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Figure 6E. Historical changes in channel locations and potential subareas with overbank sedimentation along Halfway Creek 
Marsh, Wis., for period 6 (1994–2006). Overbank sedimentation volumes for labeled potential subareas are listed in table 2.
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their building of the railroad bed across Halfway Creek 
Marsh. Furthermore, the building of the Burlington and 
Northern line restricted lower Halfway Creek flow during 
large floods. This second sedimentation episode therefore 
extended from 1886 until 1918, before levees were built 
along Halfway Creek and before Sand Lake Coulee was 
connected to the lower marsh. For convenience of dis-
cussion, sedimentation along Halfway Creek during the 
second episode is proportioned into three subareas (table 
2; fig. 6B). 

Overbank sedimentation on the lower Halfway 
Creek flood plain during the second episode (1886–1918) 
increased an order of magnitude above that of the first 
episode (1846–85) (table 2). The large increase likely 
reflected the rapid expansion of wheat farming in the 
watershed, combined with several large floods and related 
dam failures. Estimated average depths of flood-plain 
sedimentation for the riparian zone along Halfway Creek 
upstream of the Great River Trail (former Chicago & 
Northwestern Railroad line) and for the upper marsh are 
1.25 ft and 0.5 ft, respectively (table 2). Estimates of 
sediment thickness for this period were calibrated from 
stratigraphic thicknesses observed at core sites KDH-2 and 
FWS-22, both representing areas that were cut off from 
Halfway Creek overbank sedimentation after the construc-
tion of artificial levees in 1919 (figs. 7–8). A 1938 aerial 
photograph does not show any evidence of levee breaches 
along the west side of Halfway Creek near KDH-2 (fig. 9). 
The presettlement soil is buried by 1.75 ft of silty fine- to 
medium-grained sand in KDH-2. The sand units beneath 
the presettlement soil in KDH-2 down to a depth of about 
20 ft are associated with postglacial alluvial fan building 
by Halfway Creek, whereas deeper deposits represent sedi-
mentation of late-glacial flood-plain outwash associated 
with the Mississippi River. In core FWS-22, the presettle-
ment soil (peat) is buried by about 0.7 ft of laminated silt 
thought to be deposited from 1886–1918 (fig. 8). The pre-
settlement soil or peat deposits are underlain by stratified 
medium- to coarse-grained sand associated with late-gla-
cial Mississippi River outwash. Total overbank sedimenta-
tion volume and rate for Halfway Creek for 1886–1918 
are estimated to be about 348,400 yd3 and 10,900 yd3/yr, 
respectively (table 2).

The third sedimentation period began in 1919 when 
construction of artificial levees reduced the potential 
flood-plain area for overbank sedimentation along Half-
way Creek from 324 acres in 1886–1919 to 270 acres in 
1919–36 (figs. 6B–6C). This episode ended in 1936, when 
the first high-quality aerial photography became available 
for defining channel location. The 1937–38 photography 

shows the formation of large episodic flood-plain splays 
(localized alluvial fans) near breaches or low spots in the 
artificial levees (fig. 9). Sedimentary units in cores PD-1 
through PD-5 (figs. 10 and 11) indicate light-colored, 
stratified fine- to very coarse-grained sand associated with 
the multiple flood-plain splays overlying very fine- to fine-
grained sand. The latter fine-textured sand most likely was 
deposited during 1886–1918. The stratified fine- to very 
coarse-grained sand contrasted sharply with the underly-
ing pre-1860 organic-rich, black silty soil associated with 
a riparian corridor of sedge marsh. Remnants of the sedge 
marsh were recorded on the 1937–38 Wisconsin Land 
Economic Inventory maps. The splay north of the Great 
River Trail (Chicago & Northwestern Railroad) bisected 
by transect 1 (fig. 10) is thicker than the splay south of the 
trail bisected by transect 2 (fig. 11). In general, the splays 
are thick near the breach in the levees and thin to the west. 
Total overbank sedimentation volume and rate for Half-
way Creek Marsh for 1937–69 are estimated to be about 
457,200 yd3 and 26,900 yd3/yr, respectively (table 2). 
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Figure 9. Aerial photographs of Halfway Creek (1938) showing flood-plain splays following dam failure and levee breaks 
associated with a recent flood. Photographs obtained from the Arthur H. Robinson Map Library at the University of Wisconsin–
Madison (source unknown).
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These estimates include sediment delivered to the marsh 
from Sand Lake Coulee (85,400 yd3), which was first 
connected to the marsh during this time period. Halfway 
Creek’s contributions to the marsh during this time period 
were double those from 1886–1918.

The fourth sedimentation period, 1937–69, was a 
period of continued drainage modifications and of land-
cover change in the upper Halfway Creek watershed that 
reduced peak flows. Sedimentation patterns from 1919 to 
1936 and 1937 to 1969 overall were similar (fig. 6C), but 
sedimentation rates for the two periods slightly differed 
(table 2). Rates of overbank sedimentation along Halfway 
Creek were higher during 1919–36 than during 1937–69 
mainly because of large floods, dam failure, and remobili-
zation of impounded sediment downstream into the upper 
and lower marsh during the earlier episode. Estimated 
rates were 21,900 yd3/yr for 1919–36 compared to 17,100 
yd3/yr for 1937–69. Given the changes in upland land 
cover between 1937 and 1969 and expected parallel reduc-
tions in surface runoff and soil erosion, lower sedimenta-
tion rates in the lower marsh might have been anticipated 
than what was estimated during this investigation. The 
continued anomalous high sedimentation rate in the lower 
marsh (subarea H4b-2) was likely from the construction 
of artificial levees upstream from County Highway ZN. 
The levees disconnected Halfway Creek from former 
flood-plain surfaces that had been available previously for 
water and sediment storage. The artificial levees on both 
sides of Halfway Creek between County Highway XX 
and County Highway ZN essentially created a flume-like 
channel that very effectively conveyed large floods and 
their high sediment loads downstream into the lower marsh 
area, a result of the very limited area for sediment storage 
within the leveed reach of Halfway Creek. Deposition of 
sandy alluvial fans around the historical Halfway Creek 
channel through the lower marsh illustrate this process 
(fig. 12). The 137Cs profiles from a core in the upper marsh 
(FWS-21) and the lower marsh (FWS-18) confirm that 
upper marsh sedimentation rates decreased and lower 
marsh sedimentation rates increased during 1937–69, most 
likely in response to the levee effects explained previ-
ously (fig. 13). The reach between the Great River Trail 
(Chicago & Northwestern Railroad) and County Highway 
ZN (subarea H3b-1) had an estimated overbank sedimen-
tation rate of 11,600 yd3/yr from 1919 to 1936 compared 
to an estimated 4,600 yd3/yr from 1937 to 1969 (table 
2). In contrast, the reach in the lower marsh (H3b-2) had 
an estimated overbank sedimentation rate of 2,900 yd3/
yr in 1919–36 compared to an estimated 8,400 yd3/yr in 
1937–69. 

After 1919, the connection of Sand Lake Coulee 
drainage from the bluffs through Midway and into the 
lower marsh resulted in additional sediment coming into 
the lower marsh from the east (fig. 6C). The plugging of 
the southeastward course of the Sand Lake Coulee channel 
soon after its construction (exact year unknown) resulted 
in the building of an alluvial fan into the lower marsh 
immediately south of Midway, with the mouth forming 
distributary channels into the lower marsh. These channels 
migrated north closer to Midway as the fan built outward 
and upward (fig. 14). The 1938 aerial photograph shows 
newly flood-deposited, light-colored sediment in the 
vicinity of the main alluvial fan, as well as a secondary fan 
formed north of Midway (fig. 9). This secondary fan depo-
sition probably was fed by floodwaters that exited the Sand 
Lake Coulee channel at the tight bend near the base of the 
late-glacial (Bagley) terrace in Midway and flooded the 
field north of the Great River Trail (Chicago & Northwest-
ern Railroad line). Cores SLC-1, -2, -3, and -4 descend 
the axis of the Sand Lake Coulee alluvial fan (transect 7A, 
fig. 14). The alluvial fan most likely formed from about 
1919 through the 1970s. Core SLC-7 is along transect 7B, 
which follows the approximate path of the 2005 channel 
into the marsh. Estimated Sand Lake Coulee contributions 
of sediment to the lower marsh were higher in 1919–36 
(5,000 yd3/yr) than in 1937–69 (1,200 yd3/yr). This dif-
ference is consistent with changes in land cover over time 
between these two periods, as discussed previously. The 
differences also may result from downcutting and channel 
bank erosion that probably were active during 1919–36 in 
response to adjustments in the Sand Lake Coulee channel 
after its constructed extension from the terrace surface into 
the lower marsh.

A fifth period of sedimentation history for Halfway 
Creek Marsh is recognized for 1970–93. During this 
interval, the channel of Halfway Creek was mainly west 
of its 1937–38 location through the lower marsh, with 
the possibility of a secondary channel to the east (figs. 
6C–6D). The magnitude and distribution of ditching dur-
ing this period in the upper and lower marsh is not well 
documented, and it is not known how much sediment 
might have been removed during these activities. The Sand 
Lake Coulee fan continued to build outward into the lower 
marsh from the east, just south of Midway. The estimated 
sedimentation rate for Halfway Creek (12,200 yd3/yr) was 
lower during this period compared to 1919–69 and similar 
to 1886–1918, most likely because of widespread imple-
mentation of agricultural best-management practices in the 
watershed. In addition, the Holmen Dam was not in place 
during this period, eliminating sudden bursts of flood-
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flow and stored sediment during dam failures. However, 
sedimentation rates for the Halfway Creek fan in the lower 
marsh may have peaked during this period because of the 
lack of available flood-plain storage for sediment in the 
upper marsh, a result of artificial levees. The lower marsh 
accumulated an estimated volume of about 205,100 yd3 
of sediment over its northwestern half, and this volume 
represented about 70 percent of the total volume of sedi-
ment deposited along lower Halfway Creek between 1970 
and 1993 (fig. 6D, table 2). The estimated sedimentation 
volume during the period 1970–93 for the Sand Lake 
Coulee fan was 23,000 yd3, which is about 60 percent of 
the volume deposited between 1937 and 1969, whereas the 
estimated sedimentation rate of 1,000 yd3/yr for the period 
1970–93 is about 80 percent of the rate from 1937 to 1969. 

During the sixth period of sedimentation in the Half-
way Creek Marsh (1994–2006), the Halfway Creek chan-
nel was at its most eastern and central location through 
the northern part of the lower marsh. During 1994–2006, 
natural levees either continued to form or formed along 
Halfway Creek in the lower marsh (fig. 14). These levees 
are about 1 ft higher than the surrounding marsh. Thus, in 
the middle of the lower marsh, there is an approximately 
1,200-ft wide swath that generally is minimally affected by 
historical sedimentation except for near-channel areas 
(fig. 14).

The Halfway Creek estimated sedimentation rate 
for the sixth period, 1994–2006, is 2,900 yd3/yr (table 2), 
which is about 3 times the estimated overbank sedimenta-
tion rate during the first period, 1846–86, but only about 
22 percent of the 12,200-yd3/yr rate for the preceding 
period, 1970–93. Improvements in agricultural practices 
(and possibly an increase in the amount of forest cover in 
the watershed) may have reduced the sedimentation rate, 
combined with removal of 15,900 yd3 from the Halfway 
Creek channel along the south side of County Highway 
ZN from 1994 to 2003. Additional sediment was removed 
from the diversion channel and from the experimental 
constructed wetlands in the upper marsh. It is not known 
how much urban development occurred during this time or 
what its effect on sedimentation in the marsh would have 
been. 

The 1994–2006 estimated sedimentation rate for the 
lower marsh area represented by the Sand Lake Coulee 
alluvial fan is about 1,100 yd3/yr, which is nearly identical 
to the 1,000 yd3 per year estimated for the same area in 
the preceding period from 1970–93. However, 3,100 yd3 
was removed from a sand trap at County Highway OT/ZM 
from 1994 to 2006, over the same time period that 13,500 

yd3 of overbank sediment was deposited on the alluvial fan 
(table 2). 

Overbank sedimentation rates for 1994–2006 for 
the lower marsh can roughly be compared to annual 
suspended-sediment loads measured during 2004–06 from 
USGS streamgages on Halfway Creek at County High-
way ZN, the diversion channel, and Sand Lake Coulee. 
Annual suspended-sediment loads entering the lower 
marsh during 2004–06 have varied: 11,610 tons in 2004, 
2,670 tons in 2005, and 840 tons in 2006 (Peter Hughes, 
U.S. Geological Survey, written commun., 2007). There 
were fewer floods in 2005 and 2006 compared to 2004. 
Annual suspended-sediment loads coming out of the marsh 
from Halfway Creek at County Highway Z were 910 tons 
in 2005 and 340 tons in 2006; therefore, 60–66 percent 
of the suspended-sediment load, or 1,760 to 7,650 ton/yr, 
is stored in the lower marsh. In comparison, based on the 
core descriptions, the overbank sedimentation load for the 
marsh for 1994–2006 was 5,000 tons/yr. The loads esti-
mated from overbank sediment thickness are representative 
of long-term loads that span wet and dry years. 

In summary, approximately 1,800,000 yd3 (or about 
2,400,000 tons) of sandy overbank deposits are stored 
along the margins of Halfway Creek through the upper and 
lower marsh and in alluvial fan deposits where Sand Lake 
Coulee previously entered or currently enters the lower 
marsh. This study connects historical sedimentation rates 
and patterns in riparian marshes along the Upper Missis-
sippi River system back to tributary watershed conditions 
and disturbances. However, the history of human activities, 
magnitude of overbank sediment loading, and continued 
fluvial adjustments to the loading in Halfway Creek Marsh 
are likely typical for numerous other small tributaries 
that flow into critical backwater marsh habitats along the 
Upper Mississippi River National Wildlife and Fish Ref-
uge and the entire Upper Mississippi River System.

 Effects on Channel Morphology

The variable channel morphologies of Halfway Creek 
and Sand Lake Coulee through the upper and lower marsh 
are reflections of historical overbank sedimentation pat-
terns and human activities (fig. 15). The channel and flood 
plain at transect 3 are confined by artificial levees on both 
sides of the stream, causing accelerated overbank sedimen-
tation within the narrow, confined zone between the levees 
since about 1919. Based on nearby core data from FWS-21 
and FWS-24, there has been approximately 5 ft of histori-
cal sedimentation in the field on the east side of the stream, 
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and the top of the natural levee immediately adjacent to 
the channel is only 1.2 ft lower than the top of the artificial 
levee to the east. Although morphologic appearance gives 
an impression that the channel is actively entrenching, this 
is not the case. The deep channel is due almost entirely to 
the massive historical flood-plain sedimentation that has 
extended the heights of the banks above the bed. In turn, 
confined deep flows generate sufficient shear stresses on 
the channel bed to move sand and gravel bedload and pre-
vent extensive channel-bed aggradation. The channel bed 
may have aggraded by 1 ft or more since settlement. Most 
of the aggradation was likely after 1937 when the lock and 
dam system was constructed on the Mississippi River and 
base level was raised by about 6 ft at the mouth of Halfway 
Creek. The entrenched look of Halfway Creek along the 
south side of County ZN (transect 4) is the result of chan-
nel construction and periodic dredging from 1994 forward. 
The cross-section capacity of the Halfway Creek channel 
in the lower marsh (transects 6 and 7A) is less than half 
that of the channel through the upper marsh, reflecting the 
absence of artificial levees, lower overbank sedimentation 
volumes, and young age (1994). Natural levees, about 0.3 
to 1 ft high, were present along the lower marsh channel. 

The Sand Lake Coulee channel at transect 8 was 
either constructed or naturally created after 1938 after the 
former dredged, southeastward-flowing channel filled with 
sediment (fig. 15). The bed of the channel, where it enters 
the lower marsh, is at a similar altitude as the dredged 
channel bed of Halfway Creek along County Highway 
ZN (transect 4). The altitudes of natural levees and spoil 
material along the banks of the Sand Lake Coulee channel 
are higher than the adjacent alluvial-fan surface associated 
with the 1973 location of the channel (fig. 6D), indicating 
that Sand Lake Coulee is a major sediment source to the 
lower marsh. 

 Summary and Conclusions

The sedimentation history from 1846 to 2006 of 
Halfway Creek Marsh, Wis., was studied by the USGS, 
the University of Wisconsin–Madison, the USEPA, and 
the USFWS. The study was conducted to characterize 
historical patterns and rates of sediment deposition and to 
compare sediment deposition on the flood plain and marsh 
in recent years to the past within the context of human 
activities, changes in channel locations, and flood history. 
The sedimentation history was divided into six time peri-
ods based on human activities and datable benchmarks in 
the sediment record. Sediment cores were collected from  

2005 to 2006 in the upper and lower marsh. Transects 
were surveyed across channels, flood plains, alluvial fans, 
and flood-plain splays associated with historical overbank 
sedimentation. Sediment texture, color, compaction, strati-
fication, and soil development were used to interpret the 
historical record of sedimentation in the Halfway Creek 
Marsh. This study relates estimated historical sedimenta-
tion rates and patterns in riparian marshes along the Upper 
Mississippi River system with tributary watershed condi-
tions and disturbances. The history of human activities, 
magnitude of overbank sediment loading, and continued 
fluvial adjustments to the loading in Halfway Creek Marsh 
broadly approximate those of numerous other small tribu-
taries that flow into critical backwater marsh habitats along 
the Upper Mississippi River National Wildlife and Fish 
Refuge and the Upper Mississippi River System.

This study provides scientific information necessary 
for resource managers in the USFWS and the USEPA to 
address the five management-related questions posed at the 
beginning of this study:

What is the extent and character of historical 1. 
sand deposition in the marsh and can the sand be 
removed and used for landscaping/fill?

Will the channel of Halfway Creek stabilize 2. 
through the lower marsh?

Are more sediment traps needed along Halfway 3. 
Creek in the upper marsh?

Given the rate of sediment deposition, is it worth-4. 
while to improve wetland habitat in the lower 
marsh?

Will sediment deposition rates remain relatively 5. 
constant in the marsh over the next 50 years?

The extent and character of historical sand deposition 
in the marsh are mainly dependent on proximity of the 
deposits to historical channels, alluvial fans, and artificial 
levees. The historical (post-1860) overbank deposits follow 
along the modern and historical Halfway Creek channels 
downstream of County Highway XX, through the upper 
and lower marsh, and in the mouth of Sand Lake Coulee in 
the lower marsh. The historical overbank deposits are up 
to 6 ft thick along the banks of Halfway Creek through the 
upper marsh where the flood plain is confined by artificial 
levees and in flood-plain splays formed by breaches in the 
artificial levees during large floods. In the lower marsh, 
overbank sedimentation patterns follow historical chan-
nels and alluvial fans. The northwest and northeast corners 
of the lower marsh, where Halfway Creek and Sand 
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Lake Coulee enter, respectively, have 5 to 6 ft of fine- to 
medium-textured sand layered with dark organic-rich loam 
or silt-clay units associated with fan deposits. The texture 
tends to become more fine-grained and organic-rich in the 
downstream direction through the lower marsh. The his-
torical deposits tend to be lighter in color, less compacted, 
more stratified and bedded, and have less soil development 
and organic content than presettlement deposits.

The most recent aggregate estimated overbank 
sedimentation rate of 3,700 yd3/yr for 1994 to 2006 for 
the entire marsh is about 4 times the early settlement 
(1846–85) rate (900 yd3/yr). However, the aggregate his-
torical overbank sedimentation rate for the period between 
1919 and 1936 was estimated to be 26,900 yd3 per year, a 
magnitude that was nearly 30 times the 1846–86 rate and 
more than 7 times that for 1993–2006. The very high rate 
of overbank sedimentation between 1919 and 1936 was 
caused by watershed agricultural practices that promoted 
surface runoff and soil erosion, several large floods, 
failures of the Holmen Dam accompanied by sediment 
flushing of mill-pond sediment and downstream-channel 
bank erosion, and channelization that directly con-
nected the drainage of the Sand Lake Coulee to the lower 
marsh. Overbank sedimentation rates for the lower marsh 
remained anomalously high between 1937 and 1993, espe-
cially because levees constructed earlier along the chan-
nel of Halfway Creek allowed the remaining small flood 
plain and channel system to function as an efficient flume 
for transporting water and sediment into the lower marsh. 
Although upland land conservation may have reduced 
sediment inputs from the upstream watershed in recent 
years, the flume-like behavior of Halfway Creek through 
the upper marsh makes it a very effective transporter of 
water and sediment, allowing minimal storage along the 
way before flow reaches the lower marsh. 

Channel changes and sedimentation rates in the lower 
marsh currently are less severe than a few decades ago; 
nevertheless, the channel in the lower marsh is adjusting to 
excess sediment from upstream and the continued building 
of alluvial fans by Halfway Creek and Sand Lake Coulee. 
The Halfway Creek channel has shifted eastward toward 
the center of the lower marsh through natural alluvial fan 
building and ditching/channelization. Additional upstream 
flood-plain storage for water and sediment during floods 
would reduce overbank sedimentation rates in the lower 
marsh. 

In conclusion, approximately 1,800,000 yd3 (or about 
2,400,000 tons) of sandy overbank deposits are stored 
along the margins of Halfway Creek through the upper and 
lower marsh and in alluvial fan deposits where Sand Lake 

Coulee previously entered or currently enters the lower 
marsh. The historical overbank deposits affect the modern 
fluvial processes of Halfway Creek and marsh/wetland 
fluvial dynamics. The fluvial system through the marsh 
accepts the additional sediment and adjusts within the 
physical laws that constrain it. System-wide adjustments to 
historical sediment loading of this magnitude will prob-
ably continue for decades and centuries, manifested during 
extreme floods and moderate flows, continually flushing 
legacy sediment from channel margins downstream into 
the lower marsh and eventually to Lake Onalaska and to 
the Mississippi River. The history of human activities, 
magnitude of overbank sediment loading, and continued 
fluvial adjustments to the loading in Halfway Creek Marsh 
are typical for the numerous small tributaries that flow into 
critical backwater marsh habitats along the Upper Missis-
sippi River National Wildlife and Fish Refuge and along 
the Upper Mississippi River System. Due to the high prob-
ability of remobilization of stored historical sediment and 
associated nutrients, and their long-term effects on lowland 
vegetation and fish and wildlife habitat, it is important 
to improve understanding of how human activities have 
influenced patterns and rates of sedimentation in riparian 
environments. In addition, the legacy of past erosion and 
sedimentation will continue to influence current and future 
water quality, sediment loads, nutrient loads, and water-
related resources. 
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