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ABSTRACT 

A geomorphic evaluation of the Upper Mississippi Valley between Minneapolis, Minnesota and 

Guttenberg, Iowa indicates the area has undergone a complex sequence of Quaternary landscape 

evolution. The sequence of landscape evolution can be separated into four distinct stages. Stage 

one was characterized by valley entrenchment and development in response to the onset of 

continental glaciation. Valley aggradation and the development of a braided stream system 

dominated stage two, which spans the Late Wisconsin glacial maximum. Stage three was 

characterized by episodic downcutting and the development of an island braided stream system in 

response to glacial lake drainage through the valley. Net valley aggradation and development of 

the modem meandering stream system characterize the final stage of landscape evolution, from 

approximately 9,500 B.P. to the present. 
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CHAPTER ONE - INTRODUCTION AND BACKGROUND 

Introduction 

The history of landscape evolution in the Upper Mississippi Valley between Minneapolis, 

Minnesota, and Guttenberg, Iowa, is preserved in Late Quaternary landform sediment 

assemblages (LSAs) outcropping along and within the river valley. The LSAs exposed in and 

along the valley record the geologic events and processes responsible for its development. The 

sequence of landscape evolution can be subdivided into four distinct stages based on 

geomorphological criteria. 

The initial stage of development, which spans the majority of the Pleistocene, was dominated by 

deep incision of the main valley and its tributaries into a sequence of Paleozoic sandstone, 

dolomitic limestone (carbonate), and shale. The resultant valley configuration reflects the 

lithology and structure of the bedrock, narrow where resistant carbonate units dip down to river 

level and broad where the less resistant sandstone units have been eroded (Wright 1985). The 

location of major tributary streams appears to be an important control on valley configuration as 

well. Widening of the main valley occurs at the junction of large tributary streams. 

Pre-Wisconsin glaciation along the western margin of the main valley also had local effects 

during the initial stage of landscape development. Advance of glacial ice blocked streams 

draining into the Upper Mississippi Valley resulting in the formation of glacio-lacustrine deposits 

dating to 700,000 years B.P in tributary valleys of west-central Wisconsin (Baker et al. 1983). 

Further south, pre-Wisconsin glacial deposits have been observed in borings taken east of the 

Mississippi in the Wisconsin River valley (Knox et al. 1982). Few details are known about the 

dynamics of the early glaciation of the study area, however. 

More is known about the later stages of landscape evolution in the Upper Mississippi Valley. 

The second stage of landscape evolution, from approximately 16,000 to 11, 700 years B.P., was 

dominated by valley aggradation and terrace formation. Two major ice lobes, the Superior from 

the northeast and the Grantsburg from the southwest, advanced across portions of the study area 

during this time. A third ice lobe, the Chippewa, which covered much of northern Wisconsin, 

had an important influence on drainage evolution of the central and southern portions of the study 



area during this time. Advance of glacial ice resulted in aggradation of the Upper Mississippi 

Valley with glaciofluvial sediment. As ice retreated from the area the Glacial Mississippi River 

developed as a braided stream system cutting into the glaciofluvial deposits forming a series of 

terraces above the modern floodplain. The glaciofluvial terraces are the oldest river related LSAs 

exposed at the surface in the study area. 

Other LSA units formed contemporaneously with the glaciofluvial terraces include glaciofluvial 

stream channels and scarps, colluvial slopes, and high-level tributary valley terraces. Landscape 

evolution occurred at a relatively rapid pace during the second stage and left an indelible imprint 

on the physiography of the valley. 

The third stage of a landscape of evolution, from approximately 11, 700 to 9 ,500 years B.P ., was 

dominated by net valley incision and reworking of previously formed deposits. Episodic 

drainage of glacial lakes through the Upper Mississippi Valley was the primary cause for altering 

the glaciofluvial characteristics of the valley. Meltwater and sediment discharge were not 

uniform throughout the valley, however, and as a result the Glacial Mississippi River developed 

into a transitional island braided - meandering stream system. 

Net valley aggradation and development of a meandering stream system characterize the final 

stage of landscape evolution, from 9,500 years B.P. to the present. Landscape development has 

occurred under a widely different geomorphologic regime compared to earlier stages. Fluvial, 

eolian, and lacustrine shoreline processes dominate the record of valley development during this 

time. Geomorphic processes operating in the valley have been moderated by long term climatic 

and associated vegetation changes following deglaciation. Anthropogenic modification of the 

valley has also been important during the last 150 years. 

This report synthesizes the results of a comprehensive geomorphologic investigation of the study 

area (Figure I). Surface geomorphic features were mapped and classified as LSAs. These data 

were entered into a geographic information system (GIS) for use in spatial analysis of the project 

area. A field reconnaissance evaluation of the study area was undertaken to qualitatively 

describe the sedimentological characteristics of the LSA units. The GIS and field data were 

combined with digital elevation models (DEMs) to evaluate the surface morphologic 
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characteristics of glaciofluvial LSAs. Particular emphasis is placed on evaluating the dynamics 

and characteristics of the Late Wisconsin to early Holocene stream system. 

This investigation is the first comprehensive geomorphic study covering the northern portion of 

the Upper Mississippi Valley. It is also the first study to evaluate quantitative data regarding the 

characteristics of glaciofluvial terraces and attempts to use this data in a regional correlation of 

terraces through the valley. Previous investigations (Matsch 1962; Flock 1983; Anderson et al. 

1996) have led to the identification and naming of glacial terraces (e.g. Langdon, Grey Cloud, 

Savanna, Kingston) in portions of the study area. However, correlation of these terraces through 

the valley was not completed. Based on geomorphological and chronological data evaluated 

during this investigation it appears that the Langdon and Savanna terraces were formed, in part, 

under the same geomorphic regime that dominated the valley between 14,000 and 11,700 years 

B.P. The younger Grey Cloud and Kingston terraces were also formed under a similar 

geomorphic regime that dominated the valley between 11,700 and 9,500 years B.P. Therefore, 

terraces identified during this investigation were grouped into families containing individual 

members, which are used in a first approximation of correlating terraces through the study area. 

In addition to correlation of glaciofluvial terraces this study represents the first detailed 

delineation of Holocene floodplain landforms throughout the study area. Previous investigators 

(see below) have mapped the floodplain as alluvium without attempting to subdivide floodplain 

landforms based on geomorphological and sedimentological criteria. As a result, little 

information regarding the variability in morphology or sedimentology of floodplain landforms 

was provided. To address this problem a classification scheme was developed that uses process 

of formation and environment of deposition to subdivide floodplain landforms. The end result is 

a classification system that can be applied to any Holocene stream valley regardless of geologic 

history. 

Description of the Study Area 

The U.S. Army Corps of Engineers has responsibility for navigation along the Mississippi River. 

The St. Paul District of the Corps of Engineers has jurisdiction over a distance of 243 .5 river 

miles which contain 12 Jocks and dams. This jurisdiction extends from one mile below Lock and 

Dam No. IO at Guttenberg, Iowa (River Mile 614.1), upstream to River Mile 857.6 above St. 

4 



Anthony Falls. The study area encompasses the area between the southern border of the St. Paul 

District to St. Anthony Falls, approximately 180. l miles in southeastern Minnesota and 

southwestern Wisconsin, and 63.4 miles in northeastern Iowa and southwestern Wisconsin 

(Figure 1). 

Lock and Dams 1and2 were constructed in the early 1900s. Subsequently, in July 1930, the 

Congress of the United States passed the River and Harbor Act, which authorized the U.S. Army 

Corps of Engineers to develop and maintain a nine-foot navigation channel between the Head of 

Navigation at St. Anthony Falls and the mouth of the Mississippi River. The locks and dams in 

the study area, and their associated river pools, are numbered sequentially beginning with the 

upper and lower locks at St. Anthony Falls and continuing downstream (Table 1). 

Table 1: Sequence and Location of Navigation Pools within the Study Area. 

Navigation Pool River miles Elevation State(s) 
Upper #1 853.9-853.4 750 Minnesota 
Lower #1 853.4-847.7 725 Minnesota 

#2 847.7-815.3 687 Minnesota 
#3 815.3-796.9 675 Minnesota/Wisconsin 
#4 796.9-7 53 .8 667 Minnesota/Wisconsin 
#5 753 .8-738.2 660 Minnesota/Wisconsin 

#Sa 738.2-728.4 651 Minnesota/Wisconsin 
#6 728.4-714.3 646 Minnesota/Wisconsin 
#7 714.3-702.5 639 Minnesota/Wisconsin 
#8 702.5-679.2 631 Iowa/Minnesota/Wisconsin 
#9 679.2-647.9 620 Iowa/Minnesota/Wisconsin 

#10 647.9-615.l 611 Iowa/Wisconsin 

The Mississippi River flows through a number of different physiographic provinces between St. 

Anthony Falls and Guttenberg, Iowa (Figure 2). The northernmost portion of the study area, 

between the Twin Cities metropolitan area (St. Anthony Falls) and the southern end of Pool 2, is 

covered with sediment deposited during Late Wisconsin glacial advances. The upland areas 

adjacent to the river valley in the Twin Cities are typical of a recently glaciated landscape with 

rolling to hummocky topography dotted with numerous lakes. At the southern end of Pool 2, the 

upland landscape is a gently rolling glacial outwash plain sloping towards the Mississippi Valley. 

5 
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At the end of the Late Wisconsin and into early Holocene time the Mississippi River cut deeply 

through the glacial deposits throughout the study area, exposing Paleozoic bedrock in the valley 

walls and forming a series of glacial outwash terraces along its course. Deep incision was 

variable in the river valley, extending 120 feet below the modem floodplain surface at St. Paul, 

Minnesota and possibly deeper near at the southern end of the study area. Downcutting was not 

uniform throughout the valley, however, and certain glacial terraces lying above the floodplain 

are remnants left untouched by the incision. 

In Navigation Pool 4, Lake Pepin is the major geomorphic feature occupying the river valley. 

This natural river lake, formed by damming of the Mississippi by the delta of the Chippewa 

River, may have at one time extended upstream to modem-day St. Paul (Zumberge 1952). 

Between the downstream end of Lake Pepin and the southern boundary of the study area the 

Mississippi River floodplain reaches its greatest width. Floodplain landform development is 

much more extensive through this stretch of the river valley. Portions of the floodplain away 

from the modern river channel contain an anastomosing collection of distributary channels, 

meander scrolls, low-lying floodbasin landforms, lakes and sloughs. Near the modern channel 

jluvial processes are actively molding the shape of landforms. Islands, point bars, and other 

floodplain landforms effected by the flow of the main channel change shape on an annual basis. 

Lying within and at various elevations above the floodplain are glacial outwash terraces. Two 

major terraces occur through this portion of the valley, which are split into several levels. The 

low terraces are 10 to 40 feet above the floodplain and many form islands that are overtopped by 

floodwaters during high water stages on the Mississippi. The intermediate terraces are 60 to 100 

feet above the floodplain and sit high enough above the river to escape being overtopped by 

floodwaters . 

Bedrock formations are common throughout the entire study area and provide the valley with its 

characteristic physiography. The upland landscape is predominantly controlled by bedrock 

outcrop. Resistant formations form steep sided bluffs dropping precipitously to the floodplain 

below. Large masses of rock spalled off the faces of the valley walls lie at the foot of the bluffs. 

Less resistant units are more easily eroded forming more gently sloping or flat-lying valley 

bottoms in tributary streams. The location of glacial outwash terraces and the river channel are, 
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in part, related to bedrock geology. Where preglacial erosion of the less resistant bedrock 

formations is extensive, the valley is wide and filled by outwash sediments. In contrast, where 

more resistant bedrock units outcrop, the valley is relatively narrow and outwash sediments are 

less common. This situation is continuous throughout the Upper Mississippi Valley and tributary 

stream valleys in the southern portion of the study area. 

In summary, the physiography of the study area is quite variable. A rolling to hummocky glacial 

landscape typifies the upland area of Pools 1 and 2. From Pool 4 to the southern boundary of the 

study area, bedrock has largely influenced the physical characteristics of the landscape. A series 

of glacial outwash terraces inset below the uplands can be traced along the entire course the 

valley. Tributary streams play a major role in development of floodplain landforms. Large 

alluvial fans extend into the floodplain altering the position of the river channel and morphology 

of floodplain landforms. Aggradation of the floodplain has proceeded more or Jess continually 

during the Holocene. Surface floodplain landforms reflect geomorphic processes active on the 

landscape during this time. 

Previous Investigations 

Geology and Geotechnical 

Numerous geologic and geotechnical investigations have been conducted within the study area 

during the past 100 years. Early geologic investigations include those of Winchell (1888), 

Sardeson (1916), and Martin (1932). Modem geologic investigations have been undertaken by 

the students at the University of Minnesota and the Minnesota Geological Survey as part of their 

County Atlas mapping program. J.C. Knox has studied the alluvial history of the Driftless Area 

in Wisconsin (Knox 1974, 1982, 1983) and geologists from the Iowa Department of Natural 

Resources have studied portions of the valley in Iowa (Hallberg 1980; Hallberg and Bettis 1985). 

Geotechnical investigations have been widespread since the construction of the Lock and Dam 

system. The Corps of Engineers and the Iowa, Minnesota, and Wisconsin Departments of 

Transportation have taken numerous borings in the floodplain to determine engineering 

properties of floodplain sediment. The logs of these borings are unpublished and on file at the 

aforementioned locations. 
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Winchell (1888) mapped and described landforms and bedrock formations along the valley 

between the Twin Cities metropolitan area and where the river exits Minnesota in southeastern 

Houston County. During this investigation the glacial outwash terraces present throughout the 

extent of the valley were visited and their general physical characteristics described. Terrace 

formation was attributed to glaciation of the northern portion of the study area; however, 

correlation of the terraces down the river valley was not undertaken. All sediments in the 

floodplain were grouped as alluvium and no attempt was made to discuss the evolution of the 

valley during postglacial time. 

Sardeson ( 1916) was active in mapping the distribution of fossils in the strata of lower 

Ordovician bedrock formations. His work was published in a large folio describing the 

stratigraphy and location of fossil localities in the Twin Cities metropolitan area. 

Martin (1932) presented a regional overview of the characteristics of the Upper Mississippi 

Valley in Wisconsin. Included in his description of glacial terraces along the valley are data 

regarding terrace length, width, and height. This work remains one of the most comprehensive 

manuscripts on the regional physiography of the Upper Mississippi Valley to date. 

Matsch ( 1962) studied the Pleistocene geology of a section of the study area near the southern 

boundary of Navigation Pool 2. He mapped and described the major Pleistocene units present in 

and around the valley. His work led to the development of a model for glaciofluvial terrace 

formation in the Upper Mississippi Valley. 

Modern geological investigations by the Minnesota Geological Survey are, for the most part, 

maps depicting the geologic features of the river valley (Hobbs 1984; Hobbs et al. 1990; Meyer 

et al. 1990; Patterson 1990). Surficial geologic features presented on these maps are categorized 

by deposit type rather than landform type. Glacial deposits are associated with their respective 

provenance and stream deposits are simply called alluvium. No detailed cross-sections of the 

river floodplain are presented on these maps; therefore, there is little information regarding the 

postglacial development of the valley. 
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Other geologic investigations that do not deal directly with the study area provide useful 

information about the effects of glaciation on its development (Cooper 1935; Lively 1985; 

Wright 1972). However, few geologic reports reviewed for this report cover any aspect of 

postglacial (Holocene) floodplain development. 

Boring logs taken during construction of Lock and Dam or bridges in the floodplain are by far the 

most useful information for assessing Holocene changes. Sediment borings taken by both the 

Corps of Engineers and the Minnesota Department of Transportation were reviewed during the 

course of this investigation. This information was used to construct valley cross-sections at 

various locations and are useful in interpreting the development of the floodplain during the 

Holocene. 

Geomorphology 

Four comprehensive geomorphic mapping investigations have been conducted in Navigation 

Pools 1-10 in support of archaeological investigations of the river valley. Each project was 

sponsored by the Corps of Engineers and designed to assess the archaeological potential of valley 

landforms. Church (1984) mapped landforms in the Pool 10 area focusing in particular on the 

type of deposits that occupy the floodplain. Anderson ( 1987) compiled information regarding the 

geomorphology and archaeological potential of landforms in Pool 7. Dobbs and Mooers (1991) 

presented a detailed account of the development of the Mississippi River during the late glacial 

and Holocene time in the Pool 4 area. Mooers (1994) completed an investigation of floodplain 

landforms near Lock and Dam #3 . 

Methods used to compile geomorphologic data during the mapping projects varied little between 

researchers. A suitable base map was chosen for the project area, and geomorphic units were 

delineated on the map. Aerial photographs are by far the most valuable tool for mapping surficial 

geomorphic relationships. Variations in topographic expression, color tones, geometric 

configuration, and vegetation type are but a few of the variables deduced from aerial 

photographs. Published reports on geology, water resources, soils, climate and vegetation also 

provide useful information used to reconstruct landscape evolution of the Upper Mississippi 

Valley. All of the previous investigations mentioned above utilized these types of data sources to 

compile geomorphic information within the valley. 
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The amount of information presented in each report varied depending on knowledge of the 

environmental history in the Pool under study and the research strategies employed by the 

investigator. Several cultural resource reports conducted in other Navigation Pools of the study 

area also include geomorphologic information. However, the information is derivative from 

previous geologic and geomorphologic investigations and will not be discussed here. Presented 

below is a comprehensive review of the extant geomorphological investigations of the 

Mississippi River in the study area. The length of discussion for each pool reflects the amount of 

information presented in each investigation. 

Pool IO Geomorphology (Church 1984) 

Investigation into the geomorphology of Pool 10 focused on the process of formation for 

landforms. Using process of formation as a guide it was possible for Church to make relative 

observations regarding the stability of each landform type through time and then apply this 

information to the potential for a landform to contain archaeological sites. Landforms were 

defined by interpretation from aerial photographs, topographic maps, borehole data, and limited 

field investigation. 

Identification of geomorphic features by Church was based on a classification system developed 

for the Pool I 0 area. Landforms were first separated into those occurring within tributary valleys 

and those within the confines of the Mississippi Valley proper. Then, landforms were subdivided 

into individual units based on their respective association. 

Tributary valleys were subdivided into terraces, floodplains, and channels. Terrace fonnation 

was largely a function of sediment deposition from slackwater conditions caused by back 

flooding of tributary valleys and subsequent downcutting. The general age and stratigraphy of 

these features is closely related to terrace formation within the main valley. Floodplains of 

tributaries have been active throughout the Holocene. However, no attempt was made to divide 

individual units . 

Since the Mississippi River valley was the focus of the study, and is larger than all of the 

tributary streams, Church placed his primary emphasis on landforms within the main valley. 
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Individual geomorphic units within the main valley were broken down by process of formation. 

Colluvial slopes flanking the valley walls, alluvial fans, terraces, numerous channel types, lateral 

accretion deposits, vertical accretion deposits, and islands make up the majority of landforms. 

Each has a surface morphology and internal structure that is unique, making their separation into 

individual units valid in a geomorphic context. 

After compiling the geomorphic data Church subdivided the Mississippi River floodplain into 

three distinct geomorphologic types. The division was based on spatial distribution of landforms 

coupled with the dominant process of formation. The first area consisted ofridge and swale 

topography formed by lateral channel migration. A second area was at the confluence of the 

Wisconsin River. The third area lies below the Wisconsin River where the morphology of the 

floodplain resembles a braided channel type of system. 

Church observed that one of the major problems in studying floodplain evolution within the 

Mississippi River valley is determining rates of sedimentation. However, because there is no 

absolute chronometric control, speculating the age of landforms is often difficult. Information 

gained from archaeological studies provides some guide to the age of land surfaces, but these 

dates only cover the last few thousand years. However, based on geomorphic relationships, 

borehole data, and archaeological site location a general working hypothesis to floodplain 

evolution was developed. 

Analysis of borehole data led Church to conclude that alluviation and lateral channel migration 

associated with minor channels has been the dominant process operating during the Holocene. 

Vertical accretion of sediment has been important locally within the Pool I 0 area. The major 

channels that handle the bulk of stream flow within the valley have migrated very little during the 

Holocene. In general, the alluvial landforms in the vicinity of the Pool 10 floodplain have been 

relatively stable over the past few thousand years. 

Pool 7 Geomorphology (Anderson 1987) 

Geomorphic mapping of Pool 7 was undertaken by J. D. Anderson of Donahue & Associates, 

Inc. during 1986-87. The study was designed to identify geomorphic surfaces within the Upper 
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Mississippi Valley, and to assess their potential for containing buried cultural resources. 

Mapping was completed by utilizing Corps of Engineers maps, pre- and post-Lock and Dam 

aerial photographs, and borehole information covering Pool 7. In addition, limited field 

investigation was conducted to assess the physical characteristics of various landforms within the 

valley. 

Geomorphic units were delineated on a 1: 12,000 scale base map, and a brief description of their 

physical properties was given. Landforms were broken down into two main categories with 

respect to their location within the valley. These included 1.) valley margin, tributary and 

Mississippi river terraces and associated deposits, and 2.) Mississippi River and tributary 

channel, lakes, abandoned channels and associated deposits. 

Anderson assessed the potential for certain geomorphic units to contain buried cultural resources 

based on process of formation, post-depositional alteration, and the likelihood that certain sites 

would contain cultural artifacts. In general, geomorphic units having a high potential for 

containing cultural resources are vertical accretion deposits, Mississippi River terraces, tributary 

floodplains, alluvial fans and colluvial slopes. Geomorphic units having a low potential for 

containing buried cultural resources included active channels and recent and dredge spoil 

deposits. Assessing the potential of mixed lateral, vertical accretion, and tributary deposits was 

not possible because of the lack of investigation into these landforms. 

Pool 4 Geomorphology (Dobbs and Mooers 1991) 

The Corps of Engineers - St. Paul District contracted the Institute for Minnesota Archaeology to 

conduct a Phase I investigation of these resources in the Pool 4 area. The study was designed to 

assess the relationship between the cultural and environmental resource record. The Red Wing 

Locality, a dense concentration of habitation sites and earthworks located at the confluence of the 

Cannon and Trimbelle rivers with the Mississippi, lies within Pool 4 (Dobbs 1985; Dobbs and 

Breakey 1987). 

The geomorphologic investigation was designed to address the development of the Mississippi 

River and associated features during the Quaternary Period. Particular emphasis was placed on 
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events occurring during the Holocene Epoch, since the time depth of human occupation of the 

region extends back to about 11,000 years B.P. 

H. D. Mooers, Professor of Geology at the University of Minnesota-Duluth, compiled the 

geomorphic data for the study area. Geomorphic units were defined by analysis of aerial 

photographs covering the region. Observed features were then delineated on mylar overlays of 

U.S.G.S. quadrangle maps in reference to their spatial location on the base maps. Field 

examination of landforms was conducted to aid in the identification of units defined by the 

geomorphologist. 

Based on the geomorphic relationships Mooers subdivided landforms into different units based 

on their respective association with river valley features. Valley features consisted of the 

Mississippi River floodplain and its associated geomorphic units, and tributary streams, and Lake 

Pepin with its associated units. 

A description of the gross morphology and stratigraphy of geomorphic units was then made by 

the geomorphologist. Using the geomorphic data, a description of the evolution of the river 

valley during Late Wisconsin and Holocene time could be postulated. In addition, archaeological 

potential for each unit could be hypothesized. 

A summary of the river evolution in the Pool 4 area presented by Dobbs and Mooers is as 

follows. During Late Wisconsin glaciation outwash from the Superior and Des Moines lobes was 

transported along the Mississippi River possibly at an elevation of -800 feet ams!. An outwash 

terrace developed at this elevation occurs near the junction of the Cannon and Mississippi rivers 

at Red Wing, providing geomorphic evidence for this event. Retreat of the Des Moines lobe into 

west central Minnesota may have resulted in downcutting into the outwash system and formation 

of a lower terrace at approximately 7 40 feet ams I. Further retreat of the Des Moines lobe into 

northeastern North Dakota and northwestern Minnesota resulted in the formation of Glacial Lake 

Agassiz by 11,700 years B.P. (Teller and Clayton 1983). Drainage ofrelatively sediment-free 

meltwater from the lake along Glacial River Warren, the present course of the Minnesota River, 

through the Mississippi resulted in downcutting of the valley up to 200 feet below the 800-foot 

terrace. 
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By the Early Holocene (ca. 9500 B.P.) Lake Agassiz meltwater was rerouted through the Great 

Lakes (Clayton 1982). The decrease in meltwater discharge resulted in alluviation within the 

Minnesota and Mississippi River valleys. The most conspicuous event to occur during this time 

was the formation of a delta at the confluence of the Mississippi and Chippewa rivers in the 

downstream reach of Pool 4. Deep dissection of the Mississippi Valley by glacial meltwater 

drainage would have lowered the base level of streams tributary to the Mississippi River. The 

Chippewa River, containing a large sediment load composed largely of sand derived from central 

Wisconsin, adjusted to the new base level by increasing its gradient. Sediment stored in the 

Chippewa Valley was transported into the Mississippi Valley building a large delta and partially 

blocking the flow of water down the Mississippi River. A major consequence of the delta built 

across the Mississippi Valley was the formation of Lake Pepin. 

As the Mississippi River adjusted to its new base level during the middle Holocene, alluviation 

commenced within the valley. The major driving forces for geomorphic processes during this 

time can be attributed to climatic changes (Knox 1983). Warm and dry conditions allowed for a 

decrease in discharge of the Mississippi River, but a concomitant increase in sediment supply. 

As the river system adjusted to these conditions, a delta formed at the head of Lake Pepin. This 

delta most likely began upstream near St. Paul. The prograding delta built the elevation of the 

Mississippi floodplain higher than the level of the St. Croix outlet and effectively dammed the St. 

Croix Valley resulting in the formation of Lake St. Croix (Zumberge 1952). 

Dobbs and Mooers (1991) discussion ofthe late Holocene focused on the changes imparted to 

Lake Pepin in response to the continued prograding of the Mississippi delta downstream. The 

head of Lake Pepin has migrated downstream as a result of the infilling of the Mississippi River 

valley by its delta (Zumberge 1952; Wright 1972). 

Pool 3 Geomorphology (Mooers 1994) 

Damage to flood control structures in the vicinity of Lock and Dam 3 caused by the flood of 1993 

required repair by the Corp of Engineers. The Corps of Engineers initiated a geomorphic 

investigation of the area in order to assess the potential for disturbance of buried cultural 

resources in areas considered for reconstruction. This study involved several phases of work. 

First, geomorphic maps of the area were constructed at a scale of 1 :24,000. Landforms were 
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mapped on the basis of topographic expression, and position within the valley as interpreted from 

stereo aerial photographs. Existing literature was used as historical base, although information 

regarding the Holocene alluvial history of the valley was limited. Second, field site visits were 

conducted to evaluate the geomorphic relationships within the study area. Third, a model of river 

history and evolution of the landscape was constructed based on the geomorphological 

information. 

The area under investigation encompassed the river floodplain from bluff to bluff. Within this 

area Mooers identified four major geomorphological assemblages based on spatial variation of 

landforms observed in the floodplain. These areas included three distinct portions of the 

Trimbelle river delta, and a meander scroll system within the Mississippi River floodplain . 

Mooers provides a detailed description of geomorphological units and their potential for the 

preservation of cultural artifacts. In general, landforms on the Mississippi River floodplain 

constructed by vertical accretion were assumed to hold the highest potential for preservation of 

artifacts. Landforms in this category include natural levees, backwater sloughs, and inactive 

channels. 

Detailed investigation within the study area focused on the Mississippi meander scroll system as 

well as the Cannon and Trimbelle river deltas. Several sediment cores were taken from various 

portions of the study area. Wood fragments found in the samples were submitted for radiocarbon 

dating. An age of 6,680 RCYBP was obtained from wood 44 feet below the surface. 

Based on the dates gained off the wood fragments found in the sediment cores and the depth 

within the core where the wood was located, Mooers, using various statistical methods, 

calculated mean sedimentation rates on the Mississippi floodplain. The rates were determined to 

be between .41 and 3 .32 meters over the past 1,000 years. A study conducted by Leeder (1978) 

on uncompacted floodplain sediment in the Mississippi River valley estimated alluviation during 

the past 1,000 years to be in the range of 2.75 - 6 meters. Mooers assumed these values to be 

consistent with rates of accumulation for uncompacted sediment. However, he considered rates 

within the study area to lie within the 1 - 3 meter range. 
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In summary, geomorphic investigation within the Pool 3 area focused on the relationship between 

the Mississippi River floodplain and its tributaries during the last 1,000 years. Floodplain 

development occurred primarily by vertical accretion of fine-grained alluvial materials. Vertical 

accretion deposits in this area hold the highest potential for preservation of cultural artifacts. A 

component of lateral channel migration in the form of meander scrolls was observed in the area. 

Scrolls would be subjected to reworking by fluvial processes near the active channel. Therefore, 

it is possible that cultural material would be subject to erosion resulting in disturbance of in situ 

material. 
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CHAPTER Two - ENVIRONMENTAL BACKGROUND 

The natural setting of Pools 1-10 reveals a complex sequence of river valley development defined 

by the spatial location of its landforms. The majority of landforms within the valley, with the 

exception of bedrock outcrops, were formed by events occurring during the last 16,000 years of 

river history. Landform development has not progressed at a uniform rate throughout geologic 

time. Rather, major episodes of aggradation and downcutting dominated the valley development 

during Late Wisconsin time. Each time glacial ice advanced into the northern portion of the 

study area, the Mississippi Valley filled with glacial outwash. As ice retreated, meltwater 

shedding off the wasting ice downcut through the glacial outwash. The river cut deeply into the 

outwash (over 200 feet near St. Paul) for the last time at the beginning of the Holocene. Net 

aggradation since that time has filled the deeply entrenched valley up to its present level. By 

examining spatial and temporal variations of landforms within the valley it is possible to 

reconstruct the geomorphic development of the river during the past 16,000 years. 

Along this 240-mile stretch of the Mississippi River a variety of landform sediment assemblages 

exist as a result of the complex interplay of geomorphic processes and their response to changing 

variables, which include bedrock lithology, drainage of glacial lakes, input from tributary 

streams, climate, and land-use patterns adjacent to and within the valley. These variables are 

largely responsible for controlling the width of the river valley, position of river channels, slopes 

adjacent to the valley, vegetation assemblages, and the location of cultural resource sites. Fluvial 

activity, slope adjustment, aeolian activity, and shoreline processes have all been active within 

various stretches of the valley. Elucidating when and where these episodic events took place and 

how the events affected the variables discussed above is key to reconstructing the history of the 

Upper Mississippi River valley. 

Bedrock Geology 

The Mississippi River flows through a sequence of Paleozoic age sedimentary rocks whose 

lithologies are dominated by sandstone, minor amounts of shale, and a carbonate sequence of 

dolomite, and dolomitic limestone (Figure 3). This sequence of rocks is found along the entire 

course of the river in Pools 1-10. The rocks occupying this area were deposited during the 

Cambrian and Ordovician Periods (Austin 1972; Mossier 1972). A detailed description of the 
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bedrock formations found along portions of the river valley in the study area can be found in 

Mossier (1972), Austin (1972), Sloan and Kolata (1987), and Kolata and Sloan (1987). 

Late Cambrian and early Ordovician bedrock formations are predominantly sandstones, while 

middle to late Ordovician bedrock formations consist predominantly of limestone, dolomitic 

limestone, and shale. Limestone and dolomite units are relatively resistant to erosion and usually 

form steep cliffs, while shale and some of the sandstone units are more easily eroded, forming 

more gentle slopes and valley flats. The resultant topography is composed of steep-sided hills 

capped with a veneer of Ioess deposited during the Late Wisconsin. Local relief is commonly 

350-550 feet. 

Bedrock has been an important parameter in determining the width and possibly the course of the 

Mississippi River. Valley width between St. Anthony Falls and Guttenberg is controlled largely 

by the lithology of the bedrock. Where the river intersects more resistant carbonate units the 

valley is relatively narrow and when poorly cemented sandstone units are encountered, the width 

of the valley is much wider (Wright 1985). As a consequence, late glacial outwash terraces 

generally occur as thin accumulations on top of carbonate units, and as thick sequences of sand 

and gravel in areas where the sandstone units were removed. Floodplain development is also 

more extensive in areas having greater valley width. 

Tributary streams draining to the Mississippi River have deeply dissected the bedrock throughout 

the river valley. As a result the drainage pattern is a well-developed dendritic network that 

extends into the uplands away from the river. Erosion of bedrock formations in tributary valleys 

has been less intense than in the Mississippi Valley. Poorly sorted colluvial slope deposits 

containing large blocks of bedrock are common at the bases of slopes in smaller valleys. 

Glacial Geology 

The location and extent of glacial deposits in the Upper Midwest are presented in Figure 4. Pre-

Wisconsin deposits extend as far south as Missouri . However, their distribution in the Upper 

Mississippi Valley is poorly known. Only a few studies have located the presence of these 

deposits in the study area. More details are known regarding the sequence of glaciation during 
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Figure 3. Generalized bedrock stratigraphy of the Upper Mississippi River Valley (redrafted 
from Hobbs 1987). 
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the Wisconsin glaciation. The sequence of Late Wisconsin has been particularly well 

documented for the northern portion of the study area. 

Pre-Wisconsin Glacial History 

The influence of Pre-Wisconsin glaciation on development of the river valley in the study area is 

uncertain due to overprinting by later glacial events. However, the Mississippi River most likely 

occupied its present valley during this time. 

It is uncertain when the Upper Mississippi Valley initially formed. Recent research by Baker et 

al. (1998) indicates the valley dates to at least the early Pleistocene and could possibly be older. 

Martin (1932) speculated that cutting occurred early in the Pleistocene. The presence of till 

deposited during a Pre-Wisconsin glaciation near the river valley in southeastern Minnesota 

supports the theory of an early Pleistocene cutting (Wright 1985). Trowbridge (1966) speculated 

that the course of the Upper Mississippi River along the margin of the Driftless Area was 

established during the early Pleistocene when a glacial advance from the west displaced the river 

eastward from central Iowa to its present position. Based on work by Knox (1982) in the 

Driftless Area of southwestern Wisconsin deep valley incision by streams also occurred during 

early Pleistocene time. 

In Minnesota, early glacial events within the valley have largely been obscured by late glacial 

and postglacial events. However, exposures of Pre-Wisconsin drift occur near the surface in 

Dakota County and in places further south in Minnesota west of the Mississippi River (Leverett 

1932; Rube and Gould 1954; Wright 1985; Hobbs 1987; 1998). The upland landscape consists of 

gently rolling hills topped by a thin veneer of glacial drift and bedrock residuum with a system of 

well-developed stream networks. Erosion along the valley sides of the stream networks has 

exposed a considerable amount of bedrock. Blanketing the drift and bedrock is a varying 

thickness of loess deposited during the Late Wisconsin. 

A very different history exists for the Wisconsin side of the river. Much of the valley extending 

from southern Pierce County to the Wisconsin - Illinois border is believed to be unglaciated. 
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However, recent studies (Mickelson et al. 1982; Knox and Johnson 1974) have shown that Pre-

Wisconsin age deposits do occur in the Mississippi River valley. Investigations conducted by 

Knox et al. (1982) in the lower Wisconsin River valley have identified Pre-Wisconsin sediment 

in the Bridgeport Terrace near Prairie du Chien. A glacial ice advance from the west moved up 

the Wisconsin River valley, temporarily blocking its drainage depositing till and sandy gravel 

outwash on top of a bedrock strath surface (Knox et al. 1982). An outwash deposit further up the 

valley, interpreted to be derived from a younger eastern source, lies stratigraphically above the 

deposits in the Bridgeport Terrace providing a basis for assigning a Pre-Wisconsin age. 

The Mississippi River cuts through the Paleozoic Plateau (Prior 1976) in northeastern Iowa, an 

area thought to have escaped glaciation. However, Hallberg ( 1980) has identified at least two 

tills, the Wolf Creek Formation and the older Alburnett Formation, in the area that date to Pre-

Wisconsin time. Hallberg and Boellstorff (1978), Lineback (1979), and Hallberg (1980) estimate 

the age of the Wolf Creek at 500,000 years B.P. in southwestern Iowa. 

Late Wisconsin Glacial History - Minnesota 

Most of the record of the early Pleistocene history of the Mississippi River north of St. Paul has 

been obscured by Late Wisconsin events. The course of the river north of St. Paul has changed 

repeatedly during the Pleistocene and borings taken in the Minneapolis/St. Paul metropolitan area 

have located the presence of numerous buried bedrock valleys filled with glacial drift (Wright 

1972). Presumably each major glacial phase was followed by the establishment of a new course 

for the river, most of which joined the present course south of St. Paul (Wright 1972). The Late 

Wisconsin history of the Mississippi River has been well documented (Cooper 1935; Lively 

1985; Wright 1972; Zumberge 1952), and the sequence of glaciation during Late Wisconsin time 

is summarized in detail by Wright (1972), Clayton and Moran (1982), and Mickelson et al. 

(1983). 

During the Late Wisconsin maximum the Superior lobe advanced along the axis of the Lake 

Superior Basin southwestward to its terminal position near Minneapolis and St. Paul, while the 

Wadena (Itasca) and Rainy lobes advanced across north-central Minnesota (Figure Si). This 

advance, known as the St. Croix phase of the Superior lobe (Wright 1956, 1972), culminated at 

approximately 15,500 years B.P. (Mickelson et al. 1983). Little is known about the nature of the 
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ice advance. However, a detailed record of ice recession has been documented (Mooers 1988, 

1990). The prominent St. Croix moraine, a massive accumulation of glacial sediment extending 

from the Twin Cities northwestward to Little Falls, marks the terminus of the lobe. It is unclear 

where the position of the Mississippi River was at this time. The Mississippi River presently 

occupies a prominent gap eroded through the St. Croix moraine. 

The St. Croix moraine forms a northeastward-trending, rugged belt of landforms containing 

numerous hills and associated depressions. Glacial sediment deposited during this advance 

consists of reddish-brown sandy till, outwash sand and gravel, and ice-contact sands and gravel. 

As the Superior Jobe retreated from the area, the Mississippi and St. Croix rivers acted as the 

major course for drainage of glacial meltwater from the wasting ice. Both valleys were filled 

with valley train outwash deposits between an elevation of 870 and 950 feet, which were 

subsequently excavated by meltwater streams during glacial retreat (Matsch 1962). 

Retreat of the Superior lobe from the St. Croix moraine was punctuated by numerous readvances. 

Numerous ice recessional moraines and associated meltwater channels developed behind the 

moraine. The Mississippi River, in the central portion of the state, flowed along the western 

margin of the Superior lobe being fed by tunnel valleys (discrete meltwater channels) developed 

underneath the retreating ice (Wright 1973). 

The next major advance of the Superior lobe, the Automba phase, is marked by advance of the 

ice into the Mille Lacs region of east-central Minnesota. The extent of this advance is marked by 

the Mille Lacs moraine, which bounds the western edge of Mille Lacs in southeastern Crow 

Wing County, extending to the northeast as the Wright and Cromwell moraines and then as the 

Highland moraine along the north shore of Lake Superior (Wright 1972). 

While the Superior lobe stood at the Mille Lacs moraine, meltwater ponded along the 

northwestern margin of the ice lobe resulting in the formation of Glacial Lakes Aitkin I and 

Upham I, which presumably drained along the western end of the ice margin (Figure Sii). Any 

shoreline features developed along these lakes were subsequently erased by advance of the St. 

Louis sub lobe across the area. However, evidence for these lakes is preserved in a thin, red and 

gray, stone poor till deposited by the St. Louis sub lobe after overriding the lake plain (Ballantyne 

1991 ). Subsequent ice movements destroyed any evidence for the location of the Mississippi 

24 



River channel in the study area. However, it is most likely that meltwater was still channeled 

along the inner margin of the St. Croix moraine down to the Mississippi Valley below St. Paul. 

The Superior lobe retreated from the Automba ice margin into the Superior lowland initiating the 

first stage of glacial lake formation in the Superior Basin. Glacio-lacustrine sediments were 

deposited in a proglacial lake, which formed between the retreating Superior lobe and higher 

topography to the southwest. Fine-grained silt and clay settled out of the melting ice mass, 

forming a continuous blanket of sediment on the lake floor. The lake bed was overridden by the 

next advance of the Superior lobe during the Split Rock phase, depositing a thin layer ofreddish 

clay-rich till across previously formed deposits (Wright 1972). The Split Rock-Pine City phase 

marks the readvance of the Superior lobe to the Cloquet moraine, and overriding of the central 

portion of the St. Croix moraine by the Des Moines lobe. 

General retreat of the Superior lobe was followed by advance of the Des Moines lobe from the 

northwest during the Bemis/Pine City phase, which reached its maximum extent in central Iowa 

about 14,000 years B.P. (Wright and Ruhe 1965; Clayton and Moran 1982). An arcuate-shaped 

end moraine near the city of Des Moines marks the terminal position of the ice lobe. 

The Grantsburg sublobe, an offshoot of ice developed from the Des Moines lobe, advanced from 

the southwest overriding the St. Croix moraine between St. Cloud and St. Paul, reaching its 

terminus near Grantsburg, Wisconsin by about 12,300 years B.P. (Clayton and Moran 1982) 

(Figure 5iii). During this advance outwash channels were cut through portions of the St. Croix 

moraine, forming large outwash channels that reached the Mississippi River in southern Dakota 

County (Figure 6). This short-lived advance was responsible for altering the geologic 

development of the Upper Mississippi Valley in two important ways. First, outwash coming off 

the advancing lobe filled the Mississippi River valley with sand and gravel. The deposits would 

later be entrenched by glacial meltwater, forming a series of flat-lying terraces between 

elevations of 800 and 820 feet along the valley. Second, advance of the lobe blocked the 

southward drainage of the Mississippi resulting in the formation of Glacial Lake Grantsburg in 

the Stacy Basin (Meyer 1998) (Figure 5iv). 

While the Grantsburg sublobe occupied east-central Minnesota and west-central Wisconsin, 

meltwater draining south flowed into Glacial Lake Grantsburg. A large delta was formed near 

Spooner, Wisconsin, as sediment laden meltwater entered the head of the lake (Clayton 1984). 
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Drainage of the lake was down the St. Croix River, eventually reaching the Mississippi River 

valley at Prescott, Wisconsin. As the Grantsburg sub lobe retreated to the southwest, meltwater 

drained around the outer (northeast) margin of the ice lobe, resulting in reworking of the former 

lake bed by the Mississippi River, and formation of the Anoka Sand plain in east-central 

Minnesota (Cooper 1935; Meyer 1998). 

Further south, retreat of the Des Moines lobe was punctuated by a number ofreadvances forming 

a series of discontinuous ice marginal moraines in northern Iowa and southern Minnesota. By 

12,100 years B.P. the Grantsburg sublobe and Des Moines lobe began retreating up the 

Minnesota River valley (Patterson 1996). A large braided meltwater stream developed along the 

retreating Grantsburg ice margin, forming a continuous blanket of sand and gravel along the 

present course of the Mississippi above the confluence of the Minnesota River. As ice retreated 

further the level of the Mississippi and Minnesota rivers was established at an elevation of about 

820 feet in the Twin Cities metropolitan area. 

The last major glacial advance in Minnesota occurred during the Nickerson-Alborn phase when 

the St. Louis sub lobe, an eastward extension of the Des Moines Jobe, invaded north central 

Minnesota forming the Culver moraine (Wright 1972) (Figure Siv). Retreat of the St. Louis 

sub lobe allowed for the development of glacial lakes Aitkin II and Upham II, ponded between the 

ice margin and the Culver moraine. Lake Aitkin II most likely drained into Lake Upham II, 

which eventually drained down the St. Louis and Mississippi rivers (Figure Sv). At about the 

same time the Superior lobe readvanced to the Nickerson-Thomson moraines in northeastern 

Minnesota (Wright 1972). The Nickerson moraine is marked by a belt of hummocky topography 

along the Carlton/Pine County line between Moose Lake and Holyoke, Minnesota. A broad 

outwash plain extends off the Nickerson moraine southward where it coalesces into a fairly well-

defined channel along the Kettle River. The Kettle channel drained meltwater into the St. Croix 

River and then down the Mississippi River (Camey 1996). 

By 12,000 years B.P. all ice lobes that had previously covered the surface of Minnesota were in 

full retreat. The Des Moines lobe was retreating rapidly northward up the Minnesota River 

valley at this time. Ice then readvanced a short distance to form the Big Stone morainic system in 

west-central Minnesota about 11,900 years B.P. (Clayton and Moran 1982). The Des Moines 

lobe retreated from the Big Stone moraine and to the north of the drainage divide that separates 
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Hudson Bay and Mississippi drainages. In northeastern Minnesota the Superior lobe retreated 

from the Nickerson ice margin into the Superior Lowland. Retreat of ice north of these drainage 

divides resulted in the formation of Glacial Lake Agassiz in northwestern Minnesota, and Glacial 

Lake Duluth in the Superior Basin (Figure 5vi). 

Late Wisconsin Glacial History - Wisconsin and Iowa 

Knox and Johnson (1974) have studied the alluvial history of the southern portion of the study 

area during the Late Wisconsin. Further work in that area (Knox 1982; Mickelson et al. 1982) 

has added to the knowledge of the geomorphic evolution in the area and its effects on the 

Mississippi River valley. 

The history of formation and physical characteristics of the Savanna Terrace, a Late Wisconsin 

glaciofluvial - lacustrine terrace found in tributary valleys of the Upper Mississippi River 

between Pepin County, Wisconsin and Jackson County, Illinois, has been studied by Flock 

(1983). Flocks (1983) postulated that sediments in the terrace are most likely derived from 

glacial lakes to the north and were deposited between 13,000 and 9,500 years B.P. Formation of 

the Savanna would have coincided with formation of the Langdon and Grey Cloud terraces 

(Matsch 1962) identified in Pool 2, which occur at a stratigraphically similar position in the 

landscape. Backflooding of tributary stream valleys due to deposition of valley train outwash and 

blockage of the Mississippi River seems the most plausible explanation for development of the 

Savanna Terrace. 

Anderson (1987) identified a sequence of four Late Wisconsin glacial terraces in Pool 7. Two of 

the highest terraces are developed along the Black River where it enters the Mississippi valley, 

suggesting that the two rivers must have been graded to each other during Late Wisconsin time. 

The lower two terraces appear to be erosional remnants of terraces formed during the Late 

Wisconsin formed during discharge of sediment poor meltwater down the Mississippi. All of the 

surfaces exhibit channel scars and have been modified to some extent by eolian processes. 

Further south in Navigation Pool 10 two well-defined glacial terrace levels have been identified. 

Formation of these surfaces can be attributed to glacial outwash and meltwater discharging 

through the Mississippi River system. In addition, floodplain deposits within Pool 10 exhibit the 
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appearance of a braided stream network. These deposits most likely represent a combination of 

Late Wisconsin tributary stream and Mississippi River glacial outwash sediments subject to 

reworking since their deposition. 

Recent work by Mason and Knox (1997) in the Driftless Area of Wisconsin and adjacent portions 

of Minnesota has focused on colluvial slope development within tributary stream valleys and the 

subsequent effect on the Mississippi River valley. Colluvial footslope deposits lie underneath, or 

interfinger with fluvial sediment beneath the Savanna terrace (Mason and Knox 1997). This 

relationship suggests that mass wasting processes responsible for forming these colluvial deposits 

predates Late Wisconsin terrace formation. A similar relationship exists in northeastern Iowa 

(Hallberg and Bettis 1985). The effect of glacial ice peripheral to the valley resulted in 

periglacial geomorphic processes operating within the region. 

Late Wisconsin to Early Holocene Transition 

Events having the most profound impact on the evolution of the Upper Mississippi Valley 

occurred at the end of the Late Wisconsin and into early Holocene time. At least three glacial 

lakes drained through the Upper Mississippi at various times during this period. The largest lake, 

Glacial Lake Agassiz, occupied much of northwestern Minnesota, southern Manitoba, and 

adjacent portions of the Dakotas during its existence. Glacial Lake Duluth formed in the 

Superior Basin between the retreating Superior lobe and higher topography to the south. Glacial 

Lake Grantsburg occupied a small area of east central Minnesota. 

Drainage of meltwater from these glacial lakes resulted in multiple downcutting events within the 

Mississippi River valley. Matsch and Wright (1967) and Matsch (1983) discussed the various 

phases associated with Lake Agassiz and its southern outlet. Clayton (1982) summarized the 

impact of Lake Agassiz drainage on the Mississippi Valley and Carney (1996) recently 

completed work on the paleohydrology of Lake Duluth drainage outlets. 

The formation of glacial lakes to the north of the Mississippi Valley began as early as 12,000 

years B.P. as the Des Moines and Superior ice lobes retreated beyond the continental drainage 

divide (Clayton 1982; Hobbs 1983; Matsch 1983; Fenton et al. 1983). The lakes acted as settling 

ponds for glacial sediment derived from the wasting ice lobes. As a result, relatively sediment-
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free water flowed down the Glacial River Warren and St. Croix rivers resulting in deep incision 

into deposits occupying the Mississippi Valley. Because the rivers had high discharge rates and 

mean velocities with little sediment load to carry from their source areas they vigorously eroded 

into previously formed deposits. It is possible that some of the flows entering the Mississippi 

Valley were catastrophic. 

Discharge of meltwater from Lake Agassiz down the Minnesota River resulted in rapid removal 

of previously deposited outwash downstream from St. Paul. Above St. Paul the river channel 

was superimposed onto the Platteville Limestone, which prevented the river from eroding 

downward, resulting in the formation of River Warren Falls (Wright 1990). A readvance of 

glacial ice across the continental divide occurred at approximately 11,700 years B.P., causing 

aggradation within the River Warren, St. Croix, and presumably the Mississippi valleys. Glacial 

Lakes Agassiz and Superior reformed after 11,500 years B.P. as the ice again retreated beyond 

the continental drainage divide. Discharge of meltwater out of the lakes established a fairly 

active period of downcutting lasting until approximately 10,800 years B.P. 

One final advance of ice blocked eastern outlets and caused renewed downcutting within the 

Mississippi Valley between 9,900 and 9,500 years B.P. This final episode is the last time that 

meltwater from glacial lakes flowed down the Upper Mississippi River system north of Illinois. 

The impact of these events played a vital role in the Holocene evolution of the Upper Mississippi 

Valley. 

Postglacial Climate and Vegetation 

The vegetational and climatic changes of the Upper Midwest have been extensively studied 

during the last several decades and rapid changes in vegetation types are known to have occurred 

immediately following Late Wisconsin glaciation (Davis 1979; Bartlein and Webb 1982; Wright 

1983; Barnosky et al. 1987). Retreat of glacial ice opened vast areas of land to colonization by 

plants and animals. The primary driving forces for vegetational shifts during the late glacial were 

related to retreat of ice and its effect on regional climate. 

Rapid vegetation changes across the study area during the late glacial and early Holocene can be 

attributed to a number of different influences. Probably the most important was retreat of glacial 
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ice to the north. The majority of boreal and hardwood forest assemblages flourished near the 

periphery of glacial ice. As ice withdrew from the area these vegetation types slowly migrated 

northward lagging just behind the retreating ice (Wright 1983). The regional climate was also 

under a state of change. Regional atmospheric circulation patterns were adjusting to the new 

climatic setting that affected vegetation patterns (Bartle in and Webb 1982). The opening of vast 

areas of land once covered with glacial ice also provided opportunity for pioneering flora to 

develop Wright 1983). This was the time of greatest development for vegetation assemblages 

across the Midwest, and they would eventually shift geographically during the Holocene in 

response to variations in climate. 

During the Wisconsin glacial maximum an open tundra environment dominated the region near 

the ice margin (Baker et al. 1990; Birks 1976). Retreat of glacial ice to the north allowed for the 

development of a Picea (spruce) forest assemblage over the recently glaciated terrain, which 

migrated northward during the Late Wisconsin. The spruce dominated forest assemblage gave 

way to deciduous forest by 11,500 years B.P. in eastern Iowa (Baker et al. 1992) and by 10,500 

years B.P. in south-central Minnesota (Wright et al. 1963). 

Continued warming and drying through the early Holocene led to further changes in the 

vegetation assemblages across the region. The deciduous forest, dominated by Quercus (oak), 

was replaced by prairie by about 7,500 years B.P. The transition to prairie may have occurred 

somewhat earlier in Iowa and lasted until about 4,500 years B.P. when deciduous forest again 

became dominant across the region (Wright et al. 1963; Baker et al. 1990). 

Increasing precipitation and decreasing temperatures into the late Holocene allowed development 

of a vegetation assemblage similar to the present across the study area. Deciduous forest species 

occupy cool and wet positions on the bluffs while a mixture of prairie grasses and pine species 

are developed on outwash terraces. In the floodplain elm, ash, and cottonwood are the common 

forest species. 

Because of the latitudinal difference between the northern and southern portions of the study area 

climate and vegetation can vary widely. Many of the environmental adjustments to the newly 

developing climate were transgressive in both space and time across the region. Superimposed 

on regional vegetation assemblages were local variations controlled by topography. Therefore, to 
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properly address vegetation changes taking place in the Upper Mississippi River valley it is 

appropriate to separate the study area into three broad regions where climate is somewhat similar: 

the northern, central, and southern regions of the valley. 

Late and Post-Glacial Climate and Vegetation: Northern Region 

Wright et al. (1963), Eyster-Smith (1977), and Brugam et al. (1988) have studied the regional 

vegetation changes occurring within the northern portion of the study area. Mixed 

boreal/hardwood forests with associated shrubs and herbs dominated late glacial vegetation 

assemblages. Picea (spruce) and Fraxinus (ash) covered the area in a parkland mosaic from 

approximately 12,500 years B.P. to 10,000 years B.P. A small component of Betula (birch) 

began to develop in the area by 12,000 years B.P.; however, the species appeared to have 

declined by the beginning of the Holocene. 

Picea and Fraxinus declined dramatically during the early Holocene while Pinus (pine), Ulmus 

(elm), and Quercus (oak) began to dominate the pollen spectra. Between 9000-7000 years B.P. 

Pinus and Ulmus decreased in abundance while other tree assemblages remained essentially the 

same. One noticeable change during this time is the increase in Ambrosia, Artemesia, 

Chenopodiaceae/Amaranthaceae (prairie forb pollen), and Poaceae (grasses) by 6000 years B.P. 

Vegetation changes were most likely influenced by climatic shifts occurring in the region. 

Bartlein and Webb (1982) estimate that temperatures may have reached a maximum in northern 

portions of the Driftless Area from 6500-6000 years B.P. and precipitation may have been as 

much as 20 percent lower. 

The middle Holocene witnessed a shift to cooler temperatures and increased precipitation. 

Prairie forb pollen and grasses began to decrease in abundance, being replaced with various 

species of deciduous trees. Quercus dominates the pollen spectra at this time, most likely 

representing the shift from prairie to oak savanna across the landscape by 3000 years B.P. On the 

uplands pre-settlement vegetation assemblages are a mixture of deciduous forest developed on 

moraines and till plains, and prairie grasses including wet meadow plants developed on outwash 

plains. 
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Late and Post-Glacial Climate and Vegetation: Central Region 

Interpreting late glacial vegetational changes in the central portion of the study area is 

problematic. Relatively little is known about the late glacial and early Holocene biota of the 

Great Plains outside of the glaciated area due to the paucity of sites suitable for paleo-botanical 

reconstruction (Bamosky et al. 1987). A pollen diagram developed from a sediment core taken 

from Lake Pepin (Wright et al. in press) provides a good approximation. 

No evidence exists for the presence of spruce along the steep bluffs adjacent to Lake Pepin, but 

its presence can be inferred by similar vegetation relationships in the Upper Midwest. The first 

major pollen zone dated at 9, 180 years B.P. is dominated by Pinus and Ulmus (Wright et al. in 

press). Apparently the combination of periglacial conditions to the north and deep incision of the 

Mississippi River promoted a locally cool climatic regime in the valley. Following a general 

warming trend through the early Holocene a mixed deciduous/hardwood forest assemblage 

dominated the river bluffs. The change to a cooler climate regime during the late Holocene 

promoted the development of Oak on uplands. The river bottom forest consists of a complex 

mixture of tree species including elm, willow, boxelder, aspen, and cottonwood. 

One of the most prominent changes to the vegetation assemblages is the dramatic increase in 

Ambrosia (ragweed) pollen during the last 150 years. The increase represents the clearing of 

land by Euro-Americans for agricultural purposes. Coupled with the increase of ragweed pollen 

is the increase of mineral sediment, commonly called post-settlement alluvium (PSA), into the 

watershed. 

Late and Post-Glacial Climate and Vegetation: Southern Region 

The vegetation changes occurring in the southern portion area are quite different from the 

aforementioned regions. A pollen diagram developed from a core taken at Roberts Creek in 

no11heastern Iowa characterizes the vegetation history of the upland area (Chumbley 1989). 

A spruce dominated assemblage gave way to deciduous forest, consisting mainly of Quercus 

(oak), Ulmus (elm), and Tilia (basswood), by the early Holocene. 
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Increasing temperature and decreasing precipitation led to the development of prairie in 

northeastern Iowa by the middle Holocene. By 5000 years B.P., the dominant vegetation across 

the region consisted of a combination of mixed prairie grasses and ambrosia-type species. Forest 

assemblages were diminished in response to the climatic changes. This period represents the 

maximum expansion of the prairie into the Upper Mississippi Valley. 

A shift to cooler temperatures and increasing precipitation ushered in the late Holocene. 

Deciduous forest consisting mainly of Quercus (oak) encroached into the area probably in a 

savanna-like configuration. Other important forest species at this time include Fraxinus (ash) 

and Salix (willow) in the bottomlands. By 2000 years B.P., the modern vegetation assemblage 

covered much of the region surrounding the river valley. 

35 



CHAPTER THREE - GEOMORPHOLOGICAL ASSESSMENT OF THE STUDY AREA 

Theoretical and Methodological Overview 

Geomorphic mapping of landform sediment assemblages (LSAs) is one way to assess the 

physical history of landscapes (Benn et al. 1994, Anderson et al. 1996, Bennett and Glasser 

1997). The approach used by geomorphologists to study landscape development is 

interdisciplinary and involves aspects of geology, pedology, paleoecology, and archaeology 

(Dobbs and Mooers 1991; Anderson et al. 1996). An important aspect of geomorphology is 

recognizing the physical processes involved in the construction or destruction of landscapes 

(Ritter et al. 1995). 

Driving forces for changes within geomorphic systems include climate and gravity. Climate has 

been responsible for changes in water discharge, sediment discharge, and vegetation development 

(Knox 1983; Bartlein and Webb 1982). Valley slopes, channel gradient, and riverbank stability 

are related to the resistance threshold between geologic materials and the downslope force of 

gravity (Leopold et al. 1964). For example, resistance to the driving forces includes variations 

within structure and lithological changes of bedrock and sediment. This relationship is evident 

throughout the Upper Mississippi Valley. Resistance to erosion has preserved limestone units at 

the expense of more easily eroded sandstone. 

There exists a continuum between geomorphic processes operating on the landscape. Fluvial and 

slope activities are linked in such a way that a change in the intensity of one of the processes may 

initiate the action of the other (Schumm 1956). For example, an increase in precipitation in the 

Mississippi River basin may initiate an increase in runoff on slopes and alter fluvial processes 

operating on the floodplain. 

Geomorphic processes operate at different intensities over a variety of time intervals (Wolman 

and Miller 1960). In studies using geomorphic processes as a basis for research it must be 

understood that the time framework used in the study will directly affect the conclusions drawn 

regarding the relationship between processes operating and the resultant landforms observed. 
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Modern workers (Wolman and Miller 1960; Leopold et al. 1964; Hooke 1975; Pizzuto 1983; 

Ritter et al. 1995;) use process as a basis for the study of jluvial systems. The underlying theme 

in many of these studies is the understanding that physical processes operate at different rates, 

and their effects on the landscape vary, because of the variability of geologic materials. 

However,jluvial processes are not the only geomorphic agents important to landscape 

development along the Upper Mississippi Valley. Mass wasting or slope processes are active 

along the sideslopes and escarpments of the river valley. Weathering, erosion, and downslope 

movement of sediment under the influence of gravity are the result of these processes. 

Slopewash of sediment down valley sides due to surface runoff is another important aspect in this 

geomorphic system. The resultant sediments, collectively termed colluvial deposits, are generally 

poorly sorted and grade into fluvial deposits near the base of the valley walls (Ritter et al. 1995). 

Lacustrine shoreline and eolian geomorphic processes are two other geologic agents that have a 

more local effect on landform development in the Upper Mississippi Valley. Lacustrine 

shoreline processes are active on Lake Pepin. Waves generated by natural and artificial sources 

are responsible for modifying the configuration of landforms along the lake. Eolian modification 

of terrace surfaces is prevalent between Pool 4 and Pool 8. The size and shape of eolian 

landforms is a function of surface sediment grain size in relation to the transporting capacity of 

wind (Bagnold 1941; Pye and Tsoar 1990). 

With these fundamental ideas in mind, a framework for mapping LSAs of the Upper Mississippi 

River valley Navigation Pools 1-10 was established. 

Objectives 

The primary goal of the this study is to map and clearly define each LSA in the study area and 

use this information to characterize the sequence and dynamics of Late Quaternary landscape 

evolution. A review and analysis of available information on the geologic history of the river 

was used as reference for mapping landforms. Previous geomorphological and archaeological 

investigations provided a foundation to make an assessment of possible landform types. In 

addition to geologic and archaeological reports, paleo-environmental investigations provided 

useful information on regional climatic and vegetation changes in the study area. These data are 
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important because climate and vegetation are largely responsible for moderating the intensity of 

geomorphic processes operating on the landscape during the Holocene. 

In reviewing much of the literature regarding the Upper Mississippi Valley it became apparent 

that there are a number of contrasting views regarding its evolution. 

In general, multiple valley filling and downcutting events resulting in terrace formation were at 

least in part contemporaneous with deglaciation of the Upper Midwest. Stream incision was not 

synchronous along the entire valley, but probably occurred between 13,000 and 11,000 years 

B.P. (Bettis and Hallberg 1985; Hajic 1993). The Late Wisconsin record of valley filling and 

subsequent incision by relatively sediment-free glacial meltwater is preserved in terraces along 

the entire course of the valley. 

Early to middle Holocene geomorphic development within the Pools 1-10 study area is at present 

poorly understood, attributable to the lack of radiocarbon dates constraining fluvial events within 

the Upper Mississippi Valley. Much of the record of Holocene landscape evolution must be 

interpreted by analysis of sedimentological and stratigraphic relationships within the valley. 

Information provided by previous investigations provides a general framework to base 

interpretations on. 

Recent work south of the study area has resulted in the identification of several early to middle 

Holocene channel belts within the Mississippi River floodplain (Benn et al. 1994). However, the 

geologic configuration and history of the floodplain in that region are quite different from 

upstream reaches. Late Wisconsin glaciation of the upper reaches of the valley in the study area 

had a more direct impact on its geologic development than further south. The channel of the 

Mississippi River was deeply incised into the Paleozoic bedrock by discharge of meltwater from 

glacial lakes Agassiz and Duluth. From St. Anthony Falls to the downstream end of Lake Pepin 

floodplain development is less extensive. Below Lake Pepin and the Chippewa River delta, 

sediment discharge into the Mississippi River by tributary streams filled in the deeply incised 

channel relatively rapidly. Therefore, development of floodplain LSA units is more extensive to 

the south. 
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More is known about Late Holocene development of the Mississippi River floodplain in the study 

area. Lateral and vertical accretion of sediment has been active throughout the entire study area. 

The rate of aggradation within the floodplain has largely been a function of the amount of 

sediment entering the Mississippi River through tributary streams. 

At the southern end of Pool 3, Mooers (1994) obtained a date of 1550 RCYBP from wood and 

organic shells approximately 11 meters below the surface suggesting Late Holocene aggradation 

of the floodplain may be substantial. In contrast, Church (1984) noted that lateral accretion 

ridges developed within the floodplain of Pool 10 have been relatively stable for the past 2,000 to 

2,500 years B.P. Vertical accretion of sediment on floodplain landforms in Pool 10 has been 

locally important. 

Historical development of the floodplain has modified the original morphology of landforms 

within the Mississippi River valley. Review of Mississippi River Commission Maps (1894) 

reveals that the configuration of the Mississippi River channel has changed substantially over the 

last 100 years. The most notable change is the location of islands and sandbars occupying the 

main channel. In addition, the surface water area within each Pool has increased due to 

impoundment of the river by the lock and dam system. In general, landforms in the upstream end 

of Pools lie above water and those at the lower end of Pools are inundated. 

Methods 

The approach used in mapping LSAs fall into two categories. First, landforms were identified 

and delineated on base maps covering the study area. Second, the data were then entered into a 

geographic information system (GIS) for creation of digital coverages. 

Map Compilation Methods 

Maps depicting the geomorphic features found within Navigation Pools 1-10 were compiled at a 

base scale of 1 :24,000. Individual LSAs were defined and delineated through analysis of 

U.S.G.S. 7.5 ' quadrangle maps and aerial photographs covering the study area (Table 2). 

Geomorphic boundaries were made on the basis of topographic expression, process of formation, 

landscape position, and color and tonal patterns interpreted from aerial photographs. 
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Table 2: U.S.G.S. 7.5' quadrangle maps covering the study area. 

USGS_QD_ID QUAD NAME STATES COUNTIES 
44093-H3 Minneapolis South MN Hennepin 
44093-H2 Saint Paul West MN Dakota, Hennepin, 

Ramsey 
44093-Hl Saint Paul East MN Dakota, Ramsey 
44093-Gl Inver Grove Heights MN Washington, Dakota 
44092-H8 Lake Elmo MN Washington 
44092-G8 Saint Paul Park MN Dakota, Washington 
44092-G7 Prescott WIMN Pierce, Dakota, 

Washington 
44092-F8 Vermillion MN Dakota 
44092-F7 Hastings MNWI Goodhue, Dakota, Pierce 
44092-F6 Diamond Bluff West WIMN Pierce, Dakota, Goodhue 
44092-FS Diamond Bluff East WIMN Pierce 
44092-E6 Welch MN Goodhue 
44092-ES Red Wing MNWI Goodhue, Pierce 
44092-E4 Bay City MNWI Goodhue, Pierce 
44092-E3 Maiden Rock WIMN Pepin, Pierce, Goodhue 
44092-03 Lake City MNWI Goodhue, Wabasha, 

Pepin 
44092-D2 Pepin MNWI Wabasha, Pepin 
44092-Dl Wabasha North MNWI Wabasha, Pepin, Buffalo 
44092-Cl Wabasha South MN Wabasha 
44091-D8 Urne WI Buffalo 
44091-C8 Alma WIMN Buffalo, Wabasha 
44091-C7 Cream WI Buffalo 
44091-B8 Weaver MNWI Wabasha, Winona 
44091-B7 Cochrane WIMN Buffalo, Winona 
44091-B6 Fountain City WIMN Buffalo, Winona 
44091 -A7 Rollingstone MN Winona 
44091-A6 Winona West MNWI Winona, Buffalo 
44091-AS Winona East MNWI Winona, Trempealeau, 

Buffalo 
44091-A4 Trempealeau WIMN Trempealeau, Winona 
44091-A3 Galesville WI La Crosse, Trempealeau 
43091-H4 Pickwick MNWI Winona, La Crosse, 

Trempealeau 
43091-H3 Holmen WIMN Trempealeau, La Crosse, 

Winona 
43091-H2 Onalaska WI La Crosse 
43091-G3 La Crescent MNWI Winona, Houston, La 

Crosse 
43091-G2 La Crosse WIMN La Crosse 
43091-F3 Brownsville MNWI Houston, La Crosse, 

Vernon 
43091-F2 Stoddard WI La Crosse, Vernon 
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USGS_QD_ID QUAD_NAME STATES COUNTIES 
43091-E3 Reno MN WI IA Houston, Vernon 
43091-E2 Genoa WI MN IA Vernon, Houston 
43091-D3 New Albin IA Allamakee 
43091-D2 De Soto WIIA Crawford, Vernon, 

Allamakee 
43091-C2 Lansing IA WI Allamakee, Crawford 
43091-CI Ferryville WIIA Crawford, Allamakee 
43091-B2 Harpers Ferry IA WI Allamakee, Crawford 
43091-BI Eastman WIIA Crawford, Allamakee 
43091-A2 Prairie Du Chien WIIA Crawford, Allamakee, 

Clayton 
43091-AI Bridgeport WI Grant, Crawford 
42091-H2 Clayton IA WI Clayton, Grant 
42091-HI Brodtville WIIA Grant 
42091-G2 Garnavillo IA Clayton 
42091-GI Guttenberg IA WI Clayton, Grant 
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High altitude ( 1 :40,000 NAPP - 1992) color infrared photographs were used during the initial 

mapping phase. These photographs provided a regional view of the river valley and were helpful 

in identifying landforms along the valley margins. Low altitude (1 :8,250 and 1: 12,000 Corps 

1992) black and white aerial photographs were used for detailed delineation of floodplain 

landforms. 

Boundaries between units were hand-drawn on drafting-film overlays of the U.S.G.S. quadrangle 

maps. Brown Survey Maps (1929) and Mississippi River Commission Charts (1894) were used 

to evaluate major changes in the river channel over the last 100 years. However, the focus of the 

study was on the present-day configuration of the valley and therefore the geomorphology of the 

study area depicts present-day conditions as accurately as is possible. Published geologic maps 

and reports regarding the geologic history of the river valley were used as reference for mapping 

LSAs throughout the project. 

Field Methods 

Field reconnaissance survey of the river valley was conducted during the fall of 1997 and spring 

of 1998. The field reconnaissance was designed to qualitatively evaluate the sedimentological 

characteristics of LSAs occurring in the study area. Outcrop inspection, hand auguring and soil 

probing was conducted on a limited number of LSAs. Soils and sediments observed in the field 

were described qualitatively and no samples containing material suitable for radiocarbon dating 

were obtained during the field investigation. 

GIS Methods 

LSA units were mapped as closed polygons in order to facilitate digitizing into Arc/Info, a 

geographic information system (GIS) software package. Verification plots of completed maps 

were made at the base scale in order to evaluate any errors incurred during data compilation. All 

arcs intersecting the boundaries of each quadrangle map are accurately edge matched with 

corresponding arcs from adjacent map sheets. Following data compilation, the arcs were cleaned 

and built into a polygon coverage of LSAs. 
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Using the completed coverage, five large-scale ( 1: 100,000) posters showing major LSAs in the 

Pools 1-10 area were produced. This map scale was chosen because it provided an easy and 

logical location for subdividing the Pools based on their physical characteristics. The final maps 

are presented as Plates 1 through 5. 

Legend Development for Pools 1-10 

Numerous landform classification schemes have been developed for glacial, alluvial, eolian, and 

colluvial landforms and Clayton et al. (1980) have effectively summarized various types of 

geologic maps and their usefulness. Geologic maps can show lithology, stratigraphy, or 

morphology and they may include descriptive, genetic or chronological aspects (Clayton et al. 

1980). 

A useful way to classify landforms or LSAs is based on process of formation or environment of 

deposition (EOD). Each EOD is associated with a particular geological process or group of 

processes responsible for deposition of the sediment association. Knowledge of the EOD 

therefore allows generalities to be made with regard to the expected sedimentary associations and 

stratigraphy. For example, an alluvial plain will be characterized by lateral and vertical accretion 

deposits (Ritter et al. 1995). These deposits include natural levees, point bars, and lacustrine 

sedimentation in shallow backwater lakes and oxbows. Such an environment is subject to 

reworking by channel migration. In addition, it may be possible to qualitatively predict the 

dominant sediment and stratigraphic associations of major landforms based on their process of 

formation . 

Other criteria used to identify and name LSAs include topographic expression, position in 

landscape, and overall appearance based on interpretation from aerial photographs. While these 

criteria go hand-in-hand with process of formation it is possible to further subdivide landforms 

based on morphologic characteristics, which adds to the ability to predict the sedimentological 

characteristics of an LSA. 

The legend developed for the study area has a hierarchical structure based on six classes of 

geomorphic processes. These are glaciojluvial, Holocene jluvial, eolian, lacustrine/shoreline, 
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mass wasting/slope, and anthropogenic (Table 3). Each geomorphic class is further subdivided 

into individual LSAs based on chronological, sedimentological, and morphological criteria. 

Glaciofluvial processes are those related to discharge of meltwater and sediment from glacial 

geologic agents (Menzies 1995). In the Upper Mississippi Valley, glaciofluvial terraces are the 

major LSA formed under this set of geomorphic processes. Three families of glaciofluvial 

terraces were identified in the study area: the high, middle, and low terrace families. The terraces 

can be further classified as strath terraces or fill terraces (Howard 1959). Strath terraces are 

former bedrock valley floors or bedrock outcrops veneered with alluvium. Fill terraces are 

classified as either fill-top or fill-strath terraces. Fill-top terraces are original depositional 

surfaces of a fill terrace and fill-strath terraces are erosional surfaces of a fill terrace. Two other 

glaciofluvial LSAs occur in the study area: stream channels and scarps. In contrast to terraces, 

channels and scarps formed predominantly by erosional processes. 

Fluvial depositional processes are those related to the construction of landforms in nonglacial 

stream floodplains. There are a number of ways to classify jluvial, commonly called alluvial, 

deposits. Most often, classification of alluvial deposits involves identification of the process 

involved during deposition (Fisk 1944; Leopold et al. 1964; Moody et al. 1999). Two 

environments of deposition are recognized in alluvial streams systems, which are vertical 

accretion and lateral accretion (Figure 7). Each LSA in an alluvial setting can be classified under 

these two EODs. 

In general, vertical accretion deposits occur in low energy environments in backwater areas 

where deposition of fine-grained sediment occurs (Ritter et al. 1995). In this case, the probability 

of preserving a detailed environmental site record is high. Conversely, lateral accretion deposits 

are laid down in a high-energy environment dominated by channel migration and deposition of 

coarse-grained sediment (Hooke 1975). In this case, the probability of reworking previously 

formed surfaces is high; therefore, the chance of preserving a detailed environmental site record 

is low. 

Erosionaljluvial processes are those leading to stream entrenchment (downcutting) and 

entrainment of previously deposited sediment. Stream cut banks and scarps are the most 

common landforms produced during entrenchment. 
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Table 3: Legend developed for LSA units in study area. 

Association Geomorphic Process Landform GIS Code 
Terrace G Iaciofluvial High Terrace GTH 

G laciofluvial Intermediate Terrace GTM 
G Iaciofluvial Low Terrace GTL 
Glaciofluvial Scarp GSS 
Glaciofluvial Channel GSC 

Tributary Valley Glaciofluvial Terrace TVT 

Minor Channel Flu vial Channel IC 
Floodplain Lateral Accretion Scroll/Bar ILB 
(inactive) Vertical Accretion Undifferentiated IVU 

Lake IVS 
Marsh/Slough IVM 

Main Channel Flu vial Channel MC 
Floodplain Lateral Accretion Scroll/Bar MLB 

Vertical Accretion Undifferentiated MVU 
Natural Levee MVL 

Lake MVC 
Crevasse/Splay MYS 
Marsh/Slough MVM 

Islands Combination of Lateral 
And Vertical Accretion 

Main Channel Island MCI 
Minor Channel Island ICI 

Tributary Fluvial Processes Operating Channel TC 
Stream 

in Tributaries Floodplain TF 
Fan/Delta TFD 

Scarp TS 
Marsh TM 

Alluvial Fan TAF 
Meander Belt TY 

Uplands/ Mass Wasting Hilltops UH 
Valley sides Mass Wasting/ Slope Colluvial Slopes vcs 

Eolian Wind Modification Dunes Over Terrace EDT 

Lacustrine Lacustrine/Shoreline Beaches LSB 
Cusps LSC 

Constructed Anthropogenic Made/Modified Land UML 
Areas 
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BR 

Lag deposit in bottom of channel 
with transitory deposits 

Iii Colluvial deposits along valley sides 

Lateral accretion deposits 

IT] Alluvial fans 

I VA I Vertical accretion deposits 

. CF :. Channel fill 

I BR I Bedrock 

D Water 

- ___._:_Li._ Marshes and sloughs 

Figure 7. Types of alluvial deposits (after Happ et al. 1940). 
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Eolian processes are those associated with entrainment, transport, and deposition of sediment by 

wind. The efficiency of eolian processes is moderated by the type of sediment being acted upon, 

sediment moisture content, surface temperature, the presence of vegetation, the distance of 

uninterrupted wind travel (fetch), and a host of other factors related to the environment (Pye and 

Tsoar 1990). Depositional landforms include sand dunes and sand sheets (Bagnold 1941 ). 

Erosional landforms are commonly called blowouts. 

Lacustrine/shoreline processes operate along the edges of lakes. These processes can be 

classified as erosional or depositional and will vary with the morphology of the lake shoreline. 

Whether deposition or erosion occurs along a shoreline is dependent upon the sediment supply 

available and the amount of wave energy available to do work (Pizzuto 1986). Sediment supply 

is determined by available sources, while wave energy is largely a function of lake bathymetry 

and fetch (Komar 1976). Beaches and cusps the two types ofLSAs developed in the 

lacustrine/shoreline environment. 

Mass wasting/slope processes are those related to the weathering of sediment and rock and the 

downslope movement of weathered material by gravitational processes. Soil creep, slopewash, 

debris flows, earth flows, earth slumps, and landslides are a continuum of these processes leading 

to the development of colluvial deposits (Ritter et al. 1995). Typically, landforms near the upper 

portion of slopes are classified as erosional and landforms at the base of slopes are classified as 

depositional. 

Anthropogenic processes are those caused by the activity of humans (Hooke 1994). The list of 

possible activities humans undertake leading to modification of the landscape is too long to 

mention here. However, for the purpose of this report it is used in identifying features on the 

landscape that have drastically altered the face of the natural environment. The majority of these 

processes are related to the construction of industrial facilities and roadways. 

A general description of the LSA units mapped in the study area and figures depicting their 

topographic expression is presented in Appendix A. 

Results 
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General Description of Landform Sediment Assemblages 

A total of 30 LSA units were identified from mapping of the study area. Each LSA falls under 

one of the six geomorphic classes presented in the discussion on legend development. The 

descriptions of LSA units provided below are based on field inspection, characteristics observed 

on aerial photographs, boring log data, and information gathered from previous investigations 

(Martin 1932; Matsch 1962; Wright 1972; Hobbs 1984; Meyer and Hobbs 1989; Hobbs et al. 

1990; Meyer et al. 1990; Patterson 1992; Meyer and Patterson 1997; Hobbs and Setterholm 

1998). Topographic maps depicting the general location and surface morphologic expression of 

the LSAs described below are presented in Appendix A. 

Glaciofluvial Landform Sediment Assemblages 

LSA units formed during Late Wisconsin to early Holocene time consist of glaciofluvial terraces, 

channels, and scarps. Tributary valley terraces are genetically related to the glaciofluvial 

landforms and are also included in this category. The total surface area of these LSA map units 

varies throughout the entire study area. The location of glaciofluvial-derived landforms is 

primarily a function of sediment and water discharge; however, bedrock also played an integral 

role in their development. Therefore, terraces were grouped into families based upon elevation 

and position in the valley. Three major terrace families were identified: high, intermediate, and 

low. Glaciofluvial stream channels and scarps exhibit cross-cutting relationships with respect to 

terraces and are designated as individual landforms. 

High Terrace Family 

The high terrace family ( GTH) is a group of gently sloping surfaces lying at an elevation of 840 

to 860 feet above mean sea level (ams!) near St. Anthony Falls and between 850 to 870 feet 

(ams!) at the confluence of the St. Croix River near Lock and Dam 2 (Figure 1: Appendix A). As 

mapped, high terraces are present only in the northernmost portion of the study area (Pools 1 and 

2). The terrace occurs, discontinuously, along both sides of the valley and lies far above the 

highest recorded historical flood stage. Members of this LSA group correlate with the Richfield 

Terrace (Meyer and Jirsa I 982) in the Twin Cities metropolitan area and the herein-named St. 

Croix Terrace. 
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Sediments within the Richfield Terrace are predominantly sand and gravelly sand of mixed 

Riding Mountain and Superior provenance laid down during early stages of the Glacial 

Mississippi River (Meyer and Patterson 1997). The St. Croix Terrace consists of reddish brown 

sand and gravel of Superior provenance. Based on the geologic history of the area these deposits 

accumulated between 16,000 and 12,000 years B.P. (Matsch 1962; Wright 1972; Clayton and 

Moran 1982). A small amount of loess and colluvial sediment deposited near the end of Late 

Wisconsin glaciation covers the high terrace surface in the southern end of Pool 2. 

Intermediate Terrace Family 

As mapped, the intermediate terrace family ( GTM) is the most widely distributed LSA in 

Navigation Pools 1-10 (Figure 2: Appendix A). This terrace group ranges in elevation from 820 

feet (ams!) near St. Anthony Falls to 650 feet (ams!) in Navigation Pool I 0. Throughout the 

study area the terrace lies far above the highest historical flood stage. 

Members of this terrace group correlate with the Langdon Terrace (Matsch 1962) in Pool 2 and 

the Savanna Terrace in the Army Corps of Engineers - Rock Island District (Anderson et al. 

1996). The terrace surface has the highest downvalley gradient of any LSA currently exposed in 

the Upper Mississippi Valley. Based on the glacial geologic history of the study area these 

deposits must have accumulated between 13,000 and 11,700 years B.P. 

Sedimentary deposits underlying the intermediate terrace vary depending on location in the 

valley. Based on field inspection in Navigation Pool 2 at Inver Grove Heights, terrace sediments 

consist of more than 30 meters of cross-bedded sand and gravel of mixed Superior provenance 

overlying planar-bedded pebbly sand and loamy sand of Riding Mountain provenance. In 

contrast, field inspection of this terrace further upstream near downtown St. Paul terrace revealed 

a thin, discontinuous accumulation of gravelly sand overlying a bedrock surface. 

Low Terrace Family 

The low terrace family (GTL) is a group ofLSA units inset below the intermediate terraces and 

represents the lowest level of glaciofluvial outwash deposits present at the surface in the main 

valley. This terrace group ranges in elevation from 750 feet (ams!) in Pool 2 to 620 feet (ams!) in 

Pool I 0 (Figure 3: Appendix A). Many of the terraces are separated from the valley wall by 
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paleochannel systems and form islands within the Mississippi River floodplain (e.g., Grey Cloud 

Island in Pool 2; Prairie Island in Pool 3; Red Oak Ridge Island, Dresbach Island, French Island, 

and Bell Island in Pool 7; Isle La Plume in Pool 8; and several unnamed islands in Pool 10). 

Low terraces not separated from the valley walls tend to be much larger and can be traced up 

tributary streams confluent with the Mississippi. In this case, colluvial slope and alluvial fan 

deposits are common on the terrace surface adjacent to the valley walls. 

Members of this terrace group correlate with the Grey Cloud Terrace (Matsch 1962) in Pool 2 

and the Kingston Terrace in the Rock Island District (Anderson et al. 1996). The gradient of the 

low terrace surface is less than the intermediate terrace family, but somewhat greater than the 

Holocene floodplain. 

Sedimentary deposits underlying the low terrace consist of cross-bedded and flat-bedded sand 

and gravelly sand that is generally less gravelly than intermediate terrace deposits. Thickness of 

the deposits is highly variable, but can be greater than 30 meters in parts of the river valley. 

Based on the glacial geologic history of the study area these deposits are interpreted to be 

glaciofluvial outwash sediments deposited between 11,700 and 9,500 years B.P. The deposits 

were subsequently reworked forming an island braided stream system in response to glacial lake 

drainage through the Upper Mississippi Valley. 

Glacial Stream Channels 

Glacial stream channels (GSC) mark the course of the meltwater draining through the Upper 

Mississippi Valley during the Late Wisconsin. In previous geomorphic studies conducted in 

Pools 1-10, these landforms are mapped as part of the glacial outwash terraces. Because these 

LSA units exhibit a different surface morphology than terraces, they are delineated as a separate 

LSA for this study. On topographic maps this LSA appears as narrow, relatively well-defined 

channels cut into terraces or passing through bedrock lowlands separated from the main valley 

(Figure 4: Appendix A). Typically, they are less well drained than terraces and have small 

wetlands or lakes within their boundaries. 
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Deposits underlying the stream channel vary from coarse sand and gravel channel lag deposits to 

fine-grained sand and silt deposited during channel abandonment. Overall, the characteristics of 

the sedimentary deposits in the channel will be similar to the terrace it cross-cuts. Channel 

formation took place between 13,000 and 9,500 years B.P. The older channels are related to the 

course of meltwater streams draining ice lobes occupying the northern portion of the study area, 

while the younger channels are related to discharge of meltwater from glacial lakes at the end of 

the Late Wisconsin into the early Holocene. Colluvial slope and alluvial fan deposits may mantle 

the channel surface depending on location within the valley. Channels that lie within the 

floodplain of the Mississippi are now filled with alluvial sediment deposited during the Holocene. 

Glacial Stream Scarps 

Glacial stream scarps (GSS) are steep, abrupt slopes bounding the outer margins of glacial 

outwash terraces and stream channels in the river valley (Figure 4: Appendix A). Because this 

LSA is genetically related to other glaciofluvial LSA units, its sedimentary characteristics and 

age are similar. Essentially, this LSA is a glacial stream cut bank formed on the edge of terrace. 

In previous geomorphic studies of Pools 1- 10 glacial stream scarps were mapped as terraces. 

The geomorphic processes operating on this LSA since its development are different than those 

operating on terraces or channels; therefore, they are considered as a unique geomorphic unit. 

Sedimentary deposits in this LSA are the same as the terrace on which it developed. 

Tributary Valley Terrace 

The tributary valley terrace (TVT) LSA is a generally flat to gently sloping surface lying 40 to 

over 100 feet above the modern floodplain of tributary streams (Figure 5: Appendix A). 

Formation of the tributary valley terrace surfaces was accomplished in association with 

Mississippi Valley cut and fill episodes during the Late Wisconsin. Many of the surfaces 

represent slackwater deposition of fine-grained sediment from ponded meltwater in the 

Mississippi Valley. The gradient of the terrace surface is flat lying or reversed up tributary 

valleys. This LSA unit correlates with the Savanna Terrace identified by Flock (1983), who 

traced this land form in tributary valleys of the Mississippi River between Pepin, Wisconsin, and 

Illinois. 
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Sedimentary deposits in tributary valley terraces are highly variable, but generally contain 

laminated red clay, gray clay, and brown silt. Flock (1983) speculated the source of the 

sediments was from glacial lakes to the north of the study area and reworked loess deposits from 

the upland landscape of the river valley. 

Nonglacial Fluvial Landform Sediment Assemblages 

Minor/Inactive Channel LSA 

This LSA group forms low-lying, relatively flat to gently rolling, well to poorly drained arcuate-

shaped surfaces on the floodplain. The Minor/Inactive channel LSA marks the positions of 

paleochannels and distributary channels active during floodplain development. This LSA is 

overtopped by floodwaters of the Mississippi where left unprotected by artificial levees. They 

occur on both sides of the river valley and extensive areas of this LSA type are found below Lock 

and Dam 5. On topographic maps this LSA appears as a series of anastomosing channels 

containing common closed depressions, cutoff channels, oxbows, lakes, and wetlands. 

Minor/Inactive channel LSA units occupy positions away from the modern channel and cut 

through or interfinger with low terraces. Alluvial fans and colluvial slopes cover portions of this 

LSA near the valley walls. 

Individual geomorphic units in the Minor/Inactive channel LSA group were delineated based 

primarily on process of formation and are classified as: I.) lateral accretion deposits, and 2.) 

vertical accretion deposits. Each has a characteristic morphology and position within the 

floodplain due to the geomorphic processes operating during their formation. 

Lateral accretion deposits consist of meander scrolls and point bars (!LB) formed during lateral 

migration of distributary and paleochannels of the Mississippi River. On aerial photographs they 

appear as arcuate-shaped landforms consisting of bright-colored tones. On topographic maps this 

LSA appears as a series of ridges with intervening swales marking the course of minor or inactive 

channels (Figure 6: Appendix A). This LSA is most common below the confluence of tributary 

streams entering the Upper Mississippi Valley. The amount of sediment added to the Mississippi 

was greater than its carrying capacity, resulting in an island-braided stream type of environment. 
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These deposits have been extensively reworked by lateral channel migration during the 

Holocene. 

Sediments within this LSA are highly variable depending on location within the floodplain. 

Distributary channels still carrying stream flow are subject to reworking and have thin surficial 

loam to silt loam caps that grade downward into cross-bedded or planar-bedded sand and gravelly 

sand in the subsurface. Total thickness of the thin loamy cap is commonly 1 to 2 meters and the 

underlying sediments can be up to several tens of meters. 

Vertical accretion deposits consist of undifferentiated flood basin deposits, marshes and sloughs, 

and lakes. Formation of these landforms can be attributed to fluvial activity on paleo-floodplains 

of the river. Present-day deposition does occur on these landforms, but in general is limited to 

extreme flood events and not associated with activity of the main channel. 

Undifferentiatedfloodbasin deposits (!VU) include landforms that are strath surfaces covered 

with a veneer of sediment, and areas of the floodplain that are associated with former channels 

that are periodically flooded by high stage events on the Mississippi (Figure 7: Appendix A). 

Sediments in this LSA are predominately silt loam, silt clay loam, and clay interbedded with a 

mixture of organic material. Total thickness of the deposits is variable and can reach up to tens 

of meters where these LSA units fill in abandoned channels. 

Natural levees consist of low ridges of sediment marking the margins of distributary and 

paleochannels within the floodplains. This LSA is not as abundant within the floodplain 

environment due to the general leveling off of floodplain features away from the main channel. 

Therefore, inactive natural levees are included in the undifferentiated floodplain map unit. 

Marshes and sloughs (JVM) are backwater features that collect sediment due to ponding of water 

upstream from lock and dam locations. On topographic maps these LSA map units appear as 

flat-lying wetlands (Figure 8: Appendix A). Lakes (IVS) consist of small- to medium-size open 

bodies of water formed by abandoned channels in older portions of the floodplain. The extent of 

water and sediment flowing within these systems is less than lakes connected to the main 

channel. 
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Main Channel LSA 

This LSA group consists of low relief, gently rolling, moderately well to poorly drained surfaces 

typically 1-3 meters above the level of the active channel. These LSA units are associated with 

jluvial processes operating adjacent to the main channel. Because of their proximity to the 

modern river channel this LSA group is overtopped by floodwaters during high water stages of 

the Mississippi. The spatial distribution of main channel LSA deposits is highly variable 

throughout the extent of Pools 1-10, but they occupy more area of the floodplain above Pool 4. 

The main channel LSA group is inset below all other LSA groups and may cut through or 

interfinger with the minor/inactive channel LSA units and low terraces. The deposits occur on 

both sides of the valley throughout the extent of the study area. Individual LSA units in the main 

channel LSA group are delineated based primarily on process of formation and can be classified 

as: 1.) lateral accretion deposits, and 2.) vertical accretion deposits. Each has a characteristic 

morphology and position within the floodplain due the geomorphic processes operating in the 

main channel. 

Lateral accretion deposits formed within the Upper Mississippi River valley consist primarily of 

meander scroll/point bar deposits (MLB). On topographic maps the deposits appear as a series of 

arcuate ridges and swales formed along the inner bank of a stream meander as the channel 

migrates laterally and downvalley (Figure 9: Appendix A). 

Based on field observation lateral accretion sedimentary deposits are fairly uniform in 

composition and consist primarily of cross-bedded or planar-bedded sand and gravelly sand. In 

general, meander scrolls nearest to the main channel have the coarsest textures. Meander scrolls 

further away from the main channel are commonly capped with a thin increment of fine-grained 

sediment. 

Vertical accretion deposits consist of predominantly fine-grained sand, silt, and clay deposited in 

areas on the floodplain not subject to reworking by the main channel. The landforms created by 

this process can be further classified as undifferentiated flood basin deposit, natural levees, 

crevasse splays, sloughs and marshes, and lakes. Vertical accretion deposits are typically level to 
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slightly elevated, poorly drained surfaces within the floodplain covered with water tolerant 

vegetation such as cattails, reeds and sedges. 

Undifferentiated flood basin deposits (MVU) are generally flat-lying accumulations of sediment 

consisting of fine-grained material deposited out of suspension directly on the floodplain, or in 

back of natural levees (Figure 10: Appendix A). These areas are inundated with floodwater on a 

perennial basis allowing for the gradual accumulation of sediment over time. 

Natural levees (MVL) consist of low ridges of sediment paralleling the present river course, are 

topographically highest near the active channel, and slope gradually away from it (Figure 11: 

Appendix A). Over time these landforms build themselves up high enough to protect areas of the 

floodplain from inundation by floodwaters during bank-full discharge. 

Crevasse splays (MVC) are lobate-shaped landforms formed when bedload passes through low 

spots in the floodplain, spreading out laterally and dropping its load (Figure 11: Appendix A). 

Sediments are generally coarser-grained than other types of vertical accretion deposits owing to 

the high energy environment they develop from. Crevasse splay deposits are very local in their 

spatial distribution; therefore, they do not constitute a major LSA across the floodplain. 

Marshes and sloughs (MVM) are backwater features that collect sediment largely due to ponding 

of water upstream from lock and dam locations (Figure 12: Appendix A). Organic rich silt and 

clay typify this LSA. Because these LSA units occupy a low energy environment they provide 

excellent habitat for numerous types of flora and fauna within the floodplain . 

Lakes (MVS) are large open bodies of water connected to the main channel. Depending on their 

position within the valley the extent of water and sediment flow in these systems can be similar in 

nature to the main channel (Figure 11 : Appendix A). 

Island LSAs 

Islands within the Upper Mississippi River valley have formed by a number of different fluvial 

processes. Most represent a combination of lateral and vertical accretion deposits separated from 
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the floodplain LSAs by channels. However, some of the islands are either erosional remnants of 

Late Wisconsin terraces or bedrock remnants separated from the main valley. 

Island LSAs were subdivided into two types in the study area; I.) main channel islands, and 2.) 

minor/inactive channel islands. 

Main channel islands (MCI) are those influenced by flow of the active channel. These landforms 

are overtopped during flooding within the main valley, well exposed in upper portions of 

navigation pools, and partially submerged in the lower portions of the navigation pools. On 

aerial photographs and topographic maps this LSA appears as teardrop, lo bate, or linear to sub-

linear landforms in the downstream direction within the channel. The configuration of these 

landforms changes on a continual basis in response to flow in the active channel. Vegetation on 

the LSA consists of various floodplain forest species and grasses. Sediments on this LSA are 

typically silty clay loam and silt loam in the center of the island grading to sand or gravelly sand 

on the outer margins near the main channel. 

Minor channel islands (!CI) are not heavily influenced by flow of the active channel. The LSAs 

have no characteristic shape describing their morphology. They represent isolated portions of 

Minor/Inactive deposits within the floodplain. Deposits on the Island LSAs consist largely of 

dark-colored, fine-grained sediment overlying sandy alluvium. 

Tributary Stream LSA 

Fluvial activity by tributary streams has had a profound impact on the geomorphic development 

of the floodplain. Tributary streams are responsible for increasing sediment and water discharge 

of the Mississippi River causing changes in channel configuration, blocking the drainage of the 

river resulting in the formation lakes, and developing unique LSAs within and adjacent to the 

valley. 

Tributary stream LSA map units include all landforms developed in the active lower portions of 

streams confluent to the Mississippi River. This LSA group formed in response to geomorphic 

processes operating during the Holocene. As mentioned, many of the deposits extend far into the 

floodplain of the Mississippi. These surfaces are elevated above the level of the floodplain, and 
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are subject to flooding by both their master stream and the Mississippi River. Deposits in this 

LSA group are inset below glaciofluvial terraces and cut through or interfinger with 

Minor/Inactive and Main channel LSA units. On aerial photographs this LSA appears as 

moderately well to poorly drained surfaces containing numerous abandoned channels, marshes, 

sloughs, and lakes. 

Six different tributary LSA units were identified within the study area. Separation of landforms 

was made based primarily on location in valley, process of formation, and topographic 

expression. Individual landform units consist of undifferentiated floodplains, marshes and 

sloughs, scarps, alluvial fans, fan/deltas, and meander belts. 

Tributary floodplains (TF) within the Upper Mississippi River system vary in size from 100 

meters to several kilometers in width. On topographic maps this LSA unit appears as a relatively 

flat-lying surface containing poorly drained surfaces, which form large marshes (TM) (Figure 13: 

Appendix A). Because most tributary streams floodplains are outside of the main valley, no 

attempt was made to identify other lateral and vertical accretion deposits that may occur within 

the floodplain . 

Tributary marshes (TM) are water-saturated, poorly drained areas within the floodplain 

dominated by aquatic vegetation. The level of water in this LSA map unit is a function of 

flooding and baseflow in the regional groundwater system. During most years, standing water is 

at or near the surface of this LSA. 

Tributary scarps (TS) are erosional features bounding the outside edge of the tributary 

floodplains. This LSA forms short steep slopes separating the tributary floodplain from 

topographically higher landforms such as Tributary Valley Terraces (TVI) (Figure 5: Appendix 

A). Their formation can largely be attributed to downcutting events of tributary streams while 

attempting to stay graded to the level of water in the Mississippi River during late glacial time. 

Tributary alluvia/fans (TAF) and/an/deltas (TFD) are LSAs that have similar origins, but differ 

in size, shape, and location within the valley. Alluvial fans LSA units form where tributary 

streams spill onto other landforms. Fan/deltas form where a tributary streams empties directly 

into water. 
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Tributary alluvial fans (TAF) are defined as gently sloping masses of alluvium deposited by a 

stream issuing from a narrow canyon or gully onto the valley floor. Their formation can be 

attributed to a number of factors including a decrease in the velocity of a stream as it issues from 

its valley onto another land surface resulting in deposition, an increase in channel width as it exits 

its valley, or a change in base level. A combination of the processes given above is the most 

likely cause for alluvial fan formation. In general, this LSA appears as fan-shaped deposits 

covering previously formed LSAs within the Mississippi River valley. This LSA unit commonly 

overlies glaciofluvial terraces, appearing as small cones of sediment grading outward onto the 

terrace surface (Figure 14: Appendix A). They have been subjected to several periods of activity 

throughout the Quaternary. Their size is variable and is a direct function of the size of the 

tributary stream they issue from . 

Tributary fan/delta (TFD) LSAs are defined as alluvial fan deposits that prograde into a body of 

standing water (Figure 15: Appendix A). Though the mechanism of formation of fan/deltas is 

similar to alluvial fans they differ in that deposition results from reduction of stream velocity as it 

flows into standing body of water. The fan/delta surface gradient is in general flatter than alluvial 

fans, and vertical deposition on the fan/delta is largely a function of the base level of the 

Mississippi River. A number of large fan/delta LSAs occur within the Upper Mississippi valley 

in Navigation Pools 1-10 as a result confluence of large tributary streams with the river. The best 

example of a fan/delta is the Chippewa River delta in Pool 4 whose damming of the Mississippi 

is responsible for the formation of Lake Pepin. Other notable fan/deltas include the Cannon 

River delta in Pool 3, the Black River delta in Pool 8, the Upper Iowa River delta in Pool 9, and 

the Wisconsin River delta in Pool 10. All of these features have had a tremendous impact on the 

evolution of the Upper Mississippi River valley. Formation of this LSA was accomplished 

mostly during the cut and fill cycles associated with glacial meltwater discharge down the 

Mississippi. However, due to the amount of water and sediment discharge issuing from each, 

their effects on the Mississippi have been important into the present time. 

The final LSA associated with active tributary stream fluvial processes in Navigation Pools 1-10 

are the meander belt deposits. Tributary meander belts (TY), also called Yazoo systems, are 

formed by streams entering the valley of another stream and flows parallel to its floodplain . On 

topographic maps this LSA consists of a complex mosaic of ridges and swales containing 

58 



numerous abandoned channels, marshes and sloughs (Figure 16: Appendix A). The Vermillion 

River is the only tributary meander belt mapped in Navigation Pools 1-10. 

Field investigation of the Vermillion River floodplain was conducted during the fall of 1997. A 

one-inch Oakfield soil probe was used to assess the stratigraphy and sedimentology of the 

floodplain. Several soil probes were extended 150 centimeters below the surface into silty clay 

loam soil. No buried surfaces or stratigraphic discontinuities were observed in any of the soil 

probes. 

Sedimentary deposits in the tributary meander belt consist primarily of silty clay loam and clay 

loam. Spring floods are common on this LSA and generally occur before and during floods on 

the Mississippi River. 

Eolian Landform Sediment Assemblages 

Eolian LSAs 

Eolian (EDT) LSAs are mapped only as large complexes covering terrace surfaces (Figure 17: 

Appendix A). No attempt was made to discriminate between eolian landform type. However, 

this LSA unit can be classified as either erosional or depositional landforms. Erosional forms are 

typically called blowouts and depositional forms include various types of sand dunes such as 

barchan, parabolic, star, and longitudinal. Windblown deposits can also consist of thin sheets of 

sand or loess distributed evenly across the ground surface. There have been several episodes of 

eolian activity in the Upper Midwest during the Holocene (Keen and Shane 1990). Eolian LSA 

map units are located in Pools 4 through 8. 

Lacustrine Landform Sediment Assemblages 

Lacustrine LSAs 

One of the unique features occupying a portion of the Upper Mississippi Valley in the study area 

is Lake Pepin. The lake has had a complex history caused by fluctuations in water levels 

throughout the Holocene and gradual infilling by sediment transport into its headwaters by the 

Mississippi River. Two different LSAs, beaches and cusps, are developed along the lake because 
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of geomorphic processes operating on the shoreline. Wind currents and motorized crafts 

navigating through the lake are responsible for generating waves, which transport sediment into 

the shoreline area. Sediment is deposited through complex mechanical processes associated with 

wave activity and further reworked at its point of deposition . 

Beaches (LSB) are the primary landforms that developed along the shorelines of Lake Pepin 

(Figure 18: Appendix A). Formation of beaches is primarily a function of wave and energy 

current incident to the shoreline and the physical properties of the sediment being transported. 

The profile of a beach can be viewed as representing equilibrium between driving forces (e.g., 

wave energy and currents) and the amount of sedimentation on the shoreline. However, because 

of seasonal changes in the nature of driving forces the equilibrium profile of a beach will vary 

throughout the year. Also, lake level has important implications for the size, distribution, and 

location of beaches along the shoreline. 

Cusps (LSC) are crescentic landforms developed along the upper part of beach faces and along 

the outer margins of berms (Ritter et al. 1995). Therefore, cusps are similar to beaches with 

respect to sedimentary characteristics, but differ in their mode of formation . The mechanism of 

cusp formation is poorly understood, although Antia (1989) has suggested that these features 

form in an environment where wave crests strike perpendicular to the shoreline during periods of 

low wave climate. Guza and Inman (1975) relate cusp formation to the rhythmic synchronicity 

between incident surging waves and associated edge waves. The cusps in Lake Pepin range in 

size from 20 to 30 meters across and extend 30 meters from the shoreline into the lake (Figure 

19: Appendix A). 

Mass Wasting/Colluvial Slope Landform Sediment Assemblages 

Uplands 

Upland (UH) LS As occupy the crests of hills separated by steep-sided valleys throughout the 

study area (Figure 20: Appendix A). Mass wasting and sheetwash are the dominant processes 

operating on this LSA. Their sedimentary characteristics are somewhat variable, but typically 

they are composed of glacial sediment or weathered bedrock residuum capped with a veneer of 

loess. These landforms are the oldest geomorphic units in the study area. 
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Colluvial slopes 

Colluvial slope (VCS) LSAs are formed primarily by gravitational redistribution of sediment by 

mass movement. Their formation results from the complex interaction of infiltration and runoff 

on slopes. Infiltration and runoff are responsible for driving the processes of erosion and 

deposition operating on the slope surface. Colluvial slopes can be divided into two major groups: 

1.) depositional colluvial deposits where sediment has accumulated over time at the base of a 

slope and 2.) erosional LSAs where mass wasting processes have dominated. Erosional 

processes are common on hill crests and side slopes, whereas depositional processes dominate at 

the base of slopes. Colluvial slopes flank the valley sides throughout the entire study area and 

often interfinger or cover all other LSAs present in the valley (Figure 20: Appendix A). The 

most active period of slope activity was during the Late Wisconsin (Mason and Knox 1997) 

when periglacial conditions existed. 

Sedimentary deposits on colluvial slopes tend to be poorly sorted, containing large slabs of 

weathered bedrock in a matrix of fine-grained silt and silt loam derived from erosion of the 

upland surface. Sediment sorting is a function of sediment source area and length of travel 

downslope. 

Anthropogenic Landform Sediment Assemblages 

Made/Modified Land 

The made/modified (UML) LSA includes all structures built during the modern historic period. 

These areas are commonly mapped as urban land in Natural Resource Conservation Service Soil 

Surveys. Roadways, sewage plants, fisheries, industrial facilities and dredge spoil deposits are 

the major structures in this LSA category (Figure 10: Appendix A). This LSA is mapped only 

where its presence makes it impossible to recognize any geomorphic characteristics of the surface 

it is built upon. Sedimentary deposits in this LSA are highly variable and include slag, brick, and 

metal mixed with sand, silt, and clay. Most of the made/modified landforms which occur in the 

floodplain are located in heavily populated areas of the river valley. 
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LSA Delineation and Geomorphic Characteristics of the Upper Mississippi Valley 

In order to present an overview of the geomorphology of the Upper Mississippi Valley 

Navigation Pools 1-10, the study area is subdivided into five maps (Plates 1-5). The boundaries 

between the Plates are based on map scale and overall valley characteristics. Each of the five 

Plates are presented at a scale of 1: 100,000 and extend through various reaches of the river 

valley. Plate 1 covers the northern portion of the St. Paul District between St. Anthony Falls and 

Lock and Dam 3 at Red Wing. Plate 2 covers Pool 4 from Red Wing to Kellogg, Minnesota. 

Plate 3 includes Pools 5, Sa, and 6 from Kellogg, Minnesota to Trempealeau, Wisconsin. Plate 4 

covers Pools 7 and 8 between Trempealeau, Wisconsin and Reno, Minnesota. Plate 5 extends 

from Lock and Dam 8 at Reno, Minnesota to the southern boundary of the St. Paul District one 

mile below Guttenberg, Iowa. A general description of the geomorphology of each Plate is 

presented below. 

Plate I: Navigation Pools 1, 2, & 3 (River Miles 853.9- 796.9)_ 

The Mississippi River meanders over an extensive Late Wisconsin braided outwash plain before 

plunging over St. Anthony Falls and into a narrow bedrock valley at the head of Pool 1. Steep 

colluvial slopes flank the valley walls between the head of Pool 1 and the confluence of the 

Minnesota River eight miles downstream. Within the floodplain below St. Anthony Falls 

numerous small islands split the channel into east and west segments. Very few floodplain 

landforms exist within this stretch of the river. Channel lag deposits, characterized by coarse 

sand and gravel, are the most conspicuous features developed on the inside of river bends. 

A geologic cross section compiled from borings taken by the Minnesota Department of 

Transportation across the Mississippi River at Washington Avenue in Minneapolis reveals the 

subsurface configuration of the river valley at this location (Figure 8). Bedrock formations lie 

directly underneath the river and are capped by a thin increment of alluvium. The bedrock 

outcrops form steep colluvial slopes dropping down to the river on the east side of the valley and 

are overlain by glacial outwash sediments. On the west side of the valley a portion of the 

bedrock was eroded away by headward erosion of the river during the Holocene and replaced 

with artificial fill during construction of the bridge. 
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Exposures of Late Cambrian to Ordovician sandstone, limestone, and shale and are common in 

the valley walls in Pools I and 2. Bedrock formations dip towards the Twin Cities basin 

(Mossier 1972), whose center lies between Hennepin and Ramsey counties. In Pool 3, much of 

the bedrock is covered with colluvial slope deposits that have accumulated since the Late 

Wisconsin. 

Outside of the valley proper, landscape characteristics are much different. Two major Late 

Wisconsin terraces are developed above the confluence of the Minnesota River. Both are related 

to the Glacial Mississippi River, which flowed at a higher level before downcutting into its 

present channel. The intermediate terrace lies at an elevation of 820-830 feet amsl and is inset 

below the 850-foot high terrace (Plate I). 

Tributary streams entering the Mississippi Valley above the confluence of the Minnesota River 

have had little effect on floodplain landform development. Minnehaha Falls is the only major 

tributary stream carrying a substantial amount of water into this stretch of the Mississippi. Others 

have been left dry due to diversion of their natural drainage pathways by urban development. 

In the upper portion of Pool 2 the Minnesota River joins the confluence of the Mississippi and the 

valley in which they flow widens dramatically. Stream flow switches from a southerly to a 

northeasterly direction following the course of Glacial River Warren, which excavated both 

valleys over 120 feet below the modern floodplain surface during drainage of Glacial Lake 

Agassiz (Wright 1972). The intermediate terrace, sitting at 820 feet amsl, is graded to the same 

level of the 820-foot terrace developed along the Minnesota Valley. Therefore, River Warren 

and Mississippi likely were confluent during the Late Wisconsin. 

On the south side of the river, below downtown St. Paul, the lowest glacial terrace is developed. 

This terrace is inset below the valley walls and sits at an elevation of 750 feet amsl. Terrace 

formation occurred during discharge of Glacial River Warren down the Mississippi. Inset below 

the low terrace is a large section of inactive floodplain. 

The river loops widely in this stretch of the valley and flow turns to a southerly course in the 

middle reach of Pool 2. The river occupied much of the floodplain in this section of the valley 
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during the early Holocene and has migrated laterally to the eastward into its current channel 

configuration. 

A geologic cross section constructed from boring logs taken by the Minnesota Department of 

Transportation (MN/DOT) during construction of the Lafayette Bridge across the Mississippi 

near downtown St. Paul reveals the subsurface configuration of the river valley at this point 

(Figure 9). Two major stratigraphic units can be identified from the boring logs. A reddish-

brown sand and gravel interpreted to be from a northeastern (Superior Basin) source and a gray 

fine to medium-grained sand interpreted to be from a northwestern source. The Oneota Dolomite 

floors the river valley at an elevation of about 560 feet ams!. 

On the surface of the floodplain in Pool 2 landform development is much more substantial than in 

Pool 1. A complex mosaic of natural levees, backwater lakes, sloughs and marshes typifies the 

floodplain environment. These LSA units developed in response to late Holocene fluvial activity 

of the main channel of the Mississippi River and are subject to flooding on an annual basis. Field 

investigation of this area revealed a sequence of at least two shallowly buried surfaces. The 

surficial sediment consists primarily of sand and loamy fine sand overlying loamy to silty 

sediments. Burial of these surfaces can be attributed to the major floods of 1993 and 1997. 

Moving downstream in Pool 2 the valley reaches its widest point in this stretch of the river near 

Cottage Grove, Minnesota. Preglacial erosion removed much of the bedrock in this part of 

valley, which subsequently filled with glacial outwash sediments. The outwash sediments were 

reworked by meltwater of the retreating Des Moines lobe during the Late Wisconsin, forming the 

intermediate terrace at elevation of 810-820 feet amsl. Further south three glacial outwash 

terraces occupy the valley in Pool 2. The high and middle terraces are related to the activity of 

the Superior and Des Moines lobes and the low terrace is a remnant cut out by the River Warren. 

With exception of near channel deposits most of the Holocene LSAs are under water in the 

southern end of Pool 2. Small islands in the center of the floodplain are actually meander 

scroll/bars and natural levees marking the course of the main channel. Only their uppermost 

portions are above the present water level. 
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At the head of Pool 3 near Hastings two major rivers join the confluence of the Mississippi. The 

St. Croix River flows in from the north and the Vermillion flows in from the southwest. The 

floodplain of the Mississippi has aggraded above the level of the St. Croix River, damming its 

outlet and forming Lake St. Croix (Wright 1972). The Vermillion River forms a meander belt 

flowing parallel to the Mississippi floodplain southward to Red Wing. 

Two major glacial outwash terraces lie along the valley and within the floodplain of Pool 3. The 

elevation of the intermediate terrace ranges from 770-800 feet ams! in this reach of the river and 

many occupy positions on bedrock benches. Prairie Island, which is a low glacial terrace 

occupying a portion of the floodplain, sits at an elevation of 680-720 feet amsl. Glaciofluvial 

sediments from two different sources underlie Prairie Island (Barton Sand & Gravel, Co. pers. 

comm.). Near and shallow subsurface sediments are primarily grayish tan sand and gravel 

interpreted to be from a northwestern source. Reddish brown sand and gravel lying over 50 feet 

below the surface is interpreted to be from a northeastern (Superior Basin) source. This 

stratigraphy is analogous to that observed at the Lafayette Bridge near St. Paul. The margins of 

Prairie Island are covered with a veneer of river alluvium deposited during the Holocene. 

A large natural levee developed along the Mississippi River separates the main channel from 

Prairie Island and the Vermillion River meander belt. The river is confined to the Wisconsin side 

of the valley in this reach, abutting steep colluvial slopes. Small tributary streams draining into 

the Mississippi have developed fan/deltas at the heads of their valleys. The location of early to 

middle Holocene surfaces in Pool 3 is currently unknown. However, it is likely they are deeply 

buried under late Holocene river sediment. 

Plate 2: Navigation Pool 4 (River Miles 796.9- 753.8) 

This reach extends from Lock and Dam 3 near Red Wing, Minnesota to Lock and Dam 4 at 

Alma, Wisconsin. Navigation Pool 4 contains some of the most unique and diverse landform 

sediment assemblages in the Upper Mississippi Valley. Lake Pepin is the major geomorphic 

feature occupying Pool 4. This natural river lake formed by damming of the Mississippi by the 

Chippewa River delta near Wabasha, Minnesota (Zumberge 1952). In addition to the Chippewa 

delta, numerous other tributary fan/deltas occupy the Mississippi Valley in this stretch of the 

valley. 
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The upland configuration of the valley is different from upstream reaches. This area was not 

glaciated during the Late Wisconsin; therefore, bedrock outcrops covered with a thin increment 

of loess are ubiquitous in the bluffs throughout this reach. Between Red Wing and Frontenac, on 

the Minnesota side of the Lake Pepin, remnant glacial stream channels cut through bedrock 

highlands separated from the main valley walls. The channels can be traced from Red Wing 

southeastward to Frontenac and on down to Lake City. On the Wisconsin side of the lake, broad 

flat lying outwash terraces are inset below the bluffs between the head of Pool 4 and Bay City. 

The intermediate terrace family lies at elevations between 760 and 780 feet ams! along Lake 

Pepin. This situation is reversed between Frontenac and Lake City, Minnesota. Intermediate and 

low terraces are developed on the Minnesota side of the valley while steep bluffs drop 

precipitously down to the lake on the Wisconsin side. Preglacial erosion of the bedrock is the 

major cause of this phenomenon. 

Within the floodplain at the head of Pool 4, landform development is largely a consequence of 

sediment discharge into the Mississippi Valley by tributary streams. The Cannon River enters the 

Mississippi from the southwest and the Trimbelle River enters from the northeast. Both rivers 

built fan/deltas extending far into the floodplain. The Cannon River delta formed during the 

early Holocene following the final discharge of River Warren and has progressively enlarged 

since that time. 

Two cross sections compiled from borings taken by the Corps of Engineers at Lock and Dam 3 

reveals the subsurface configuration of the river. A down valley cross section shows gravelly 

sand overlying silty clay, which in turn overlies mixed alluvium (Figure 1 O; 11 a). The gravelly 

sand is interpreted to be artificial fill and the underlying sediment river alluvium deposited during 

the Holocene. A second cross section taken across the floodplain at Lock and Dam 3 shows a 

slightly different sedimentary history within the floodplain (Figure 1 O; 11 b ). Glacial outwash 

deposits lie over 60 feet below the surface. Lying on and above the glacial sediment is a 

sequence of lacustrine clay and river alluvium deposited during the Holocene. Two levels of 

lacustrine clay deposits lie beneath the floodplain. The lowest, is interpreted to be related to early 

Lake Pepin, which is believed to have extended upstream to St. Paul during the early Holocene 

(Zumberge 1952). The uppermost clay deposits are related to the middle Holocene level of Lake 
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Pepin. Mooers (1994) obtained a radiocarbon date of 6680±60 years from wood recovered in a 

core 44 feet below the modern floodplain providing evidence that early to middle Holocene 

surfaces are deeply buried by late Holocene sedimentary deposits. 

The Mississippi River winds through a mosaic of natural levees and sandbars past the Cannon 

and Trimbelle deltas and into the head of Lake Pepin near Bay City, Wisconsin. Main channel 

fluvial processes have modified the original configuration of the landforms in this stretch of river. 

Review of Mississippi River Commission Maps (1894), Brown Survey Maps (1929), and the 

1974 U.S.G.S. quadrangle shows the major changes that have taken place (Figure 12). There 

appears to be a net loss of sediment from the sandbars occupying the main channel. Sediment 

movement is downstream into the head of Lake Pepin where accumulation is taking place. In 

contrast, tributary streams have built further out into the lake during the last 100 years. The same 

processes have been operating on the Mississippi throughout the Holocene and are responsible 

for the gradual infilling of Lake Pepin. 

After passing into the head of Lake Pepin fluvial activity is no longer the dominant geomorphic 

process controlling landform development in the river valley. Lacustrine shoreline processes are 

actively molding landforms along the shore of Lake Pepin. Beaches and cusps are developed 

along the shoreline in response to waves generated on the lake. Waves generated by both natural 

(wind) and artificial sources (watercraft) are actively reshaping shoreline features. Streams 

draining the uplands into the water form large fan/deltas along the length of lake southward to 

Pepin, Wisconsin. 

The extent of early to middle Holocene surfaces along Lake Pepin is unknown. Along the 

shoreline of the lake they are inundated by water. In tributary valleys these surfaces are buried 

under a thick increment of late Holocene and historic alluvium. In King Coulee, a small tributary 

draining into Lake Pepin, Perkl (1996) obtained a date of3450±70 B.P. from charcoal found 250 

centimeters below the surface. Therefore, early to middle Holocene surfaces can be expected to 

be relatively deeply buried in tributary floodplains. 

At the southern end of Lake Pepin, the Chippewa River enters the Upper Mississippi Valley. 

Sediment discharge into the floodplain is much more than the Mississippi River can transport 
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away. Therefore, the massive accumulation of sediments effectively impedes the flow of the 

Mississippi River forming Lake Pepin. The delta surface is heavily forested and contains 

numerous abandoned channels. The location of early to middle Holocene surfaces is unknown, 

but it is likely that they are deeply buried. Late Holocene surfaces appear to be aligned adjacent 

to the main channel of the Chippewa River. 

In the floodplain of the Mississippi River late Holocene and historic surfaces lie adjacent to the 

main channel, which flows on the Minnesota side of the valley after exiting Lake Pepin. The 

main channel, whose discharge is enhanced by the Chippewa River, constantly reworks these 

surfaces. Many of the islands in this stretch of the river are covered with dredge spoil taken from 

the river channel and dumped on their surfaces. 

South of the delta the river winds through the sediment clogged passage on its course southward. 

An outwash terrace cut by a relict glacial stream channel is developed on the Minnesota side of 

the river at Wabasha. Just south of this, a terrace near Kellogg is covered with a large expanse of 

sand dunes and associated blowouts. Eolian modification of the surface most likely took place 

during the middle Holocene when the regional climate was warmer and dryer than the present. 

At the southern end of Pool 4 the Buffalo River enters the Mississippi Valley. In contrast to the 

Chippewa River, most of the sediment entering the Mississippi River through the Buffalo is 

carried away. 

Plate 3: Navigation Pools 5,5a, & 6 (River Miles 753.8 - 714.3) 

This reach ofriver, extending from Lock and Dam 4 near Kellogg, Minnesota southward to 

Trempealeau, Wisconsin, is the least studied, geologically, in the Upper Mississippi Valley. 

Hobbs (1984) mapped a portion of the river valley during a Minnesota Geological Survey 

investigation of Winona County, but did not differentiate Holocene floodplain units. This part of 

the river may hold the key to tying geomorphic development of upstream reaches to those 

downstream. 

Glacial outwash terraces are developed along both sides of the valley throughout this extent. The 

majority are low-lying terraces formed during drainage of River Warren through the Upper 
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Mississippi Valley. The largest are those at Cochrane, Wisconsin, and Winona, Minnesota. 

These terraces are cut by later channels, which likely relate to the final discharge of the River 

Warren down the valley. 

Terraces are common in tributary valleys as well and nearly every tributary valley has a terrace 

developed in its lower reaches. These terraces commonly lie 40 to 80 feet above the level of the 

modern floodplain. The Mississippi Valley must have been downcut relatively deep by the River 

Warren. In response, tributary streams vigorously cut their channels to stay graded to the level of 

the river stranding higher surfaces along their valley sides. 

Other prominent landforms lying above the floodplain include expansive areas of sand dunes 

formed on top of the outwash terraces. Major accumulations of sand dunes occur on terraces in 

Minneiska Township on the Minnesota side of the valley and in Trempealeau Township on the 

Wisconsin side. These surfaces probably were most active during the early to middle Holocene 

when precipitation was lower and temperatures higher than present (Bartlein and Webb 1982). 

Tributary streams play a primary role in the evolution of the floodplain in this reach of the 

Mississippi River. Major streams entering from the Minnesota side are the Zumbro and 

Whitewater rivers. The Zumbro River had a major impact on development of the floodplain . Its 

waters used to flow to both the north and south in a lowland developed between the dune-covered 

terrace at Minneiska and the modern floodplain. The origin of the lowland is unclear; however, it 

was most certainly occupied by the Glacial Mississippi River. Following the decrease in 

discharge down the Mississippi during the early Holocene the Zumbro River would have flowed 

directly into this lowland. Apparently, the surface was level enough to allow the Zumbro to flow 

either north or south. Few remnants of the northerly flowing channel remain, but the path of the 

river to the south can be readily traced by the trail of abandoned channels it left behind. The 

Whitewater River has a less interesting history, yet has one of the most picturesque valleys along 

the Mississippi. Deep cutting by this river throughout the Holocene has led to terrace 

development and exposed the Prairie Du Chien Group and Jordan Sandstone in its lower reaches 

near the Mississippi Valley. 

The Trempealeau River enters the Mississippi from the Wisconsin side of the valley north of the 

town bearing its name. This river heads in the Driftless Area as a small stream and eventually 
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enters the floodplain in a valley about a mile wide. Flow was directly into the Mississippi during 

the early Holocene, forming a fairly extensive fan/delta into the floodplain . Presently, the river 

flows through a channel cut between two dune covered terraces reaching the floodplain two miles 

from its original point of entry. 

Two of the most peculiar features in this reach of the Mississippi Valley are Trempealeau 

Mountain and Trempealeau Bluff. These are two bedrock knobs isolated from the main bluffs by 

a wide expanse of dune-covered terraces. Martin (1932) suggested the bedrock knobs were once 

part of the Minnesota upland that were detached when the Mississippi Valley filled with outwash 

causing a change in the flow of the Mississippi from around the uplands to directly through them. 

Within the floodplain of the Mississippi River most of the landforms appear to be related to 

fluvial activity of the main channel during the late Holocene. The river meanders back and forth 

through the floodplain deposits; therefore, the majority of landform sediment assemblages are 

meander scroll/point bars formed by lateral migration of the channel. However, south of 

Cochrane on the Wisconsin side of the river there exists a large area of vertical accretion deposits 

protected by an artificial levee extended down the river to Lock and Dam 5. A field 

reconnaissance survey of this area was undertaken during the spring of 1998. At the time of the 

field survey, practically the entire area was under water. This area may be underlain by early to 

middle Holocene deposits, but the surface is predominantly late Holocene in age. 

Minor/Inactive channel surfaces lie further away from the main channel of the Mississippi River 

in this reach of the valley. Most appear to be ridge and swale landforms developed by lateral 

migration of the river. However, a large area of vertical accretion deposits does exist below the 

terraces at Winona. The original morphology of these surfaces is uncertain due to covering by 

later deposits, but numerous abandoned channels are developed in this portion of the floodplain. 

The river flows southward past Winona and on down towards Trempealeau. The channel 

becomes constricted in this stretch of the valley, occupying a position between Trempealeau 

Mountain and the Minnesota side of the valley. Steep colluvial slopes are developed on the 

Minnesota side and large dune-covered terraces are developed on the Wisconsin side. Numerous 

channel scars are evident on terrace surfaces in the southern end of Pool 6. 
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Plate 4: Navigation Pools 7 & 8 (River Miles 714.3 - 679.2) 

This stretch of the Mississippi is characterized by large glacial outwash terraces covered with 

eolian deposits on the Wisconsin side of the river and steep slopes covered by colluvial deposits 

on the Minnesota side. During mapping of Pool 7, Anderson (1987) identified four terrace levels 

along the Wisconsin side of the Mississippi Valley. The terraces occupy positions in both the 

Mississippi and Black River valleys and relate to the cut and fill cycles of the Mississippi during 

the Late Wisconsin and early Holocene. Eolian reworking of the terraces during the Holocene 

has modified their original depositional surfaces. Only one major glacial outwash terrace is 

developed on the Minnesota side of the river and the city of La Crescent is largely built upon this 

surface. 

As is the case throughout the Mississippi River Valley tributary streams play a pivotal role in 

determining the characteristics of the floodplain. At the head of Pool 7 the Black River enters the 

Mississippi River forming a large fan/delta extending far into the floodplain. This large 

accumulation of sediment effectively diverts the channel of the Mississippi towards the 

Minnesota side of the valley. The position of the channel must be in essentially the same location 

as it was during the early Holocene because Brice Prairie has remained relatively unaffected by 

fluvial processes operating on the floodplain. 

French Island is a major feature occupying the Mississippi River floodplain in Pools 7 and 8. 

This island is a glacial outwash terrace remnant separated from the Wisconsin mainland by the 

modern Black River Channel between Onalaska and North La Crosse. The Black and La Crosse 

rivers join the main channel of the Mississippi River at the southern end of French Island. No 

large fan/delta has formed where these two tributaries join the Mississippi River; therefore, 

discharge of the Mississippi must be enough to carry away the sediment load it receives. 

The river flows south past the city of La Crosse, Wisconsin and Isle La Plume, which are two low 

glacial outwash terraces elevated slightly above the modern floodplain. The Root River joins the 

confluence of the Mississippi across the river from La Crosse and forms another large fan/delta 

into the Mississippi floodplain. Originally the Root river deflected the main Mississippi channel 

towards the Wisconsin side of the valley; however, the channel has migrated back towards the 

Minnesota side during the Holocene leaving an area of older channel deposits in the floodplain. 
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Goose Island occupies part of this older channel belt and is most likely a terrace remnant covered 

with alluvial deposits. 

Throughout this stretch of the Mississippi River, lateral channel migration is the dominant fluvial 

process operating on near the main channel. Meander scroll/point bars are the common 

landforms developed along the modem river channel. Minor/Inactive channel surfaces lie close 

to the valley margins and are drowned by the river in the lower portion of the Pools. 

Plate 5: Navigation Pools 9 & 10 (River Miles 679.2-614.1) 

This reach of river extends from Genoa, Wisconsin to the southern boundary of the St. Paul 

District one mile below Lock and Dam 10 at Guttenberg, Iowa. The river flows in a general 

southerly direction along the Wisconsin side of the valley at the head of Pool 9. Valley width 

averages 2.5 miles in Pool 9 and just over 2.1 miles in Pool 10 and is remarkably uniform 

throughout this extent. Two major tributary streams enter the Mississippi Valley in this reach: 1.) 

the Upper Iowa River in Pool 9, and 2.) the Wisconsin River in Pool 10. Both have constructed 

large tributary fan/deltas where they issue into the main valley. Several other small tributary 

streams issue into the valley; however, their effects on floodplain development are Jess dramatic 

than the aforementioned streams. Church (1984) completed a detailed geomorphic mapping 

project and a limited field investigation of Pool 10. No geologic or geomorphic investigations 

have been completed for Pool 9 before the current investigation. 

Ordovician limestone, shale, and sandstone outcrop along the valley walls throughout the extent 

of the Pools. Nearly all of the bedrock is covered with a veneer of Joess deposited during the 

Late Wisconsin. Total relief averages 600 feet in this reach and colluvial slopes drop directly 

down to the floodplain. 

At least two Late Wisconsin glacial outwash terraces and several tributary valley terraces are 

preserved in this part of the Mississippi Valley. Only one glacial outwash terrace occupies the 

valley in Pool 9, which occurs at New Albin, Iowa. This terrace lies at an elevation of 

approximately 650 feet amsl and is inset below several tributary valley terraces whose average 

elevation is 700 feet ams!. Further downstream in Pool 10 both the intermediate and low terraces 

are preserved in the Upper Mississippi Valley. The intermediate terrace lies at an elevation of 
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655 feet ams) at Harper's Ferry and an elevation of 640 feet ams! at Bagley, Wisconsin. The low 

terrace lies at elevations of 630 feet at Prairie du Chien, Wisconsin and 620 feet at Guttenberg, 

Iowa. The outwash sediments accumulated between 16,000 and 12,000 years B.P. and were 

subsequently dissected during drainage of glacial meltwater through the Upper Mississippi 

Valley. Streams issuing from the uplands have deposited small alluvial fans near the bluff based 

position of the terraces. 

Minor/Inactive channel surfaces are abundant throughout this reach of the valley. They are 

common in the upper half of Pool 9 and throughout most of Pool 10. In the northern end of Pool 

9 these surfaces are present both above and below the Upper Iowa River on the Iowa side of the 

valley. In the middle of Pool 9 the river meanders to the Iowa side of the valley preserving a 

large section of minor/inactive channel deposits across the river from Lansing, Iowa. The lower 

half of Pool 9 is almost completely submerged by water and very few landforms exist in this part 

of floodplain. Minor/inactive channel deposits are common throughout the extent of Pool IO. 

The river channel configuration changes from a low sinuosity meandering to a transitional 

meandering braided pattern in this reach of the valley (Schumm and Brakenridge 1987). 

Main channel deposits are aligned the margins of the modern river channel throughout Pools 9 

and 10. In Pool 9 the surfaces of these deposits are primarily fine-grained in texture and formed 

by vertical accretion of sediment adjacent to the main channel. In Pool 10 the surface textures of 

these deposits are primarily sand and formed by lateral accretion fluvial processes adjacent to the 

main channel. 

The extent of historic age deposits (e.g., post-settlement alluvium) in this reach of the river is 

relatively unknown. However, it is likely that these deposits mantle all surfaces within the active 

floodplain. In general their thickness is greatest near the main channel and gradually thins 

toward the margins of the bluffs. 
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Figure 8. Geologic cross section across the Mississippi River at Washington Avenue. 
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Figure 9. Geologic cross section across the Mississippi River at the Lafayette Bridge. 
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Figure 10. Location of borings taken by the Corps of Engineers near Lock and Dam 3. 
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Figure 11. Geologic cross sections of the Mississippi River near Lock and Dam 3. 
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CHAPTER FOUR - ANALYSIS AND DISCUSSION 

The history of Quaternary landscape evolution in the study area is well established. The 

sequence of landscape development can be subdivided into four stages based on geomorphologic 

characteristics of the valley. Details of the initial stage of valley development have largely been 

destroyed because of overprinting by later events. However, the early evolution was dominated 

by long term incision resulting in the formation of a steep walled bedrock valley. Valley 

aggradation and development of a braided stream system dominated the second stage of 

landscape evolution. The third stage of landscape evolution was marked by rapid changes in the 

geomorphology of the valley. Drainage of glacial lakes through the Upper Mississippi Valley 

caused net valley incision and transformed the stream into an island-braided system. Net valley 

aggradation and development of the modern meandering stream system characterize the final 

stage of landscape evolution. 

While the sequence and history of landscape evolution is well understood, little is known about 

the characteristics and dynamics of the glacial stream system, particularly, how changes in water 

and sediment discharge affected the fluvial system and what the geomorphic response was. In an 

attempt to address this problem the morphologic characteristics of the glaciofluvial terraces were 

examined. Focus is placed on the intermediate and low glaciofluvial terraces, which can be 

traced with some confidence along the entire study area. Terrace elevations and distance data 

were obtained and used to calculate probable gradients of the evolving stream system. 

A combination of three GIS data layers was used to determine average elevations for LSAs along 

each mile of the river valley: I.) geomorphology, 2.) U.S.G.S 7.5-minute digital elevation models 

(DEMs), and 3.) a line coverage representing cross sections. 

The geomorphology coverage was compiled during the mapping phase of the project and built 

into a polygon coverage of the study area. The DEMs were converted to point coverages of 

elevation values, appended into a single layer, and then clipped to the boundary of the 

geomorphology units . The line coverage of cross sections were drawn at each mile along the 

study area perpendicular to the interpreted direction of glacial meltwater flow. 
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The average elevations for each unit at each milepost were calculated as follows. First, the cross 

section lines were buffered 35 meters on either side of the each respective line and the resulting 

polygons attributed with the associated milepost. Second, the buffered cross sections were 

intersected with the geomorphology to create a polygon coverage of LSA units within 70 meters 

of each cross section line. The resulting polygons in this coverage have both the LSA unit and 

the associated milepost as attributes. Finally, each polygon in the coverage was used to select 

points in the elevation point coverage. The elevation values for the selected points within each 

polygon were averaged and then written to a table along with the associated LSA unit name and 

milepost number. 

Data regarding the milepost and average elevation of the intermediate and low glaciofluvial 

family terrace LSAs are tabulated and provided in Appendix B. This data was used to classify 

these LSA units within their respective families based on elevation and distance. The data was 

plotted and fitted with a linear regression to calculate the probable surface slopes of the stream 

system over time. An interpretation of changes in stream system dynamics is presented based on 

the data and geologic history of the study area. 

Glaciofluvial Intermediate Terrace Family 

The intermediate terrace family can be subdivided into three members based on morphologic 

characteristics, elevation, and distance downstream from St. Anthony Falls (Figure 13a; Plates 1-

5). The highest member (ITl) can be traced along the valley from St. Anthony Falls for 

approximately 100 miles with an average energy slope of 0.4554 feet/mile (S = 8.625 e-5) 

(Figure 13b). The ITl member represents the level of the Glacial Mississippi River during its 

early stages of braided stream development. This terrace level was active when the combined 

Des Moines/Granstburg ice margin was at or near the Twin Cities metropolitan area. 

Glacial sediment (Qs) and meltwater (Qw) discharge entered the Upper Mississippi Valley 

through numerous pathways during this time. The St. Croix, Vermillion, and Cannon rivers all 

have terraces graded to ITl suggesting that these rivers were at the same level at the time. 

Discharge of Qs and Qw were likely relatively constant with major variations occurring in 

response to diurnal and seasonal changes. 
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Inset below and spatially related to ITl is the middle (IT2) member. The IT2 member can be 

traced along the valley from the confluence of the Minnesota River southward for approximately 

90 miles with an average energy slope of 0.5279 feet/mile (S = 9.998 e-5) (Figure 13c). Field 

inspection of the IT2 member near St. Paul, Minnesota revealed it is predominantly a strath 

terrace floored by bedrock. Further south near Frontenac, Minnesota the IT2 is a fillstrath 

surface underlain by stratified fine sand and gravel. 

The slightly steeper energy slope and variation in subsurface characteristics of the IT2 member 

are interpreted to be the result of a change in the dynamics of the braided stream system. By the 

time the IT2 surface was formed ice was retreating up the Minnesota River valley. This resulted 

in a shift in the water and sediment discharge budget of the braided stream. Water and sediment 

discharge were adjusted accordingly so that by the time that glacial meltwater was draining 

through the Upper Mississippi Valley its sediment load was less because of deposition in the 

Minnesota Valley (Qw > Qs). As meltwater reached the Upper Mississippi it had greater 

capacity and began to cut into and erode the ITl terrace member. By this time the floodplain 

surface must have narrowed concentrating meltwater flow into a smaller area forming the IT2 

member. 

Further retreat of glacial ice up the Minnesota Valley allowed for increased downcutting into the 

ITl and IT2 surfaces and formation of the IT3 member. The first occurrence of the IT3 terrace 

member is 62 miles downstream from St. Anthony Falls at Trenton, Wisconsin. The IT3 terrace 

member can be traced from Trenton southward for over 170 miles with an average energy slope 

of 0.7377 feet mile (S = 1.397 e-4) (Figure 13d). 

It is not easy to explain why the IT3 terrace member did not form further upstream than where it 

occurs. However, the following interpretation can be put forward. The IT3 member lies 

downstream from a long narrow portion of the Upper Mississippi Valley that might have acted as 

a chute increasing the stream velocity through the system. Upon approaching the location of the 

first occurrence of the IT3 terrace member a lithologic change in the floodplain sediments could 

have caused the formation of a step or knickpoint in the floodplain. As meltwater flowed over 

the knickpoint it cut down into the ITl and IT2 surfaces forming the IT3 member. Review of 

figure 13a shows that a change in the stream system occurred at mile 62. 
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Figure 13a: Plot oflntermediate Terrace Family (Elevation vs. Distance). 
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Figure 13c: Average Energy Slope oflntermediate Terrace Member 2. 
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Figure 13d: Average Energy Slope oflntermediate Terrace Member 3. 
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Glaciofluvial Low Terrace Family 

In contrast to development of the intermediate terrace family formation of the low terrace family 

occurred under a very different geomorphic regime. Retreat of glacial ice north of the continental 

drainage divide led to the development of glacial lakes (Figure 4; 5d,e,f). At least two major 

glacial lakes, and likely several others, drained through the valley between 11,700 and 9,500 B.P. 

Glacial Lake Agassiz (Wright 1972) formed in northwestern Minnesota and drained through the 

Minnesota Valley into the Upper Mississippi Valley. Glacial Lake Duluth formed in the Superior 

Basin and drained through various outlets into the St. Croix spillway and down the Upper 

Mississippi Valley (Clayton 1984). Formation of the low terrace family is attributed solely to 

glacial lake drainage through the Upper Mississippi Valley. 

Recent work on the history of meltwater discharge from the aforementioned lakes has resulted in 

slightly contrasting views (Clayton 1982; Matsch 1983; Carney 1996). Clayton (1982) provides 

evidence for at least three major downcutting events in the Upper Mississippi Valley resulting 

from the interplay of both Lake Agassiz and Lake Duluth. Matsch (1983) suggests there is 

evidence for at least four major discharge events from Lake Agassiz. Carney (1996) provides a 

lengthy description of lake discharge history through the St. Croix spillway, which serves to 

exemplify the complexity of the issue. While the actual sequence of drainage events is difficult 

to assess, the effects they had on the Upper Mississippi Valley is preserved in the low terrace 

sequence. 

The low terrace family can be subdivided into four members based on morphologic 

characteristics, elevation, and distance downstream from St. Anthony Falls (Figure 14a; Plates 1-

5). The uppermost low terrace family member (LTl) can be traced from St. Paul, Minnesota 

southward for approximately 180 miles with an average energy slope of 0.2635 feet/mile (S = 

4.991 e-5) (Figure 14b). Because the LTI member occurs both above the and below the location 

of the St. Croix spillway the LTl member is interpreted to have formed primarily is response to 

drainage of Lake Agassiz through the Upper Mississippi Valley. This would correspond to Cass 

and Lockhart phases of Clayton (1982) and the Herman stage ofMatsch (1983). 
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Figure 14a: Plot of Low Terrace Family (Elevation vs. Distance). 
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Wright (1972) observed that drainage of Lake Agassiz led to downcutting into the bedrock 

surface in the Mississippi Valley near St. Paul, however, he did not postulate when the valley was 

cut to this level. It is proposed herein that the L Tl member represents the level of the Mississippi 

floodplain in its transition from a braided to an island braided stream system. 

The second member of the low terrace family (LT2) occurs below the St. Croix spillway. The 

LT2 member can be traced southward from near Red Wing, Minnesota for approximately 80 

miles with an average energy slope of 0.3193 feet/mile (S = 6.047 e-5) (Figure 14c). The 

location of the LT2 member provides some evidence that drainage of Lake Duluth is primarily 

responsible for its formation. Clayton (1984) suggests that during the Porcupine Advance of the 

Superior Lobe in northwestern Wisconsin the St. Croix spillway was enlarge by a sudden input of 

meltwater. According to Clayton (1984) the source of the water was Lake Ontonagon, which 

occupied a portion of the Upper Peninsula of Michigan. Meltwater draining from Lake 

Ontonagon flowed westward into the St. Croix spillway near Brule, Wisconsin and was then 

transported southward through the Upper Mississippi Valley. 

The morphologic characteristics of the LT2 member are variable, but in general it crosscuts the 

intermediate terrace family and occupies positions in paleochannels. The LT2 member therefore 

likely represents the level of the Mississippi floodplain south of the St. Croix spillway during 

discharge of glacial lakes Ontonagon and Duluth through the Upper Mississippi Valley. 

The third member of the low terrace family (LT3) occurs both above and below the St. Croix 

spillway. The LT3 member can be traced southward from St. Paul Park, Minnesota for 

approximately 200 miles with an average energy slope of 0.4714 feet/mile (S = 8.928 e-5) 

(Figure 14d). The occurrence of the LT3 member above the St. Croix spillway suggests that 

drainage of Lake Agassiz was responsible for its development. This would correspond with the 

Tintah stage of Lake Agassiz drainage (Matsch 1983) and likely represents the earliest episode of 

deep downcutting in the Upper Mississippi Valley. 
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Figure 14c: Average Energy Slope of Low Terrace Member 2. 
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Figure 14d: Average Energy Slope of Low Terrace Member 3. 
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Figure 14e: Average Energy Slope of Low Terrace Member 4. 
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The fourth member of the low terrace family (LT4) also occurs above and below the St. Croix 

spillway. The T4 member can be traced southward from Newport, Minnesota for approximately 

220 miles with an average energy slope of 0.4261 feet/mile (S = 8.070 e-5) (Figure 14e). 

Formation of the LT4 member can be tentatively correlated with the Clayton's (1984) Lake 

Agassiz- Emerson Phase, Lake Duluth- Phase D, and with Matsch's (1983) Campbell stage of 

Lake Agassiz. 

Discussion and Conclusions 

Data regarding the characteristics of the intermediate and low glaciofluvial terrace families are 

used to assess the fluvial dynamics occurring in the Upper Mississippi Valley during the Late 

Wisconsin and into the early Holocene. These data provide a basis for subdividing the terrace 

families into respective members based on geomorphic characteristics. More importantly, these 

data provide a basis for observing changes in the fluvial system during its development over time. 

There are a number of factors related to river channel patterns and their natural variability. These 

include: I.) discharge regime as moderated by climatic and soil conditions; 2.) stream gradient; 

and 3.) sedimentary properties of the stream bed (Alabayan and Chalov 1998). These are but a 

few factors used in quantifying the hydraulic geometry of stream channels as described by 
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Leopold and Maddock (1953). Channel width (W), mean depth (D), and mean velocity (V) in a 

channel are related to fluid discharge in the form of three power functions where: 

Q=WDV (1) 

and, 

D=cQf (2) 

The coefficients a, c, and k have units meters, meters, and meters per second, respectively. The 

exponents b,j, and mare numerical constants that describe the slope of the relation on a 

logarithmic plot for W, D, and V, respectively. 

Another useful way to estimate the characterstics of stream flow is the Manning equation: 

V =(Jin) R213 s112 Um (3) 

where Vis velocity, R hydraulic radius (ft), Sis the surface slope (ft/ft), and Um is a unit 

conversion factor which equals I when Rand V are measured in meters and equals 1.49 when R 

and Vare measured in feet. Manning's coefficient (n) is dimensionless (Chow 1959). 

Because it is not possible to measure the variables W, D, and Vof the Glacial Mississippi River 

with any certainty it is difficult to quantitatively measure its discharge during the Late Wisconsin 

into the early Holocene. However, a qualitative evaluation of the rivers response to changes in 

meltwater and sediment discharge is possible using the average energy slopes of terraces 

identified during this investigation. 

The intermediate terrace family can be subdivided into three members based on geomorphologic 

criteria. It is interesting to note that the average energy slope of successively lower members 

increases slightly (Figure 13a-d). This indicates that the river must have been attempting to 

adjust to a change in the hydraulic characteristics of stream flow at each successively lower stage. 

However, it is uncertain what the factors controlling changes in stream flow were. 
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Ultimately, the dynamics of the Grantsburg sub lobe and the physiography of the Upper 

Mississippi Valley controlled the characteristics of meltwater and sediment discharge. In order 

for downcutting and terrace formation to occur there must be a change in the sediment (Qs) and 

meltwater (Qw) discharge budget. Therefore, it is important to address what the sources and 

sinks of sediment and meltwater discharge were at the time. 

One way to cause downcutting is to decrease the sediment load while keeping discharge constant. 

It is possible that during its diversion by the Grantsburg sub lobe and subsequent migration back 

across the Anoka Sandplain, the Glacial Mississippi River was depositing sediment in lakes 

developed in the Stacy Basin. A net loss of sediment without a decrease in meltwater discharge 

would increase the rivers capacity. In response the river was able to downcut into previously 

formed deposits, which are more coarse grained than the surficial deposits. This would have 

increased the bed load causing changes in the hydraulic characteristics of the stream system while 

increasing the average energy slope of the floodplain. These events could have occurred multiple 

times during retreat of the Grantsburg sublobe, which would account for terrace formation. 

Another possibility is that tributary streams draining the retreating Granstburg sub lobe into the 

Upper Mississippi Valley played a major role in controlling the dynamics of the stream system. 

At least two major tributary streams on the Minnesota side of the valley were receiving meltwater 

from the retreating ice lobe, the Zumbro and Cannon. Each carried sediment and meltwater into 

the Upper Mississippi Valley. As the Grantsburg sublobe retreated inputs from these tributaries 

decreased and flow became concentrated in the Minnesota Valley. This would have increased 

discharge into the Mississippi River increasing its capacity. The mechanism for terrace 

formation and increasing average energy slope of the floodplain would be similar to that 

described above. 

Most likely it was a combination of factors that controlled changes in the river system. River 

responses to changes in sediment (Qs) and meltwater (Qs) inputs are difficult to interpret and it 

should be recognized the resultant effects to these changes can vary greatly within a given river 

system (Schumm and Brakenridge 1987). 

In contrast, the low terrace family formed under a completely different fluvial regime. The 

terrace members of this family are interpreted to have formed in response to glacial lake 
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drainage, sometimes catastrophic, through the Upper Mississippi Valley. In this case it is 

difficult to assess the causes for variability in average energy slopes of each respective member. 

It is believed the physiography of the valley controlled the development of the low terrace family. 

Particularly, the width of the valley as moderated by the location of bedrock outcrops would have 

played a major role directing meltwater flow. Downcutting and terrace formation of each 

respective member are interpreted to be a function of meltwater discharge rates and the direction 

flow paths as determined by the valley configuration. 

Summary 

Geomorphologic mapping of landform sediment assemblages (LSA) of a portion of the Upper 

Mississippi Valley was undertaken to assess its geologic history and sequence of landscape 

evolution during the Quaternary. There is a paucity of evidence for the early history of valley 

formation, but it appears that the valley was initially cut at the beginning of the Pleistocene. It is 

well established that multiple advance and retreat of glacial ice lobes into the study area occurred 

prior to the Late Wisconsin, however, the overall effects these events had on the valley is poorly 

understood. It appears that from the early Pleistocene until the beginning of the Late Wisconsin 

net incision and formation of a steep walled bedrock valley dominated the sequence of landscape 

evolution. 

The most rapid sequence of landscape evolution in the Upper Mississippi Valley occurred from 

the Late Wisconsin into the early Holocene. The first major event to have significant impacts on 

the valley was advance of the Superior lobe into the northern portion of the study area. The 

Superior lobe advance from the northeast reaching its maximum extent in the Twin Cities 

metropolitan area approximately 15,500 years B.P. (Figure Si). As the Superior lobe retreated 

from the area, the Mississippi and St. Croix rivers acted as the major course for drainage of 

glacial meltwater from the wasting ice. Both valleys were filled with valley train outwash 

deposits between an elevation of 870 and 950 feet, which were subsequently excavated by 

meltwater streams during glacial retreat (Matsch 1962). Evidence for these events is preserved as 

the high glaciofluvial terrace family along the northern portion of the study area. 

General retreat of the Superior lobe was followed by advance of the Grantsburg sub lobe. 

Advance of the Grantsburg sublobe diverted the southward draining Mississippi River to the east 
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resulting in the formation of Glacial Lake Grantsburg north of the study area (Figure 5iv, 6). As 

the Grantsburg sublobe retreated to the southwest the Mississippi River slowly migrated with the 

ice resulting in formation of the Anoka Sandplain (Cooper 1935). When the Mississippi River 

reached the Twin Cities area the river initially flowed at an elevation of 850 to 860 feet ams!. 

The river then cut down 30 to 40 feet preserving its early floodplain as a high terrace in the Twin 

Cities metropolitan area. This event marks the initial development of a braided stream system in 

the Upper Mississippi Valley. 

During its early history as a braided stream the Mississippi River flowed at an elevation of 820 

feet in the northern portion of the study area. The level of the river at this time was largely 

determined by glacial meltwater (Qw) and sediment discharge (Qs) of the Grantsburg sublobe, 

which was retreating up the Minnesota River valley. Further retreat of the Grantsburg sublobe 

changed the glacial meltwater and sediment budget of the braided stream system and hydraulic 

characteristics of the stream system. These events are preserved as terraces of the intermediate 

terrace family along the entire course of the study area. 

Retreat of glacial ice north of continental drainage divides caused the dynamics of the fluvial 

system to be altered once again. Development and subsequent drainage of glacial lakes through 

the Upper Mississippi Valley transformed the stream from braided to island braided during this 

time. At least four major drainage episodes occurred between 11,700 and 9,500 years B.P. 

Evidence for these events are preserved as the low terrace family along the entire course of the 

study area. 

The final stage of landscape evolution in the Upper Mississippi Valley has progressed at a much 

slower rate than previously observed. Over the last 9,500 years B.P. the valley has undergone net 

aggradation. Valley filling was initially rapid. The Upper Mississippi Valley was deeply incised 

following the last glacial lake drainage episode at the beginning of the early Holocene. In 

response tributary streams entering the valley attempted to stay graded to the level of the 

Mississippi River. Sediment stored in tributary valleys was transported into the Mississippi River 

resulting in the formation of alluvial fan/deltas along the entire course of the study area. The 

most conspicuous alluvial fan/delta is the Chippewa at the southern end of Pool 4, which 

obstructed the drainage of the Mississippi River resulting in the formation of Lake Pepin 

(Zumberge 1952). 
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Since the early Holocene the Mississippi River has been transformed from an island braided to 

meandering stream system. Lateral and vertical accretions of sediment under a nonglacial fluvial 

regime have been the dominant geomorphic processes operating in the Upper Mississippi Valley 

and are responsible for the morphology and sedimentary characteristics of the modern floodplain. 
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U.S.G.S. 7.5' Quad: St. Paul Park 
County: Dakota and Washington, MN 

Figure 1. Topographic expression of three glacial outwash terraces, high (GTH), intermediate 
(GTM), and low (GTL), near the southern boundary of Pool 2. 
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U.S.G.S. 7.5' Quad: Bay City and Red Wing 
County: Pierce, WI 

Figure 2. Topographic expression of an intermediate glacial outwash terrace (GTM) in Pool 4. 
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U.S.G.S. 7.5' Quad: Guttenberg 
County: Clayton, IA 

Figure 3. Topographic expression of a low glacial outwash terrace (GTL) in Pool 10. 
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U.S.G.S. 7.5' Quad: St Paul Park 
County: Dakota and Washington, MN 
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Figure 4. Topographic expression of a glacial stream channel (GSC) and a glacial stream scarp 
(GSS) in Pool 2. 

0 2000 Feet 
E::::==::=c====i 

1000 

0 1000 Meters 
E::::===:==:===i:======:::::i 

500 

107 



U.S.G.S. 7.5' Quad: Weaver 
County: Wabasha, MN 

Figure 5. Topographic expression of tributary valley terraces (TV1) and tributary scarps (TS) in 
Pool 5. 
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U.S.G.S. 7.5' Quad: Harpers Ferry 
County: Allamakee, IA 

Figure 6. Topographic expression of minor channel (inactive) lateral accretion meander scrolls 
(ILB) in Pool 10. 
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U.S.G.S. 7.5' Quad: Reno 
County: Houston, MN 

Figure 7. Topographic expression of a minor channel (inactive) undifferentiated vertical 
accretion deposit (IVU) in Pool 8. 
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U.S.G.S. 7.5' Quad: La Crescent 
County: Houston, MN 

Figure 8. Topographic expression of a minor channel (inactive) vertical accretion marsh (IVM) 
and a minor channel (inactive) vertical accretion lake (NS) in Pool 8. 
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U.S.G.S. 7.5' Quad: Inver Grove Heights 
County: Dakota and Washington, MN 

Figure 9. Topographic expression of main channel lateral accretion meander scrolls (MLB) 
in Pool 2. 
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U.S.G.S. 7.5' Quad: St Paul East 
County: Dakota and Ramsey, 'MN 

Figure 10. Topographic expression of a main channel undifferentiated vertical accretion deposit 
(MVU). Note the sewage disposal plant in the top left center of the map. An example of 
made/modified land (UML). 
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U.S.G.S. 7.5' Quad: Red Wing 
County: Goodhue, MN 

T24NR18W 

Figure 11. Topographic expression of main channel vertical accretion crevasse/splays (MVC), main 
channel vertical accretion levees (MVL), and main channel vertical accretion lakes (MVS) in 
Pool 4. 
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U.S.G.S. 7.5' Quad: Cochrane 
County: Buffalo, WI 
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Figure 12. Topographic expression of a main channel vertical accretion marsh (MVM) in Pool 5. 
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U.S.G.S. 7.5' Quad: Galesville 
County: La Crosse and Trempealeau, WI 
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Figure 13. Topographic expression of a tributary floodplain (TI) and a tributary marsh (TM) in 
Pool 7. 
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U.S.G.S. 7.5' Quad: Prairie Du Chien 
County: Crawford, WI 
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Figure 14. Topographic expression of tributary alluvial fans (TAF) overlying a low terrace in 
Pool 10. 
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U.S.G.S. 7.5' Quad: Maiden Rock 
County: Pierce, WI 

-·· :i.\ 
,:, 

. ., ' 

1•··· ,-'' I I;;· 

I ·1· 1 

., 

1i· 

.. 
,.'.· ··I. 

II , 

Figure 15. Topographic expression of a tributary fan delta (TFD) in Pool 4. 
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U.S.G.S. 7.5' Quad: Hastings 
County: Dakota, MN 

Figure 16. Topographic expression of tributary meander belt (TY) in Pool 3. 
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Figure 17. (EDT) in Pool 5. r dunes over terrace hie expression of eo Ian Topograp 
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U.S.G.S. 7.5' Quad: Maiden Rock 
County: Pierce, WI 
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Figure 18. Topographic expression oflacustrine shoreline beaches (LSB) in Pool 4. 
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U.S.G.S. 7.5' Quad: Bay City 
County: Goodhue, MN 

Figure 19. Topographic expression oflacustrine shoreline cusps (LSC) in Pool 4. 
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U.S.G.S. 7.5' Quad: Bay City and Maiden Rock 
County: Goodhue, MN 
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Figure 20. Topographic expression ofupland hilltops (UH) and valley sides/colluvial slopes (VCS) 
inPool4. 
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APPENDIXB 

Terrace Data 
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Intermediate Terrace Family (Elevation in Feet) 

Mile Int Tl Int T2 Int T3 Mile Int Tl Int T2 IntT3 
0 125 730 
1 820 126 
2 820 127 
3 820 128 
4 820 129 
5 820 130 
6 820 131 
7 815 132 
8 815 133 
9 810 134 

10 810 135 
11 810 136 730 
12 805 137 730 
13 810 138 730 
14 810 139 730 
15 815 140 730 
16 815 141 730 
17 815 142 730 
18 815 143 730 
19 144 730 
20 145 730 
21 820 146 730 
22 820 147 730 
23 820 148 730 
24 820 149 730 
25 820 150 730 
26 820 151 
27 820 152 
28 820 153 
29 815 154 
30 815 155 
31 815 156 
32 810 157 
33 810 158 
34 810 159 
35 810 160 
36 800 161 
37 795 162 
38 790 163 
39 790 164 
40 790 165 
41 800 166 
42 800 167 
43 800 168 
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44 800 169 
45 790 170 
46 800 171 
47 790 172 
48 790 173 
49 790 174 
50 790 175 
51 800 176 
52 800 177 
53 178 
54 780 179 
55 180 
56 181 
57 182 
58 183 
59 760 184 
60 760 185 
61 760 186 
62 760 187 
63 188 
64 189 
65 190 
66 780 191 
67 780 192 
68 780 193 
69 194 
70 195 
71 760 196 
72 197 
73 790 780 198 
74 790 780 199 
75 790 780 200 
76 790 780 201 
77 790 770 202 
78 790 770 203 
79 770 204 
80 770 205 
81 770 206 
82 207 
83 208 
84 209 
85 210 
86 211 
87 212 
88 213 
89 214 
90 780 215 
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91 216 
92 217 
93 750 218 
94 750 219 650 
95 750 220 650 
96 221 650 
97 222 650 
98 223 650 
99 224 

100 225 
101 226 
102 227 
103 740 228 
104 740 229 640 
105 740 230 640 
106 231 640 
107 232 640 
108 233 
109 234 
110 235 
111 236 
112 237 
113 238 
114 239 
115 240 
116 241 
117 242 
118 243 
119 244 
120 245 
121 246 
122 247 
123 730 248 
124 730 249 
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Low Terrace Family (Elevation in Feet) 

Mile Low Tl LowT2 LowT3 LowT4 Mile Low Tl LowT2 LowT3 LowT4 
0 125 670 
1 126 670 
2 127 670 
... 750 128 670 .) 

4 129 670 
5 130 670 
6 131 
7 132 
8 133 
9 134 

10 135 660 
11 136 720 660 
12 137 720 660 
13 138 720 660 
14 139 720 
15 140 720 700 
16 750 141 720 
17 750 142 720 680 
18 750 143 720 680 
19 710 144 720 680 
20 710 145 720 680 
21 710 146 720 680 
22 710 147 720 680 
23 710 148 720 680 
24 720 149 720 680 
25 725 150 720 680 
26 740 151 720 680 
27 750 152 680 
28 750 153 680 660 
29 750 154 680 660 
30 750 155 670 
31 750 710 156 670 
32 750 710 157 670 
33 750 710 158 670 
34 159 670 
35 710 160 670 
36 161 670 
37 750 162 670 
38 750 163 670 
39 750 164 
40 165 
41 750 166 
42 167 
43 720 700 168 
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44 700 169 660 
45 695 170 660 
46 740 171 
47 740 172 
48 173 660 
49 174 
50 175 
51 715 176 
52 715 177 
53 710 690 178 
54 710 690 179 
55 700 180 
56 700 181 690 660 
57 740 700 182 
58 740 183 
59 720 710 184 
60 720 710 185 
61 720 710 186 
62 720 187 
63 720 188 
64 720 189 
65 720 190 
66 720 191 
67 720 192 660 
68 720 193 
69 720 194 
70 720 195 
71 196 
72 740 197 
73 740 715 198 
74 715 199 
75 715 200 
76 740 715 201 
77 740 715 202 
78 203 
79 740 720 700 204 
80 740 720 700 205 
81 735 720 700 206 
82 735 700 207 650 
83 735 700 208 650 
84 700 209 650 
85 700 210 
86 715 211 
87 715 212 
88 715 213 
89 715 214 
90 715 700 215 630 
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91 216 630 
92 217 630 
93 218 630 
94 700 219 630 620 
95 700 220 630 620 
96 700 221 630 
97 700 222 630 
98 700 223 630 
99 700 224 

100 700 225 
101 700 226 
102 700 227 
103 700 228 
104 700 229 
105 700 230 
106 700 231 
107 700 675 232 
108 700 675 233 620 
109 700 675 234 620 
110 700 675 235 620 
111 675 236 620 
112 237 620 
113 238 620 
114 239 620 
115 240 620 
116 241 
117 700 675 242 
118 700 675 243 
119 700 675 244 
120 700 675 245 
121 246 
122 247 
123 670 248 
124 670 249 
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PLATES 1-5 
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