
Kira J. Kuehl, Elizabeth Fedewa, Dr. Garry L. Running | Department of Geography & Anthropology

Geoarchaeological Inves�ga�ons of Glacial Lake Agassiz and Holocene alluvial deposits in the 
Buffalo River Valley, northwestern Minnesota

ACKNOWLEDGEMENTS
We thank the Office of Research and Sponsored Programs (ORSP), UW-Eau Claire, 
for both a Summer Research Experience for Undergraduates grant and a Student – 
Faculty Collabora�ve Research grant. We also thank ORSP for hos�ng the 
Celebra�on of Excellence in Research and Crea�ve Ac�vity. We thank the UW-Eau 
Claire Geography and Anthropology Department for funding and support. We thank 
Dr. George Holley, Dr. Rinita Dalan, Dr. Mike Michlovic, and Anthony Bormann of 
MSU-Moorhead for the opportunity to collaborate with them. We also thank Mark 
Peihl of the Historical and Cultural Society of Clay County for assistance with aerial 
photograph access. We thank the UW-Eau Claire Learning and Technology Services 
for plo�ng the poster. We thank Kevin and Val Ke�ner for housing us during the 
wicked summer storms. We also sincerely thank Dr. Garry Running, Dr. Doug 
Faulkner, Mar�n Goe�l, Yvonne Plomedahl, Sco� Nesbit, and Alyssa Krantz for their 
assistance and tremendous support throughout the research process.

REFERENCES
“Clay County Government Survey Maps,” Clay County, accessed March 29, 2017,
 h�p://claycountymn.gov/740/Government-Survey-Maps 
“Index of Download Photos GLO,” accessed March 29, 2017, �p://gis.co.clay.mn.us/Download/Photos/GLO/
Leverington, D., and J. Teller. 2003. “Paleotopographic reconstruc�ons of the eastern outlets of glacial Lake Agassiz.” Canadian 
 Journal of Earth Sciences 40 (9):1259-1278. doi: 10.1139/e03-043.
“Minnesota IT Services Geospa�al Informa�on Office,” Minnesota IT Services, accessed March 29,2017, 
 h�p://www.mngeo.state.mn.us/chouse/wms/wms_image_server_layers.html   
“University of Minnesota Historical Aerial Photographs Online,” Last modified February 16,2015. Accessed March 29 2017, 
 h�ps://www.lib.umn.edu/apps/mhapo/
Upham, Warren. The Glacial Lake Agassiz. Washington D.C.: United States Geological Survey, 1895.

DISCUSSION & CONCLUSION
Channel Morphology

Future studies include tes�ng the 
hypothesis that evolu�on of floodplain 
landforms in the Buffalo River 
floodplain are indica�ve of their age 
(i.e. higher eleva�on = older landform).

The Buffalo River has not been nearly as ac�ve as we originally 
an�cipated. Much of this ac�ve floodplain is comprised of prehistoric 
deposits and should be considered in the cultural resources inventory 
survey. Prehistoric cultural material and landforms may also be present in 
valley margins. Several low terrace remnants are preserved on the valley 
margins as well.

Challenges
Finding adequate data in terms of historic aerial photographs proved 
difficult. Many of the photographs found early in data collec�on were 
dismissed due to their low quality. Of the resources found, the historic 
aerial photograph from 1981 (Figure 11) and the GLO survey map from 
1859 (Figure 12) were too unreliable to accurately georeference. The 
GLO survey map would have provided be�er context for historic channel 
morphology.

Future Studies

Figure 11. (Left) 
The historic 
aerial 
photograph from 
1981 that was 
not used (unable 
to accurately 
georeference it). 
The BRRSC is 
located on the 
perimeter of the 
photo and is 
distorted.

Figure 12. (Left) 
The Government 
Land Office 
original land 
survey for 
township 139, 
range 46 
conducted in 
1859. The survey 
was not 
conducted in 
enough detail to 
be reliably 
georeferenced.

RESULTS
Historic valley floodplain landforms are iden�fied in the Buffalo River Valley.
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Figure 7. (Left) The six aerial 
photographs used to reconstruct 
channel morphology of the 
Buffalo River. 

Figure 8. (Right) All six aerial 
photographs used to reconstruct 
channel morphology of the Buffalo 
River. Each photograph has been 
georeferenced and appear here 
overlain on top of one another.

Figure 10. A map showing the full extent of the digitized riverbanks over the LiDAR-derived DEMs. Historic floodplain 
landforms are present within the channel. Prehistoric floodplain landforms are present outside the channel. 

Figure 9. A map showing the full extent of historic floodplain landforms over the LiDAR-derived DEMs. Individually 
digitized channels are designated by different colors. Historic floodplain landforms are present inside the channels.

METHODS
To iden�fy and map historic floodplain deposits in the valley so they can be 
eliminated from the cultural resources inventory survey, we:

Created LiDAR-derived DEMs from the Red River of the North Basin 
(2008-2010 LiDAR data obtained from the Minnesota Geospa�al 
Commons (Figure 6)).

Acquired five historic aerial photographs of the BRRSC spanning 64 years 
(1939, 1948, 1963, 1993, and 2003) and one recent photograph (2015) 
to reconstruct channel morphology of the Buffalo River (Figure 7).

Georeferenced each historic aerial photograph based on the 2013 
ArcMap imagery base map (Figure 8). We established control points 
rela�ve to the Buffalo River in order to avoid distor�on around the study 
area and measured root-mean-square-error (RMSE) values. Results 
indicated the georeferencing was successful.
Manually digi�zed the ac�ve Buffalo River channel (water and 
unvegetated gravel bars) for each historic aerial photograph (Figure 5). 

Overlaid all six digi�zed ac�ve channels and digi�zed the outer-most 
channel lines to define the spa�al extent of historic floodplain deposits 
(Figure 10). 

Figure 5. (Above) A screen capture of the digitizing process of 
the right bank on the Buffalo River. The photograph used is 

the 1993 black and white photograph from USGS.

Figure 6. (Above) A data flow model representing the processing of LiDAR data. We created a .las 
dataset of the study area from the .laz files obtained from the Minnesota Geospatial Commons. 
Next we created the .las dataset layer which was converted to a raster file to display elevation. 

STUDY AREA

= till = near shore “beach”
    delta sands and gravels

= mass wasting deposits
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Glacial Lake Agassiz expanded during the Moorhead phase (10 800 to 10 100 C years BP) (Leverington and Teller 2003). Lake levels rose to the 
Herman strandline and then fell to the Norcross strandline. During that �me, wave ac�on reworked glacial �ll in the BRRSC (visible in Figures 3 
and 4). Lake levels later dropped episodically. The Campbell strandline formed west of the BRRSC during that �me. The BRRSC is nestled between 
the Norcross and Campbell beach ridges with Buffalo River glaciodeltaic material to the east and the steep Norcross strandline scarp to the west 
(Upham 1895), approximately 23 km east of Moorhead, MN.  The Buffalo River incised in response to lake recession, forming the steep-sided 
valley we see in the BRRSC today, as post-glacial Lake Agassiz processes (fluvial and eolian) modified it. The valley floor is armored by clasts 
eroded by underlying glacial �ll that restrict further incision. Since the demise of Glacial Lake Agassiz, the Buffalo River has responded to changes 
in discharge and sediment supply by lateral migra�on. The migra�on created valley margins visible in the LiDAR-derived DEMs (Figures 9 and 10).
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Figure 1. (Left) The 
study area is 
represented by the 
red polygon.

Figure 2. (Right) A map by 
Warren Upham in The Glacial 

Lake Agassiz in 1895 
illustrating beaches and 

deltas of glacial Lake Agassiz.

Figure 4. View of an exposure of deposits exposing 
“upland” landscape in the BRRSC. 
1 = eolian sand sheet, weakly expressed buried 
A-horizons suggest episodic deposition. 
2 = mass wasting deposits in valley margin settings. 
3 = near shore “beach” delta sands and gravels 
deposited during or after Norcross strandline was 
occupied but before the Campbell strandline formed. 
4 = wave-modified till. Trough cross-bedding suggests 
subaqueous downslope movement when Norcross 
and Herman strandlines were forming or the unit is 
englacial/superglacial till. Abrupt, straight upper 
boundary consistent with wave-planed till. 
5 = till. 
Exposure approximately 10m high. Photograph taken 
by Scott Nesbit, 12th July 2016. View to the east.

Figure 3. To the right illustrates sedimentary deposits 
in the study area. Explanation of symbols below.

INTRODUCTION
The Buffalo River Regional 
Science Center (BRRSC) is 
owned by Minnesota State 
University – Moorhead 
(MSU-Moorhead) and is 
used primarily for research 
purposes among several 
departments. The   
Department of Anthropology and Earth Science students and 
faculty are conduc�ng a cultural resources inventory at the 
BRRSC (Figure 1). MSU-Moorhead faculty want to conduct 
the inventory efficiently and effec�vely. To do so, they need 
to iden�fy loca�ons in the BRRSC where in situ cultural 
material may be preserved. Our contribu�on is to iden�fy 
and map historic floodplain deposits in the valley so they can 
be eliminated from the cultural resources inventory survey 
considera�on. The northwest por�on of the property once 
operated as a golf course before the property owners sold 
the land to the university. Remnants of sand pits and tee 
blocks are s�ll visible in photographs (Figure 7).


