Initially they would have all had waterfalls at their mouths but immediately 

began adjusting their gradients by cutting through the glacial sediment and in some places like 

Seven Mile Creek, into the bedrock.  Through a combination of incision and headward (upstream) 

migration of the knickpoint (waterfall or rapids), the tributary streams continue to adjust their 

gradients today. 

 When the glacial River Warren spillway was abandoned shortly after it was created, 

flows of lesser volume that formed in response to precipitation falling on the watershed occupied 

the valley.  This has led to the gradual infilling of the glacial River Warren channel as tributary 

streams like Seven Mile Creek deliver sediment derived from the headward migration of the 

knickpoints (Hudak and Hajic, 2005).   

Surficial geology of Seven Mile Creek Watershed  

 The Seven Mile Creek watershed is a subdued glacial landscape of predominantly till 

(unit Qt) and water-modified till (unit Qtw; Fig. 1). 

Figure 1.  Top:  Low relief upland landscape adjacent to Seven Mile Creek Park shows dark soil 

characteristic of this parent material.  Bottom:  Nearby ditch leading to the creek exposes two facies of 

Des Moines lobe tills separated by a thin and slightly oxidized sand layer (arrow). They may represent a 

supraglacial deposit overlying a subglacial deposit.  Surface tills in the watershed appear to be part of a 

high-shale phase (Heiberg Member) of the New Ulm Formation (Lusardi et al., 2008). 
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The topography of the watershed is characterized by two broad, yet subtle, southeast-trending 

lows created by glacial meltwater erosion of the initially low relief, hummocky ice-stagnation 

topography (unit Qliw) and possibly later by the initial floodwaters of glacial Lake Agassiz, 

before the glacial River Warren channel was fully established.  Whatever the source, water has 
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pooled in the low-lying areas allowing fine-grained and then organic-rich sediment to accumulate 

and subdue the relief.  Low hummocks (unit Qliw) appear in the southern and northern parts of 

the watershed.  Where they merge in the southeastern portion of the watershed, they form a 

stagnation moraine (unit Qtm).  The hummocks are the result of the localization of debris that 

concentrated on top of stagnant ice (supraglacial sediment) near the ice margin that settled into 

water-filled holes in the ice (unit Qliw).  As such, they may contain both till-like and water-sorted 

sediment (Fig. 2; e.g. Curry et al., 2010).  The sediment-filled holes in the ice became low hills in 

the present, ice-free landscape.   

 
 

  

 

The watershed is aligned with a regional glacial feature interpreted as a shear zone between two 

ice streams.  Tills differ slightly in texture and clast lithology on either side of the shear zone, 

which is also marked by a broad ridge dotted with hills of sorted sediment.  This regional 

landform is best expressed outside the map area.  The shear zone within the Seven Mile Creek 

watershed has been obscured by later erosional events linked to discharge of water after the ice 

retreated from this watershed, as mentioned above. 

Figure 2.  Laminated lake sediment deposited in a supraglacial lake (ice-walled lake) is exposed at a 

ravine tip in Seven Mile Creek Park.  

Joint direction 

Lamination 
orientation 



  

10 

 
 

 

 

 

 

Figure 4.  Seven Mile Creek Park, looking downstream along the park road towards the confluence 

with the Minnesota River.  This portion of the stream has adjusted to glacial River Warren by 

downcutting into the Jordan Sandstone.  The creek has been artificially realigned downstream of this 

point in the park. 

Figure 3.  Exposure of Jordan Sandstone along the seasonally dry, Seven Mile Creek channel. 
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Ravine dynamics 

 It is the continued adjustment of tributaries to the glacial River Warren downcutting 

event that created the ravine landscape in Seven Mile Creek Park and continues to drive the 

headward migration of the knickpoints, ultimately to their divides.  Seven Mile Creek has eroded 

into the Jordan Sandstone (Fig. 3) and is at grade with glacial River Warren (adjusted to the large, 

historic downcutting event) along the park entrance road.  The stream along this reach is carefully 

managed in the park and has been realigned and is restricted from meandering (Fig. 4).  Flat 

floors in the lower reaches of tributary ravines indicate that they too have adjusted to the 

downcutting.  They have incised through at least three fan surfaces indicating that there were 

other, somewhat stable, local base levels prior to the current one. 

 
 Upstream in the tributaries, knickpoints have become more diffuse over time and there 

are commonly several “steps” in a single ravine formed by rock ledges and overconsolidated till 

(Figs. 6, 7).  In other places where ravines are stair-stepped, sediment may have been temporarily 

trapped by tree fall or debris dams (Fig. 8).  Material sampled in these settings did not have 

Cesium or Lead-210, indicating storage for a few decades (see accompanying report by Schottler 

et al, 2010). 

 

Figure 5.  Three 

previous alluvial fans 

that have been incised 

as the ravine tributaries 

to Seven Mile Creek 

continue to adjust to 

the lowering of the 

local base level.  The 

current local base level 

is out of the shot and  

below the culvert 

discharge.  
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Figure 6.   
A ledge of 

indurated Jordan 

Sandstone in a 

lower reach of a 

ravine.   

Figure 7.  Dense 

gray till interpreted 

as overconsolidated 

forms a knickpoint 

within the ravine. 
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All ravines that have not yet reached their local divides will continue to erode headward unless 

their water source has been captured either naturally or artificially.  Ravines will incise and 

backwear at increased rates if runoff to them is enhanced by drainage or landscape alteration. 

Sides of ravines fail where they become too steep.  Sapping of ground water through porous 

units may enhance gravitational failure by disaggregating non-cohesive materials and lubricating 

potential failure surfaces.  Trees can remain upright as large blocks rotate along curvilinear 

failure surfaces making the displaced material difficult to recognize.    

Stratigraphy 

The ravines in the park expose most of the glacial section as well as the weathered upper 

portion of the bedrock.  Only the uppermost of these units appear on the surficial map.  The 

remainder constitute thin, ephemeral exposures that are lumped into the colluvial unit on the map 

(unit Hc).  As a result of the steep, active ravine slopes, the stratigraphy is difficult to reconstruct.  

Exposures of glacial sediment are not continuous so any attempt at interpreting the stratigraphy 

(vertical sequence of glacigenic sediment layers) must be created by piecing observations 

Figure 8.  Over two 

meters of dark, soil-

like debris were 

deposited in the upper 

reach of this ravine.  It 

was stored long 

enough for the tree to 

grow on it.  Now, 

migration of a 

knickpoint through the 

stored sediment is 

releasing it to the 

stream.   
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together.  The bedrock surface has a lot of relief and the presence of a buried bedrock valley is 

suspected; glacial units preserved within the valley may be significantly older.  Rotational failure 

along ravine walls makes it difficult to differentiate between a unit that is at its original elevation 

versus one that has moved down-slope in an intact block.   The final complication comes from 

recent erosion; the uppermost unit exposed in this watershed may not be the youngest in the area 

because the surface has been scoured.  However, where supraglacial landforms (e.g. unit Qliw; 

Fig. 2) are preserved, the surface till must represent the last glacial event. 

There are at least four glacial tills present as well as a thick and extensive sand and gravel 

layer of glacial origin.  At least one interglacial period is represented by a paleosol that has 

developed in clayey silt.  The weathered bedrock surface that lies beneath the glacial units 

indicates a period of most likely temperate to tropical weathering long before glaciation and is 

described more fully in the sections below that address the units from youngest to oldest. 

The surficial units (Qt and Qtm), to a depth of approximately 20' (940-920' elevation), is on 

average 39% sand, 39% silt, and 22% clay, and the coarse-grained sand fraction is approximately 

35% shale.  This grain size distribution and sand type fall within the range defined for the 

Heiberg Member of the New Ulm Formation (Lusardi et al., 2008).  The next unit down, from 

approximately 890' to 920' in elevation is a similar, but denser gray till.  It forms benches in the 

ravines and lines the streambed in places.  The density and presence of numerous striated clasts 

suggest it is a subglacial till of the Des Moines lobe.  It has a similar texture but lower shale 

content than the overlying unit (15-20%).  In two adjacent ravines, a 4- to 5-meter thick sand and 

gravel unit underlies the upper two Des Moines lobe tills.  It is not well exposed because it is non-

cohesive and does not hold a vertical face for very long.  Lateral ground-water flow through the 

sand also causes failure by sapping and the face is quickly covered by hydrophilic vegetation.  In 

general, the unit that lies between 900' and 830' is not well exposed (Fig. 9). 
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Beneath the sand at approximately 820-830' in elevation, a sandier till with at least 50% sand 

and only 15% clay is characterized by having mainly crystalline sand grains, 10-15% carbonate 

grains and no shale.  It may correlate to the "tan sandy" being formalized as the Traverse des 

Sioux Formation (Mark Johnson, unpub. data, 2010).  It overlies a clayey silt with a well 

developed paleosol that is interpreted as lacustrine in origin (Fig. 10).   

   

 

Figure 9.  Thick glacial 

sand unit that is not well 

exposed because of 

continued slumping 

owing to the discharge of 

water by sapping.  

Mosses and other 

hydrophilic plants 

quickly colonize the 

surface.  This unit is only 

exposed in the 

subsurface and does not 

appear on the surficial 

map. 

Figure 10.  Dark gray 

layer is clayey silt, 

interpreted as a lake 

deposit, with a 

paleosol developed in 

it.  Gray layer breaks 

into centimeter-size 

blocks interpreted as 

soil peds. 

Top of soil   
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An even sandier till lies beneath this unit with over 60% sand and similar grain types.  It is not 

exposed at the location shown above.   

 The exposed units vary from ravine to ravine owing to slumping, as mentioned above, but 

also possibly to a deeply dissected bedrock surface.  Paleovalleys in the bedrock may 

preferentially preserve older units and sand and gravel of glacial or non-glacial origin.  As briefly 

described above, the lowermost glacial units overlie deeply weathered, Ordovician Jordan 

Sandstone.  The upper surface of the Jordan Sandstone is locally indurated like a silcrete.  It is a 

gray silicified layer that is in places broken and incorporated in a pale gray to white clay that lies 

above it (Fig. 11). 

 
 

This weathering took place much before the glacial period at the end of the Cambrian or during 

the Ordovician and under a temperate to tropical climate regime (Smith et al., 1997; Runkel et al., 

2007). 

The stratigraphy of the glacial section is somewhat apparent in the ravine profiles because 

more cohesive or indurated units form steps.  Units that are not cohesive are subject to 

gravitational failure, broadening the ravine.  This process may be locally enhanced by lateral 

ground-water flow.  Even the cohesive, massive till layers fail.  Displacement of large blocks may 

be facilitated by localized, lateral flow of ground water.  Rotation of the blocks or flow of 

saturated sediment into the ravine also locally widens the cross section.  These processes make 

the original elevation of glacial units difficult to reconstruct.  Where tree fall and debris dams 

Figure 11.  Hand spans the 

altered top of the Jordan 

Sandstone that is 

characterized by an indurated, 

dark gray silicified layer that 

is broken and incorporated in 

a pale gray to white clay. 
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block the ravine, treads or level areas are created as sediment accumulates behind the temporary 

dams. 

In the forthcoming Nicollet County atlas, the stratigraphy will be clarified by comparing 

these uncommonly exposed lower units to those exposed along the Minnesota River valley, in 

other ravines outside the Seven Mile Creek watershed, and to the sequences of units sampled 

through drilling. 
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