
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cover Image:  Looking east across the many canyons in Providence Canyon State Park, located in 
Stewart County, Georgia.  Photograph by former park manager, Mr. Robert Baxter.  Although the 
canyons have been known since the mid-1800s, the State Park was created in 1971.  This image was taken 
in the early 1970s.  
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Introduction 
 
This guidebook covers the area in and surrounding Providence Canyon State Park, Stewart 
County, Georgia.  The stratigraphic units and bedding contacts exposed across this area vary 
from those found along strike in east-central Alabama.  For many years, the reasons why the 
lithofacies and biofacies changed so rapidly was poorly understood (see Toulmin and 
LaMoreaux, 1963).  Only recently has this area been carefully investigated and answers have 
been slow in developing (Froede and Williams, 2004; Froede and Reed, 2007; Froede, 2008; 
Froede, 2010).  Further geological investigation of this area is still needed to help define the 
events that shaped its past. 
 
Obviously, this field trip guidebook does not represent the work of only one person.  A close 
friend, Dr. Emmett Williams has been studying canyon erosion in Providence Canyon State Park 
since 1984, which coincides with my first visit to the Park.  I met Emmett in 1993, and for many 
years we have shared a mutual interest in the geology of the Park.  Our study culminated in an 
article published in Southeastern Geology (2004) on the geology/geomorphology of Providence 
Canyon State Park.  Two friends, Jerry Akridge and John Reed, have also helped me by 
reviewing and commenting on this guidebook.  However, any mistakes that may remain are my 
own. 
 
The sedimentology and stratigraphy of the area around Providence Canyon State Park suggest a 
sea level regression sequence including incised valley and fill deposits.  Groundwater ferricretes 
provide unique evidence useful in understanding the geologic history of this area.  The canyons 
were created due to a combination of regional uplift, easily-eroded sands confined between clay 
layers, and poor farming practices.  They formed in less than 50 years and continue to slowly 
expand today.  They provide a small-scale analogue to very large cliff-sapped canyons found in 
places along the Colorado Plateau (see Howard et al., 1988).   
 
My hope is that this field trip will assist the attendee in understanding the strata in and 
surrounding Providence Canyon State Park within the context of a sea-level regression caused by 
regional uplift. 
 
I trust that you have brought some sturdy hiking shoes, food, and water and are ready to examine 
the interesting geology of this area.  There is a lot to see and photograph in this beautiful park. 
 
Carl R. Froede Jr. 
Atlanta, Georgia 
February 2011 
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Field Trip Overview 
 

The many canyons comprising Providence Canyon State Park and various outcrops across the 
surrounding area provide excellent geologic exposures reflective of the transition from the Late 
Cretaceous to the Eocene(?).  The sediments and strata represent shifting depositional 
environments due to sea-level withdrawal associated with regional uplift.  This interpretation has 
been slow in developing and only recently has been proposed for this area in southwestern 
Georgia.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1.  The geologic time interval between the 
two arrows and highlighted by the star marks the 
section exposed in and surrounding Providence 
Canyon State Park.  

The exposed geological section in and 
around Providence Canyon State Park 
presents an important interval of time with 
the termination of the Mesozoic and onset 
of the Tertiary (Figure 1).  This contact is 
known as the K-T boundary and in this area 
it was a relatively shallow marine setting 
which subjected the sediments to stirring 
from storm and nearshore waves.  In many 
exposures, the contact is marked by high-
energy cross-bedding.  In some places, 
kaolin derived from the Providence 
Formation has been reworked up into the 
overlying Clayton Formation (Froede, 
2008). 

Unfortunately, in this area of southwestern 
Georgia the K-T boundary marks an 
erosional unconformity and any iridium or 
other platinum group metals typically 
associated with this important stratigraphic 
contact have been lost. 
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Sediments and strata exposed across this portion of the Georgia Coastal Plain reflect the 
transition from a marine to a terrestrial environment.  The area surrounding Providence Canyon 
State Park provides us with many excellent outcrops where we can see the transition from a Late 
Cretaceous middle shelf to a Tertiary subaerial coastal plain depositional setting.  The Georgia 
stratigraphic section stands in sharp contrast to the more open water marine section found along 
strike in east-central Alabama. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2a.  The Clayton Formation sediments exposed around Providence Canyon State 
Park (PC) are different in composition, thickness, and elevation from the “Type section” 
just east of Clayton (C), Alabama.  The Alabama section is also 100 ft lower than the 
section exposed around PC.  Likely regional tectonism and different positions on the 
former lower Paleocene continental shelf can explain these differences. 
 

 
 
Figure 2b.  The shallow marine “sandy sea” setting appears to best fit with the 
sediments/stratigraphy exposed across the area in and surrounding Providence Canyon 
State Park (modified from Nichols, 1999, Figure 14.1).  Not to scale. 
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This chart links the stratigraphic relationship between the sedimentary units to changing sea-
level position on the former southwestern Georgia continental shelf.  A comparison with Figure 
2b ties the stratigraphic units to their probable paleosetting.  
 
With sea level decline, saline fluids in the subsurface would be displaced by freshwater.   Where 
ferrous-rich groundwater was present, the oxidation of the potentiometric surface would 
precipitate the dissolved iron forming discrete layers of iron-mineral-cemented sediments (i.e., 
ferricretes).  Under these conditions a fluctuating groundwater table would result in the 
development of multiple layers of ferricrete.  Several outcrops within the study area (especially 
along GA Hwy 39C – Stops 2, 3, and 4) exhibit groundwater-derived ferricretes. 
 
Regional tectonic uplift extending from the Late Cretaceous through the Lower Paleocene 
(located to the northeast of Providence Canyon State Park) increased the coastal gradient and 
enhanced the erosion of the Lower Paleocene coastal plain sediments.  Precipitation runoff 
created stream channels of varying sizes across the exposed Clayton Formation ground surface.  
Ferricrete layers eroded by the deeper stream channels were transported and deposited 
downstream.  In some instances, the ferricretes were broken down to smaller sizes and polished 
during transport.  If you look carefully, you can find polished ferricrete at several of the 
outcrops. 
 
The channel fill in many of the incised channels does not resemble modern stream sediments.  
Rather, they appear to exemplify mudflows. What does this suggest regarding the nature of these 
sediments and their formation? 
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What we have covered so far are concepts and ideas – now it is time to examine the many 
outcrops and see what we can determine from the actual rock record.  Let’s take a look at our 
base map and discuss the various stops (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Field Trip Stops 
 
We will have five stops: 1) At the top of the canyons—to observe and photograph the beautiful 
canyon sidewalls exposing the colorful strata, 2) At the K/T boundary along GA State Hwy 39C 
to examine groundwater-derived ferricretes, 3) Along GA State Hwy 39C to examine jointed and 
contorted groundwater ferricretes in association with what appear to be Providence Formation 
clay diapirs, 4) An excellent exposure of the section with an incised and filled former stream 
channel, and 5) Down into the canyons to examine the Late Cretaceous middle continental shelf, 
barrier island, and nearshore sediments associated with a sea-level regression sequence. We will 
also discuss spring sapping/cliff sapping and its impact on shaping the canyons. 

 

Figure 3.  Base map showing stop locations. 

Stops 1 and 5 occur within the State Park.  The remaining stops occur along GA State Hwy 39C.  
The many stops expose strata from the Late Cretaceous to the Eocene(?). 
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Stop One – Providence Canyon Rim Walk – Canyon Formation and Development 

We will walk around a portion of the canyon rim and discuss the processes that created the canyons.  Do 
you  see  any  surface  streams?   The Providence  Formation  is overlain by  the Clayton  Formation.   The 
distinction between the two stratigraphic units is based on color and clay content.  Is this a good way to 
define geologic units?  How much further up the hillside can these canyons extend before they reach an 
end point?  What limits the growth of the canyons?  How quickly could the canyons have formed?   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.  One of the many canyons found within Providence Canyon State Park.  There are 
no surface streams associated with these canyons.  Groundwater-fed springs on the canyons’ 
floors currently shape canyon development.  The Renfroes Marl limits stream incision and 
creates a hydrogeologic barrier for vertical groundwater movement.  Flowing downgradient 
across the surface of the clay, groundwater eventually daylights in the lower reaches of the 
canyons, resulting in the grain-by-grain removal of clastic sediments.  It has been postulated 
that eventually all of the canyons will converge into a large basin (Froede and Williams, 
2004).  How long could this process take and what factors might accelerate it? 
 
What processes created the many colors of the canyon sidewalls?  Are the colors original to 
the sediments or secondary? 
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Stop Two – K/T boundary and stacked groundwater ferricretes 

At this stop we examine the Cretaceous/Tertiary contact and discuss the many groundwater ferricretes 
exposed in the Clayton Formation.  The K/T contact in Georgia is marked by an erosional unconformity.  
What does  this suggest regarding the paleoenvironment and depositional setting?   To the east of this 
location  are  incised  valley  fill  features  indicating  overland  stream  flow.    What  does  this  indicate 
regarding the former sea level position?   

 

 

 

 

 

 

 

 

 

 

 

 

 

One of the many 
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Figure 5.  Multiple groundwater-derived ferricretes occur in the Clayton Formation directly 
above the Providence Formation at this outcrop (Froede, 2010).  The K/T boundary occurs at 
the lowest ferricrete layer and is marked by an erosional unconformity.  Scale in 15 cm (6 in) 
divisions). 
 
Each layer of ferricrete reflects the oxidation front of a former potentiometric groundwater 
surface coupled with sedimentary variation.  These layers cannot be used to accurately 
determine the former position of any potentiometric surface (Froede, 2010).  How many 
ferricrete layers can you identify?  What does this suggest regarding groundwater fluctuation? 



 

 

 

Stop Three – Groundwater ferricretes and Providence Formation diapirs 

At  this  stop  we  examine  the  curious  shapes  of  several  groundwater  ferricretes  and  discuss  their 
development  as  a  result  of  soft‐sediment  deformation,  changing  paleopotentiometric  surfaces, 
fractures, and  joints. Some of the groundwater ferricretes have developed at or near the contact with 
the underlying clay diapirs derived from the Providence Formation. 
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Figure 6.  A highly irregular groundwater ferricrete has developed around a clay diapir from 
the underlying Providence Formation (Marsalis and Friddell, 1975).  What does this suggest 
regarding the development of the ferricrete and the age relationship between the two features?  
Scale in 15 cm (6 in) divisions. 
 
Groundwater ferricretes can also develop along joints and fractures in the subsurface (Froede, 
2010).  What processes might have occurred resulting in the development of the 
joints/fractures at this locale?  Why would groundwater ferricretes develop around these 
features?  Why are the ferricretes different from those examined at Stop 2?  What does their 
presence suggest regarding sea-level position? 



 

 

 

Stop Four – Terrestrial Paleochannel in the Clayton Formation 

We  now  proceed  to  an  excellent  exposure  of  the  Clayton  Formation  and  underlying  Providence 
Formation.    Incised  through  the  Clayton  Formation  is  a  large,  U‐shaped  channel  cutting  through  a 
ferricrete layer separating the Providence and overlying Clayton formations.  This exposure clearly marks 
the transition between the end of marine conditions and the onset of terrestrial (i.e., fluvial) conditions.  
Some period of time elapsed between marine withdrawal and the development of the surface stream.  
This is indicated by the ferricrete that occurs at/near the contact between the two formations.  How fast 
could  the  ferricrete  have  formed?    The  stream  current must  have  been  very  strong  to  breach  the 
ferricrete layer and create large rip‐up clasts that are clearly visible in the former channel.  The channel 
has filled with reworked sediments derived from the Clayton Formation.  See if you can find small rip‐up 
clasts of polished ferricrete (often mistakenly identified as plinthite) in the channel deposit. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  A prominent terrestrial stream channel cuts through the Clayton Fm and down into the top of 
the Providence Formation.  The channel is approximately 90-feet-wide and 32-feet-deep.  Large rip-up 
clasts of ferricrete can be seen in the sidewalls and along the lower portion of the channel.  Small 
polished pieces of ferricrete, often misidentified as plinthite, can be found in the channel-filling 
sediments. 
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Stop Five – Providence Canyon Complex Walk – Geology of the Canyons 

We now return to Providence Canyon State Park and proceed down the trail  into the canyon complex.  
Various  strata  will  be  discussed  within  the  context  of  possible  depositional  settings  reflective  of 
changing conditions on the former continental shelf.  Please stay off the canyon sidewalls for your safety 
and because this is a State Park, no collecting is allowed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8a.  Sidewall exposure of the Providence Sand Fm in one of the canyons 

Figure 8b.  Ophiomorpha (shrimp) trace in 
coarse-grained Providence Sand.

 
Figure 8c.  Bioturbated clay of the Renfroes Marl 

(Ripley Formation). 
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Figure 9.  A chronology of the marine deposits formed during the Late Cretaceous/Lower Paleocene 
(on the left) followed by the terrestrial (Eocene?) on the right.  Letters indicate: A) Bioturbated 
Renfroes Marl of the Ripley Formation (Fm), B) Ripley and Providence Sand formations (cross-
bedded sands with some bioturbation) [Donovan, 1986], C) Clayton Fm sandy clays (Froede, 2008), 
and D) Termination of marine deposition.  Following sea-level withdrawal and the onset of terrestrial 
conditions, iron cement precipitated from groundwater in the subsurface forming ferricretes (E) 
generally along the contact between the Providence Fm and overlying Clayton Fm (Froede, 2010).  
However, ferricretes can also be found at varying levels in the Clayton Fm (or not be present at all).  
Surface precipitation created stream channels which transported the eroded sediments of the Clayton 
Fm creating new terrestrial sediments (Eocene? unnamed) that now cap the marine-deposited Clayton 
Fm (F) [Froede, 2008].  Some of these channels penetrated and ripped up the subsurface ferricrete 
layers, creating both large and small rip-up clasts in the channel deposits. Due to transport, some of 
the ferricrete pieces have been polished, resembling plinthite.  



 

 

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 10 – Providence Canyon State Park White Blaze Trail 

Canyon Complex Trail  -  Time permitting, we may hike the White Blaze Trail around the 
canyons and examine the full impact that spring/cliff sapping processes have had across the 
Park (Figure 4).  Note that the canyons are approaching the topographic divide (GA State Hwy 
39C).  A section of the Park road has already been moved upgradient due to canyon 
encroachment.  What factors might accelerate the headward erosion of the canyons? 
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Questions To Consider During Your Walk Around  
Providence Canyon State Park 

 
1) What does the bedding of the Ripley/Providence formations convey to us about the former 

depositional setting?  What was the energy level during the deposition of the sands and 
clays?  Is there a modern depositional analogue? 

 
2) Are the Ripley/Providence siliciclastic sediments smooth and round or angular and coarse?  

What does this tell us about the transport and the reworking of these deposits?   
 

3) What do the kaolin particles tell us about the depositional conditions?  Where did the kaolin 
come from? 

 
4) How do the canyon walls stay so steep – what holds them up? 

 
5) What is spring sapping (and cliff sapping) and how has this process shaped the many 

canyons?  Is it a slow or rapid process?  What will eventually happen to the many canyons as 
a result of continued spring/cliff sapping? 

 
6) What causes the many beautiful colors in the Providence Formation?  Why is the Clayton 

Formation a red color?  
 

7) Do ferricretes form in freshwater or saltwater conditions?  What causes them to form?  Does 
it take long for them to form? 

 
8) Why are some of the ferricretes found in horizontal layers?  Explain why some formed along 

the contact between the Providence Formation and the overlying Clayton Formation. 
 

9) Why are ferricrete pieces found along the bottoms of some channels?  Did it take long for 
these channel lag deposits to form?   Why are the polished pieces of ferricrete found in the 
channel sediment not considered plinthites? 

 
10) What depositional conditions might we expect during the Eocene and what sediments fit 

those expectations? 
 

I hope that you have enjoyed your tour around Providence Canyon State Park and that you will  
return many times to enjoy its ever-changing beauty.  Hopefully, most of the answers to these 
questions were covered during the field trip, while some can be found in the references.  Still, 
you may have to discover some of these answers on your own. 
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