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Spatial characteristics of numerous drumlin fields, including the 
one in Wisconsin, have been analyzed to gain some understanding of the 
probable processes that formed them. However, the fields that we are 
presently examining may not have the same spatial characteristics as 
those that emerged from underneath the ancient Pleistocene ice sheets. 
We can assume this, because drumlins must have formed and acquired their 
present characteristics in three formative stages that can be identified 
as: (1) the processes of initiation, (2) the process of drumlinization, 
and (3) the processes of post-formation modification which occurred 
after the drumlins emerged from underneath the ice. 

Most of the early literature on drumlins, which dates back over 100 
years, has been concerned with the overall processes of drumlin 
formation. The very fact that these processes, which occurred under the 
no-longer-existing ancient ice sheets, cannot be observed or 
reconstructed, and have to be inferred from the existing drumlins, has 
been a major source of frustration to geomorphologists. It has also led 
to the multiplication of interpretations of drumlin genesis without 
producing a single theory capable of explaining the origin of drumlins 
and drumlin field characteristics. 

Until the 1960's these interpretations dealt mainly with the all 
encompassing processes of drumlinization, such as erosion, deposition, 
or moulding of drumlins. In these studies, the major focus, with very 
few exceptions (Alden, 1905 and 1918, and Fairchild, 1929), has been on 
the form and internal structure of an individual drumlin. Since the 
1960's, attention has been shifted to the study of drumlin fields as an 
expression of (1) the conditions at the ice/surface interface and (2) 
the processes assumed to have operated within the ice sheet that have 
lead to drumlinization of extensive areas. New theories on drumlin 
origin began to appear in the literature raising hopes that we may be 
nearing the solution to the "drumlin mystery". The most prominent of 
those theories was the dilatancy theory by Smalley and Unwin (1968). 
Other new hypotheses included those of thermal regime change by 
Baranowski (1979); till strength distribution by Boulton (1979); pore 
water dissipation by Menzies (1979); subglacial erosional marks by Shaw 
(1983), and Shaw and Sharpe (1987); subglacial hydraulic processes by 
Dardis (1985); lateral flow of till into zones of lower pressure by 
Stanford and Mickelson, (1985); and the strength/stress crossover zone 
theory by Smalley and Piotrowski (1987). 

While the above studies of processes leading to drumlinization of 
extensive surfaces often imply or suggest the probable processes of 
initiation, or nucleation, of drumlins, they do not focus on them. More 
recently, however, questions have been asked concerning the nature of 
the mechanism that initiates the drumlin as that which needs to be 
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answered before discussing the processes of drumlinization, or 
streamlining, of the initial agglomerations that eventually become 
drumlins. Two of the recent papers that specifically deal with the 
initiation process are those by Boulton (1982) who, on the basis of 
observations of presently forming drumlins, proposes three possible ways 
of initiating a drumlin and suggests that of those three a streamlined 
shape with a steeper stoss end survives because it is the form that 
offers the least resistance to ice flow and, thus, is most stable. 
Another study focusing on the initiation process is that by Menzies 
(1982) on the formation of a proto-drumlin through the process of pore
water dissipation or freezing of till. 

The third stage of drumlins and drumlin field formation, that 
dealing with the probable post-formation modifications, has not been 
addressed frequently and has not resulted in specific studies. At best, 
it has been considered in analyses of individual fields, but even there 
only in general terms and with limited amount of detailed information 
provided. A notable exception to this is the study by Rose and Letzer 
(1977) on superimposed drumlins resulting from multiple advances of ice 
and the manner in which this affected the form and size of drumlins. 

In the Wisconsin drumlin field, the assumed post-formation 
modifications have been identified, and their probable effects on the 
patterns of this field have been suggested, but their details have not 
been examined. 

The distributional patterns of the existing drumlins in this field 
have been coded and portrayed on a computer generated map in terms of 
their length, width, and orientation (Figure 1). Due to the large size 
of the field, a page size map does not allow us to see these individual 
attributes, but the general pattern is clearly revealed and it has been 
used to propose the overall conditions under which the field was 
probably formed (Borowiecki and Erickson, 1985). Still, the explanation 
provided applies more to the generalized model of the field proposed for 
it (Figure 2), than to the present field. In a sense, the model 
represents the field as it probably appeared when it was initially 
formed, or would have looked if the post-formation modifications have 
not taken place, and the local conditions have not affected the behavior 
of the ice as predicted by some of the drumlinization theories. 
Inasmuch as the drumlin fields that we are now examining may not have 
the same characteristics that they had when first formed, their probable 
post-formation modifications should be taken into consideration when 
their characteristics are used to infer the probable processes that 
formed them. 

At least three major events might have modified the Wisconsin 
drumlin field since it emerged from underneath·the Woodfordian ice 
sheet. They were: (1) readvance of the ice in the Valderan or Great 
Lakean stage, (2) deposition of multiple recessional moraines over large 
parts of the field, and (3) formation of Glacial Lake Oshkosh. In 
addition, the drumlins must have been affected by gradational processes 
ranging from surface wash to stream network evolution. 
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FIGURE 1. Distribution of drumlins 
in eastern Wisconsin. 
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~ Drumlins --.. Ice Flow Directions 

A - zone 01 freelV flowing ice transporting till 

B - lines 01 initial effect 01 ice flow r~tardatlon resulting in till 
deposition 

C - mne 01 retarded flow 01 Ice, till depOSition, friction melting 

and streamlining 01 till into drumlins 

o - zone 01 stationary and braille ice with no flow 

E - end moraine 

FIGURE 2. Hypothetical model of the 
Wisconsin Drumlin Field. 
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The probable effect of multiple ice advances can be seen in drumlin 
cross-sections where the buff and gravelly Woodfordian till forms the 
core of the drumlin, and the red and silty Valderan till is superimposed 
on it. Changed forms, such as multiple-tail drumlins, are further 
evidence of this type of post-formational modification. It would be 
difficult, at this point, to determine to what degree the overall 
pattern of the drumlin field has been changed in the area affected by 
multiple advances, but it is safe to assume that a significant amount of 
modification could have occurred. 

The effect of recessional moraines deposition on drumlin field 
characteristics has not been studied in detail in any major field, but 
it can be illustrated for the Wisconsin field. At least six separate 
recessional moraines have been deposited on this field (Figure 3). A 
close analysis of sample topographic maps suggests several types of 
modifications: (1) partial burying of drumlins so that either the stoss 
or lee end is buried in the contact zone with the recessional moraine; 
(2) complete burying of drumlins, but with drumlins present on both 
sides of the moraine suggesting their probable former presence in the 
area covered by the moraine; (3) partial burying of drumlins so that 
drumlin forms appear to be reflected in the lineated forms of the high 
points of the recessional moraines, and (4) overlaying of thin layer of 
morainal material on the drumlins leading to modified nature of slopes, 
but leaving the drumlins' form and size fully recognizable. Most of 
these effects of the deposition of recessional moraines on the Wisconsin 
field are well illustrated in the vicinity of Beaver Dam, Wisconsin. 
Here the Green Lake Moraine partially covers large drumlins and, at the 
same time, is itself affected by the underlying drumlins. 

Within the confines of a sample topographic map (Beaver Dam, 
Wisconsin) large and well formed drumlins are present south of the 
moraine. Their average length is from three fourths to one and a half 
mile, and their average height is about 50 feet. Where the edge of the 
moraine partially overlaps the drumlins, their elevations reach 1000 
feet. At least one large drumlin distinctly shows its stoss end being 
buried by the moraine (Figure 4). 

South of the moraine, the lowest elevations are about 820 feet, 
and the highest range from 850 to 950 feet. Directly north of the 
southern edge of this moraine, and within the moraine, the lowest 
surfaces lie at about 890 feet, while the highest reach 960 feet. 
Further north, but still within the Green Lake Moraine, the lowest 
surfaces are around 930 feet and the highest over 1010 feet. This would 
suggest that the depth of the morainal material could be anywhere from 
70 to 100 feet. 

Careful examination of the recessional moraine (Buckhorn Corner, 
Wisconsin map) indicates that the underlying drumlin topography is 
reflected in its surface characteristics. Numerous flat top summits 
within the moraine hae an oval shape and an orientation conforming to 
the orientation of the drumlins south and north of the moraine. These 
summits are generally shown by one contour line, but are clear enough to 
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be distinguishable. These oval summits become more distinct further 
north and eventually appear as drumlins, though usually less than 1000 
feet long, only about 20 feet high, and often with subdued or flat-top 
crests. Their side slopes still show irregularities probably resulting 
from the overlying layer of morainal material. 

This sample analysis of a segment of the Green Lake Moraine 
suggests that perhaps the overall pattern of drumlins mapped for our 
previous study could be significantly altered if the small oval features 
projecting through the overlying moraines were included in the map. As 
this study continues, we hope to reconstruct the rudiments of what might 
have been the form and pattern of the initial Wisconsin drumlin field 
before the recessional moraines were deposited on it. This, in turn, 
may help in further analysis of the probable overall processes of 
drumlinization for this field, as well as others. 

A different type of effect of the overlying recessional moraines 
can be illustrated for the large Lake Mills Moraine system east of Fort 
Atkinson, Wisconsin. Here a group of large drumlins, generally over 100 
feet high, have very irregular and gullied slopes when compared with 
equally large drumlins south and west of this area (Figure 5). A patch 
of Lake Mills Moraine till appears to overlap these drumlins, but it is 
too thin to have buried them; it simply modified their slopes. 

Another type of drumlin field modification that occurred in 
Wisconsin was a result of the formation of Glacial Lake Oshkosh, 
Because of the great extent of this former lake, a large portion of the 
drumlin field might have been obliterated (Figure 6). That drumlins 
have existed in this area, is suggested by those that survived on 
uplands above the elevations of the estimated maximum level of Glacial 
Lake Oshkosh of about 850 feet. Such drumlin groups are present near 
Hortonville and Shawno, Wisconsin. Likewise, some drumlins just below 
this elevation seem to have survived but have flat tops probably 
reSUlting from wave erosion in the shallow swash zone. Drumlins located 
considerably below 850 feet were probably buried in lacustrine deposits. 
There is field evidence suggesting that such buried drumlins do exist. 

As this sample study shows, there is evidence that the Wisconsin 
drumlin field has been significantly modified in its post-formational 
stage and an effort needs to be made to reconstruct as much of its 
initial form as possible if we are to infer from it the probable 
processes that could have formed it. This type of analysis may also be 
applicable for other drumlin fields. 
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FIGURE 4. Stoss end of a drumlin buried by a moraine. 
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FIGURE 5. 	Crenulated slopes on partially 
buried drumlins. 
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FIGURE 6. 	 Extent of Glacial Lake Oshkosh and 
overlapping of recessional moraine 
on Wisconsin Drumlin Field. 
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