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INTRODUCTION 
 
The mapped area (fig. 1) is dominated by glacial landforms formed at terminal or other 
significant ice margins of the Erie, Huron-Erie, Lake Michigan, and Saginaw lobes during the 
late Wisconsin glaciation. The Elkhart area is also part of the core interlobate region that 
developed in northeastern Indiana between the Lake Michigan, Saginaw, and Huron-Erie lobes. 
Consequently, geologic terrains in the mapped area are characterized by a series of complex 
overlapping depositional sequences that record variations in time and space of the margins of the 
different ice lobes.  During construction of the glacial landscape in the mapped area, the lobes 
appear to have been somewhat synchronous, but were competing for space. A minor retreat of 
one ice margin sometimes coincided with the advance of another, producing complex and locally 
inconsistent onlap-underlap relationships of sequences. At times an ice margin of one lobe 
overrode another, resulting in the burial of masses of stagnant ice. Therefore, much of the 
resulting landscape is characterized by high-relief hummocky topography and many landforms 
are strongly collapsed. Importantly, many of the sequences consist of various morainal and head-
of-fan elements in ice-proximal positions that grade into outwash fans in more distal positions. 
Because of this setting along terminal or other significant long-term ice margins, many of the 
sequences contain a substantial amount of outwash that, in some places, is much more abundant 
than the fine-grained elements of the sequence. Map units for the glacial geology map are 
defined by the characteristics of glacial landforms and near-surface sediment. 
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Map Units 
 
modern stream or river segment 
A1 Modern river valley formed within major meltwater drainageway. Underlain by silt, sand, 

and gravel and patches of organic sediment. 
  
A2 Stream segment that merges with proglacial meltwater channels (unit P1).  Formed by 

meteoric water in lower reaches of unit P1.    
 
colluvial slopes formed along the edges of the Kankakee and St. Joseph River valleys 
C1 Small to large coalesced fans of local extent that developed along meltwater-cut 

escarpments. Underlain chiefly by sand and gravel.  Most landform development and 
sediment deposition likely occurred during and immediately after deglaciation before the 
area was vegetated.  Toe-of-fan is punctuated by meltwater-cut scarps. 

  
C2 Similar to unit C1 but the toe-of-fan grades onto outwash surfaces.  Formed adjacent to 

unit C3 along a meltwater-cut scarp. 
  
C3 Small fans of local extent that formed along unstable slopes as an ice margin of the Lake 

Michigan lobe retreated.  Meltwater (from stagnant ice in upland areas) and meteoric 
water flowed along the sloping surface toward the ice margin.  The unit is entrenched by 
drainage channels that lead into unit C2. The toe of this unit is punctuated by a meltwater-
cut scarp.  

 
erosional remnants  
E1 Upland areas and edges of meltwater drainageways that have been eroded by meltwater or 

draining of glacial lakes. The land surface in the mapped units truncates depositional units, 
exposing a variety of sediment types. Some areas are gullied and very rugged. Includes 
dissected steep slopes that truncate glacial sediment of late Wisconsin and pre-Wisconsin 
age. The upper slopes truncate sediment of adjacent map units, mid-slopes to lower slopes 
generally truncate earliest late Wisconsin-age diamicton, and in some areas the lower 
slopes truncate pre-Wisconsin sediment. Some areas of the mapped unit attain more than 
100 feet in relief.  

  
E2 Hills and knobs sculpted by meltwater. Near surface is a complex mix of fine-grained 

diamicton and sand and gravel. 
 
proglacial meltwater channels 
P1 Significant meltwater channels that evolved throughout deglaciation and head at major ice-

margin positions or areas that contained masses of stagnant ice.  The channels have a 
variety of forms.  Narrow, deeply incised channels and wide, deep valleys are underlain 
chiefly by sand and gravel. Smaller incised channels generally form an anastomosing 
pattern and cross and dissect upland landscapes. Many are erosional and may only contain 
a veneer of coarse sediment over the underlying substrate.  Some of the larger long valley 
segments formed in former tunnel valleys or other preexisting lowland areas. Headward 
erosion evolved throughout the Holocene as base-level rivers responded to elevation 
fluctuations of Lake Michigan. 
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outwash plains, surfaces, and terraces of the Kankakee and St. Joseph River valleys  
O1 Smooth to pitted plains and plateaus underlain by sand and gravel. The unit may be 

complexly interbedded with fine-grained lake sediment and/or diamicton. The plateaus or 
terraces are punctuated by ice-contact slopes and meltwater-cut escarpments.  Represents 
the highest terrace in both valleys. Outwash was derived from the Lake Michigan, 
Saginaw, and/or Huron-Erie lobes.  

  
O2 Materials are similar to unit O1 but this unit represents a subsequent episode of meltwater 

entrenchment.  Meltwater was chiefly supplied by the Lake Michigan lobe. 
   
O3 Smooth plain underlain by thick sand and gravel. Chiefly an erosional surface cut by 

meltwater flowing westward from Erie lobe margins.  Formed distal to ice margins. 
  
O4 Similar to unit O3.  Represents the last flow of meltwater through the uppermost 

Kankakee valley. 
  
O5 Fan-marginal drainage channel in the Kankakee valley.  Formed by meltwater derived 

from the Lake Michigan lobe. 
  
O6 Similar to O5 but represents entrenchment of the valley subsequent to the formation of 

unit O5. 
  
O7 Lowest outwash terrace deposited along the St. Joseph River.  Represents the last stage of 

meltwater activity. 
 
outwash fans  
F1 Ice-contact head-of-fan. Hummocky, high-relief surface underlain by complexly 

interbedded bouldery material, coarse sand and gravel, diamicton, and sorted fine-grained 
sediment.  Formed adjacent to active and stagnant ice margins.  

  
F2 Ice-marginal outwash fan. Smooth to hummocky, low-relief surface underlain by thick 

sand and gravel.  Includes patches of fine- to medium-grained diamicton along fan heads 
(near former ice margins). 

  
F3 Proglacial outwash fan.  Smooth, low-relief surface with occasional depressions.  

Underlain by thick sand and gravel.  Formed partly as an erosional surface as meltwater 
dissected unit F2 in response to a lower stream base level.   Toe-of-fan typically ends in a 
scarp cut by meltwater in the Kankakee or St. Joseph River valleys. 

  
F4 Ice-distal outwash fan. Smooth, gently sloping proglacial fan formed in meltwater 

drainageways. Underlain dominantly by sand but includes area of thick sand and gravel. 
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large depressions or tracts of depressions forming rugged topography  
M1 Isolated patches to large tracts of low areas, enclosed depressions, and chaotic relief.  

Formed as dead ice blocks melted.  Existing sediment collapsed in the melt hole forming 
the depression or area of complex topography.  Sediment may be similar to that of 
adjacent map units, but in more chaotic form.  Enclosed areas and depressions may be 
underlain by muck or peat.  Some meltwater channels crossed the melting ice blocks; the 
subsequent melt hole then became a segment of the channel. 

 
till-cored hummocky uplands  
U1 Low-relief hummocky upland cored with fine- to medium-grained diamicton (till and 

debris flow). Formed by active ice. 
 
ridges 
R1 Long, arcuate ridges formed along former ice margins.  Cored with a variety of fine- and 

medium-grained diamicton (debris flows and till) and lake sediment.  Formed as ice 
pushed sediment in a lake basin. 

  
R2 Groups of short disconnected ridges formed along the edge of a retreating, active ice 

margin of the Lake Michigan lobe.  Sediment includes diamicton (chiefly debris flows) 
and large boulders that were dumped into piles along the glacier edge.  

 
lake plains and plateaus 
L1 Low-relief plains underlain by thin patches of fine- to medium-grained lake sediment.  The 

short-lived lake(s) formed as drainage outlets were blocked by ice or sediment. 
  
L2 Low- to moderate-relief plateaus underlain by complexly interbedded diamicton and fine- 

to medium-grained lake sediment.  Formed in ice-contact environments. 
 
hummocky plateaus, ridges, and knobs 
H1 Low- to high-relief plateaus and ridges cored with sand and gravel. Some gravel may be 

very coarse and bouldery. Includes abundant enclosed depressions that may contain 
organic sediment. Also contains patches of diamicton (chiefly debris flows). Deposited in 
the near proglacial environment. 

 



Map Symbols

Direction of meltwater flow

Meltwater-cut scarp

Ice-margin position (active glacier edge or stagnant ice block)
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