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Introduction: Small young craters such as the 

Whitecourt Meteorite Impact Crater (WMIC) provide 

insights into small impact events.  With an age of 

<1100 years [1] the WMIC site contains an abundance 

of mostly shrapnel-shaped iron meteorites of type 

IIIAB [1] and well-preserved impact features [2].  

These aspects make this a rare and important site since 

most craters lack meteorites and many of their features 

degrade over time. 

Methods: Ten Whitecourt meteorites were exam-

ined in detail with several selected based on differences 

in external morphologies such as rounded or angular 

edges and curved or flat faces.  One of these samples is 

a slice from a 6.5 kg regmaglypted individual (RI).  

This slice and a shrapnel fragment were polished and 

etched with nitol.  The remaining samples were pol-

ished and left unetched.  A Zeiss EVO MA 15 SEM 

was used to image macro and micro textures of the 

metallic portion and accessory minerals in these sam-

ples using backscattered and secondary electrons.  Ac-

cessory minerals were identified using semi-

quantitative EDS.  A carbon spherule was removed 

from the surface of one meteorite then mounted and 

polished for SEM analysis.  More carbon spherules 

were subsequently identified associated with other me-

teorites and soils within the area in which shrapnel-

shaped meteorites were found. 

A SkyScan 1172 high resolution micro-CT scanner 

was used to scan whole carbon spherules at very high 

resolutions (to voxel sizes of 1 µm).  This non-

destructive analysis produced a series of X-ray slices of 

a given spherule, which were reconstructed using 

NRecon and processed using CTAn and CTVol to 

show density changes and create 3D models.   

Results: Most meteorites recovered are shrapnel 

pieces which are the fragmented remnants of the im-

pacting body.  The remaining meteorites are RIs that 

separated from the impactor during atmospheric entry 

[2] and therefore were not involved in the impact 

event.  The current total recovered mass is over 215 kg 

which includes over 4000 shrapnel fragments and 14 

RIs. 

Distribution. A detailed, updated map of the mete-

orite distribution is shown in Figure 1.  Two overlap-

ping distributions are present at the WMIC site.  The 

first distribution contains shrapnel fragments forming 

an elliptical area east of the crater.  Shrapnel pieces 

range in weight from <1 g to 1899 g with 95% having a 

weight less than 100 g. 

The distribution of known RIs follows a SW-NE 

trend, similar to the WSW-ENE entry direction [2] of 

the crater-forming impactor.  14 RIs have been found 

and range in weight from 56 g to 31 kg. 

Texture. Whitecourt is a medium octahedrite [1] 

with a well-developed Widmanstätten pattern.  At the 

macro scale the Widmanstätten pattern mimics the ex-

ternal morphology in many of the shrapnel samples.  

Distorted patterns are prevalent along curved edges and 

straighter portions of the patterns correspond with flat 

external faces.  More central areas may only have dis-

tortion to individual taenite lamellae.  At a micro scale 

these distortions manifest as minute dislocations, ob-

served along the outer edge of taenite lamellae of 

etched samples in secondary electron imaging.  Lamel-

lae in the RI slice are undistorted and do not show the 

same minute dislocations associated with distorted tae-

nite lamellae in the shrapnel samples.   

Mineralogy. Whitecourt meteorites are IIIAB irons 

with kamacite and taenite comprising the primary me-

tallic composition.  The most common accessory min-

erals are daubréelite, troilite, and iron-nickel phos-

phides.  Minor accessory minerals include chromite, 

carlsbergite, and native Cu. 

Daubréelite and troilite are closely associated sul-

fides that commonly display parallel exsolution lamel-

lae in many of the samples.  Troilite inclusions are the 

largest and range in size from 910 to 3400 µm.  

Daubréelite inclusions are more numerous but smaller 

in size at 33 to 248 µm.  Substitution for Fe by Cu in 

troilite and daubréelite and Zn in daubréelite has been 

detected in several inclusions. The iron-nickel phos-

phides schreibersite and nickelphosphide are present as 

23 to 280 µm grain boundary precipitates with the ex-

ception of a 100 µm schreibersite grain located near 

the center of a net plessite region. 

Chromite grains with sizes of 220 to 480 µm are 

found associated with large troilite-daubréelite inclu-

sions; only a single 176 µm massive grain was found.  

Chromite inclusions are nearly pure FeCr2O4 with only 

two containing trace amounts of Zn.  Carlsbergite oc-

curs as small grain boundary precipitates (<1 to 2 μm) 

around daubréelite inclusions and as a single 8 µm 

grain.  Native Cu was found surrounding half a 

daubréelite-troilite inclusion and as an isolated 200 µm 
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grain within a large inclusion of troilite, daubréelite 

and chromite. 

Carbon Spherules: The young age of the WMIC 

site may have preserved a rare product of small low-

energy terrestrial impacts, carbon spherules.  These 

spherules are found on the outer surface of some mete-

orites and abundant in the soil surrounding the crater. 

The spherules are black, highly spherical, non-

magnetic, and range in size from about 0.1 to 1 mm.  

Nearly all are spheres however several rare shapes 

have been identified including fused doubles, teardrops 

and rods.  The surface of their outer crust is relatively 

smooth with a vitreous lustre.  The spherules are not 

solid and have a highly porous interior texture.  The 

outer crust is less porous making it stronger than the 

delicate porous interior. 

A partial distribution of spherules found on meteor-

ites is provided in Figure 1.  The distribution is partial 

as the discovery of the spherules occurred after the 

samples had been cleaned, as they are easily removed.  

Eight preliminary soil samples, to a depth of 25 cm, 

from varying locations and distances from the crater 

(Figure 1) provide some distribution and concentration 

information for these spherules.  They are more widely 

dispersed than the meteorites and the spherule concen-

tration per gram of soil analyzed is generally higher 

closer to the crater.  The spherules are also concentrat-

ed in the upper portions of the soil where 66% collect-

ed are found between 0-10 cm below the surface. 

Micro-CT scans of spherules reveal their delicate 

porous interior which is difficult to analyze by other 

methods without damage during preparation.  There is 

little change in density through a spherule; however 

several spherules have small localized areas with a 

much higher density.  Scans are processed further to 

create 3D models which show small isolated pores of 

various shapes and sizes and a less porous crust. 

SEM analysis by EDS for a spherule removed from 

a meteorite reveals a composition primarily of C with 

O and Fe as well as trace Al, Si, Cl, and Ca. 

Conclusions: The mineralogy of Whitecourt mete-

orites is consistent with the relative abundances found 

in group IIIAB iron meteorites [3] as well as a recent 

detailed study of a low-Ni and low-P IIIAB iron mete-

orite Javorje [4].  Deformed Widmanstätten textures in 

shrapnel fragments display how the impact modified 

these meteorites since the same deformed textures are 

not present in regmaglypted individuals. 

The carbon spherules found around the WMIC are 

similar to the description and internal structure of the 

carbon spherules described in some European upper 

soils [5].  These European spherules are proposed to be 

the product of a rapid and high temperature event [5] 

not unlike the conditions that would have been gener-

ated during the Whitecourt impact.  Their spherical 

nature suggests they were once molten and their high 

porosity arising from the incorporation of volatiles 

vaporized at the time of impact.  Small areas of high 

density within some spherules may indicate the inclu-

sion of foreign grains before they solidified.  The wider 

distribution for spherules than known meteorites could 

signify the extent of the vapor expansion plume as their 

concentration decreases farther away from the crater.  

The decrease is not uniform in all directions which may 

be an effect of local topographic changes. 

Sites of small low energy events such as the WMIC 

yield an abundance of meteorites and impact related 

features such as carbon spherules.  The young age of 

the WMIC site preserves these and other components 

which can further increase the knowledge relating to 

small terrestrial impact events. 
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Figure 1: Distribution of Whitecourt meteorites and 

carbon spherules; crater is located at the center of pro-

tected area.  Soil sample values for 8 locations indicate 

the number of spherules found per gram of soil ana-

lyzed to a depth of 25 cm. Grid spacing is 100 m.    
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