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Kentland Crater (Impact Structure) is an approximately 7.5 km impact structure centered 4 to 5 

km (about 3 miles) east of the town of Kentland, Indiana, at approximately (N 40° 45’ W 87° 

24’)  (Laney and Van Schmus, 1978 and others).  Evidence suggests the structure underlies a 

portion of southern Newton and northwestern Benton counties.  It is exposed only in an area of 

about 1/2 square kilometer or less, where a portion of the central uplift is quarried.  The annular 

basin and rim of the crater are shallowly but completely buried by Pleistocene glacial drift, to a 

depth of typically 15 to 40 meters, and produce no known topographical expression (Tudor, 

1971; Laney and Van Schmus, 1978).  The impact is preserved in disturbed Paleozoic Middle 

Ordovician to Silurian carbonate, shale, and sandstone units, and may include 

younger Mississippian and Pennsylvanian units as well (Shrock and Malott, 1933; Boyer, 1953; 

Gutschick, 1987; Laney and Van Schmus, 1978; Tudor, 1971). 

Kentland is a key site in the global history of impact crater research.  It produced the earliest 

known description of shatter cones, contributed to the recognition of shatter cones as a distinct 

class of small scale geologic structures, and contributed to the recognition of shatter cones as a 
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criterion for the recognition of impact craters.  It was also one of the first two complex impact 

craters at which coesite was reported, leading to the recognition of coesite as a means for 

recognizing complex impact structures, and it played a large part in the emergence of the concept 

of complex impact craters as a sub-class of impact craters distinct from the simple craters. 

Evidence of Impact Origin  

Unambiguous diagnostic evidence of shock metamorphism associated with hypervelocity impact 

supports the meteorite impact origin of Kentland Impact Crater.  The following list is not 

exhaustive: Shrock and Malott, 1933; Dietz, R. S., 1947, 1959, 1960; Laney and Van Schmus, 

1978; and others (shatter cones) (see Figure 2); Cohen et al., 1961 (coesite in St. Peter sandstone 

in the central uplift, report of coesite has been challenged); Morrow and Weber, 2009; Laney, 

1976; Laney and Van Schmus, 1978 (PDFs in quartz grains, basal orientation). Dietz (1959, 

1960) reported that shatter cones at Kentland can reach up to 2 meters in length in limestone and 

up to 12 meters in shale.  

Other significant but non-diagnostic evidence: breccia, megabreccia, central uplift, complex 

structural deformation, comminuted quartz 'rock flour' (Shrock and Malott, 1933; Shrock, 1937; 

Boyer, 1953; Dietz, 1959; and other authors); multiple sets of planar fractures - PFs, indexed 

(Laney, 1976; Laney and Van Schmus, 1978); mosaicism in quartz (Huss, 1996). Gutschick 

(1987) and Huss (1996) both mention lamellae in quartz. Morphology, core drilling, detailed 

geologic mapping, and cross-sectional modeling are described in Laney and Van Schmus (1978) 

and Tudor (1971). 

 

Figure 2. Shatter cone from the Kentland Impact Crater. 

Kentland is listed as a confirmed impact crater in the Earth Impact Database maintained by the 

University of New Brunswick, and the Kentland Impact Crater name is recognized as standard 

for publications concerning this crater in the Meteoritical Society Database. 



Dimensions  

The central rebound covers an area of approximately 4 to 7 square km, with the strongest 

dislocation confined to an area about 1 km in diameter (Tudor, 1971; Laney and Van Schmus, 

1978), and reveals exposed middle Ordovician strata uplifted at least 600 to 610 meters (1968 

feet) above their original position (Tudor, 1971; Laney and Van Schmus, 1978; Gutschick, 

1987).  Geophysical modeling from a detailed gravity and seismic survey reported in Tudor 

(1971) suggests 600 to 900 meters of uplift of the crystalline basement below the quarry 

exposures, suggesting subsidence or other factors may have reduced the uplift apparent at the 

surface relative to the true original displacement. 

An early geophysical radio field intensity survey (Pullen, 1953), using radio signal strength from 

existing regional transmitters as a source of signal, reported a generally circular high centered 

roughly at the quarry and measuring about 4 miles (6.4 km) across.  A detailed gravity survey, 

series of seismic refraction and reflection profiles, and study of drilling reported in Tudor (1971) 

produced the most frequently cited recent dimension of 12 to 13 km.  The work revealed a 

complex circular structure comprised of  a central sub-circular disturbed area of uplift with a 

maximum radius of about 2 miles (about 3.2 km), surrounded by an annular basin (a circular 

depression) with a radius of about 2 miles (3.2 km), surrounded by a broad ring anticline (rise) 

that extended beyond the basin to a radius of about 4 miles (6.2 km) from the center.   

Working from sparse data, Laney and Van Schmus (1978) also tentatively identify an annular 

basin 1.5 to 2 km in width surrounding the central uplift, and similarly interpret a subdued 

structural high (crater rim) at a distance of about 6.2 km from the center of the structure, 

suggesting a probable diameter of 12 to 13 km.  Most recent authors report a diameter of 12, 

12.5, or 13 km, citing Laney and Van Schmus (1978) and Tudor (1971). 

Tudor approached his interpretation from a volcanic paradigm.  Laney worked on the site several 

years later, in the mid-1970s, and understood it to be of impact origin, but described the overall 

limit of disturbance, not the radius to the edge of the transient cavity and beginning of the rim - 

what would conventionally be considered the crater diameter today.  Reconsidered the original 

maps in terms of modern publication conventions and understandings of the crater-forming 

process at complex structures, both the work of Tudor (1971) and Laney and Van Schmus (1978) 

are consistent with a crater diameter of about 7.5 km, with a well preserved central uplift, 

annular basin, and rim. (see Figure 3) A central gravity high is surrounded by a negative anomaly 

consistent with an annular impact basin, surrounded by an inconsistent gravity positive extending 

for some distance beyond a radius of about 3.5 to 4 km. Tudor’s original gravity data were 

supported by geophysical seismic and drilling studies. 

Weber et al. (2005) and the Weber (2013, field guide) challenge the 12 to 13 km diameter of the 

structure based on inconsistency between the observed uplift of 600 meters and predictions of 

1.0 to 1.3 km of central uplift for a 13 km crater per models given by Melosh and Ivanov, 

1999.  Weber suggests 600 meters of uplift is consistent with a diameter of 6 to 7 km, somewhat 

closer to what is suggested by a 7.5 km reinterpretation of Tudor's original (1971) 

results.  Weber's observation supports a smaller diameter, and the original (1971, 1976, 1978) 

work agrees with this prediction if considered in light of modern understanding. 



Multiple studies have found no regional magnetic anomaly associated with the Kentland 

structure (Shrock and Malott, 1933; Shrock, 1937; Joesting and Henderson, 1948; Lucas, 1952; 

Tudor, 1971). 

 

Figure 3. A reconsideration of the work of Laney (1976) and Tudor (1971) suggests a 7.5 km 

crater diameter. 

How Much Has Been Removed by Erosion?  

The central uplift has been at least modestly eroded.  Laney and Van Schmus (1978) loosely 

infer less than 300 meters of erosion of the central uplift after the impact, and Jackson and Van 

Der Voo (1986) reach a similar conclusion in a paleomagnetic study of rocks in the Kentland 

quarry.  Laney (1976) and Laney and Van Schmus (1978) report only modest levels of peak 

shock (5-6 GPa, not exceeding 8 GPa) recorded in rocks exposed in the quarries, based on 

petrographic evidence, while both Nasser and Howe (1995) and Votaw (1980) found evidence of 

only low-level heating of conodonts from dolostone in the quarries (specifically <90 C in 

Votaw).  Modest impact generated temperatures (~150 C) at the depth of the quarry exposures 

are supported in the paleomagnetic work of Jackson and Van Der Voo (1986).  These low 

temperatures and modest shock levels support the idea of erosional removal of a minimum of 

about 300 meters of more heavily shock-altered overburden.  Weber (2013) speculates that 

erosion may be up to a kilometer.  The actual extent of preservation or erosion of the rim and 



annular basin is largely unknown, but combined evidence suggests the structure may be largely 

intact below the glacial drift. 

Timing of the Impact  

It is broadly agreed that impact altered rock units exposed at the Kentland quarry range from 

the Lower Ordovician Shakopee Dolomite to the Silurian Salamonie Dolomite (Shrock and 

Malott, 1933; Shrock, 1937; Gutschick, 1983, 1987; Tudor, 1971; Laney, 1976).  The ages of the 

Ordovician and Silurian units have been confirmed by detailed analysis of the faunal assemblage. 

(Shrock and Malott, 1933; Shrock and Raasch, 1937).  This establishes that the impact occurred 

during or after the Silurian, meaning less than about 419 million years ago.   

Undisturbed Wisconsin stage Pleistocene glacial units cover much of the structure, placing the 

event firmly prior to the Pleistocene glaciation (Shrock and Malott, 1933; Tudor, 1971, and 

others).  Gutschick (1987) more specifically identifies the Pleistocene glacial till as the 

Cartersburg Till Member of the Trafalgar Formation drift sheet.  

Tudor (1971) delineates a localized Pennsylvanian coal, incompetent shale, and sand unit, up to 

300 feet thick (Tudor, p. 78), that is present only in the lowest paleotopographical zones (p. 92) 

in the annular basin.  This is named the Schluttenhofen coal basin and was first described in 

Ashley (1898).  Tudor seems to suggest that this unit of relatively fragile Pennsylvanian shales 

and sands sits undisturbed in the annular basin, except where tilted by a known fault.  He further 

notes that where the Pennsylvanian was drilled through, his team encountered a normal regional 

sequence of the Borden Group (Early to Middle Mississippian - roughly Osagean).  Though 

Tudor was aware of the impact hypothesis for Kentland, he interpreted the site as originating 

from subsurface igneous intrusion (cryptovolcanism) and interpreted the annular basin as a 

down-warped region, rather than part of an original transient cavity.  Lacking a modern 

understanding of formation of the annular basin, he did not perceive relatively undisturbed 

Pennsylvanian and Mississippian sediments in this context as a constraint on timing, and thus 

was unfortunately sparse in related descriptions.  The presence of an in-situ unit of friable 

Pennsylvanian and undisturbed Mississippian sediments in the annular basin, partially encircling 

the central uplift, suggests an additional stratigraphic constraint on the most recent possible date 

of the structure's formation (prior to the Middle Mississippian or Pennsylvanian).  But the 

literature does not explicitly resolve this, as these cores are not described in detail.  On the 

assumption that the coal-bearing units are pre-impact in origin, both Tudor (1971) and Laney and 

Van Schmus (1978) date the structure to between the Pennsylvanian and Pleistocene.  If the units 

are in fact undisturbed in the annular basin, they may alternatively be interpreted to date the 

structure between the Silurian and Osagean Mississippian, about 419 to 340 million years 

old.  Neither possibility is well constrained. 

An apatite fission-track study by Weber et al. (2005) found that St. Peter Sandstone that was 

broken and uplifted 600 meters in the central uplift recorded post depositional heating 

(≥135°C) followed by a rapid cooling event at 184±13 Ma. (Jurassic) identical with unexcavated 

regional St. Peter strata well beyond the perimeter of the crater.  The authors concluded that their 

results provided no new constraint on timing of crater formation, but it could be argued that their 

results suggest that the St. Peter remnants found in the Kentland Quarry were shattered and 

uplifted after uniform regional cooling at their original depth, providing a tentative impact timing 

constraint of later than 184±13 Ma. 



Jackson and Van Der Voo (1986) provide a tentative Late Cretaceous (97±10 Ma.) age estimate, 

based on a paleomagnetic study of samples of Middle Ordovician Quimby's Mill Limestone from 

the Kentland quarry. 

Bjørnerud (1998) provides a significant potential constraint on timing, observing that clasts of 

sphalerite that resulted from a regional sulfide mineralization event, which is best understood to 

have occurred in the late Pennsylvanian or Permian, are entrained in impact breccia.  Gutschick 

(1987 and others) places a potential similar constraint, observing that what he interpreted as a 

Pennsylvanian fluvial channel is bisected by the uplift. 

Taken cumulatively, these reported data provide a solid constraint of late or post-Silurian to pre-

Wisconsin Stage Pleistocene, about 419 million to 2.6 million years old, though refinement 

seems likely. 

Quarries Referenced in Literature 

A series of quarries have been operating on the northwest flank of the central uplift since the late 

19th century, taking advantage of the exposures of rock produced by the central uplift within the 

surrounding plain of glacial drift.  At the time quarrying began, these were the only rocks in a 

flat glacial plain "unbroken by bedrock exposures for many miles" (Shrock, 1937).  From history 

recorded on the Newton County Stone company website (2017), Shrock (1933, 1937), Gutschick 

(1983), and several earlier descriptions, quarrying at Kentland originally started under several 

different owners.  The land was purchased in February of 1865, by Samuel Means and John 

McKee, and was divided into two farms.  The small Means Quarry and McKee's Quarry were 

both opened around 1881 for personal and local construction needs. Sources disagree concerning 

which opened first.  Both were abandoned prior to 1904, but were later subsumed by the larger 

quarry between them (see Figure 4).  

The larger central Vanetta and Evans quarry, located between these two, was added in 1900.  By 

1904 (see: Blatchley, 1905), it was being operated as the U.S.F.&G. quarry under the United 

States Fidelity and Guarantee Co.  In 1905 it was called the Goff Quarry (under W. F. Goff 

Stone Co.).  It operated under the Goff name until at least the early 1920s (see cited volume for 

Cummings, 1922).  It was renamed the McCray quarry in 1928, under the ownership of Warren 

T. McCray, an Indiana Governor, who later sold it to George Hart.  It is later generally referred 

to as the Kentland Quarry.  The final name, Kentland Quarry, has persisted in the literature from 

at least the 1930s to the present. 

More formally, the Kentland Quarry has been operated by/as Newton County Stone Company, 

later Newton County Stone, since at least 1937 (Shrock, 1937 and others).  It was acquired by 

Ralph Rogers in 1946.  Under the current lineage of ownership and name, the operation has 

subsequently grown to encompass all 3 original quarries.  Quarry owners have, at this writing, 

kindly facilitated 136 years of research at the site (since 1881).  The quarry is currently operated 

as Newton County Stone, owned by Rogers Group, Inc., headquartered in Nashville, 

Tennessee.  The quarry is located in the northern half of Sec. 25, T.27N., R.9W, centered at 

about 40° 45' 52" N. by 87° 23' 17" W., and is shown on the USGS Kentland, Indiana, 7.5 

minute quadrangle. 



  

Figure 4. Excavation at the Kentland Quarry has penetrated as deep as 100 meters (Gutschick, 

1983), and though discontinuous, stretches up to 1 km north to south and east to west. 

Early Literature 

The existence of an unusual structural anomaly in the Kentland area was first described at least 

as early as Collet, 1883: 

"But three and a half miles southeast of Kentland the rocky beds come to the surface, or nearly 

approach it, over an area of more than 100 acres. At one of these exposures the bedding is 

nearly horizontal - at the other, in close proximity, the rocks were in nearly a vertical position, 

with a north-south trend, showing either serious dislocations or deposition under circumstances 

which gave origin to the most pronounced false bedding."   

See Figure 5 for a sense of how the original exposures appeared to the first people to visit and 

surface quarry the site. Collet continues with what may be the very first description of shatter 

cones in the geological literature: 

"At the latter station the stone was a slightly crystalline, bluish-gray limestone, with great 

nodules of cone-in-cone one to two feet in diameter, indicating pressure of superimposed 

material while it was in a plastic condition."  

And later concludes: 

"This quarry is a mystery. Its investigation invites and will reward the future geologist, who may 

be enriched with better light than is now available."  



 

Figure 5. Unknown person, possibly Edward Kindle, in a 1903 photograph of exposed rocks in 

the central uplift of the Kentland Impact Crater, published in Kindle (1903) and Blatchley 

(1905), Indiana. Dept. of Geology and Natural Resources.  

Discussion and reasoned guesses concerning the location's shattered, faulted, and uplifted 

rocks ranged from a narrow regional arch or synclinal fold, to a carbonate reef structure, to a 

dome, diastrophism, and to a cryptoexplosive or cryptovolcanic structure. These explanations 

competed through the late 19th and earliest 20th century literature (e.g.: Gorby, 1886; 

Thompson, 1889, 1892; Ashley, 1899; Kindle, 1903, 1904; Ward, 1906; Shrock and Mallot, 

1933, etc.).  Early interpretations are most thoroughly summarized in Shrock (1937) and 

Gutschick (1983).  

Along with the account of changing quarry names, above, the following notes may be of 

particular use to the reader if an attempt is made to engage this early literature: The existence 

of 'The Wabash Arch', mentioned in several early works (e.g.: Gorby, 1886; Thompson, 1889; 

Kindle, 1903, 1904), has been refuted.  There is no such structure, though there are unrelated 

structures in the region that are still known as Wabash domes.  These are sometimes called 

'cones,' which can be confusing.  Mentions of other shatter-cone-like structures (distinct from 

and unrelated to the 'cone' domes) in the region are not supported by evidence.  And while 

carbonate reef structures (same references) do exist in the region, producing mounds and 

hummocks in the stratigraphy, these do not come into play at Kentland.  There is no fossil reef at 

Kentland.  That it is a dome or uplift is of course true - in a sense - and descriptions of this and 

cryptovolcanic/cryptoexplosive features (e.g.: Cumings, 1922; Cumings and Shrock, 1927; 



Bucher, 1928, 1935; etc.), can be readily re-framed in terms of a modern, impact-based model of 

structural displacement and distortion. 

A great deal of very good descriptive work was accomplished at the site before the impact 

paradigm emerged in geology in the early-mid 20th century.  The impact paradigm allowed the 

evidence to be more meaningfully contextualized.  Research at Kentland contributed 

significantly to this change in perspective, and particularly to the early understanding of impact 

astrogeology at 'complex structures' (meaning those with a central rebound, like Kentland, rather 

than simple bowl structure, like Barringer).   

The site was first described in significant detail in a series of 3 papers published in the 1930s 

(Shrock and Malott, 1933; Shrock, 1937; Shrock and Raasch, 1937).  Shrock and Malott (1933) 

and Shrock (1937) both contain detailed summaries and reviews of literature concerning the 

structure prior to that date and record the shifting perspectives on the site that lead to its 

recognition as an explosive structure.  These two publications then go on to describe the Middle 

Ordovician strata exposed in an active McCray's Quarry (also known at that time as the Kentland 

Quarry) and in two earlier abandoned quarries (McKee and Means) in significant detail.  The 

authors describe typical impact features that are now familiar from a wider set of locations, 

including shatter cones, 'rock flour' from crushed sandstone, megabreccia (though not so named), 

abundant slickensides, and dikes of intruding breccia and powdered stone between larger 

blocks.  This work thoroughly replaced earlier explanations of the site as an arch, dome, or reef 

with an explanation as a cryptovolcanic structure.  The third of this trio of papers, Shrock and 

Raasch (1937), covers the entire fossil record known at the site through that time.  

The Emergence of the Impact Paradigm 

In 1936, Boon and Albritton published an article suggesting that some 'cryptovolcanic' structures 

may have actually originated from meteorite impacts and provided a hypothetical mechanism for 

the formation of the central uplift found at complex impact structures.  They were later proven 

remarkably correct on both counts.  Shrock (1937) listed Boon and Albritton's suggestion as the 

5th of 7 possibilities for the origin of the structure, very rationally arguing against it.  Boone and 

Albritton more directly suggested an impact origin specifically for the Kentland structure in a 

catalog of proven and questionable sites published in 1938.  Acceptance of the notion was slow, 

as evidence emerged from this and other locations. 

Robert S. Dietz (1946, 1947) further supported an impact origin for the structure in a 

foundational study of shatter cones from the location, and expanded upon the subject in a series 

of later publications.  He observed that the apices of shatter cones pointed upward, not 

downward (this is actually harder to distinguish at first glance than one might think), which 

indicated formation by a force from above.  Dietz also coined the term 'crypto-explosive,' in 

1946, providing a linguistic framework within which to discuss explosive structures independent 

of cause. 

Work shifted back from the interpretive to the descriptive in two papers from the first years of 

the 1950s.  The first of these, a published doctoral dissertation by William Pullen (1953), 

measured radio signal strength, using existing regional transmitters as a source of signal for 

geophysical survey.  The radio field intensity survey found a roughly circular high centered in 

the region of the Kentland (McCray at the time) quarry, measuring about 6.4 km across.  This 



work provided the first sense of the scale of the structure beyond the exposed fraction of the 

central uplift.   

The second 1953 article, an Indiana University geology master's thesis by Robert E. Boyer 

(1953), set out to map the exposed portion of the structure in greater detail, with an aim of 

correlating structure, petrology, mineralogy, and stratigraphy.  Boyer resisted the impact 

interpretation, but produced a detailed map of the quarry and a measured stratigraphic column 

with detailed petrologic and petrographic descriptions of the lithologic units, which refined upon 

the stratigraphic column of Shrock and Malott (1933) and Shrock (1937). 

Drawing heavily on work at Kentland, Robert Dietz published a pair of pivotal articles in 1959 

and 1960.  The first (Dietz, 1959) drew out Kentland, Flynn Creek, Well's Creek, and Steinheim 

as probable impact sites that presented shatter cones, and predicted that shatter cones might be 

present and usable as a criterion for recognition at other impact sites.  After a flurry of travel and 

fieldwork, he did exactly that, increasing the catalog of known impact craters to seven (Dietz, 

1960), based on the presence of shatter cones as an indicator of shock force from above.  Boone 

and Albritton's class of hypothetically distinct structures, presented in 1936, had emerged as a 

distinct geological grouping - the complex impact craters. 

In the same year, 1960, naturally occurring coesite was discovered at Meteor Crater, Arizona 

(Barringer crater).  Coesite is a polymorph of quartz that can only be produced at extremely high 

pressures, such as those produced by a large meteorite impacts.  This discovery provided a new 

possible tool for confirming an impact origin for cryptoexplosive structures like Kentland.  The 

next year, investigations found the same mineral polymorph at both Kentland and Serpent 

Mound, offering a second unequivocal line of evidence indicating impact origin (Cohen et al., 

1961).  The discovery of coesite at these two locations also lent significant inertia to Robert 

Dietz work on shatter cones, and to the emerging reinterpretation of cryptoexplosive structures as 

impact craters.  

Though the location's impact origin is no longer seriously questioned, the 1961 finding of coesite 

at Kentland has somewhat ironically not been reproduced, and has been challenged (e.g. 

Henderson and Milam, 2014, 2015; Bjørnerud, 1998).  Laney (1976) and Laney and Van Schmus 

(1978) report results from indexing of planar deformation features (PDFs) and planar fractures 

(PFs) in quartz in thin section, using a universal stage.  They report shock petrographic indicators 

consistent with 5 to 6 GPa (50 to 60 kbars), and not exceeding 8 GPa, and Henderson and Milam 

(2014, 2015) report XRD results in dolostone from the quarry consistent with 4.6 to 17 

GPa.  Morrow and Weber (2009) reports PFs, PDFs, and mosaicism consistent with 10 GPa or 

lower peak shock pressure from petrographic examination of St. Peter Sandstone quartz grains.  

Coesite is expected at around 5.5 to 10 GPa, the upper range of the indicated pressure for these 

units. 

Further support for an impact origin at Kentland arrived in 1968, with analysis of shock 

deformation of quartz (Bunch, 1968; Carter, 1968; Dachille et al., 1968). 

Between 1961 and 1987, Raymond Gutschick, a professor from Notre Dame, continued mapping 

and describing quarry exposures in a series of field guides to the site.  Though difficult to find, 

these are frequently cited.  (note: Gutschick mentions a substantial body of field maps and notes 

of his own production on several occasions, as well as being heir to the entire body of Dr. 



Shrock's early field notes, "which has much information that is no longer available in the 

quarry." If these still exist, it would be good to know the location of these resources.)   

Both Raymond Gutschick and Robert Shrock, who was still a professor at M.I.T. at the time, 

were in communication with Daniel Tudor when he began doctoral work at Kentland in 

1966.  The result of Daniel Tudor's work, a 1971 doctoral dissertation, provided a synthesis of 

geophysical data and marked a milestone in the understanding of the crater.  Tudor reported a 

geophysical survey and drilling program, providing new information about the age, dimensions, 

and subsurface structure of the crater based on gravity survey, seismic refraction profiles, and 

data from over 140 shallow drill holes (Tudor, 1971).  Tudor's team expanded the understanding 

of the Kentland impact structure beyond the quarry walls.  Since the entirety of the regional 

bedrock beyond the quarry is covered by glacial drift, nobody was really sure that anything else 

remained from the impact beyond the quarried central uplift until this time, nearly 90 years after 

the disturbance was first described!  Tudor provided the first good sense of the structure's 

geometry - concentric rings - an uplift surrounded by an annular depressed basin, surrounded by 

a raised rim marking the probable edge of the structure, and of the crater's overall diameter 

(Tudor, 1971). (see Figure 3) 

Randy Laney expanded upon and refined Tudor's work 7 years later, in a 1978 Master's thesis. 

Nasser and Howe (1995) looked at thermal alteration of conodonts in Silurian and Ordovician 

units in the Kentland quarry, and found alteration to be modest (not indicative of strong heating) 

and highly variable.   

A 1998 paper by M.G. Bjørnerud quantitatively characterized breccias at the Kentland quarry, 

with an aim of determining order and process of formation and emplacement.  Analysis of 

grain/clast size distributions and cross-cutting relationships among 3 different types of breccia 

units suggested that all three units formed during excavation and modification stages of crater 

formation, after initial contact and compression, and established that fault breccias and breccia 

lenses were cross-cut by dikes of injection breccia, but that that the characteristics of all 3 were 

consistent with a single disruptive event.  The paper also reported evidence of possible 

devolatilization (removal of a portion converted to gas) of carbonates. 

Gaps in Knowledge 

At the times Shrock, Malott, Boyer, Gutschick, and others mapped the exposure of the central 

uplift, the quarry was a small fraction of its current size. It now extends about 1.3 km north to 

south, and about 1.5 km east to west, meaning it may well reach the flank of the central uplift 

and into the presumed fallback breccia and basin-filling breccia and megabreccia, or that it might 

have exposed younger sections of the uplifted material, removed in previously mapped areas, or 

may have exposed a contact between the uplifted rock and minor units that post-date the impact 

but underlie the glacial drift.  Renewed work at the quarry perimeter may illuminate impact 

timing.  Note, also, that Laney's 1976 work on shatter cone orientation suggested that the point of 

impact was south and east of the quarry, meaning that subsequent quarry expansion, which has 

been substantial in this direction, may have uncovered this zone. (see Figure 7) 



 

Figure 6. Ground cover and surface soil removal after earlier published works may have 

exposed additional structures of interest, including the center of the central uplift. 

Tudor (1971) and others have reported no topographical expression of the structure beyond the 

central uplift, but more recent higher resolution digital elevation data may not have been 

employed to search for a subtle topographical expression of the basin or rim.  

Age is also only moderately constrained.  Tudor (1971) and Laney and Van Schmus (1978) are 

not completely clear whether coal units of presumed Pennsylvanian age and underlying 

Mississippian carbonate units in the annular basin were disrupted by the impact or not.  Tudor 

leaned towards their emplacement prior to disruption, but he perceived the annular basin as a 

down-warped area, or syncline, rather than an impact excavated transient cavity, and thus would 

not have found a relatively undisturbed coal unit to be inconsistent with emplacement prior to the 

formation of the central uplift.  One would expect breccia/mega-breccia in the annular 

basin.  Erosion of only about 300 meters from the central uplift (see discussion above) is not 

consistent with complete removal of disturbed materials from the region.  And even if excavated 

by erosion, the drilled floor of the inner annular basin should reveal older rock than is typical for 

the location not younger.  The age of the unit also needs to be confirmed.  If it is established that 

the coal unit is Pennsylvanian in age, and that it postdates the impact, this would tightly constrain 

the impact timing to between the Pennsylvanian or Mississippian and Silurian.  The opposite is 

also true - If it were established that the unit pre-dated the impact, it would push the earliest 

possible impact date forward to the age of the coal.  Tudor (1971, page 37) notes that the cores 

from his work were given to the Indiana Geological Survey for identification and storage.  They 

could still be in storage. 



Coesite in the St. Peter Sandstone in Kentland was reported at very low concentration of about 

100 parts per million (Cohen et al., 1961), compared for instance to about 1% in shocked 

specimens at Wabar.  The result was not reproduced in an attempt by Bell and Sharpton (1996), 

and was challenged in Henderson and Milam (2014, 2015); Bjørnerud (1998), and 

others.  Though the presence of coesite has been questioned, subsequent reported indicators 

of shock (Laney and Van Schmus, 1978; Henderson and Milam, 2014) are consistent with both 

shatter cone formation (~3-10 GPa) and with coesite formation (5.5-10 GPa). 

Koeberl and Sharpton (1993) report initial work on impactor characterization, finding only a 

possible trace of the impactor at low concentration (~0.02%) in a breccia unit, but nothing else is 

known yet about the classification of the impacting meteoroid.  

A lot of the work on this structure is in abstracts, theses, and field guides.  Little is reported in a 

peer reviewed context. 

Maps 

Small portions of the central uplift exposed in the Kentland Quarry have been mapped very well, 

notably in Boyer, 1953, though the quarry has expanded significantly in subsequent decades, and 

portions of the mapped surface have changed.  The central uplift of the Kentland impact structure 

is captured on the USGS 7.5 Minute Kentland, IN., topographical map.  Tudor (1971) produced 

gravity maps, as well as maps of the bedrock geology and bedrock topography of the overall 

structure, using drill holes and seismic refraction data.  Though they still exist (2017), it does not 

appear that these critical contributions have been digitized or reproduced in any durable 

publication.  Gutschick (1987) contains several small maps and a good stratigraphic column. 
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https://sites.smu.edu/shulermuseum/publication_pdfs/field_lab/BoonAlbritton1936.pdf 

[Suggests that some cryptoexplosive or cryptovolcanic structures may be meteorite impact 
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cited by Shrock (1933, 1937) and others as 1904, instead of 1903, and pages 428-486 are listed 
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[A substantive study.  Laney provides a brief literature review, and then refines results from 

Tudor's 1971 gravity work, using measured densities for rock units.  Laney also indexed PDFs 
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Melosh H. J., Ivanov B. A. (1999) Impact Crater Collapse. Annual Review of Earth and 

Planetary Sciences, Volume 27, pages 385-415. 
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