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ABSTRACT 

 

This study develops supporting materials that enable K-12 science educators to 

utilize digital resources to explore the geomorphology of Georgiaôs Providence Canyon 

State Park (PCSP) that address K-12 science content standards.  Landforms and 

associated processes at PCSP relate to Georgiaôs and Connecticutôs middle school 

science standards that involve the scientific view of how the earthôs surface formed.  In 

fact, PCSP is specifically mentioned in Georgiaôs education framework as part of the 

human impact unit, and the site exemplifies many concepts in the middle school 

weathering and erosion units for both statesô content standards. 

PCSP provides spectacular examples of landforms related to weathering, erosion, 

transportation, and deposition.  This is due to the erosion of weakly cemented Cretaceous 

Providence sands by concentrated runoff, piping, and undercutting that followed land 

clearing in the early 1800s.  Eroded sediments from 50 meter high headwalls are 

transported down valley by slope and river processes creating associated talus and fluvial 

landforms.  Also, associated deposition has created thick beds of eroded sediment, 

making this site an ideal location for field trips.  However, due to its remote location and 

possible safety concerns, it is not practical for many classes to visit PCSP in person.   

To capitalize on the educational value of the site, researchers at Eastern 

Connecticut State University have constructed interactive multimedia resources that 

highlight the geology of the park.  This includes panoramas, fish-eyes, videos, and other 

media that will illustrate the ways in which erosion and deposition have shaped the land. 

Supporting resources described in this poster provide background for teachers utilizing 

these digital media.  This includes an illustrated glossary with links to interactive images, 

historical context for landscape change, landform identification activities, and video 

reviews.  In addition, there are guides to using virtual sediment cores to understand how 

sediment deposits at the site reveal landform development. 
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INTRODUCTION  

 

 Providence Canyon State Park (PCSP) provides an excellent venue to observe the 

ways in which human-induced soil erosion can alter landscapes (Figure 1).  These 

geologic processes, and their relationship to the manner in which people can impact the 

landscape, is illustrated by the geomorphology of PCSP.  Consequently, learning about 

landform development and human-induced change at the park creates opportunities to 

develop activities that dramatically illustrate important K-12 education standards.  For 

many students, these processes are better understood when they are observed first-hand.  

However, PCSP is not easily accessible for most students because of its remote location 

and its difficult terrain.  These factors underscore the value in creating digital resources 

that illustrate the concepts of erosion, weathering, transportation, and deposition at PCSP 

to students in the classroom.  Efforts are ongoing at Eastern Connecticut State University 

to build just such a resource.  Accordingly, the purposes of this study are to: 

1) Build materials that support collections of interactive media that examine earth 

system concepts used in both Connecticut and Georgia middle school science 

standards. 

2) Demonstrate the manner in which landforms in the park display evidence of 

weathering, erosion, transportation, and deposition associated with human-

induced change. 

3) Explain examples of media and develop educator resources used to introduce the 

landscape to park patrons and K-12 audiences. 

4) Provide examples of ways that these resources could be used within K-12 lesson 

plans. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The study site is located in Stewart County, Georgia and contains many 

impressive views from (a) the canyon rim, and (b) canyon floor locations. 
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STUDY SITE 

 

PCSP is located in Stewart County, southwestern Georgia.  This spectacular park, 

formed by erosion that followed land clearing in the early 1800s, is now a Georgia state 

park visited by approximately 100,000 people annually.  The park is located in the south 

Georgia Fall Line Hills region near the junction of the Piedmont and Coastal Plain 

physiographic provinces (Figure 2).  The Piedmont region to the north is underlain by 

Paleozoic crystalline rock while the Coastal Plain region to the south is underlain by 

sedimentary rock.  Rivers that drain off the Piedmont through dissected fall line hills 

have stream power which is capable of eroding the soft coastal plain sediments.  At the 

park itself, Turner Creek drains the canyons to the Chattahoochee River which flows 

southward along the Alabama-Georgia border to the Gulf of Mexico.   

   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. (a) Bedrock map and (b) digital elevation model of Georgia.  See text for 

discussion. 

Erosion at PCSP has exposed approximately 50 meters of Cretaceous and 

younger-aged poorly lithified sedimentary rocks (Figure 3).  This includes a basal 

Cretaceous clay-rich Ripley Formation, the Providence Formation consisting of Perote 

Member and the Providence Sands, and an unconformable capping Paleogene-aged 

Clayton Formation that is resistant to erosion.  The Ripley Formation underlies the 

canyon floor and is not exposed in the canyon walls.  It was deposited during the 

Cretaceous period in deep water to shallow marine conditions.  As such, it is composed 

of interbedded clay and sand that resist erosion (Froede, 2004).  The Providence 

Formation, also known as the Providence Sand, makes up most of the canyon and was 

deposited during the Cretaceous period in a near-shore tidal depositional environment. 

The lower portion of the formation is known as the Perote Member, consisting of mica-  
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Figure 3. Stratigraphic formations exposed in headwalls. The visible formations include 

the Clayton Formation (red) and the Providence Formation (yellow).   

 

rich finely-bedded clay that was deposited in a deep marine environment.  These 

sediments are visible at the bottom of the canyon (Figure 4a).  The upper portion of the 

formation consists of fine to coarse sand mixed with abundant kaolin lenses. In places, 

the formation reveals coarser-grained sands with cross-bedding, often stained yellow by 

limonite and purple by manganese (Figure 4b).  The capping Clayton Formation, which 

can be viewed in the uppermost parts of the canyon walls, is a highly altered and 

weathered limestone that has been transformed to an iron-rich, blood-red residuum 

(Figure 5).  These materials were deposited during the Paleogene period.   

EDUCATIONAL CONTEXT AND STATE STANDARDS  

 

Connecticutôs and Georgiaôs educational standards involve topics that can easily 

be related to the landforms found in PCSP.   For example, the park contains many 

examples of earth materials and landforms formed by weathering, erosion, transportation, 

and deposition.   

Georgia Standard S6E5 states that students will investigate the scientific view of 

how the earthôs surface is formed (Cox, 2007).  Within this framework, students are 

expected to be able to explain the effects of physical processes (such as plate tectonics, 

erosion, deposition, volcanic eruption, gravity) on geological features.  Also, this  

http://www.georgiaencyclopedia.org/nge/Article.jsp?id=h-1178
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Figure 4. (a) Exposed sediments of the Perote Member, consisting of finely-bedded clay.  

(b) An arrow points to the cross-bedding of coarse-grained sands, stained 

purple by manganese, within the upper portions of the Providence Formation.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. A view of the canyon walls, displaying highly altered and weathered limestone 

that has been transformed to an iron-rich, blood-red residuum.  
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standard requires that students be able to explain the effects of human activity on the 

erosion of the earthôs surface.  Additionally, Georgia Standard S6E3 requires that 

students recognize the significant role that water plays in earth processes.  For example, 

students should be able to explain that a large portion of the earthôs surface is water, 

consisting of oceans, rivers, lakes, underground water, and ice.  This latter standard 

relates particularly well to the geomorphology of PCSP because the movement of water 

in the form of braided streams and rivers has played a significant role in the formation of 

the parkôs rills, gullies, and valleys. 

Connecticut middle school standards also include elements that relate to landform 

development.  Connecticut Standard 7.3 states that, ñLandforms are the result of the 

interaction of constructive and destructive forces over time.ò (CSDE, 2005)  This 

standard requires students to explain how glaciation, weathering, and erosion create and 

shape valleys and floodplains.  Although PCSP is beyond the limits of glaciations, it does 

illustrate the effects of rivers on landscapes.    

Standards for both states clearly relate to processes and associated landforms that 

can be identified throughout PCSP.  The media resources being created in conjunction 

with this project may therefore assist educators in visually demonstrating the differences 

between weathering and erosion, and how human impact can influence these processes. 

LAND -USE HISTORY AND EROSION AT PCSP 

During the 1830s and 1840s, the land-use practices of many of Stewart Countyôs 

first settlers exposed the ground to erosive forces.  Activities included the clear-felling of 

trees to grow crops such as cotton, tobacco, and corn (McVety, 1971).  Farmers did not 

preserve topsoil or use fertilizers. Instead, it was customary to exhaust the land with crops 

and then abandon it and move on to new land. Additionally, the mining of iron ore found 

near the base of the Clayton Formation began in 1954.   Recently, timber and paper 

milling has become one of Stewart Countyôs major industries.  These agricultural and 

industrial land-use practices removed a large amount of vegetation that held top-soils 

together with their large root systems.  Similarly, the corn and cotton fields were ñclean-

tilledò, meaning that they were planted in rows leaving uncovered soil exposed to erosion 

during storm events which resulted in the formation of gullies (McVety, 1971).  As the 

land was exposed to water run-off during frequent heavy storm events, run-away erosion 

began to cut into the soil and expose easily eroded sediments beneath.  Erosion 

accelerated once the water got beneath the red clay to the sands underneath, creating the 

canyons we see at PCSP today (Figure 6). 

PROCESSES AND LANDFORMS EVIDENT IN PCSP 

 

 There are many examples of weathering, erosion, transportation, and deposition in 

PCSP that have created distinctive landforms.  The following defines these processes and 

identifies related features.   
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 Weathering is the physical and/or chemical breakdown of rock and soil through 

direct interaction with the earthôs atmosphere.  In general, physical weathering processes 

break materials into smaller pieces, thereby increasing surface area, without altering the 

chemical make-up of the product.  In contrast, chemical weathering involves reactions 

that alter the mineralogy of geologic materials, typically weakening them and creating 

new weathering products.  At PCSP, both chemical and physical weathering are common, 

although the former is more pronounced.  Visible features related to weathering include 

the development of clay minerals (such as Kaolin and Limonite), the formation of iron 

pans by oxidation/reduction of iron, growth of plinthite nodules, and the groundwater 

staining of the Providence Sands (Figure 7).  Fine-grained clay minerals are the result of 

chemical weathering of silicate rocks.  Iron pans and plinthite nodules are the outcome of 

oxidation/reduction processes, which occur as iron atoms gain or lose electrons, changing 

their oxidation state.  Additionally, occasional freezing episodes in winter months can 

cause significant frost shatter in fine-grained clay where ice lenses form.  The canyon is 

not normally thought of as an area of intense frost action.  However, when freezing 

occurs, the growth of ice lenses in the abundant clay minerals significantly weakens 

materials and promotes slope failure (Figure 8).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. (a) Form of reprecipitated Ironstone in the Clayton Formation.  (b) 

Groundwater staining of Providence Sands.  (c) Examples of several types of 

clay minerals formed in the park. 
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Figure 8. (a,b) Different views of a large colluvial boulder trapped in between two trees.  

The boulder weathered and broke apart (c) by frost action in winter months. 
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Erosion is the process by which weathered or loose debris at the surface is 

entrained (picked-up) by water, wind, ice, or slope processes.  At PCSP, erosion has 

produced the large canyons themselves, as well as a variety of smaller landforms, 

including pinnacles, slot canyons, and entrenched streams (Figure 9).  Erosion occurs 

both by concentrated flow and erosion in a specific location, producing slot canyons, and 

by general runoff and surface lowering.  Specific erosional features include truncated 

soils which contain an abundance of plinthite nodules (typically above the rim).  

Pinnacles form as Clayton materials protect underlying Providence Sands from surface 

lowering, resulting in spires that are capped by resistant materials. Small buttes and 

pinnacles also form underneath ironstones in loose talus at the bottom of the headward 

eroding valley walls.  Incised stream terraces form where flow in the channel has cut 

down into the valley floor.  In other cases, sediment deposits preserve evidence of 

episodes of erosion in the form of erosive contacts between sedimentary layers.  For 

example, some sediment cores reveal a sharp erosive contact between underlying 

Cretaceous sediments and overlying river sediments (Figure 10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Erosion processes within Providence Canyon State Park have produced (a) slot 

canyons, (b) large pinnacles, (c) small pinnacles, and (d) entrenched streams. 
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Figure 10. Portion of a sediment core revealing a sharp erosive contact between 

underlying Cretaceous sediments and overlying river sediments. 

Transportation is the movement of sediment across the earthôs surface by 

suspension, traction, saltation, and/or chemical solution.  Suspension occurs when small 

sediment particles are carried from one place to another within the transporting medium.  

Examples include the finer clays which give the water flowing in Turner Creek varying 

colors (Fig. 11).  Traction occurs when large sediment particles roll or slide along the 

ground during transportation, such as the kaolin balls that are rolled along the stream bed 

following intense rainstorms.  Saltation occurs when large sediment particles are lifted 

and dropped by a transportation medium, causing them to ñbounceò along the ground.  

The transport of sand in Turner Creek is an excellent example of this.  Chemical solution 

occurs when material dissolves and is carried within a transportation medium.  This is 

easily viewed in the park when viewing organic oils in the water that are the result of 

decomposing leaves (Figure 12).   Gravity-driven processes produce deposits composed 

of colluvium.  Examples of landforms related to this process include ironstone at the 

bottom of the canyon head wall, toppled guard rail oversight stands, boulder movement, 

colluvial cones, and aprons.      

Deposition is the process by which transported sediments are laid to rest on the 

earthôs surface.  Commonly, the resulting sedimentary deposit has characteristics that 

reflect conditions at the site and time of deposition (called the ñdepositional 

environmentò). The main types of deposits found in the canyon include ancient 

sedimentary rocks (located in the Perote Member, the Providence Sands, and the Clayton 

Formation) as well as modern slope (colluvial) and river (alluvial) deposits.  Cretaceous 

deposits, described earlier in this report, reflect conditions that existed many millions of 

years ago when these sediments were laid down in oceanic and near-shore locations.  

Colluvial deposits have distinctive forms and contain a mix of materials that have 

tumbled down the canyon walls.  As such, they commonly include broken iron-rich 

material from the Clayton Formation mixed with sands from the Providence Formation 

(Figure 13).  Alluvial deposits are primarily composed of sands with varying amounts of 

reworked colluvial materials.  As such, they reflect the deposition of stream-transported 

sediments. 
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Figure 11. Fine clays produce water of varying colors within Turner Creek.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. The decomposition of leaves produces oils that can be seen on top of the 

water moving along the valley floors. 
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Figure 13. A colluvial deposit consisting of broken iron-rich Clayton Formation 

materials and white Providence Formation sands. 
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MEDIA ASSETS 

 

In order to introduce examples of erosion-, transportation-, and deposition-related 

landforms within PCSP to a wider audience, a series of multimedia resources are being 

developed.  Media assets include normal and HD video collected from many sites in 

order to build vignettes that examine a variety of landforms present in the park.  These 

videos are self-explanatory, generally focused on one or a few topics, and are well suited 

for posing questions appropriate to a variety of ages.  Table 1 provides a summary of 

completed videos and identified others currently under construction. 

Additionally, a total of 25 new fisheye images were captured in the summer of 

2009 at sites along the canyon floor.  Image collection involved choosing a location 

based on visual evidence of erosion, weathering, transportation, and/or deposition.  Image 

capture locations for sites of interest were chosen to maximize image quality and to 

enable subsequent linking between different views.  

Field work involved capturing each image using a tripod and a digital camera 

connected to a fisheye lens.  The camera was then aligned to the position that received 

the most sunlight.  This resulted in two images in each location that received an ideal 

amount of sunlight and two images that did not.  An image was taken of a piece of paper 

that included the image number, which assisted in recording the beginning of the image 

sequence.  Additionally, this step allowed the camera settings to adapt to the amount of 

sunlight present in the image location.  Next, four images were taken at 90° intervals until 

the camera returned to its starting position.  Another image was taken of a piece of paper 

that included the image number and the word, ñEndò, which assisted in recording the end 

of the image sequence.  This process was repeated for each sequence of images taken at 

each location in the canyon.   

All fisheye images were processed at Eastern Connecticut State University in 

order to build interactive virtual tour imagery using VR Stitcher software.  Each set of 

images were stitched digitally by lining up two opposing 180° images together to create a 

single 360° spherical projection image.  No two opposing images line up perfectly, so 

many alignment settings had to be adjusted while stitching.  First, the radius size of each 

individual image was adjusted so that the area of interest properly overlapped. The 

orientation of each image was then adjusted using tilt, pan, and roll controls.  

Additionally, color and brightness levels were adjusted on some images so that the two 

images blended better.  This was most necessary when sunlight was uneven in the 

images.  Once stitched together, the 360° images were imported into Adobe Photoshop to 

remove blemishes and blend harsh seams.  The tool most commonly used to remove 

blemishes and harsh seams was Clone Stamp (a tool that borrows pixels from selected 

locations and applies them to imperfections).    The resulting images provide an 

interactive view of the site that may be used to embed hot links about specific landforms 

in the image.  These images will be incorporated in the new online learning resource. 
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Table 1. Normal and HD video was collected from many sites to build vignettes that 

examine a variety of landforms present in the park.  These videos are self-

explanatory, generally focused on one or a few topics, and are well suited for 

posing questions appropriate to a variety of ages.   
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ILLUSTRATED GLOSSARY  

 

Geologic terms can be confusing for students and teachers who are new to the 

discipline.  Accordingly, as part of this project, an illustrated glossary was created as a 

resource to supplement interactive imagery.  This glossary contains 18 terms related to 

features found in the images and videos collected at PCSP.  Creation of the glossary 

involved comparing definitions of terms found in multiple resources and creating similar 

definitions for the terminology as they relate specifically to PCSP.  Digital images that 

illustrate the terms used in the glossary were then added to provide a visual example of 

the processes and related landforms that can be found within the canyons.  Table 2 

provides a print version of the glossary, although the online glossary will have access to 

canyon images complete with captions. 

USING RESOURCES IN A K-12 SETTING 

 

Interactive media resources referred to in this paper, while still being built, will 

provide K-12 educators and patrons of PCSP with the opportunities to visualize and learn 

about landforms and earth materials formed by weathering, erosion, transportation, and 

deposition.  The following describes several ways in which these materials could be 

incorporated into lesson plans related to concepts in the Connecticut and Georgia 

education standards.   

Videos vignettes describing many of the processes that have shaped the canyons 

may be used as educational resources.  For example, one of the aforementioned video 

vignettes describes the processes responsible for producing slope deposits (see Table 1).  

This particular vignette provides visual examples of materials that have toppled down 

slope from the canyon rim to the canyon floor.  An educator may use this vignette to pose 

the following question to students: ñWhat characteristics of the sediments in PCSP can be 

used to infer their movement from the top of a slope to the bottom?ò  After viewing the 

vignette, students should be able to identify that, a) red Clayton Formation materials can 

be found at the valley floor, b) Plinthite nodules that form in the soils at the top of the 

canyon can also be found at the valley floor, and c) logs/tree limbs (detritus) have been 

transported to the bottom of the valley as a result of undercutting at the top of the canyon.   

Interactive imagery can be used in a similar fashion to provide educators with a 

way of linking landform-related questions with images of PCSP.  For example, Figure 14 

has been tagged in a location that directly relates to the following exercise: ñIdentify 

where the deposits located next to the arrow may have come from and explain the process 

involved in their movement.ò  An educator can use this exercise to help illustrate the 

movement of sediments through slope processes from areas of high elevation to areas of 

lower elevation in the canyons.  Similarly, this exercise can help students identify some 

of the differences between the red Clayton Formation and the white Providence 

Formation. 

The illustrated glossary that was created during this study can be useful to both 

educators and students in defining the terminology related to many of the features found 

in PCSP.  For example, the glossary can help to define terms that may come up in the  



19 

 

 
T

a
b

le
 2

. 
A

n
 i
llu

s
tr

a
te

d
 g

lo
s
s
a

ry
 w

a
s
 c

re
a
te

d
 a

s
 a

 r
e
s
o

u
rc

e
 t
o

 s
u

p
p

le
m

e
n

t 
in

te
ra

c
ti
v
e
 i
m

a
g

e
ry

. 
 E

a
c
h

 d
e
fi
n

e
d

 t
e

rm
 

c
o

rr
e
s
p

o
n

d
s
 t

o
 a

n
 i
m

a
g

e
 c

a
p

tu
re

d
 a

t 
P

C
S

P
. 

 










