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Introduction: The Cretaceous-Paleogene (K-Pg) 

Boundary mass extinction is widely considered to have 

been caused by a globally significant impact event 

with evidence recorded in both marine and terrestrial 

sedimentary rocks. This study focuses on a terrestrial 

record of the K-Pg boundary from the Hell Creek 

Formation in Montana, which offers the opportunity to 

study how terrestrial environments responded to a 

thermal plus caused by the reentry of ejected material.  

We hypothesized that, this thermal pluse, if intense, 

may have left mineralogical evidence in the terrestrial 

rock record.  

Melosh et al. [1] have reasoned that a soot layer 

found at the K-Pg boundary resulted from widespread 

wildfires.  As gravitational attraction acted to pull ma-

terial back into the atmosphere frictional heating of 

particles caused a thermal pulse. There is some debate 

about the intensity of this pulse [2-3].  For example, 

Kring and Durda [4] modeled the re-entry of ejecta 

and concluded that the thermal pulse–on the order of 

150 kW m-2–would have been sufficient to ignite wet 

material on several continents.  In contrast, modeling 

by Goldin and Melosh [5] demonstrated that the ther-

mal pulse could not have been greater than 19 kW m-2 

at any point.   

Even if the ejecta itself did not not have sufficient 

thermal energy to ignite plant matter, it could have 

desiccated vegetation which then could be ignited by 

lightning.  However, Belcher and co-workers [2-3] 

argue that while the evidence for forest fires has been 

found within Cretaceous and Paleogene rocks of mul-

tiple ages, the amount of burnt material at the K-Pg 

boundary is lower than the typical amounts in either 

Cretaceous or Paleogene layers.  

Our initial investigation has focused on finding a 

rare type of pyroxene known as esseneite, which is 

formed at high temperature at low pressure via e.g., 

combustion of coal beds that results in fusion of sedi-

mentary rock [6].  Its ideal chemical formula is 

CaFe3+AlSiO6. If a large-scale forest fires did occur at 

the K-Pg boundary, it is possible that esseneite is pre-

sent in or near the K-Pg boundary layer deposited in 

non-marine settings.  We have developed a procedure 

for finding this mineral in host rock samples. 

 

Samples and Methods: 

Our samples of the K-Pg boundary come from the 

Hell Creek Formation, MT, USA.  The Hell Creek 

Formation consists of sandstones and shales interbed-

ded with lignites.  This is interpreted to indicate that 

the depositional environment was a coastal plain that 

developed during the retreat of the inland seas that 

covered parts of North America during the Cretaceous 

[7-8].   

Our initial work has focused on extracting the min-

eral esseneite and associated magnetic grains.  Previ-

ous research done on this topic has shown that the ma-

jority of magnetic minerals—spinels—have been 

found in the size range between 15 and 50 μm [5], so 

we have focused on extracting minerals in this size 

range using a Frantz Isodynamic Magnetic Separator 

that is modified to use with a powdered sediment-

water slurry.    

 

Results: Our initial work has yielded mixed results. 

We found a solitary esseneite spherule by processing 

several grams of K-Pg boundary layer (Fig. 1, Table 

1).  Additionally, we found that a  majority of the 

grains in the magnetic fraction are titanomagnetites 

belonging to the solid solution series between ulvöspi-

nel and magnetite (Figs. 2-3).  . 

 

Conclusions: It is evident that esseneite is extremely 

rare at the K-Pg boundary and the morphology of one 

we did come across suggests its formation while being 

transported in air. It more likely represents fused sedi-

mentary material excavated from Chixculub crater than 

material singed in ambient forest fire. Our results are 

only partially consistent with previous work done on 

magnetic minerals in K-Pg boundary rocks.  Robin et 

al. [10-11] found a concentration of magnetic Ni-rich 

spinels at the K-Pg boundary, noting that high Ni con-

centrations (>1 wt %) and high Fe oxidation states are 

unique properties of spinels that form from melted 

extraterrestrial objects.  Although we have found 

spinels in the K-Pg layer from the Hell Creek For-

mation, our methods have not shown that Ni is present 

in significant concentrations in the grains we have ana-

lyzed.  

   The fact that we have not found esseneite grains pro-

duced from forest fires at the K-Pg boundary layer has 

several mutually exclusive implications.  First, it could 

mean that the mineral simply was not formed by this 

event, because there was not a burning event or there 

were no coal beds nearby to produce it.  Second, it is 

possible that esseneite is not magnetic at all, and is 
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residing within the non-magnetic fraction of the sam-

ples we have processed.  Third, since there is scant 

information on the EDS spectrum or crystal habit of 

esseneite, we may have overlooked it in our search. 

 

 

 
Fig. 1. Possible esseneite spherule. Hell Creek Fm., 

Montana. 

 

Table 1. EDS composition of the esseneite spherule in 

Fig. 1 

 
 

 

 
Fig. 2. Titanomagnetite from Hell Creek, Montana. 

 

 

Fig. 3 Titanomagnetite from Hell Creek, Montana. 
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