
Provenance of a boulder-bearing impact breccia from surface outcrops and a drill-core 

from the Wetumpka Impact Structure, Elmore County, Alabama 

by 

 

 
Neeraja Satish Chinchalkar 

 

 

 

 

 

 

A thesis submitted to the Graduate Faculty of 

Auburn University 

in partial fulfillment of the 

requirements for the Degree of 

Master of Science 

 

Auburn, Alabama 

August 03, 2019 

 

 

 
Copyright 2019 by Neeraja Satish Chinchalkar 

 

 

 

Approved by 

 

 
Dr. David T. King, Jr., Chair, Professor of Geology 

Dr. Willis E. Hames, Professor of Geology 

Dr. Ashraf Uddin, Professor of Geology 



ii   

 
 

Abstract 

 

 
 The Wetumpka crater is a shallow marine impact structure located in the Elmore County, 

Alabama. The impact event occurred at approximately 85 Ma, during Late Cretaceous. The 

target was a shallow marine environment with a water depth of about 30 m or less and the 

lithology consisted of soft sediments belonging to the Tuscaloosa Group and Eutaw 

Formation, and crystalline pre- Cretaceous Appalachian quarzitic schistose and gneissose 

basement rocks. The rim of the crater is made of the same crystalline Appalachian rocks as the 

local basement, whereas the crater floor consists of a mixed lithology of target sediments of 

the Tuscaloosa Group and Eutaw Formation, which form the trans-crater slide, are the 

provenance of the crater-filling impactite sands, and a boulder-bearing breccia deposit. The 

present study was aimed at understanding the mode of emplacement of this breccia unit, which 

occurs in the central crater floor area and resembles polymict proximal ejecta deposits as in 

other craters. In the present study, outcrop mapping, drill- core logging, and petrographic 

studies were completed to understand the nature and origin of this breccia unit. 

Field mapping was done to characterize the breccia deposit and identify and map large 

oriented boulders in the deposit. Petrographic analyses indicated poorly sorted nature, which is 

characteristic of mass-movement deposition such as a debris flow. Possible shock features 

such as planar fractures in quartz, kink-banded micas, as well as potential impact-generated 

spherules were identified in thin sections and analyzed with electron microprobe. AU 

scientific drill core #09-02 was logged in order to characterize the subsurface nature of the 
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breccia. All results indicate that the breccia is very poorly sorted with clasts ranging in size 

from less than 0.5cm to more than 10m. Water did not play any significant role in the 

formation or emplacement of this breccia unit. Presence of large boulders in the breccia is 

best explained by a large mass movement of proximal ejecta from the crater rim to the crater 

floor during early modification. The oriented nature of the boulder sized clasts has been 

attributed to rotation during mass transport of the boulders in to the crater center. The 

emplacement of this breccia is interpreted as the last impact-related process to occur before the 

marine water resurge with accompanying deposition of chalk. 
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INTRODUCTION  

 

 
Since its formation, the Earth has experienced innumerable bombardments by asteroids 

and comets, initially  adding mass to the earliest Earth, contributing to the Earthôs early melting 

phase, and then scarring its subsequent solid surface with large and small craters. Although 

meteors and meteorites have been regarded as omens or harbingers of destruction in ancient 

times, modern people have come to accept them as explicable, recurring natural phenomena. 

Geoscientists now regard the processes of impact cratering to be as significant in Earth history 

as a fundamental process such as volcanism or plate tectonics. 

An impact crater forms when a cosmic object enters the atmosphere of the Earth (or 

other planetary bodies) with hypervelocity and a mass large enough to maintain that 

hypervelocity when it hits the surface. On Earth, approximately 190 impact craters have been 

identified presently (Earth Impact Database, 2019), and many more potential craters are being 

studied currently across the world. The amount of kinetic energy involved in the process of 

formation of an impact crater makes the geological process of impact cratering unique as 

compared to other normal geologic processes. Also, the entire process takes place in merely a 

few seconds. Such an instantaneous release of high amount of energy causes the target rocks 

to deform in unusual ways (as compared to other geological processes) and these impact-related 

deformations can be preserved in the impact-affected, or óshocked,ô rocks and  minerals. 

The size and nature of the resulting crater depends on the size and nature of the impactor 

as well as the geology of the target area, and these conditions also differ across the wide range 

of planetary bodies. Fragments of the impactor typically cannot be recovered, therefore shock 

features imbued in the target rocks and their constituent minerals can be used to establish that 

there has been an impact. Shock features, first identified in meteorites, are also used in 

understanding the pressure conditions of terrestrial impacts and the nature of the impactor. For 
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example, planar deformational features (PDFs) in framework silicate minerals like quartz or 

feldspar are diagnostic of an impact origin because these structures form under ultrahigh 

pressures, which exist only momentarily within hypervelocity impacts (and have been found 

as well in nuclear weapon test-detonation sites). 

Depending on the size and morphology of the depression, craters can be broadly 

classified as simple craters or complex craters. Simple impact craters are smooth bowl-shaped 

depressions with a rim raised above the crater bowl and a concave-upward or flat crater floor, 

which is a crater morphology that directly reflects the original transient cavity. Complex 

craters are those which consist of a raised rim as well as an elevated portion in the crater floor 

known as a central uplift, which forms by rebound of materials during modification of the 

transient cavity of crater formation. Complex craters are typically larger in diameter than 

simple craters for any particular planetary body, and the transitional size from simple to 

complex varies depending on the gravity of the planet. Generally, on Earth, craters larger than 

4 km in diameter tend to be complex, whereas smaller craters are simple. Some well-known 

examples of impact craters on Earth include the Barringer Crater (simple crater) in Arizona 

and the Chicxulub Crater (complex crater) in the Yucatan Peninsula of Mexico. 

On Earth, craters can form on land as well as in water bodies. Marine impact craters are 

fairly common on Earth and, depending on the water depth at the time of impact and target 

lithology, form varied and complex morphologies. In marine craters, water depth plays an 

important role in the formation and modification of the transient cavity. At very large water 

depths, usually greater than the size of the bolide (Ormö et al., 2006), a crater may not form as 

a result of slowing down of the impactor owing to the depth of the water column. In shallower 

depths, however, where the impactor reaches the ocean or sea floor, a crater will  form on in the 

crust below the water body. Marine craters are characterized by a bowl-shaped depression, 

presence or absence of a central uplift depending on the size of the crater, excavation and 
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ejection of basement rocks and sediments away from the crater center, and a resurge of the 

displaced water. Resurge in wet-target craters consists of graded deposits of shocked and 

unshocked ejecta material brought back into the crater floor due to return of the water during 

early modification stages. Other processes like faulting or slumping in unconsolidated 

sediments or in the rim of the crater, along with tsunamis and mass movements are also 

common in marine impacts (Ormö et al., 2006). 

The Wetumpka structure in Elmore County, Alabama (Figure 1), is a well-known and 

established marine-target impact crater (King et al., 2002; 2006). The impact event at 

Wetumpka occurred during Late Cretaceous, about 84.4 +/- 1. 4 m.y. ago (Wartho et al., 2011), 

which is near in age to the Santonian-Campanian stage boundary. 

 

 
Figure 1: A map of the south-eastern United States showing the location of Alabama (left) and 

a map of Alabama showing the location of Wetumpka Crater (From King et al., 2002). 

 

 
 

Although many older marine impact craters are buried or largely eroded, the Wetumpka 

impact structure is relatively well preserved, and thus allows for direct observations through 

outcrop studies. 
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Formation of an impact crater:  

 
The process of formation of an impact crater can be understood by dividing it into 3 

distinct stages. These stages are classified based on the mechanisms that the initial depression 

undergoes beginning with the contact of the impactor with the target. The stages of impact 

crater formation have been discussed in detail by French (1998), and are diagrammatically 

presented in Figure 2. 

Formation of a crater begins with the contact and compression stage, which is followed 

by the excavation stage. The first contact of the bolide with the target marks the beginning of 

the contact and compression stage. Shock waves travel from the projectile into the ground as 

well as inside the impactor itself. The impactor and the target undergo compression due to the 

high-velocity shock waves and depending on the amount of energy, the impactor may shatter 

into pieces or become molten or vaporized. Stresses exceeding the compressive strengths of 

the target rocks are generated in the compression stage, which causes deformation of target 

rocks, and a rise in temperature is responsible for melting of the target rocks. 

The opening of the crater depression is the beginning of the excavation stage. A bowl- 

shaped cavity forms from an outward ejection of target rocks. This initial depression is known 

as a transient crater. The target rocks are uplifted and overturned (at the rim) giving rise to a 

raised, nearly circular rim (French, 1998). When the crater bowl reaches its maximum size and 

the displacement of ejecta material is complete, the excavation stage ends, and the modification 

stage begins. 

The modification stage is characterized by slumping of the crater walls. Processes in 

this stage are merely the result of the force of gravity and rocks collapsing under their own 

weight. Faulting and slumping of the crater walls takes place along with debris flows. The 

crater moat gets filled with breccias during the modification stage. In complex craters, a central 
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uplift develops as the ground tries to revert to its original condition. In marine craters, this stage 

also consists of a resurge of the displaced water column (Figure 3). The end of this stage 

completes the formation of the final crater. 

 

 

 

 

 

 

 

Figure 2: Schematic diagrams showing the formation of: A: a simple impact crater, B: a 

complex impact crater (From lpi.usra.edu, 2019) 
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Figure 3: Schematic diagram showing formation of a marine impact crater (Modified from 

Ormö and Lindström, 2000). 
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Shock metamorphism in impact craters: 

 

 
A hypervelocity impact event involves transmission of a large proportion of the high 

kinetic energy contained in the cosmic object to the target rocks at the site of impact. Such an 

instantaneous release of energy at impact brings about formation of very high-pressure shock 

waves in the target lithology. Almost immediately, these shock waves are distributed radially 

into the target rocks (Melosh, 1989). This unusual process causes the target rocks to deform in 

a way unlike normal deformation generally seen in slower geologic processes. The target rocks 

undergo shock metamorphism in response to the sudden conditions of high temperature and 

pressure created by the shock waves. Shock metamorphism can give rise to the formation of 

brecciated rocks, melt rocks, pseudotachylites, as well as high pressure/temperature 

polymorphs of the original minerals present in the rocks. Such shock metamorphosed rocks 

and minerals can be studied to deduce the conditions prevalent at the time of impact as well as 

other parameters of the impact event itself, like the nature of the bolide, the direction of impact, 

the amount of energy released, etc. 

To understand the processes occurring in an impact more accurately, it is important to 

distinguish between the diagnostic shock metamorphic features from those which may be found 

in other geologic settings. French and Koeberl (2010) have divided impact related 

deformational processes broadly in to two categories: the first being high pressure shock 

features produced at pressures greater than 10 GPa typically diagnostic of an impact event; and 

the second being features produced at lower pressures, i.e., pressures less than 10 GPa, in 

impact events but which can also occur in other geologic processes. Table 1 summarizes these 

two categories of impact related deformational features. 
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Diagnostic indicators for 

metamorphism and meteorite impact 

shock Non-diagnostic features produced by 

meteorite impact and by other geological 

processes. 

Preserved meteorite fragments Circular morphology 

Chemical and isotopic projectile signatures Circular structural deformation 

Shatter cones Circular geophysical anomalies 

High-pressure (diaplectic) mineral glasses Fracturing and brecciation 

High-pressure mineral phases Kink banding in micas 

High-temperature glasses and melts Mosaicism in crystals 

Planar fractures (PFs) in quartz  Pseudotachylite and pseudotachylite breccias 

Planar deformation features (PDFs) in quartz Igneous rocks and glasses 

 Spherules and microspherules 

 Other problematic criteria 

 

 

Table 1: Diagnostic and non-diagnostic impact related deformation (Modified from French 

and Koeberl, 2010). Note that the columns are not comparative.
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The rocks carrying the diagnostic signatures of impact are known to be spatially 

distributed within certain regions of the impact crater (Dence, 1965; 1968; 1971; 1972). For 

example, melt rocks and high-pressure mineral phases can be expected in the suevitic or 

polymictic breccia units of the crater moat area, whereas highly fractured and shock 

metamorphosed rocks and shocked minerals can be found in the central portion of the crater 

floor of simple craters (or central uplifts of complex craters), the subsurface of the crater center 

and proximal or distal ejecta deposits depending on the target lithology and size of the crater. 

With increasing distance from the crater center, the shock waves begin to dissipate, and 

deformation features begin to define regions of lower and lower pressure-temperature 

conditions. 

Quartz and feldspars are the most commonly studied minerals in impact-affected rocks, 

and these minerals clearly preserve diagnostic impact signatures. The crystal structures of these 

minerals are affected by shock compression, and they develop multiple sets of parallel lamella 

known as planar deformational features (PDFs). At Wetumpka, shocked quartz grains with 

PDFs have been found within the breccia units, both exposed in the crater center and in drill 

cores from near the crater center (King et al., 2002; Morrow and King, 2007). Other minerals 

like zircons, garnets, Ti-oxides, amphiboles, etc. can also undergo shock deformation and phase 

transformation. Examples of shocked zircon are known from the Ries crater in Germany, 

Popigai in Siberia, Chicxulub in Mexico, Woodleigh crater in Australia, etc. (e.g., see 

Wittmann et al., 2006; Cox et al., 2019). 

The current study focuses on understanding the mode of emplacement of the central 

breccia unit of Wetumpka, which closely resembles proximal ejecta deposits, with the help of 

examination of field studies, outcrop studies, and petrographic and other laboratory analyses. 
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GEOLOGIC SETTING AND BACKGROUND  

 

 

 

At the time of impact, the geological setting of the cosmic event at Wetumpka was a 

shallow marine area just offshore from the Gulf coastal alluvial plain region of what is now 

central Alabama. The impact penetrated shallow marine water, the underlying Upper 

Cretaceous sedimentary layers (the younger Eutaw Formation and the underlying Tuscaloosa 

Group), and the upper part of the Appalachian metamorphic basement rock, specifically the 

Upper Paleozoic Emuckfaw Schist (King et al., 2002). The soft sedimentary target and 

underlying weathered but still intact crystalline basement may have caused Wetumpka to have 

an unusual morphology for its size (De Marchi et al., 2019). 

The rim of the crater has a horse-shoe shape (Figure 4), which consists of crystalline 

rocks of the Appalachian basement that is open on the southern side. The southern part of the 

crater is composed of a wide, structurally deformed region, which is located adjacent to the 

part of the southern segment of the rim, which is missing. The lithology of the rim consists of 

steeply dipping schists and gneisses, whereas the southern deformed region (called the extra- 

crater terrain; King et al., 2002) is composed of faulted, poorly consolidated target sediments 

of the Upper Cretaceous Eutaw Formation and Tuscaloosa Group. The absence of a portion of 

rim in the southern part has been attributed to post impact rim collapse, which is thought to 

have been caused by weakness and heterogeneity in the target stratigraphy. King et al. (2006) 

have interpreted the southern deformed region as a gigantic in situ series of slump blocks that 

are related to the lower levels of the collapsed southern rim of the crater due to mass movement 

processes associated with rim collapse following soon after the impact. 
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Figure 4: A: Red dashed line shows the extent of the horseshoe-shaped rim of Wetumpka 

impact structure (modified Google Map image). B: Geologic map of Wetumpka (From King et 

al., 2002). C: Shaded relief map of Wetumpka compiled from a 10m resolution DEM (from 

www.alabamaview.org) and a hillshade map. Black square shows the structurally disturbed 

extra-crater terrain. 

A 

B C 
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 Whereas the rim is mainly Appalachian basement metamorphic rocks, the intra-crater 

region and the crater floor consist of mixed sedimentary units that characterized the upper 

stratigraphy of the target area. These sedimentary units are Upper Cretaceous formations, 

consisting of Tuscaloosa Group and Eutaw Formation. Mooreville Chalk, which lies above the 

Eutaw Formation outside the target area, is also present in some places. The Tuscaloosa and 

Eutaw show evidence of original bedding, even though that bedding may be deformed or upside 

down in some places (Heider and King, 2016), but the Mooreville Chalk in the crater area shows 

evidence of being re-deposited (probably by return of tsunami flow or resurge; King and Ormö, 

2011). Re-deposited layers of the uppermost target unit, the Mooreville Chalk, occur as thin, 

intermittent beds at and near the ground surface, both within and near the crater. This chalk, 

which is more like marl in composition, contains shelfal fauna and a small component of fine 

Wetumpka ejecta including melt particles, shocked grains, and impact-formed aggregates 

(Petruny and King, 2018). CT-scan studies by Markin and King (2012) and Markin (2015) show 

that there are graded beds within the crater-floor Mooreville Chalk, which supports the resurge 

hypothesis for its origin. 

Previous Work 
 

 The earliest research suggesting an impact origin for the crater is summarized in the 

work done by Neathery et al. (1976). However, confirmation of an impact origin was first 

provided by King et al. (2002) through investigation of drill-core samples of crater-filling 

breccias. King et al. (2002) reported presence of multiple sets of planar deformational features 

(PDFs) in numerous quartz grains from the sandy matrix of impact breccias recovered from 

depths of over 100 m. PDFs are micro-scale sets of closely spaced planar fractures that form in 

framework silicate minerals like quartz and feldspar, and are one of the most important 

evidences of shock metamorphism. PDFs within framework silicate minerals are not known to 

form in any way other than by hypervelocity shock wave damage to crystal structures. As 

corroborating evidence of impact, King et al. (2002) also found elevated concentrations of Ir, 
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Co, Ni and Cr in the matrix of these impact breccias, which is a typical meteorite-imbued 

chemical signature. They interpreted the impactor to have most likely been a carbonaceous 

chondrite asteroid. 

Because it is a marine impact crater, the Wetumpka craterôs morphology and early 

modification was probably strongly by the presence of water. For example, the heterolithic, 

unconsolidated and water-saturated southern rim would have been weaker as compared to the 

indurated, crystalline northern rim and likely would have slumped inwards almost immediately 

after the collapse of the transient crater, thus leaving the northern rim intact (King and Ormö, 

2011). Heider and King (2016) suggested a sequence of events in the inward slumping, 

including (from first to last) mixed provenance impactite sands, the trans-crater slide unit of 

bedded Upper Cretaceous target strata, and a boulder-bearing polymict breccia. Subsequently, 

these field interpretations were supported by digital model simulations of Wetumpkaôs marine 

impact (De Marchi et al., 2019), which indicate a sequence of events in Wetumpkaôs rim failure 

consistent with the observed crater-filling stratigraphy. The digital model of De Marchi et al. 

(2019) indicates that return of shallow sea water was a relatively late event, which is consistent 

with the relatively thin, discontinuous blanket of Mooreville Chalk as a marine resurge 

deposit formed in a very shallow marine target setting. 

Geophysical data from across the crater are restricted to one trans-crater gravity survey 

and its initial interpretations by Wolf et al. (1997), plus some further work by Robbins et al. 

(2011). The results of the gravity survey were characteristic of a typical complex impact crater 

and showed a negative gravity anomaly in the center of the crater, which might be interpreted 

as evidence of impact-related broken rock below the crater center, plus a small high area that 

may be evidence of a possible central peak. However, no discernible surficial expression of a 

central uplift is seen in the present topography of the crater. 
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Two drilling projects inside the crater, one during 1998 (King et al., 2002), and the 

other during 2009 (King and Ormö, 2011), resulted in the acquisition of drill-core samples 

from near the center of the impact structure, as well as from the crater rim and crater moat area 

(Figure 5). These drill cores have been studied and analyzed by several graduate students in 

the Department of Geosciences, Auburn University. Specifically, the two 1998 drill  cores from 

the crater center were analyzed and logged by Reuben C. Johnson (Johnson, 2007), whereas 

some of the latter ones from the crater floor have been analyzed by James K. Markin 

(Markin, 2015) and Steven N. Rodesney (Rodesney, 2015). A drill core on the western rim 

was described and interpreted by Pascual Tabares (Rodenas, 2012). 

 
 

The current work focuses on Wetumpkaôs central breccia deposit, which is located near 

the geographic center of the crater floor. This breccia unit was first described by King (1997) 

as a polymict impact breccia unit. This breccia unit is very poorly sorted and consists of a 

small but noteworthy population of very large clasts of quartzitic schists and gneisses that are 

situated within a pebbly and clayey-sand matrix. This breccia crops out in a small area 

(approximately 0.5 km2) along a local residential road (Buck Ridge Road), which forms a small 

loop that encircles most of the central breccia outcrop upon the crater floor (Figure 6). As this 

breccia unit lies approximately where a central uplift would normally be expected, it was 

originally thought to be part of a central uplift (Johnson, 2007). However, after drill  cores were 

obtained that penetrated this breccia unit and thus its subsurface extent was known, it was 

determined that this unit is not related to deeper breccias at Wetumpka (King and Ormö, 

2011). 
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Figure 5: (Top) A profile of Wetumpka (heavy black line) derived from the gravity data of 

Wolf et al. (1997), which also showslocation of drill cores in the crater. (Bottom) Map of 

Wetumpka showing the drill core locations (From Rodenas, 2012). 
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Discovery of shocked quartz within this central breccia unit, specifically quartz grains 

with shock features that were demonstrably different from those found within quartz grains 

from the deeper Wetumpka breccias, was the first indication that the central breccias might be 

of ejecta origin (Morrow and King, 2007). This led to the preliminary interpretation of the 

central breccia as being part of the proximal ejecta of Wetumpka impact crater that may have 

been deposited on a failed part of the crater rim (King and Ormö, 2011; King et al., 2015). 

Slumping or a related type of mass-movement processes during early modification of the crater 

was suggested as a mechanism for placement of proximal ejecta upon the crater floor (King et 

al., 2015). 

Core drilling and field observations have shown that the subject of the present study, 

the polymict boulder-bearing breccia, has a stratigraphic position within the Wetumpka crater 

fill that is atop the trans-crater slide unit (King et al., 2019). Recent observations suggest that 

the central breccia unit is a matrix-supported diamicton (Chinchalkar and King, 2018), which 

is composed of clasts ranging in size from pebbles to boulders. Grain sizes in the matrix of the 

Wetumpka diamicton are clay-dominated, but also contain a significant proportion of non-clast 

supported pebbles, cobbles, and boulders. The grain-size distribution is strongly bi-modal. In 

three sequential outcrops on the western side of Buck Ridge Road, several exposed boulders 

range in size from 15-20 m in apparent long dimension. Lithologically these are mica schists, 

quartzitic schists and gneisses, which means that all these boulders came from the deeper target 

metamorphic basement rock that underlies the Upper Cretaceous soft sediment of the upper 

target layer (King et al., 2015; Chinchalkar and King, 2018). The foliation in these boulders is 

consistently vertical, which indicates the role of a specific physical process or sequence of 

processes in the origin and emplacement of the unit.
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Figure 6: Google Earth © image showing the Buck Ridge Road loop marked by dashed lines and approximate location of studied outcrops marked 

with red square. Inset is a Google Earth © image of Wetumpka (scale: 2000 m) showing the extent of crater with red dashed line and the location 

of buck ridge road with a yellow square.
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METHODOLOGY  

 
The current project was undertaken with the aim of understanding the 

characteristics and origin of the impact breccia that crops out within small areas near the 

central portion of Wetumpka Craterôs floor. This breccia unitôs shocked quartz grains have 

been previously studied by Morrow and King (2007) and King et al. (2015), and its 

stratigraphic relations examined by King and Ormö (2011) and King et al. (2015). These 

previous studies suggested that the shocked quartz grains were likely evidence of proximal 

ejecta, and their observations provided a starting point for the present work. 

Proximal ejecta of impact craters is known to contain a combination of shocked target 

material, which contains a mixture of shock level indicators and a mixture of shocked and 

unshocked target rocks and minerals. Hence, the adjective polymict is commonly used for 

such impact deposits. The shocked portion of proximal ejecta has been identified with 

distinctly diagnostic features that develop in the minerals at high shock pressures (King et 

al., 2015). One purpose of this study was to look for other indicators of impact ejecta and 

evidence of emplacement mechanisms for this central breccia unit. This was undertaken in 

order to lead to a better understanding of the origin and mode of emplacement of this 

diamicton within Wetumpka impact structure. The disparate field and laboratory methods 

adopted for a comprehensive investigation of the breccia unit are listed sequentially within 

this methodology section. 

Selection of outcrops 

 
A major portion of land in Wetumpka is privately owned by individuals who have 

residences on their property, therefore any field work in the area requires permission from 

the land owners. The vast majority of the crater floor area is also densely covered with 
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thick vegetation. Mainly on account of these two realities, it is best to work on outcrops 

that are located along paved roads where there is a standard right-of-way for public access 

and where the road margins are maintained clear of dense vegetation. Specifically, the 

right-of-way outcrops occurring along Buck Ridge Road (Figure 7), a road that forms a 

loop around a large part of the central brecciaôs main exposure, are the ones most easily 

accessible and therefore used for the study. These outcrops also allow for a direct 

observation of a small cross-sectional profile of the breccia unit and are well-situated for 

taking samples, photographs, and direct measurements of the brecciaôs lithic components. 

Outcrop excavation 

 
During early November 2017, reconnaissance field work was conducted to identify 

potential outcrops for potential excavation. One outcrop (named herein as BRR-O; Figure 

8), which is close to the Schroeder home on Buck Ridge Road was the subject of previous 

studies regarding the breccia (Morrow and King, 2007; King et al., 2015). Newly selected 

outcrops (named herein as BRR-N1 and BRR-N2; Figure 9), which are located a few 10s 

of meters uphill (going south on Buck Ridge Road), were also chosen to be part of this 

study because they constitute good outcrops of the central breccia unit. These new outcrops 

are stratigraphically higher than BRR-O. 

The new outcrops were overgrown with tree roots and other vegetation and were 

covered in slumped lateritic soil. Presence of excessive vegetation on the outcrop is an 

obstruction to observing and photographing the breccia, and the soil can cause difficulties 

in proper investigation of the lithology (because much of the matrix of the breccia is 

composed of red-colored ferruginous clayey sand). Hence, it was necessary to clean the 

outcrops to rid the breccia of the vegetation and soil.
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Figure 7: Google Earth ©image showing the Buck Ridge Road, some important landmarks, and locations of outcrops studied for this 

project. The yellow circles represent the boulder-breccia units investigated in this study and the green circles denote locations of other 

known boulders that were not included in the current project. The location of the drill core from AU scientific borehole 09-02 is marked 

with a red bar.
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Figure 8: Outcrop BRR-O on Buck Ridge Road close to the Schroeder House. Figure 

BB1: Close up of outcrop BRR-O showing part of a schist boulder (demarcated with 

yellow line). 
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Figure 9: Outcrops BRR-N1 (top) and BRR-N2 (bottom) on Buck Ridge 

Road before excavation (Width of outcrops is about 10 m and height 

about 3 m). 
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 The excavation was accomplished during the month of June 2018 by a work crew 

from the Public Works Department of Elmore County who used large mechanical 

excavators (Figure 11). Because these outcrops lie close to the road and the road-side 

ditch draining the area lies adjacent to a small creek, adequate erosion control measures 

such as rip-rap and straw-netting were deployed at the site by the workers. The outcrops 

were scraped clean and the top soil was loaded in trucks and removed from the area 

(Figure 10). 

After this outcrop scraping process, the newly formed outcrops were allowed to sit 

undisturbed for a few weeks while they were naturally washed by rain and thus more easily 

observed in a fresh but slightly eroded state. 
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Figure 10: Outcrops BRR-N1 (top) and BRR-N2 (bottom) after excavation (Height of 

outcrop is about 3m). 
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Figure 11: Excavation of outcrops by Public Works Department crew (top) 

and an example of erosion control measures implemented at the site (bottom). 
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Field mapping 

 
Once the outcrops were free of unwanted organic rich top layer and soil and had 

been slightly washed by rain, field mapping techniques were used to produce a detailed 

description of the characteristics of the matrix and clasts, including photography, mapping, 

and sampling. 

Photographing outcrops 

 
All the outcrops were photographed in high resolution with the help of a DSLR 

camera and photo-editing software was used to compose panoramic photo mosaics (Figure 

12). 

Mapping of boulders and cross section 
 

In order to accomplish detailed mapping, the global positioning satellite (GPS) 

locations of each outcrop were obtained by instrument and plotted on a geologic map. The 

breccia unit consists of boulders as large as 20 m in apparent diameter, and the locations of 

the apparent centers of these boulders were also obtained, along with measurements of their 

dimensions and structural features like strike, dip and orientation of internal foliation. 

Although the primary outcrops for the study were the ones along the Buck Ridge Road, the 

locations and dimensions of boulders in the other outcrops of the breccia within the area 

were also noted for providing geologic context and for understanding the extent of the unit. 

These other adjacent areas included the El Paso natural gas pipeline cut at Buck Ridge 

Road, the driveway of the Schroeder home on Buck Ridge Road, and the valley of an 

unnamed stream draining from the main lake on the Schroeder home property on Buck 

Ridge Road and along Harrogate Springs Road (to an eventual junction with the Coosa 

River at a point near the present Wind Creek Casino.
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  Figure 12: Panoramic photographs of outcrop BRR-N1 
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Meter grids 

 
To understand the size distribution of clasts and relative amount of clasts to matrix 

in the breccia, one-meter-square grids were posted using string and nails upon selected, 

representative sections of the intra-boulder matrix of the three outcrops. The meter-square 

area was used to measure clast dimensions (i.e., longest and shortest axes) and to assess 

clast size, shape, and density in a standard area for each outcrop. These data were used to 

help describe the breccia matrix and to present frequency distribution of clast size, as 

discussed in the results section. 

Sample collection  

 
Samples of clasts and matrix were collected from each of the outcrops for further 

analyses. The matrix of the breccia consists of mixture of target sands composed of shocked 

and unshocked material, whereas the clasts are mainly unshocked crystalline schistose or 

gneissose pieces of target rocks. As shock effects were known to exist in the minerals of 

the breccia the matrix, all of the petrographic analyses were done on the matrix itself rather 

than the constituent clasts. Matrix samples collected from the newly excavated outcrops 

(BRR-N1 and BRR-N2) consist of bright red-colored, iron-rich clayey sand, whereas the 

matrix from the previously known outcrop (BRR-O) consists of two distinct sands, one 

similar to the aforementioned red clayey sand, and another more siliceous, grey- colored 

sand. 

Petrographic analysis 

 
Samples collected from the three outcrops were sent to National Petrographic 

Services, Houston, for preparation of uncovered, polished thin sections. A total of 12 thin 

sections of the matrix, which came from all three BRR outcrops, were made for 

petrographic analysis. Petrographic descriptions were made for each thin section by 
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documenting the dominant mineralogy, relative percentage of the abundant minerals as 

well as any features that may be related to shock metamorphism. The petrographic analysis 

also served as a preliminary step for electron microprobe analysis. 

Electron Microprobe analysis: Sample preparation, probe parameters, techniques and 

tools, image processing. 
 

 Based on an initial petrographic study under a standard petrographic light 

microscope, 2 thin sections, one from BRR-O and the other from BRR-N2, were selected 

for electron microprobe analysis. Electron Microprobe analysis was done on the JEOL ï 

JXA 8600 Superprobe and accompanying Geller System automation in the Department of 

Geosciences, Auburn University. The thin sections were carbon-coated in the microprobe 

lab and inserted in the probe with the specimen holder. The AU microprobe is equipped 

with BSE and SEM imaging along with EDS and WDS detectors, which were instrumental 

in understanding the composition of mineral phases in the matrix. BSE and SEM images 

were obtained at a current of ~ 40 mA and an accelerating voltage of 15KeV. EDS detector 

was used to evaluate the qualitative composition of mineral phases in the matrix and 

quantitative spot and line analyses by WDS were performed on some minerals to determine 

major oxide weight percentages. The standards used for peak calibration and 

standardization are listed in the appendix at the end. Elements like Fe, Al, Si, Na, Mg, K, 

and Ti were mapped within certain areas of the thin section. The following software 

programs were used for each of the analyses: 

(i.) Geller System dPict: BSE and SEM Imaging and Elemental Mapping 

 

(ii.) Geller System dQuant and dSpec: Spot and line analyses for major oxide 

weight percentages  

(iii.)  Princeton Gamma Technologies Excalibur: EDS analysis 

(iv.) National Institute of Health Image J: Image processing 
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Drill core  analysis 
 

 

 Drill core from AU scientific borehole #09-02 was used for the current study to 

understand the subsurface lithology and characteristics of the impact breccia. During 2009, 

this core was obtained by Department of Geosciences, Auburn University, using funding 

from a NASA PGG grant. The core hole was drilled adjacent to the outcrop BRR-O (near the 

Schroeder house on Buck Ridge Road; for exact location). This drill core was obtained in 

order to better understand the vertical extent of the central breccia unit and its underlying 

stratigraphic relationships. The total length of the central breccia drill core is 23.3 m. 

The #09-02 drill core was photographed and logged with respect to the relative proportions of 

clasts and matrix, clast lithology, matrix mineralogy and sedimentological/structural features. 

The results from core logging were compared to the results from the outcrop mapping (and 

meter square grids) to compare the subsurface extent of the central breccia to the exposed 

central breccia in outcrop. An example photograph of a drill core box is in Figure 13 and 

other core box photographs are located in the Appendix. 
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Figure 13: Example of a drill core box of borehole #09-02. Top of core 

is upper right of box and bottom is bottom left.
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RESULTS 

 

 

Field study and outcrop mapping 

  

 
For the current study, three outcrops on Buck Ridge Road were selected and 

investigated for detailed description of lithology and sedimentological characteristics. The 

outcrops are designated as BRR-O, BRR- N1, and BRR-N2 for the previously known (old) 

outcrop and the two recently excavated outcrops, respectively. The location of each outcrop is 

depicted in Figure 14. 

The old outcrop is located adjacent to the Schroeder family house on Buck Ridge Road. 

It is 63 meters in length and the exposed height varies from 2 to 4 meters. The outcrop consists 

of matrix, small boulders, and a boulder of schist with an exposed length of 19 meters (Figures 

15 and 16). The boulderôs foliation strikes NNE-SSW with an almost vertical (~90o) dip. The 

schist consists mainly of muscovite mica and quartz and is generally similar to the Emuckfaw 

Schist observed in the western rim of the crater. Therefore, these schistose rocks are interpreted 

to be basement rocks of the Appalachian orogenic belt. This large schistose boulder only makes 

up part of the outcrop. The remaining outcrop is mainly polymict breccia consisting of a fine- 

grained matrix, which consists of clay, silt, sand, and a wide range of crystalline clast sizes. 

The matrix of the breccia is composed of ferruginous to silicic sand with a wide range 

of sizes and fine clay. Within the outcrop, the matrix shows two distinct compositions. Some 

of the matrix is red due to a high amount of iron, and some matrix is light grey to buff-colored 

due to low iron content and more silica. There is no sharp boundary between the two types of 

matrix, and it appears to be mixed together. 
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The clasts of the breccia range in size from pebble to boulder sizes and are randomly 

oriented. For a more quantitative analysis of the clast sizes, a one meter-square grid was 

prepared and laid on the outcrop and clasts were counted along with measurements of their 

observable dimensions (with a cut off size of 5mm). The results of this counting are presented 

below in Table 2 and Figures 17 and 18, and the complete data can be found in Appendix. 
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Figure 14: Locations of the outcrops of central breccia on a geologic map of Wetumpka (Base 

map from Rodenas, 2012). 
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