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Figure 13: Long pro�le of Cranberry Creek. Approximate 
upstream extent of Wissota Scarp is denoted. Note that 
knickpoint migration has been impeded due to the presence of 
wetlands. Wetlands absorb �ood water from heavy 
precipitation events, which then prevent the migration and 

erosion of knickpoints further upstream.

Figure 12: Long pro�le of Fall Creek. Approximate upstream 
extent of Wissota Scarp is denoted. Wissota Scarp is located 
between two contour lines and is not entirely discernible in the 
long pro�le. This could be one drawbackof using topographic 

maps to delineate streams. 

Figure 11: Long pro�le of Little Bear Creek. Approximate 
upstream extent of Wissota Scarp is denoted. Little Bear is the 
furthest downstream on the LCR of the featured long pro�les.

Figure 7: To calculate volume, the 
Wissota Scarp was dilineated using 

Digital Elevation Models

Figure 6: Slopes were calculated and 
longitudinal pro�les were made for 27 

tributaries 

Figure 5: Data was exported from ArcMap to 
Excel where elevation, upstream 

distance and slope were calculated

Figure 4: Streams were digitized in 
ArcMap

Figure 3: Map of terraces and OSL  ages located 
along the main valley of the LCR (Faulkner et.al, 
in prep). 

Figure 2: Long pro�les of the LCR. Pro�les in black were created 
using elevation data from topographic maps. Colored pro�les 
are hypothetical, constructed from terrace remants and constrained 
by OSL and radiocarbon dates. 

The northern two thirds of the Chippewa River watershed was covered by the Chippewa and Superior Lobes 
of the Laurentide Ice Sheet (LIS) during the Last Glacial Maximum (LGM) about 20,000 years ago. The LCR at 
that time was a major meltwater stream overloaded with glacial outwash, which caused its valley to 
accumulate thick �lls of sand-and-gravel alluvium (Andrews 1965). The UMR, like the LCR, was a glacial 
meltwater stream. Incision of the UMR during deglaciation of the Upper Midwest initiated incision of the LCR 
as knickpoints traveled upstream. The high terrace in the LCR valley that resulted from this incision is called 
the Wissota terrace. Terrace mapping and OSL ages from near-surface samples suggest that incision 
progressed slowly and episodically up the LCR valley (Figures 2 and 3). Continued propagation of knickpoints 
upstream reduced the gradient of the long pro�le as the stream adjusted its slope. Further incision �ushed 
out large quantities of sediment from the LCR valley, much of which accumulated as an alluvial fan in the UMR 
creating Lake Pepin.  The slow and episodic incision of the LCR may have been caused by periodic increases in 
alluvial sediment �ushed from tributary valleys, which in turn was caused by their rejuvenation resulting from 
incision of the LCR.

Figure 15: Long pro�le of West Creek. Approximate upstream 
extent of Wissota Scarp is denoted. The knickpoint has moved 
upstream considerably from the Mississippi River despite the 
location of West Creek further up the LCR. Note, time doesn’t 

a�ect pace of knickpoint migration. 

Figure 14: Long pro�le of Elk Creek. Approximate upstream 
extent of Wissota Scarp is denoted. Note that knickpoint 
migration has been impeded due to bedrock. Bedrock is more 
di�cult to erode than other materials and therefore results in 

slower migration of knickpoints upstream.

Figure 16: Long pro�le of Lowes Creek. Approximate upstream 
extent of Wissota Scarp is denoted. Located roughly 25km 
upstream from the LCR, the long pro�le of this stream shows a 

typical exponential decay curve.

Figure 19: Scatter plot shows the percentage of knickpoint 
migration on individual tributaries. Sediment discharge volume 
demonstrates a stronger relationship to distance from the 
Mississippi River. When streams have more time to incise, more 
sediment is removed. Although the knickpoints in tributaries 
closer to the Mississippi River have not eroded upstream in their 
tributaries as expected, these streams have eroded deeper and 

wider into their stream channels. 

Figure 18: Graph shows random scattering of relative 
knickpoint migration on individual streams. Originally it was 
thought that tributaries closer to the Mississippi River would 
have knickpoints further upstream, as normalized for tributary 
length. Through analysis of results and as depicted above, 
knickpoint migration does not share a strong relationship with 

distance from the Mississippi River.

Figure 17: Long pro�le of Duncan Creek. Approximate 
upstream extent of Wissota Scarp is denoted. Duncan Creek is 
the furthest upstream on the LCR of the featured long pro�les. 

Note the upper knickpoint is at the location of a dam. 

Figure 21: Slopes of all studied tributaries to the LCR with the 7 featured tributaries watersheds, extent of the Late Wisconsinan 
Glacial Maximum and approximate upstream extent of the Wissota Terrace denoted. There are many factors that a�ect the rate at 

which knickpoints migrate, although it is di�cult to determine the exact mechanism through topographic maps. 

Figure 8: To calculate volume, elevation points were extracted from a bu�er 
and were then used to create an estimated terrace tread 

surface. Volumetric change was then calculated. 

Figure 9: LCR volumetric 
calculations.

Figure 10: The resulting volumes were compared to the total incised area and the total 
drainage area for each watershed. Each watershed was then analyzed based on 

distance from the Mississippi River.

Figure 1: The Chippewa River watershed drains an area 
approximately 25,000 km2 to the UMR. Glacial Lake 
Agassiz was a large proglacial lake that formed along the 
receding margin of the LIS ca. 14-9.5 ka BP. During that 
time it had 3 di�erent outlets, though none of the out-
lets were occupied at the same time. When the north-
western and eastern outlets were blocked the lake 
drained through a southern outlet into the Glacial River 

Warren (Minnesota River).

Approximately 20,000 years ago, during the Last Glacial 
Maximum (LGM), the northern two-thirds of the Lower 
Chippewa River (LCR) watershed was covered by the 
Chippewa and Superior Lobes of the Laurentide Ice 
Sheet (LIS) (Figure 1). Meltwater from the LIS was 
trapped by a terminal moraine, which formed Lake 
Agassiz. The meltwater �ushed out of Lake Agassiz, 
down the Minnesota River, and caused incision of the 
Upper Mississippi River (UMR). The incision of the UMR 
led to the incision of the LCR. At that time, the LCR was 
a major meltwater stream overloaded with glacial out-
wash, which caused its valley to accumulate thick �lls of 
sand-and-gravel alluvium. Incision in the LCR led to the 
development of knickpoints in the tributaries of the 
LCR. The high terrace in the LCR valley that resulted 
from this incision is called the Wissota Terrace. There 
have since been further episodes of incision that           
resulted in lower terraces.  This time-transgressive    
process can be seen in Figure 2.
Previous research using Optically Stimulated                   
Luminescence (OSL) dating ascertained knickpoints in 
tributaries upstream along the LCR are younger in age 
than those further downstream. The development of 
knickpoints in upstream tributaries of the LCR follows 
an episodic time transgressive pattern in response to 
Mississippi River incision during the Late Wisconsinan 
glaciation. This research aims to investigate the developments of knickpoints on tributaries of the LCR in 
accordance with incision of the LCR.  Long pro�les, or graphs of relative stream elevation versus upstream 
distance, were constructed for 27 tributaries of the LCR.  Typically, long pro�les have the shape of an 
exponential decay curve because streams incise as water moves downstream.

Figure 20: Knickpoint on Little Niagra Creek, University of 
WisconsinEau Claire (Photo by Hannah Adams).

Figure 22: The model demonstrates 
theoretically how knickpoints on the LCR could 

migrate upstream as stream base level falls.

Knickpoints can be identi�ed by analyzing topographic maps:
Knickpoints for all 27 tributaries of the LCR were identi�ed using topographic maps. The long pro�les often, but 
not always, contained evidence of knickpoints. Other times, there was more than one knickpoint on a single 
stream due to multiple incision episodes. 

There is no apparent relationship between knickpoint migration and distance from the Mississippi River:
The original hypothesis was that tributaries closer to the Mississippi River would have more knickpoint migration 
in their tributaries than those further upstream on the LCR. Analysis of results however, demonstrates knickpoint 
migration does not share a strong relationship with distance from the Mississippi River but rather is not a�ected 
solely by distance. Factors could include bedrock and vegetation changes. 

There is a strong relationship between sediment discharge volume and distance from the Mississippi River:
The tributaries closer to the Mississippi River demonstrated greater sediment discharge while those further 
upstream on the LCR discharged a lower volume. Greater discharge is due to more incision from knickpoint 
migration which originally began at the Mississippi River.  

We would like to acknowledge LTS and the Blugold Commitment Fund for printing our poster. Also, thanks 
to the wonderful Douglas Faulkner for his passion for all things �uvial. Go Fluvheads 2016. 
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Figure 23: The model shows a cross section of a knickpoint’s 
migration upstream.

 Andrews, G.W. 1965. Late quaternary geologic history of the lower Chippewa Valley, Wisconsin. Geological Society 
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