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ABSTRACT

This dudy develops supporting materials that enablE2kscience educators to
utilize digital resources t &rowdenpelCanyan t he geo
State ParkPCSP) that address K2 science content standards. Landforms and

associated processe at PCSP rel ate to Georgiads and Co
science standards that involve the scientifi
fact , PCSP is specifically mentioned in Geor

human impact uniand the site exemplifies many concepts in the middle school
weat hering and erosion units for both states

PCSP provides spectacular examples of landforms related to weathering, erosion,
transportation, and deposition. This is due toettesion 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 processesing 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 preaitfor 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 incledeanoramas, fisayes, 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 includas 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 #te site reveal landform development.
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INTRODUCTION

Providence Canyon State P4RCSP) provides an excellérvenue to observe the
ways in which humaimduced soil erosion can alter landscaffégure 1) These
geologic processes, and their relationship to the manner in which people can impact the
landscape, is illustrated by the geomorphologl@8P. Conseqgently, learning about
landform development and humarduced changat the park creassopportunities to
develop activities that dramatically illustrateportant k12 education standards. For
many students, these processes are better understood wharetbbgerved firdhand.
However,PCSPis not easily accessibfer most students because of its remote location
and its difficult terrain. These factansderscore the value in creatidigital resources
that illustrate the concepts erosion, weatharg, transportation, and depositiahPCSP
to students in the classroori&fforts are ongoing at Eastern Connecticut State University
to build just such a resourcéccordingly,the purposes of this study are to:

1) Build materials that support collectiookinteractive 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, erosiorransportation, and deposition asisded with human
induced change.

3) Explain examples of media and develop educator resources used to introduce the
landscape to park patrons andlK audiences.

4) Provide examples of ways that these resources could bevitkegdK-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 famations.



STUDY SITE

PCSPis 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 apprormnately 100,000 people annually. The piarlocated in theouth
Georgia Fall Line Hills region near the junction of the Piedmont and Coaatal PI
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 rockRivers that drain off the Piedmont through dissected fadl fills
have stream power which is capable of erodinegdoft coastal plain sedimentt the
park itself, Turner Creek drains the canyons to the Chattahoochee River which flows
southward along the Alabantaeorgia border to the Gulf of Mexico.
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Figure 2. (a) Bedrock map and (b) digital elevation modeGaorgia. See text for
discussion.

Erosionat PCSPhas exposed approximately 50 meters of Cretaceous and
youngeraged poorly lithified sedimentary rocisSigure 3) This includes a basal
Cretaceous clayich RipleyFormation, the Providendermation consisting of Perote
Member and the Providence Saraisgan unconformable capping Paleogemed
ClaytonFormation that is resistant to erosiofhe RipleyFormation underlies the
canyon fbor 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 erogtooede, 2004) The Providence
Formation, als&known as the Providence Sand, makes up most of the cangovas
depositedduring the Cretaceous periotda nearshore tidal depositional environment
The lower portion of the formation is known as the Pelkbéenber, consisting of miea



Donovan & Reinhardt (1986)
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Exposed down-valley (Perote Member)

Figure 3. Stratigraphic formations exposedheadwalls. Theisible 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 areisible at the bottom of the canyon (Figure 4@he uppeportion of the
formation consists of finto coarsesand mixed wittabundankaolinlensesin places,
the formation revealsoarsergrained sands with cros®dding, ofterstained yellow by
limonite and purple by mangang$egure 4b) ThecappingClaytonFormation,which
can be viewed in the uppermost parts of the canyon wabshighly altered and
weathered limestone thhas beetransformedo an ironrich, bloodredresiduum
(Figure 5) These materials were deposited during the Paleogene period.

EDUCATIONAL CONTEXT AND STATE STANDARDS

Connecticutds and Geor gi a0 sthaecdneasidyt i on al
berelated to the landforms found RCSP For example, the padontains many
examples of earth materials and landforms formed by weathering, erosion, transportation,
and deposition.

Georgia Standard S6E5 statkatstudents will investigate the saigfic view of
how t he ear t ho(€ox,2007)Wihinghis franevork, ideatd are
expected to be able ta@ain the effects of physical processssch agplate tectonics,
erosion, deposition, volcanic eruption, gravity) on geologicaufea. Also, this
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Figure 4. (a) Exposed sediments of the Perote Member, consisting of-fieelged clay.
(b) An arrow points to the crogsedding of coarsgrained sands, stained
purple by manganese, within the upper portions of tbei@ence Formation.

Figure 5. A view of the canyon walls, displaying highly altered and weathered limestone
that has been transformed to an irarh, bloodred residium.



standard requirghatstudentde able to ¥plain the effects ofiuman activity on the

erosionoftheea r t h 6 s Addiiondllyg Gesrgia Standar@6E3 requires that

studentsrecognize the significant role thaaterplaysin earth processed=or example

students should be able tgain that a large portionoi¢cear t hds sur face iIs w
consisting of oceans, rivers, lakes, underground water, and lnie latter standard

relates particularly well to the geomorphologyR&SPbecause the movement of water

in the form of braided streams and rivers has playgdraficant role in the formation of

the parkés rills, gullies, and valleys.

Connecticuimiddle school standards also include elements that relate to landform
development. ConnecticBtandard 7.3 statdéisat,ii Bndforms are the result of the
interactionof constructive and destructive forces over tt{€SDE, 2005)This
standard requires studembsexplain how glaciation, weathering, and erosion create an
shape valleys and floodplains. AlthougBSPis beyond the limits of glaciations, it does
illustrate the effects of rivers on landscapes.

Standarddor both states clearlselate to processes and associated landforms that
can be identified througho®CSP The media resourcéging created in conjunction
with this project maythereforeassist edcators in visually demonstrating the differences
between weathering and erosi@amd how human impact can influence these processes.

LAND -USE HISTORY AND EROSION AT PCSP

During the 180s and 1840sthe landuse practices of maryf St ewart Count )
first settlersexposed the ground to erosive forces. Activitnesuded the cleafelling of
trees to grav crops such as cotton, tobacco, anch(McVety, 1971) Farmers did not
preserve topsoil or use fertilizers. Instead, it was customary to exhaustdhétlacrops
and then abandon it and move on to new |aadlitionally, the mining of iron ordound
near the base of the Clayton Formation began in 1%dcently timber and paper
milling has become one of Tlscbeagdalturalan€ount yds n
industrialland-use practices removed a large amount of vegetation that hetditep
together withtheirlarge root systemsSimilarly, the corn and cotton fieldge r e -fic |l e an
tilledd, meaning that t hey seoikerpesedtdesogidned i n r
during storm events which resulted in the formation of gu(liésVvety, 1971) As the
land was exposed to water roff during frequent heavy storm events, 4amay erosion
began to cut into the soil and expose easily eroded satirbeneathErosion
accelerated once the water got beneathdtielay to the sands underneath, creating the
canyons we see RCSPtoday(Figure 6)

PROCESSES AND LANDFORMS EVIDENT IN PCSP

There are many exampleswéathering, erosion, transportati and deposition in
PCSPthat have created distinctive landforms. The following dsfihese processes and
identifiesrelated features
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Weatherings the physical and/or chemical breakdown of rock and soil through
direct interaction withtheat h 6 s at mn@enerdd, physecal weathering processes
break materials into smaller pieces, thereby increasing surface area, without altering the
chemical makaup of the product. In contrast, chemical weathering invaleastions
that alter the mimalogy of geologic materials, typically weakening them arméting
new weathering products. At PCSP, both chemical and physical weatheraommon,
although the former is more pronouncedsiMe features related to weathering include
thedevelopmenof clay minerals (such as Kaolin and Limonite), the formation of iron
pans by oxidation/reduction of irogrowth of ginthite nodules, and the groundwater
staining of the Providence San@sgure 7) Fine-grained clay minerals are the result of
chemicalweathering of silicate rockdron pans and plinthite nodules are the outcome of
oxidation/reductiorprocesses, which occur as iron atoms gain or lose electrons, changing
their oxidation stateAdditionally, occasional freezing episodes in winter morus
cause significant frost shatter in figeained clay where ice lenses forifihe canyon is
not normally thought of as an area okinge frost action. However, when freezing
occurs, the growth of ice lenses in the abundant clay minerals signifisaagkens
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 ithe pak.
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Figure 8. (a,b) Different views of a large colluvial boulder trappedetween twdrees.
The bouldeweathered and broke apart (c) by frost action in winter months.
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Erosionis the process by which weather@doosedebrisat the surfaces
entrainedpickedup) by water, wind, ice, or slope processes.PAISE erosion has
produced the large canyons themselves, as well as a variety of smaller landforms,
including pinnacles, slot canyons, and entrenched stré@@mse 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
soilswhich contairan abundance @linthite nodues (typically above the rim).
Pinnaclesform as Clayton materials pmtt underlying Providence Sands from surface
lowering resulting in spires that are capped by resistant mateSiaiall buttes and
pinnacles also form underneath ironstones in loalsis &t the bottomfdahe headward
eroding valley walls. lcised stream terracésrm where flow in the channel has cut
down into the valley floorIn other cases, sediment deposits preserve evidence of
episodes of erosion in the form of erosive contbetsveen sedimentary layerSor
example, some sediment cores reveal a sharp erosive contact between underlying
Cretaceous sediments and overlyinvgr sediments (Figure 10)

Figure 9. Erosion processes within Providence Canyon $at& have produced (a) slot
canyons, (b) large pinnacles, (c) small pinnacles, and (d) entrenched streams.
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Figure 10. Portionof a sediment core revealing a sharp erosive contact between
underlying Cretaceous sediments and overlying river sauisn

Transportations the movement of sediment acrosséher t hés sur face by
suspension, traction, saltation, and/or chemical solutBuspension occurs when small
sediment particles aarried from one place to another withine transportingnedium.
Examples include the finer clays which giewater flowing in Turner Creek varying
colors (Fig. 11).Traction occurs when large sediment particles roll or slide along the
ground during transportatipsuch as the kaolin balls that are rolled alomgstineam bed
following intense rainstormsSaltation occurs when large sediment particles are lifted
and dropped by a transportation medium, causingthem ibounceo al ong t he
The transport of sand in Turner Creek is an excellent example ofGhemical solution
occurs when material dissolves and is carried within a transportation methsns
easily viewed in the park when viewing organic oils in the water that are the result of
decomposing leaves (Figure 12§ravity-drivenprocesses pducedeposits composed
of colluvium. Examples of landforms related to this process inétodstone at the
bottom of the canyon head wall, toppled guard rail oversight stands, boulder movement,
colluvial cones, and aprons.

Depositionis the procesdy which transported sedimerase laidto rest on the
ear t h 6 s Cemmoriyathe eesulting sedimentary deposit has characteristics that
reflect conditions at the site and time of
envi r onheemib types aeposits found in the canyon inclualecient
sedimentary rocks (located in the Perote MemiberProvidence Sargjandthe Clayton
Formation)as well asnodern slopedplluvial) and river @luvial) deposits.Cretaceous
depositsdescribed earlier in thireportreflect conditions that existed many millions of
years ago when these sediments were laid down in oceanic arghoneafocations.
Colluvial deposits have distinctive forms and contain a mix of materials that have
tumbled down the canyon wallés such, they commonly include broken inach
material from the ClaytoRormation mixed with sands from the ProvideRoemation
(Figure B). Alluvial deposits are primarily composed of sands with varying amounts of
reworked colluvial materials. Asish, theyreflect the deposition aftreamtransported
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 beosetap ofthe
water moving along the valley floors.
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Figure 13. A colluvial deposit consisting of broken irgith ClaytonFormation
materials and white ProvidenEermation sands.

15



MEDIA ASSETS

In order to introduce examples of erosiamansportation and depositiomelated
landforms withinPCSPto a wider audience, a series of multimedia resources are being
developed. Media assets includegmal and HD video collected from many sites
order tobuild vignettes that examine a vayietf landforms present in the park. These
videos are seléxplanatory, generally focused on one or a few topics, and are well suited
for posing questions appropriate to a variety of ages.eThovides a summary of
complete videos and identified oting currently under construction.

Additionally, atotal 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, transpartand/or depositionlmage
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 adidital camera
connectedd a fisheye lens. The camera was then aligned to the position that received
the most sunlight. This resultedtimo images in each location that received an ideal
amount of sunlight antivo images that did not. An image was taken of a piece of paper
tha included the image numhevhich 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 locatiddext, four images were taken at 90° intals/until
the camera returned to its starting position. Another image was taken of a piece of paper
that included the i mad, wdssistdenrrecadngdtheehde wor d,
of the image sequence. This process was repeated for each sefueracges taken at
each location in the canyon.

All fisheye images were processed at Eastern Connecticut State University in
orderto build interactive virtual tour imagensing VR Stitcher softwareEach set of
images were stitched digitally by lirgrup 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 adjustl 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 thai the
images blended better. Thissuwamost 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 Stangol thatborrows pixels from selected
locations and applies them to imperfectijonsThe resulting images provide an
interactive view of the site thataybe used to embed hot links about specific landforms
in the image.These images will be incoopated in he new online learning resource.

16



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 fewc®mnd are well suited for
posing questions appropriate to a variety of ages.

Title Summary

General *Providence Canyon State Park is atestament to the power of erosion and how
Owvenview that erosion can change landscapes.

[1:53) »Settling of the area and clearing of the land exposed the ground to runcff and

the resultant runaway erosion has cut upstream and undarmined slopes.
*Humans and geclogy have interacted with one another, creating the canyons.

Pinnacles *Erosion-resistant ironstone caps protect underlying sand.
(1:14) »As raimwashes sand down-slope, sands beneath ironstone caps remain.
*This process creates a pinnacle shape.

Slot Canyon = A slot camyon displays downward vertical erosion.

(1:209 *The slot canyon in Canyon #5 was initiated from a crack in the Clayton
Formation (top) and eroded down through the Providence Sand
=Sands in the main valley (down slope of the slot canyon) are redder in color

because they have mixed with Clayton Formation materials that have washed
dowen from talus cones located up-valley from the slot canyon.

Slope » Materials from the top of a slope tumble down the slope to the bottom.
Deposits *Trees that have toppled over and slid down the slope, aswell as colluvium,
[Talus) provide evidence of this process.

{2:11) *Providence Canyon State Park displays many locations where materials from the

top of the canyon have toppled down to the bottom.

Vibracore *Vibracoring involves taking an aluminum irrigation pipe and attaching a cement
(:58) vibrator toit.
*The pipe camthen be driven down into the sand by either its own weight or by
pulling on it.

*This captures & portion of the sediments that can be used to provide a record of
erosion and subseguent deposition associated with the davelopment of the
canyons and the local deposition of sediments filling the valley bottom.

Visualizing *Erosion of Providence Canyon began 1B0 years ago due to land clearing.
Erosion » A large volume of material has been removed and transported down-valley by
(1:300 Turner Cresk.

» Down-valley coring of the valley bottom often results in sedimentary records
that show the deposition of sediments eroded from the top of the canyon.

Cross-Bedding  »Providence Sands tend to be white, but may have purple [manganese) or red
{1:56) [iron) staining.
sIndividual beds of sediments were washed in, laid down, and subseguently
moved along the bottom of the ocean.

Panoramic = Steps involved increating interactive panoramas include:

Photography (1.)5et up and level the tripod. (2.) Use an adaptor head that allows the camera

(1:109 torotate at a predetermined angle (57). (3.) Set timer and shoot frame. (4.)
Rotate 5°. (5.) Repeat process until you return to starting point. (6) Once 3607
pancrama has been shot, it can then be manipulated on a computer to make
interactive.

T
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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 projeat, idustrated glossg was created as a
resource to supplement interactive imageriis glossary contains 18 terms related to
features found in the images and videos collect&®C&P Creation of the glossary
involved comparing definitions of terms found in multiple reses and creating similar
definitions for the terminology as they relate specificalllp@SP 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 Inel f@ithin the canyonsTable 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 gaper while still being built, will
provide K-12 educators and patronsRESPwith the opportunities to visualize and learn
about landforms and earth materials formed by weathering, erosion, transportation, and
deposition. The following describes several ways iicivkthese 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.ekample, one of the aforementioned video
vignettes describes the processes responsible for producing slope deposablesde
This particular vignette provides visual examples of materials that have toppled down
slopefrom the canyon rim to the canydloor. An educator may use this vignette to pose
the following question to studenf@/Vhat characteristics of the sediments in PCSP can be
used to infer their movement from the top of a slope to the boltakiter viewing the
vignette, students shoulg able to identify that, a) red ClaytBarmation materials can
be found at the valley floor, b)iRthite 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
transpored 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 landformrelated questions with images of PCSP. For example, Flgure

has been tagged in a locatithrat directlyrela es t o t he f ol |l owi ng exer
where the deposits located next to the arrow may have come from and explain the process
involved in their movement . o Antetteducat or ca

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 Claytarrfation and the white Pralence

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 examplie glossary can help to define terms thay m@me up in the
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