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Geology on Location: Theodore Roosevelt National Park
Introduction
Most of the Theodore Roosevelt National Park is situated within the Little Missouri River Valley in North Dakota. The attractive landscape of the area in the remote corner of North Dakota had not changed that much since 1883 when President Theodore Roosevelt visited the area on his buffalo hunt trip. The park is also remembered with President Roosevelt's ethos of conservation. However, as one drives near the park, one cannot stop noticing the exquisite landscapes and amazing layers of different sedimentary rocks in the area. Curiosity may lead one to examine closely how the rocks wind up in layers that form the park. It is, therefore, important to understand the geologic formation of the Roosevelt National Park and its significance to the environment. This research paper explores the geologic significance and geologic formation of the Theodore Roosevelt National Park and how important it is to the environment.
Background and Location of the Park
Theodore Roosevelt National Park comprises a federally owned land created under the Act of Congress on April 25, 1947 (Laird, 2006). The park covers about 65,648.50 acres of land that is owned by the federal government (Laird, 2006). It was named after the 26th President of the United States following his ethos on conservation. Historically, the land where Roosevelt National Park is located was inhabited by the Indians which still hold some of their memories up to date. For instance, the unmarked grave of Scrap Iron Bill Bryant, the cousin of the famous poet, William Cullen Bryant is one of the features that are still associated with the early inhabitants of the area (Laird, 2006). The park is located largely in the Southern part of T. 148 N., Rgs. 99 and 100 W, and to the northern side it is located at T. 147, Rgs 99 and 100 W (Laird, 2006). The park is also characterized by the features like the U.S Highway 85, which passes along its east side. It is located about 15 miles south of Watford City (Laird, 2006).  
Geologic Formation of the Park and its Geological Significance
The park was formed as a result of various geologic activities; for instance, the erosion of the sedimentary rock layers. According to National Park Service (2015), the landscape of the badlands of Roosevelt NP has been continuously changing over the years due to the erosion of the sedimentary rock layers. Water and wind in the area causes the soft bentonite clay to erode quickly, which results in wrinkled appearance when closely observed (National Park Service, 2015). The coal veins can be easily ignited with wildfire or lightning strikes, which can result in the threads burning for years (KellerLynn, 2007). This can also bake the surrounding rocks, which forms the red brick-like rocks that are visible when closely observed (National Park Service, 2015). 
Another change in the area includes the Little Missouri River, which continually changes its flow. According to the National Park Service (2015), the Little Missouri River meanders within its banks, which have resulted in the changing course of the river over the past years.  All these changes have contributed to the formation of the park in different ways. Laird (2006) explains the physiography of the park and how it was formed many years ago. According to Laird (2006), Roosevelt NP started with the beginning of the drainage changes in the Killdeer Mountains. According to the author, the drainage from the Killdeer Mountains divided into two streams flowing to join the Little Missouri River and the stream going to the east to join other steams.
However, the focus is on the western stream that entered the Little Missouri River. According to Laird (2006), before the drainage changed, the Little Missouri River was flowing towards the Northeast side of Watford City. However, towards the end of Pliocene and the beginning of the Pleistocene resulted in the changes of the stream, which occurred in the massive uplifting of the land surface that changed the downcutting by the streams (Laird, 2006). According to Laird (2006), this don cutting was initially common on the east side of the Killdeer Mountains. At the same time, the glaciers were also forming in Canada as well as the climate changes that were taking place in the region further increased the precipitation of North America, which increased the flow of the Little Missouri River. These down cutting changes gave the Little Missouri River a new course (Laird, 2006). These changes explain the formation of the valleys of the park.
The geological formation of the Theodore Roosevelt NP has formed millions of years ago. The story of the park’s formation can be traced back over 65 million years ago during the Paleocene Epoch (National Park Service, 2015). However, the actual formation of the area can be traced a little earlier than the 65 million years. According to Laird (2006), the geology of the park can be traced back to the end of the Pre-Cambrian, which was about 500 million years ago. The geological formation period of the park can be explained with the fossil records. According to the National Park Service (2015), the North Dakota badlands where the park is located has a wealth of fossil information that can help explain and understand the period which the sedimentary rocks were formed. 
The bands of lignite coal and petrified trees, as well as other fossils of freshwater clams, snails, crocodiles, turtles, and alligators, can all help in understanding the period which the park was formed (National Park Service, 2015). Each of these factors is like a piece of the giant puzzle that scientists use to construct the history of Roosevelt Park. National Park Service (2015) explains that all these factors forma a clue that indicates the period that the park was formed. Based on the clues, the park was once on the eastern side of a flat, swampy area and seal level delta (National Park Service, 2015). National Park Service further explains that by the time Roosevelt lived in the area while he was 24 years in the 1880s, he shoveled the lignite coal from the hillside, which he used in the stove.  
Laird (2006) explains how the park formed geologically. He explains that the area formed as a result of down-sinking, which explains most of the geological formations since the end of the Pre-Cambrian period. According to the National Park Service (2015), during the formation of the park, the Western half of North America was buckling and folding to create the Rocky Mountains. As a result of the buckling and folding processes, the large sediments formed as a result of freezing caused by water and wind that broke down the mountains. 
Laird (2006) further explains how the down-sinking process resulted in the formation of the sedimentary rocks that one can easily see when passing near the park. He states that the park is formed by more than 15,000 feet of sediments, which most of them are shallow-water deposits or continental deposits, especially those that can be traced back to the Paleocene period. Fastovsky and McSweeney (1991) explain how the Paleocene paleosols contributed to the formation of Theodore Roosevelt National Park. According to the authors, the paleosols are characterized by the organic surficial horizons as well as the gleyed sub-soils (Fastovsky & McSweeney, 1991). The National Park Service explains that sediments that form the park are mainly made up of the three elements; mud, salt, and sand (National Park Service, 2015). These elements were carried off the Eastern slopes by the ancient rivers and deposited in layers. 
The Geological Formation Processes   
Laird (2006) explains the two geological formation processes that created the Roosevelt NP. According to the author, the two processes include slumping and fluted weathering or rivulet erosion (Laird, 2006). 
Slumping Process
Slumping process is as a result of unstable conditions of the sides of the hills (Laird, 2006). According to the author, this condition can be created through different processes, but in the formation of the Roosevelt Park, it was as a result of the over-steepening of the Little Missouri River banks. This instability was caused by the stream cutting at the bottom of the bank. According to Laird (2006), instability was caused by the unstable slope formed with water falling when it rains. As a result, the water sinks in and adds weight to the already unstable part of the hill that increases its instability (Laird, 2006). Further, the slumping process is enhanced by the lubrication of the planes and surfaces along which the stream flows. The figure below shows the slumping process as Laird explains it. 
[image: ]
Figure 1: Slumping Process (Source: Laird, 2006).
As shown in the above figure, slumping occurs when the blocks become too heavy, and they finally start to move apart. This process may happen rapidly or may go slowly, but whichever the duration it takes, the movement disturbs the strata in the block, which causes them to tilt into the bank (Laird, 2006). This process results in the formation of a kind of topography called hummocky due to its changing nature (Laird, 2006). In Roosevelt National Park, this topography can be seen from the west side of the North Unit park road. 
Fluted Weathering or Rivulet Erosion Process
This is the second geological process that explains the formation of the Roosevelt National Park. According to Laird (2006), the fluted weathering process is formed as a result of dissection of the sides of buttes by the running water. According to the author, it is difficult to notice this process unless one is present when it is raining to see how the buttes are dissected by the running water. He explains how this process works explaining that the sheet wash running off the sides of the buttes tend to concentrate in tiny gullies because of the initial irregularities of the slope (Laird, 2006). After the gullies are established, the small rivulets remain there and grow as rain continues (Laird, 2006). However, as they become, they cut back into the butte, in which they later meet at their heads. This reduces the divide between them due to the fast wearing erosion (Laird, 2006). 
However, apart from the sediments carried from the eastern slopes, the volcanoes in South Dakota, Montana, and Idaho as well as across the west also contributed to the formation of this park (National Park Service, 2015). The erupting volcanoes spit huge amounts of ash which were carried away by the rivers into North Dakota. The carried ash accumulated in the stagnant water, which formed sediments after some time. Laird (2006) also explains the process that led to the formation of the sedimentary rocks in the park. He explains that due to the heavy down-sinking that took place during the Ordovician, Devonian, Mississippian, and maybe Cretaceous times, most of the sediments were carried away by the rivers into the Williston Basin. It is as a result of this process that sandstone, mudstone, and siltstone layers that are exposed in the park were formed. The ash layers also formed the bentonite clay (National Park Service, 2015). 
The Present Landscape
Due to the geologic changes, the landscape of Roosevelt NP continues to change. For instance, the National Park Service (2015) explains that the precipitation in the badlands of the park is estimated to be 15 inches annually. Rain mainly comes in heavy and erosive downpours, which forms the gullies. However, some of the water soaks into the clay-rich rocks and soils (National Park Service, 2015). Water that runs down the slope results in the formation of more gullies, which leads to additional weight on the slopes that sometimes causes the portion of the hillsides to break loose (National Park Service, 2015). 
Environmental Significance
Environmentally, Theodore Roosevelt National Park serves excellent importance in preserving the wealth of geologic information that can be viewed by scientists or anyone who visits the area or passing near the park. Fastovsky and McSweeney (1991) explain the significance of the location citing that it provides an excellent setting for exploring the ancient geologic processes that resulted in exhumed land surfaces that form the basis of the current modern land surfaces. The park also provides numerous resources and values that are important in the environment. The National Park Service highlights some of these significances of the park and how it contributes to the environmental preservation mechanisms. For instance, the park has a rugged landscape of exciting and beautiful geological formations that serves habitat to numerous animal and plant species. Also, within the park is a landscape that inspired the 26th President of the United States, Theodore Roosevelt to adopt a conservation ethic. As a result, over 230 million acres of federally owned land was set aside to facilitate environmental conservation projects (National Park Service, 2015). Fastovsky and McSweeney (1991) explain how the park has helped to preserve some of the ancient forest features.  For instance, the Petrified Forest plateau is maintained today through the park’s conservation approaches. The authors explain that even though the modern environments of the Petrified Forest plateau contrast sharply with the ancient ones. According to them, the modern features that characterize the Petrified Forest plateau include steep topography, degradational land surface, semi-aridity, and intense seasonality (Fastovsky & McSweeney, 1991). However, despite these adverse effects, the new soils in the Roosevelt National Park still show an imprint that is derived from the ancient environmental conditions, which can help scientists with crucial information about the ancient ecological system. 
Conclusion
To conclude, Theodore Roosevelt National Park is more than a memorial park used to remember the 26th President of the United States, but it is a national environmental conservation feature that needs to be protected. Based on this research, the park provides a wealth of geologic information that can not only be enjoyed by the visitors but also studied and explored by scientists. Much of the information contained in the park dates back over 500 million years ago. This information can be studied to increase environmental conservation awareness. This research paper has explored and explained the geologic formation and significance, and processes involved in the formation of the Theodore Roosevelt National Park. The park was formed as a result of two main geologic processes; slumping and fluted weathering processes. This description has provided geologic information on the formation of the Theodore Roosevelt National Park.
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