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Introduction 

As part of geography 364, fluvial processes and landforms, our class went to the Little Missouri 

Badlands in western North Dakota from October 6 to October 9 2013 with our professor, Dr 

Doug Faulkner.  The primary goal of the trip was to study fluvial processes and landform in a 

semi-arid environment, but local geology and the effects of the last glacial maximum on the area 

were also discussed.  Incision of the Little Missouri help create a variety of landforms: rills, 

gullys, pipes, ephemeral streams, in-stream benches, bars and channels.  These landforms were 

examined in order to understand their origin and continuing evolution.  The geology of the 

region consists of two formations, the Sentinnal Butte and Bullion Creek which are separated by 

a layer called the HT Butte Clinker.  Though the region was never glaciated, the course of the 

Missouri River approximates the maximum extent of glaciation, the formation of continental 

glaciers changed the course of rivers in the region from flowing northward to the Artic Ocean to 

flowing into the Mississippi River.  A general map of the area is shown in Map 1.  Field 

interpretations are based on Dr Doug Faulkner’s landscape interpretations with additional 

consulted resources from The Geology of Theodore Roosevelt National Park by Robert F Biek 

and Mark A Gonzalez (2001), Use of Cottonwood in an Investigation of the Recent History of a 

Floodplain by Ben L Everitt (1968), and Arroyos: How the West was Carved by Mark A 

Gonzalez (2000).      

Stop 1-1 

Our first stop (Map 2) on 10/6 at approximately 9:20AM was at a cut bank on a crisp, 30ºs F, 

clear morning. An exposure created by the cut bank in an ephemeral stream beautifully 

exemplifies the contact between two formations, a drab grey lower formation and a bright yellow 

upper formation.  The lower formation is the Sentinnal Butte and the upper formation is the 

Bullion Creek.  The bottom of the Sentinel Butte is composed of a orange red clay layer called 

the HT Butte Clinker.  The HT Butte Clinker derives from the subsurface burning of lignite 

viens, which bakes the overlying sediments to create a baked clay like layer.   

Stop 1-2 

Next we drove a short distance (Map 2) to examine the exposed chimney vent.  The chimney 

vent is one “pimple” on a plain dotted with similar landforms (Figure 1).  The vents form from 
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the explosive release of volatiles from the baking of sediments by burning lignite veins.  These 

vents can have almost igneaous features, columnar jointing, glass formation and even partial 

melting. 

Stop 1-3 

From the exposed chimney vent we walked a short distance a butte overlooking Sully Creek 

Road (Map 2).  Large gullys at the base of the butte (Figure 2) only to be infilled by colluvium 

(Figure 3) as evident by examination of the stratigraphy exposed in the gully walls.  The butte 

provides an excellent example of the stratigraphy found in the area which ranges from red clay 

layers, clinker, to dark grey popcorn textured layers, bentinite, to thin black layers, lignite 

(Figure 4).  We collected petrified wood with secondary quartz and gypsum at this site.  Rills, 

gullys and pipes can also be seen eroding into the butte (Figure 4). 

Stop 1-4 

After a noon lunch the weather had warmed up to about 50F.  Stopping (Map 3) on top of a ridge 

provide an excellent view of the deeply incised valleys (Figure 5).  Juniper groves dominate the 

north facing slopes due to microclimate conditions.  North facing slopes are typically wetter, due 

to lack of sunlight compared to south facing slopes, promoting greater weathering and increasing 

soil formation. 

 

Several flat surfaces below the ridge top mark terraces.  Terraces form from incision of a river 

below its floodplain.  Four terraces have been mapped in the Little Missouri Badlands, QT4 to 

QT1 with QT0 being the modern floodplain. 

Stop 1-5 

Magpie Creek is a tributary of the Little Missouri River (Map 3) and provides a superb example 

of arroyo infilling and incision (Figure 6).  After initial infilling of a valley with alluvium, lateral 

erosion creates a flood plain.  However, since the stream is unable to carry away incoming 

sediment a nickpoint and arroyo, a valley floor gully, forms as the valley aggrades.  By 

descending into the gully the stratigraphy and sorting of the alluvium can be observed.  Mark 

Gonzalos used dendrochronology with cotton wood trees to date the arroyos to the late 

nineteenth century. 
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Stop 1-6 

The Buckhorn Creek watershed (Map 3) provides an excellent example of the cottonwoods that 

Gonzalos studied.  Cottonwood trees dominate floodplains and are uniquely adapted for their 

life.  As subsequent floods carry in more sediment and bury the initial root crown, the tree 

sprouts more roots, called adventitious roots, within the aggraded sediment (Figure 7).   

  

The valley also provides an example of colluvium on the valley sides.  This colluvium forms in 

alluvial fans at the mouth of tributary gullys. 

  

An arroyo headcut along the valley floor provides a classic example of how arroyos form.  The 

migration of a nickpoint upstream cuts through previously deposited alluvium.  Though mass 

wasting processes work to infill the arroyo and will eventually overwhelm the transfer zone.  A 

“protoheadcut” forms slightly upstream from the main headcut from the acceleration of the 

stream and the steepening of the water surface.   

Stop 1-7 

Fantail Creek is a large wide valley (Map 3) that shows active aggradation through processes of 

lateral erosion.  The channel migrates across the valley floor but is not able to carry away during 

floods causing vertical aggradation. 

Stop 2-1 

Our first stop (Map 4) the next day was on a high ridge top overlooking the Little Missouri River 

valley (Figure 8).  The Little Missouri makes a sharp bend to the east here which marks the 

extent of glaciation.  The former ice margin created a barrier that the formerly northward flowing 

river could not break through forcing the river to form a new course running south east.  The 

bluffs above the river also show the contact between the drab grey Sentinel Butte and yellow 

Bullion Creek formations.  Lateral erosion of the river not only erodes into alluvium on the 

valley floor but also abuts the bedrock cliffs.  Groves of cottonwood trees form lines along scroll 

bars which form as point bars migrate into the river.  
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Stop 2-2 

We proceed down a steep gully to the floodplain to our next stop (Map 4).  A wide mound at the 

base of the gully is an alluvial fan which forms from deposition of material on the valley floor 

due to the deceleration of the stream.  A break at the toe of the fan marks where the Little 

Missouri River has eroded into the fan.   

Stop 2-3 

From the alluvial fan we proceed onto the floodplain and point bar (Map 4).  Coring the 

floodplain shows buried flood deposits which can be used to quantify how much material has 

been deposited on the floodplain during flooding.  Cores also show a general fining upward 

sequence within the flood deposits. 

Stop 2-4 

Moving toward the river we see a series of swales and ridges (Map 4).  The ridges are called 

scroll bars which form as the point bar migrates into the river.  Swales between bars are typically 

filled with overbank deposits or become channelized during floods, forming a cut off chute.  

Dendrochronology of cottonwoods can be used to date the formation of the scroll bars.  A brief 

field survey (Figure 9) showed the scroll bar about 45m from the river to be about 50 years old, 

the scroll bar about 30m from the river was about 15 years old and the results from the scroll bar 

nearest the river were inconclusive. 

 

On the river bank, at the edge of the point bar, the cut bank provides a stunning exposure to 

observe several different kinds of stratigraphy (Figure 10).  The exposure is approximately 10m 

high and spans the length of the point bar.  Apparent parallel layers of alluvium with an angular 

unconformity with the bedrock.  Vegetation grows on the alluvium but is absent of the bedrock 

portions of the exposure.  These layers form a terrace above which rears a high butte. 

 

The point bar itself is approximately 20m wide, from scarp to river, and is well sorted with layers 

of coarse clinker in shallow swales and finer sands on low ridges (Figure 10).  The sediments 

generally become fine the further upstream they are on the point bar.  Lignite, low grade coal, 

can also be found on the point bar which suggests a nearby source since lignite weathers quickly.   
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Stop 2-5 

Down river from the point bar we can see a brilliant example of a recent oxbow cutoff.  The river 

course has changed from the time Map 4 was printed to the time when we went to the location.  

The map shows the river in its former course, but recent flooding has cut off the oxbow from the 

main course of the river.  The cutoff is on the opposite bank but can still be clearly observed 

(Figure 11).  Ariel photography from GoogleEarth shows the oxbow as the active channel as 

recent as 2006.  Since then the oxbow has been cut off with bars forming at the oxbow mouth.  

Overbank sedimentation will eventually fill the oxbow with fine grains, forming a clay plug.  

The former channel can also be seen along the newly developing point bar. 

 

Stop 3-1 

The next day was clear and warm.  We drove to Theodore Roosevelt National Park and entered 

through an unlocked back gate (the park was technically closed due to a government shutdown).  

We climb up a slope, across a large exposure of bentinite (Figure 12), to a high plain before 

descending to the Petrified Forest (Map 5).  Several features including pipes, petrified wood and 

sandstone (Figure 13) can be seen on the plateau where the majority of the petrified forest is 

located.  The large pieces of petrified wood inherit much of their structure from their protolith 

(Figure 14). The petrified wood is found in two layers within the Sentinel Butte Formation.  

Layers of bentinite can also be seen in the area which are ash deposits from nearby volcanic 

eruptions.  Large pipes can also be seen along the hillslopes and tend to cut through bentinite 

layers.  Sandstone units wind their way through the petrified forest and mark ancient streams 

beds (figure 15).  Exposures below the petrified forest also provide an excellent view of the 

contact between the Sentinel Butte and Bullion Creek formation.  While most of the contact are 

of the HTC Butte clinker, a small gully cuts through HTC Butte lignite (Figure 16). 

Stop 3-2 

The afternoon was sunny and in the 70s, in other words absolutely beautiful.  We go back to the 

Sully Creek campground to take a cross channel survey of the Little Missouri River (Map 6).  

Using a laser level to determine elevation changes from bank to bank while fording the river is 

one way to measure channel shape.  The survey was taken starting at the west bank, on a scroll 
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bar, and descending down the point bar through the river and onto an inchannel bench before it 

reached the opposite bank. 

Conclusion 

During our field trip we observed a variety of fluvial landforms and the processes that created 

them.  Through this trip a greater understanding of the various features rivers create as they wind 

across the earth’s surface.  Readily erodible geologic units and a semi-arid environment provides 

ideal conditions for the development of fluvial landforms since there is abundant sediment inputs 

and little vegetation cover.  Though rainfall is sparse in the region, when it occurs the likelihood 

of erosion and subsequent deposition is great.  These factors with incision of the Little Missouri 

River lowering base level for its tributaries creates a surreal and awe inspiring landscape to study 

fluvial landforms and processes. 



7 

 

Maps 

 

Map 1: Areas visited in the Little Missouri Badlands.  Interstate 94 can be seen at the bottom of the map.  Stops 1-1 to 1-3 were 

located in the southern most rectangle.  Stops 1-4 to 1-7 were located in the large middle rectangle.  Stops 2-1 to 2-5 were 

located in the northern most rectangle.  Stop 3-1 was located in the rectangle immediately north of Interstate 94 and stop 3-2 was 

located in the small rectangle south of Interstate 94 along the Little Missouri River. 
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Map 2: Map showing stops 1-1 to 1-3 along Sully Creek Road. 
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Map 3:  Showing stops 1-4 to 1-7 in the Little Missouri National Grasslands. 
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Map 4:  Map showing stops 2-1 to 2-5 along the Little Missouri River. 
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Map 5: Map showing stop 3-1 in Theodore Roosevelt National Park. 

 

Map 5: Map showing stop 3-2 in Sully Creek State Park, the location of a cross channel survey. 
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Figures 

 

Figure 1 Clinker plain.  Note the small "pimples" that mark chimney vents. 



13 

 

 

Figure 2 Gulley formation at base of butte can be seen cutting into clinker plain. 
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Figure 3: Colluvium being deposited at base of butte. 
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Figure 4: Stratigraphy of Bullion Creek formation with lignite (black), bentinite (grey) and clinker layers (red-orange) 
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Figure 5: Ridges and valleys in Little Missouri Badlands.  The flat areas are terraces. 
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Figure 6: Nickpoint of arroyo downcut into valley floor.  Slopes have been somewhat stabilized by vegetation. 
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Figure 7: Little Missouri River valley.  Of particular interest is the stratigraphy exposed in the bluffs and the cottonwood groves 

that can be seen on the floodplain. 
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Figure 7: Adventitous roots of a cottonwood tree exposed by cutbank.  Aventitous roots allows cottonwoods to dominate 

floodplain.  The roots grow after the root crown is burierd by alluvium deposited by floods. 
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Figure 8: Taking a tree core to get approximate ages of the scroll bars. 
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Figure 9: Point bar on the Little Missouri River with associated cut bank. 
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Figure 10: Recent oxbow cutoff.  The oxbow is being filled in with clay, forming a clay plug. 
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Figure 11: Bentinite layers on way to petrifed forest. 
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Figure 12: Scene in the petrified wood forest.  Foreground is a large piece of petrified wood while the middle ground shows a 

pedastol created by differential weathering of hard sandstone of less resilient layers below. 
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Figure 13: Large piece of petrified wood.  Note the preservation of much of the tree bark. 
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Figure 14: The layer of sandstone seen in the middle ground was deposited in the bottom of a sandy creek and buried at the same 

time as the petrified wood. 
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Figure 15: HT Butte lignite exposed in gully.  The nickpoint seen in the photo is created by a petrified log. 
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