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 The glaciated landscape of much of Illinois is a product of the most recent glacial 

episode, which is characterized by a series of end moraines composed predominantly of till and 

deposited by ice flowing into Illinois from the east and northeast around 20,000 years before 

present time. Two separate projects were completed as part of this thesis to better understand the 

surficial geology and the source areas of glacial sediment in central Illinois: the creation of a 

surficial geologic map of the Saybrook 7.5 Minute Quadrangle and a provenance study of granitic 

clasts from two moraines in the area.  

 A surficial geology map was created to characterize and describe Quaternary materials in 

the Saybrook Quadrangle. Field observations, soil survey data, water well data, and Lidar data 

were used to construct the map, which was then drafted using Canvas 15. Four lithostratigraphic 

units are present on the surface of the quadrangle. In stratigraphic order from oldest to youngest 

are the Tiskilwa Formation, Lemont Formation, Henry Formation, and Cahokia Alluvium.  

 The provenance study was completed using U-Pb dating of zircon grains in phaneritic 

quartzofeldspathic cobbles found in tills which compose the Bloomington and

 Normal Moraines in McLean County in order to better understand the source areas of these 

glacial deposits. Geochronologic analysis retuned crystallization ages of zircons to be nearly all 

Archean, with a peak age of 2704 Ma for grains from the Bloomington Moraines and 2714 Ma 



for grains sampled from the Normal Moraines. Sample clasts were found to be most likely 

transported from basement rocks in northern Ontario, northeast of Lake Superior.   
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CHAPTER I 

INTRODUCTION AND BACKGROUND 

Introduction  

This research aims to assist in the overall understanding of the glacial history and 

surficial geology in east central Illinois. Two separate projects were completed in order to 

accomplish this goal: the creation of a surficial geologic map of the Saybrook 7.5-Minute 

Quadrangle and a provenance study of granitic clasts in two moraines in the study area.  

A surficial geologic map was created to characterize and describe Quaternary materials in 

the Saybrook Quadrangle. This is part of a larger collective effort by the Illinois State Geological 

Survey to complete detailed geologic maps of the entire state at a 1:24,000 scale. This mapping 

provides a basis upon which other maps can be derived for more specific purposes, such as 

assessment of groundwater or mineral resources, or natural hazards. The Saybrook Quadrangle 

has a complex surficial geology and three separate, overlapping moraines are present in the 

quadrangle, each of which marks the stagnation of late Quaternary (Wisconsin Episode) ice lobes 

in the southern sector of the Laurentide Ice Sheet. 

The purpose of the provenance study was to determine whether uranium-lead (U-Pb) 

dating of zircon grains taken from granite clasts is a reliable technique to study till provenance 

and sediment entranment in glaciated landscapes. This project is one of only a few studies in the 

Midwestern United States that has used zircon grains to date granite clasts found in till (cf. 

Phillips et al. 2014). In addition, it is the first attempt at dating only one zircon from each clast in 

an effort to avoid zircon fertility bias caused by abnormally large or small zircon populations in 

any one clast. Crystallization ages of zircons taken from granite clasts in tills of the Saybrook 
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Quadrangle were compared to previous provenance interpretations of the glacial deposits. This 

allowed for refinement of previous understandings of source areas and showed that this method of 

till provenance analysis is a valid technique that can be used to better comprehend the deposition 

of sediment in glaciated regions.  

Site Description 

The Saybrook Quadrangle is located in southeastern McLean County, Illinois, (Figure 1) 

about 25 miles east of the city of Bloomington. It occupies the area between 44o22ô30ò and 

44o30ô north latitude and 88o30ô and 88o37ô30ò west longitude.  The quadrangle is comprised of 

rural agricultural lands but does contain a small town that bears the same name. The area serves 

as the headwaters for two south-flowing streams: the Sangamon River and Salt Creek. Elevations 

here are some of the highest in the glaciated part of the state, ranging from 230-290 meters (750ï

950 feet) above mean sea level.   

 

 

Figure 1. Location of McLean County (red with black outline) and Saybrook Quadrangle 

(yellow) within the State of Illinois.  
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Geologic Setting 

McLean County and surrounding area are located in the Bloomington Ridged Plain 

Province (Leighton et al., 1948), characterized by low, broad, morainal ridges separated by wide, 

flat lacustrine plans. Tills, specifically the Tiskilwa Formation and Batestown Member of the 

Lemont Formation, form the end moraines that mark the southern extent of Wisconsin Episode 

ice advances. Three moraines systems converge in Saybrook Quadrangle: the Bloomington, 

Normal, and Champaign Moraines. The Bloomington Moraine is made up of the Tiskilwa 

Formation, while the Normal and Champaign are composed of Batestown Member Till (Figure 

2).  

 

 

Figure 2. Surficial Geology of Eastern McLean County (modified from Stiff, 2000), Including the 

Saybrook Quadrangle, which is Outlined in Red. The red stippling denotes the lateral extent of an 

end moraine. The moraines found in the Saybrook quadrangle are labeled.  
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Deglacial and postglacial deposits classified by Hansel and Johnson (1996) as the Henry 

Formation, Cahokia Formation, and Peoria Silt are also exposed at the land surface in the study 

area (Figure 2). These deposits include glacial outwash found bordering the larger valleys, 

alluvial sand, silt and clay in modern river valleys, and thin deposits (<1.5 meters thick) of 

windblown silt (loess) that covers the land surface.  

In eastern McLean County, glacial and interglacial deposits of the Illinois and pre-Illinois 

Episodes are encountered in the subsurface. These include tills of the Glasford and Banner 

Formation and outwash of the Pearl Formation (Soller et al., 1999; Stumpf and Atkinson 2015). 

A generalized stratigraphy of Quaternary sediments in east-central Illinois is shown in Figure 3. 

 

 

Figure 3. Generalized Lithostratigraphy of Quaternary-Age Sediments in East-Central Illinois. 

The relationships of diamicton units to interfingering outwash and silt deposits are shown 

(modified from Stumpf, 2014).  
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Pennsylvanian-age bedrock underlies the unconsolidated glacial and postglacial 

sediments in the study area 60-105 meters (200-350 feet) below the surface. The bedrock consists 

of units of the McLeansboro Group (Mattoon, Bond, and Shelburn-Potaka Formations), and the 

Carbondale Formations, mainly composed of limestone and coal (Kolata, 2005).  

Glacial History 

Central Illinois has experienced three separate glacial advances of the south-central 

margin of the Laurentide Ice Sheet during the Quaternary Period. These glaciations, from most 

recent to earliest are named the Wisconsin, Illinois, and Pre-Il linois Episodes. The glacial periods 

were separated by warmer interglacial episodes which included long periods of soil formation. Ice 

flow in the region was from the northwest, northeast, and east during the Pre-Illinoisan 

glaciations, and from the northeast and east during the Illinois and Wisconsin Episodes. Ice 

flowing from the northwest is from the Keewatin center in the western part of the Canadian 

Shield, while northeastern and eastern sourced lobes are thought to have come from the Labrador 

center, a snow accumulation center in the eastern part of the Canadian Shield (Hansel and 

McKay, 2010) (Figure 4). Glaciers covered more than 90% of the surface of the state of Illinois 

during the Quaternary Period, and much of the surface morphology is a result of glacial 

processes.  

Pre-Illinois Episode 

The Pre-Illinois Episode involved multiple glacial advances and retreats and consists of 

all Quaternary glaciations and interglacial events prior to the Illinois Episode. This time may have 

consisted of two or more major glaciations in Illinois (Curry et al., 2011), although nearly all of 

the Pre-Illinois deposits throughout Illinois have been eroded or buried by later glacial episodes, 

making confirmation of this fact difficult. Ice advanced from both the eastern (Labradorean) and 

western (Keewatin) ice centers during this time, leaving deposits of till, outwash, interglacial 

alluvium, and lake deposits (Hansel and McKay, 2010 ).  
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Figure 4. Source Areas and Inferred Ice Flow Paths of Ice Lobes that Entered from the 

Northwest, Northeast (Lake Michigan Lobe), and East (Huron Erie Lobe) into Illinois. DA 

denotes the Driftless Area, in which no glaciation occurred during the last glacial period. (From 

Hansel and McKay, 2010)  

 

Illinois Episode 

The Illinois Episode followed the Pre-Illinois and covered 90% of the state in glacial ice 

and extended further south into Illinois than any other Quaternary glaciation (Stiff and Hansel, 

2004). The ice flowed in a south to south-westerly direction through the Lake Michigan basin 

(Lineback, 1979) during three subepisodes separated by weathering profiles of warmer climatic 

periods. This glaciation produced the Illinoian till plain, a flat and loess-covered landscape. End 

moraines are discontinuous and infrequent, unlike the Wisconsin Episode that followed. Deposits 

of this episode include many diamicton units of the Glasford Formation, as well as outwash, 

loess, and lacustrine deposits (Willman and Frye, 1970). The youngest interglacial soil, the 

Sangamon Geosol, is found in the uppermost deposits of the Illinois Episode.  
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Wisconsin Episode 

The beginning of the latest glaciation, the Wisconsin Episode, is marked by the 

deposition of loess which lies on the Sangamon Geosol, and has been dated to around 60,000 

years before present (Curry et al., 2011). The Wisconsin Episode glaciation involved several 

glacial advances and retreats in the northeastern quarter of Illinois. Ice advances left a series of 

loop end moraines that mark the extent of westward advancing glacial lobes from the south end of 

the Lake Michigan Basin (Hansel and Johnson, 1996) separated by low-relief till and lake plains 

(Figure 5). The moraines found in the study site are examples of these end moraines. With the 

exception of Iroquois Moraine, formed by the westerly-flowing Huron-Erie glacial lobe, the 

moraines of the Wisconsin Episode glaciation were formed by ice from the Lake Michigan Lobe 

flowing from the northeast (Johnson, et al., 1986).  Willman and Frye (1970) named five sublobes 

of the Lake Michigan Lobe, which retreated in an irregular manner after reaching its maximum 

extent and left behind a series of recessional or readvance end moraines. These moraines range in 

height from 9 to 30.5 m (30 to 100 feet) and have steeper slopes in the down-ice direction 

(Johnson and Hansel, 1999). Gentle slopes in the up-ice direction grade into undulating or flat-

lying till or lake plain deposits (Hansel and McKay, 2010).  

Deposits of the Wisconsin Episode include till members of the Wedron Group (primarily 

the Tiskilwa Formation) and interfingering proglacial sand and gravel deposits of the Mason 

Group (Henry Formation). Loess (windblown silt and sand) of the Peoria Silt is the youngest 

deposit of this Episode and ranges in thickness up to 25 meters (Hansel and Johnson, 1996). The 

end of loess deposition marks the end of the Wisconsin Episode and the beginning of the present 

interglacial episode (Curry, et al., 2011).
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Figure 5. End Moraines of the Wisconsin Episode (After Hansel and Johnson, 1996). McLean 

County is highlighted in red.  
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Significance 

This research is an investigation into the Quaternary history of the study area. By 

combining zircon provenance analysis with surficial mapping, this project aims to not only 

advance the understanding of the Quaternary sediments present in the Saybrook Quadrangle, but 

also to provide information as to the glacial erosional and sedimentation processes that have 

occurred in the area. 

Research Questions 

This research aims to answer the following questions:  

1. What is the structure and stratigraphy of the surficial geologic units of the Saybrook 7.5-

Minute Quadrangle?  

2. Is U-Pb dating of zircon grains taken from granitic clasts in glacial till a reliable 

technique to determine sediment provenance, and if so, from where was the glacial 

sediment in this area originally derived? 
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CHAPTER II 

SURFICIAL GEOLOGIC MAP 

Introduction  

In order to help improve the geological framework of eastern McLean County, a surficial 

geological map was created for the Saybrook 7.5 Minute Quadrangle. This project supports the 

efforts of the Illinois State Geological Survey (ISGS) to complete detailed geologic mapping of 

the entire state at the 1:24,000 scale. This quadrangle is situated in the Mahomet Aquifer priority 

mapping area, which is the focus of detailed geologic mapping by the ISGS over the next 2-5 

years. Geologic maps such as this one will form a basis upon which other maps can be derived for 

specific purposes such as assessment of groundwater resources, mineral resources, or natural 

hazards.  

Previous Work 

Recently, surficial geology mapping at the 1:24,000 scale has been completed for much 

of McLean County and surrounding areas by Illinois State University students. Multiple M.S. 

projects completed in recent years at Illinois State University have involved mapping of surficial 

deposits in Illinois (McEvoy, 2006; Bowen, 2007; Roche, 2009; Kron, 2011; Lau, 2011, Flaherty, 

2013; Seipel, 2015). Completed 7.5 Minute surficial maps in McLean County include the 

following quadrangles: Arrowsmith (Murphy et al., 2014), Bloomington West (McGillivay  et al., 

2015), Chenoa (Olson et al., 2014), Colfax (Maxwell et al., 2015), Danvers (Foote et al., 2014), 

Gridley (Williams and Malone, 2015) Holder (Meinzer et al., 2014), Normal East (Sugano et al., 

2014), Normal West (Weedman et al., 2014), Mackinaw (Woodside et al., 2007), and Merna 

(Trzinski et al., 2014)
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The best surficial geology map currently available of the Saybrook area and much of the 

rest of the Illinois is a state-wide compilation published by Stiff and others (2000) at a scale of 

1:500,000. Many county-scale geological maps have been published by the ISGS to show other 

features of McLean County such as drift thickness (McLean et al., 1997a), bedrock elevation 

(McLean et al., 1997b) and thickness of sand and gravel deposits (Riggs and Abert, 1998), all 

published at a scale of 1:100,000. Unfortunately the level of detail shown on these maps is not 

sufficient for site-specific investigations and do not provide complete information about the 

surficial geology.  

Methodology 

The first step in creating the surficial map for the Saybrook Quadrangle was to create a 

preliminary draft of the surficial geology based on McLean County soil survey data, which was 

done by obtaining a GIS layer file showing soil polygons from the U.S. Department of 

Agriculture Natural Resources Conservation Service (NRCS) (Figure 6). This GIS file was 

imported into ESRIôs ArcMAP software (version 10.2) and then used to determine the parent 

material for each soil class present in the Saybrook Quadrangle. These data were interpreted 

using the Soil Survey of McLean County (NRCS, 2002) and the Key to Illinois Soils, which list 

general parent material descriptions for each soil type.  

Because many of the parent materials were listed as loess of varying thicknesses 

overlying till, it was necessary to determine the amount of loess, as anything less than 1.5 meters 

(60 inches) is not mappable. In places in which loess cover is less than the required thickness, the 

underlying material would be considered the actual parent material for mapping purposes. Loess 

was included in the preliminary parent material map based on interpretations solely from soil 

survey data, but was later removed from the final surficial map The resulting parent material map 

provided a starting point for further refinement (Figure 7).  
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Figure 6. Unassigned Soil Series Polygons of the Saybrook 7.5 Minute Quadrangle. 
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Figure 7. Interpreted Parent Materials of Soil Polygons of Saybrook Quadrangle based on Soil 

Survey Data 
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Most of the parent materials were easily translated into lithostratigraphic units based on 

the classification of Quaternary deposits of Hansel and Johnson (1996) (Table 1). Assigning 

formation names to the till units was more difficult, due to there being two different tills present 

in the quadrangle, and being unable to differentiate between the two based on soil data. Water 

well records obtained from the Illinois State Geological Survey were examined to help 

differentiate parent materials as well as determine loess depth. There are more than 100 wells 

within the mapping area with drill logs available. In areas in which soil descriptions were 

inadequate and water well log data were unavailable or lacked detail, soil parent materials were 

assigned by comparison with neighboring polygons and consideration of local geomorphology.  

 

Table 1  

 

Examples of Soils Located in Saybrook Quadrangle with Corresponding Parent Materials and 

Lithostratigraphic Units 

 

Soil 

Number 

 

Soil Series 

 

Parent Material Description 

 

Lithostratigraphic Unit  

134B Camden silt loam Silty loess over loamy outwash Henry Fm. 

171B Catlin silt loam Silty loess over loamy till Tiskilwa Fm. or Lemont Fm. 

223B Varna silt loam Silty loess over clayey till Tiskilwa Fm. or Lemont Fm. 

293A Andres silt loam Loess over silty till Tiskilwa Fm. or Lemont Fm. 

318B Lorenzo silt loam Loess over sand and gravel Henry Fm.  

60B LaRose silt loam Loamy till  Tiskilwa Fm. or Lemont Fm. 

663A Clare silt loam Loess over outwash Henry Fm. 

8074A Radford silt loam Silty alluvium Cahokia Fm. 

8451A Lawson silt loam Silty alluvium Cahokia Fm.  

Parent material descriptions were taken from the Soil Survey of McLean County (NRCS, 2002). 

 

 

Previous mapping efforts were also used to aid in the construction of this map. This 

included utilizing a map of loess thickness to determine if loess was a mappable unit (Stiff, 2000). 

A map of the general boundary between Wedron group sediments from Hansel and Johnson 

(1996) was used to delineate the contact between members of the Tiskilwa and Lemont 

Formations. This map also helped to determine the contact between the undifferentiated Tiskilwa 
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and the Devalan Member of the Tiskilwa formation which coincides with the southern boundary 

of the Bloomington Moraine (Figure 8). 

 

 

Figure 8. Names and General Locations of Wedron Group Formations and Members in Illinois. 

Saybrook Quadrangle is outlined in red. From Hansel and Johnson, 1996.  

 

 

High-resolution LiDAR data were used to derive surface elevations (Figure 9) and further 

refine units at the formation and member levels based on geomorphology and topography. These 

data were helpful in delineating formation contacts, especially those which occurred at the 

boundary between ground and end moraines. Field verification was then completed to validate 

formation interpretations along stream, railroad, and road cuts. Most outcrops were observed 

along the Sangamon River and its tributaries, at which differentiation between modern alluvial 

deposits and glacial deposits could be made. 
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Figure 9. Elevation Map Made from Lidar Data. White denotes the highest elevations (900-950 

ft), which corresponds to locations of the Normal and Bloomington end moraines. Elevations 

decrease as colors change red to yellow, green, and blue (750-800 ft). 

 

 

Once all of the soil polygons were satisfactorily described, and geologic units were 

assigned to each, the map was imported into Canvas 15 for redrafting and refinement. This 
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included combining polygons of the same geologic unit and redrawing contact lines. The final 

geologic map was overlain by the 2012 USGS digital topographic base map of the Saybrook 

Quadrangle and published as a GeoPDF using Adobe Acrobat Pro.  

Results and Discussion 

The completed surficial map of Saybrook Quadrangle is presented in Plate 1, which 

shows the surficial geology overlain by the USGS topographic map of the quadrangle. Five 

lithostratigraphic units are used to classify the geologic materials found at the land surface in this 

map area, each of which is described in detail below. Although the Peoria Silt, a loess deposit, 

may be visible on the surface of some areas in the quadrangle, this unit was not included on the 

map due to its thinness. The glacial deposits of the Wisconsin Episode have been divided into the 

Wedron and Mason Groups (Hansel and Johnson, 1996). The Wedron Group includes sediments 

deposited directly by glacial ice and consist predominantly of diamicton (unsorted glacial 

deposits), while the Mason Group is primarily glacial outwash deposited by meltwater which 

intertongue with the Wedron Group deposits.  

The geomorphology of the Saybrook Quadrangle is a result of the Wisconsin Episode 

glaciation events which occurred between around 24,000 and 14,000 years before present time. 

The active interval of the last major glaciation is termed the Michigan Subepisode and is divided 

into phases which represent glacigenic sequences of deposits of the Wedron and Mason Group 

sediments found in the study area and throughout the glaciated areas of the Great Lakes Region 

(Hansel and Johnson, 1996). Deposits from two phases of this subepisode, the Shelby Phase and 

the Putnam Phase, can be differentiated in the quadrangle. The Shelby Phase is the second glacial 

advance overall of the Wisconsin Episode, but the first to reach this area of central Illinois.  

The Shelby Phase extended from 22,000 to 18,000 years before present, and was when 

the Tiskilwa formation was deposited in this area. The Tiskilwa Formation is the lowermost and 

largest sequence of diamicton units of the Wedron Group (Hansel and Johnson, 1996). Two 
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members are differentiated from the main unit, and one of these, the Delevan Member, is present 

in the quadrangle. These deposits cover the area between the Bloomington and Champaign 

Moraines in the southern end of the mapping area. The southern extent of the Bloomington 

Moraine serves as the contact between the Delevan Member and the undifferentiated Tiskilwa 

Formation which makes up the moraine. The till of the Bloomington Moraine found in the 

southwest of the quadrangle largely consists of calcareous diamicton containing lenses of gravel, 

sand, silt, and clay, and is distinguished by its pink hue.  

Following the Shelby Phase and lasting until around 17,000 years before present was the 

Putman Phase, a period of glacial advance and retreat when diamicton of the Batestown Member 

of the Lemont Formation was deposited. This unit is the most widespread material exposed unit 

in the quadrangle. Batestown Member till makes up the Normal and Champaign Moraines to the 

North and East of the map, and form the highest landforms in the mapping area. This unit 

includes gray, calcareous diamicton with lenses of gravel, sand, silt, and clay. This is 

distinguished from other till units based on the gray color and the yellow-brown color of 

oxidation as well as its medium texture (loam) (Hansel and Johnson, 1996). Putnam phase 

glaciers were the last to enter and retreat from the mapping area, although the younger Livingston 

Phase did reach more northerly and easterly areas of McLean County and resulted in the 

deposition of the Yorkville Member of the Lemont Formation, which is not seen in the Saybrook 

Quadrangle.  

The Henry Formation of the Mason Group can be found throughout the quadrangle, as it 

consists of glacial outwash deposits. Course, stratified sand and gravel are the most commonly 

found, and these deposits are lithologically similar to the sand and gravel fractions of Wedron 

Group diamicton units (Hansel and Johnson, 1996). These meltwater channel deposits are most 

often found near stream banks in this area, specifically surrounding the Sangamon River, which 

served as a pathway for glacial meltwater and also marks the division between the Bloomington 
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and Normal moraines. Paleozoic carbonate makes up the dominant pebble lithology of this 

formation, although many types of sedimentary rocks, as well as some igneous and metamorphic 

pebbles are present (Hansel and Johnson, 1996).  

The most recently deposited sediment in the study area is the Cahokia Formation, which 

includes modern sandy alluvium with some occurrences of clay, silt, and gravel. This alluvium is 

most often found along modern river valleys and floodplains. In the study area, the Cahokia 

Formation is located predominantly along the banks of the Sangamon River and many smaller 

channels. 
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CHAPTER III 

TILL PROVENANCE STUDY 

Introduction  

The Saybrook Quadrangle is located in an area where three separate moraines: the 

Bloomington, Normal, and Champaign Moraines appear to converge (Figure 2). A provenance 

study was completed using uranium-lead (U-Pb) dating of zircon grains extracted from granitic 

erratics contained in till s composing two of these moraines (Bloomington and Normal). Tills of 

the Tiskilwa Formation and the Batestown Member, Lemont Formation make up these end 

moraines and are the focus of this study. The abundance of information available about the 

probable source area of the associated glacial till units present in the quadrangle allows for the 

opportunity to apply modern U-Pb dating methods on granitic erratics in an attempt to refine 

previous provenance interpretations. The purposes of this research were to determine whether U-

Pb dating of erratics of crystalline rock is a reliable method of studying the origin of cobble sized 

clasts in glacial tills and to determine where the tills of the Bloomington and Normal Moraines 

were derived.  

Previous Work 

Zircon Geochronology and Till Provenance 

Uranium-lead zircon geochronology is a widely used technique for bedrock age and 

provenance interpretation due to zircon being common in many crustal rocks and very resistant to 

alteration and weathering (Harley and Kelly, 2007). This technique has mostly been applied to the 

provenance of sandstones due to the ease of zircon separation (e.g. Dickinson and Gehrels, 2003; 

Gehrels et al., 2011; Malone et al., 2014a-b), but the study of glacial provenance has recently 
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become more prevalent. For example, zircons in glacial deposits have been investigated in 

Antarctica (Licht et al., 2014) and Russia (Gartner et al., 2014), although these studies focused on 

the fine-grained matrix (fine sand and smaller) instead of cobble-sized clasts.  

The first use of U-Pb geochronology to determine source area for glacial erratics was 

published by Doornbos et al. (2009), which dated zircons in thin sections of eight erratics 

collected from the Arctic Archipelago in Canada. The limited sample size of that study did not 

allow for the precise determination of source areas.  Plouffe et al. (2011) dated a single 

mineralized boulder as part of a study that attempted to determine the bedrock source of gold-

bearing erratics in British Columbia. In Illinois, zircon geochronology has been used to date a 

boulder found in Illinois Episode till (Phillips et al., 2014).  

Other methods have been used recently to determine source areas of till. For example 

magnetite and other indicator minerals in till have been studied for exploration of porphyry 

copper deposits (Plouffe and Ferbey, 2015; Pisiak et al., 2014). Changes in geochemistry of tills 

in areas with multiple glacial sequences have been used to determine variations in ice-flow 

direction (Dube-Loubert et al., 2013). Other examples include the identification of distinctive 

rock types of glacial erratics (Prest et al., 2000) and till  matrix textures and compositions (Lusardi 

et al., 2011) to determine source areas of glacial deposits.  

Previous Interpretations of Sediment Origin 

The glacial history of Illinois is well known and has been studied in detail for over one 

hundred twenty-five years (Chamberlin, 1883, 1894, 1895). Attempts at determining ice flow 

directions in Illinois date back to as early as Chamberlin (1883) which inferred the direction of 

ice flow based on the shape and topography of moraines. Leverett (1899) described the 

Bloomington and Champaign Morainic systems in detail and suggested that the Lake Michigan 

Lobe was the source for all Wisconsinan Episode moraines in Illinois, with the exception of the 

Iroquois Moraine. Johnson et al. (1971) reiterated this idea based on the dominance of dolomite 
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over calcite in the till matrix compared to pre-Illinois Episode tills, which were found to have a 

more easterly source in the Grenville Province. Magnetic susceptibility data were used by Vonder 

Haar and Johnson (1973) to describe the source of tills near Danville, Illinois, and also concluded 

that the results were indicative of a Lake Michigan Lobe origin. Heavy mineral assemblages of 

tills in the Great Lakes region were found to resemble those of till overlying Precambrian bedrock 

in southern Ontario (Dreimanis et al, 1957; Gwyn, 1971; Dworkin et al, 1985). Gwyn and 

Dreimanis (1979) found that tills derived from a source in the Superior Province are enriched in 

epidote, compared to those with a Grenville origin, which contain higher amounts of garnet. 

Johnson et al. (1986) built upon this study to show that till deposited by the Lake Michigan Lobe 

of the Laurentide Ice Sheet have a source area northeast of Lake Huron and Lake Superior over 

the Superior and Southern structural provinces.  

Geology of Northern Great Lakes Region 

The Superior Province of the Canadian Shield forms the core of the North American 

continent (Figure 10). These igneous and high-grade metamorphic rocks record nearly one billion 

years of geologic history, from 3.6 to 2.6 billion years ago (Percival, 2007). Five independently-

evolved microcontinents and the intervening oceanic crustal domains were assembled into the 

Superior craton between 2.72 and 2.68 Ga. The Superior Province is composed of multiple 

igneous subprovinces with distinctive lithological and structural characters, and is surrounded by 

Early Proterozoic orogens. These orogens often represent collision zones between the Superior 

and other Archean provinces (Card, 1990).  

The Southern Province is a passive margin sequence built onto the margin of the Superior 

Province in what is today parts of southern Ontario and the north-central United States south of 

Lake Superior. The Penokean fold belt, a zone of deformed and metamorphosed Archean and 

early Proterozoic rocks, is a large part of this province. The deformation of these rocks occurred 

between 1.88 and 1.77 Ga (Sims and Peterman, 1983).  
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Figure 10. Tectonic Map of North America Showing the Locations and Ages of Major Geologic 

Provinces (modified from Whitmeyer and Karlstrom, 2007). 

 

Located to the east of the Superior Province is the Grenville Province containing rocks 

ranging in age from 2.96 to 0.99 Ga. All of these rocks have been subjected to metamorphism 

around 1 Ga. Davidson (1998) determined rocks with ages older than 1.3 Ga are considered pre-

Grenvillian while those younger than 1.3 Ga are defined as Grenvillian. The Grenville Province is 

bounded on the west and north by the Grenville Front, an orogenic front consisting of a near-

vertical fault, which marks an abrupt increase in metamorphic grade (from greenschist to 

amphibolite facies) compared to the neighboring Southern Province (Percival and Easton, 2007). 


