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Introduction:  Pallasites are the coarsest-grained, 

silicate-bearing meteorites. Their textures indicate they 

were at least partially molten, and their mineralogy 

shows they are the products of differentiation proc-

esses. However, little is known about the details of 

how they formed. Their major constituents have strik-

ingly different densities (olivine ~3.3 g/cm^3, Fe/Ni 

~7.9 g/cm^3) and melting temperatures (olivine 

~2000K, Fe/Ni ~1600K), and it is thus surprising to 

find them physically intergrown. Because the metal is 

opaque, it is difficult to look into or through these me-

teorites and it is thus challenging to determine the 3-

dimensional details of the intergrowths. 

In 1969, as part of an undergraduate work-study 

program and an ongoing study into these meteorites 

[1], a series of serial sections of the Brenham pallasite 

were prepared. The products lay dormant for several 

decades, but here we report on the results of a tomo-

graphic reconstruction and analysis of these sections. 

In a companion study, we report on oriented, linear 

inclusions in the olivine of another pallasite [2]. 

Experimental: A brick-shaped piece of Brenham, 

~20 mm on a side, was used. Readily distinguishable 

phases were olivine, Fe/Ni metal, troilite, and 

schreibersite. The surface was polished, etched, photo-

graphed. Then roughly 0.5 mm of meteorite was re-

moved by grinding, after which the procedure was 

repeated. The result was a series of 41 photographs 

(Figure 1). These were archived until we developed 

procedures for electron tomography [3], at which time 

we applied the algorithms to the Brenham sections. 

After the photographs were scanned and digitized, 

we used two programs created at ASU, called ETSAV 

(for Electron Tomography Segmentation, surface Area, 

and Volume and ETCut (for Electron Tomography 

CUTter), to produce the results in Table 1. Although 

created for electron microscope images, they can be 

used for a wide range of tomographic applications [3]. 

Details of the procedures are given in [4]. Figure 2 is a 

tomogram of the reconstructed meteorite. 

ETSAV separates objects, and returns volume and 

surface area for each object. It can be adjusted to return 

surface areas of one object against another object, 

which was done. 

Results: Olivine is the primary constituent of our 

sample, making up approximately 67.2% of the vol-

ume. Next in abundance is FeNi metal with 23.1%, 

troilite: 4.4%, and schreibersite: 3.4%. The remaining 

1.9% was likely left out during the manual segmenta-

tion of the images. Table 1 shows the volume percent-

ages and weight percentages derived from them. Table 

2 provides information about which phases are in con-

tact with which other phases.  

Relative uncertainties in the volumes and surface 

areas can be as high as 3% and 12% respectively, but 

decrease for larger objects. These errors arise from 

modeling curved objects using many small cubes (vox-

els). The larger the object, and thus the more cubes 

used to model it, the smaller the error.  

 

 
Figure 1. Six of the 41 polished surfaces of the Bren-

ham pallasite that were used for the 3-dimensional 

reconstruction. Successive sections are 3.5 mm apart. 

The dark gray material is olivine (black where plucked 

during polishing), the white is metal (kamacite near the 

olivine and taenite in the metal centers), and the light 

gray material bordering the olivine is troilite and 

schreibersite. The schreibersite is whiter and contains 

numerous fractures. 

 

We used ETSAV to determine whether specific 

phases occur as large, continuous objects or as many 

small, isolated ones. All the olivine in our sample is 

interconnected, as is almost all the FeNi metal, with 

95% of the volume contained in a single object. 
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Schreibersite and troilite consist of several discon-

nected units. 40% of the schreibersite volume is con-

nected as a single object, 11.5% is in a second object, 

and the remainder is in smaller units. 32.5% of the 

troilite is in its largest object, with 17.1%, 9.6% and 

4.3% in unconnected objects. The remainder is in 

smaller isolated pockets. 

 

 
Figure 2. Tomogram of the sample of Brenham palla-

site. The olivine is yellow, FeNi is white and light 

blue, troilite is purple, and schreibersite is red. 

 

Discussion: Pallasite meteorites can be markedly 

heterogeneous in composition and textures, with some 

parts consisting of essentially pure metal and others 

containing the characteristic olivine-metal inter-

growths. Here we restrict ourselves to the latter since 

that is the part that was sampled. 

Wager and Brown [5] pointed out that if roughly 

equidimensional olivine crystals are allowed to accu-

mulate by settling in a pre-existing layer, roughly 60-

65% of the volume would consist of olivine. Randomly 

closest-packed spheres occupy approximately 64% of a 

given volume. Olivine in our sample is rounded but not 

spherical and occupies 67% of the volume. Approxi-

mate close packing is a plausible assumption. Since 

essentially all olivine is contained within a single ob-

ject, the suggestion [1] that the crystals crystallized and 

grew in contact with one another seems reasonable. 

Buseck [1] proposed that troilite and schreibersite 

crystallized out of a late liquid, adhering to the olivine 

before solidification of the pallasite was complete.  

This suggested wetting effect is supported by the re-

sults of the surface-area measurements since troilite 

and schreibersite combine to cover almost 50% of the 

surface area of the olivine.  

Holzheid et al. [6] demonstrated that when a sili-

cate liquid forms an interconnected melt network 

within a solid olivine matrix, sulfide adheres to olivine 

surfaces and does not form a continuous network. Our 

surface-area measurements are consistent with such a 

conclusion, as troilite and schreibersite are made up of 

many separate objects. These observations are consis-

tent with a model where the sulphide and phosphide 

were part of a melt that existed after olivine solidifica-

tion and that adhered to the olivine grains and moved 

diffusively along their surfaces.   
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Table 1. Volume and weight percentages in the sec-

tioned piece of Brenham. 

 Vol. % Weight % 

Olivine  67.2 50.4 

FeNi metal  23.1 39.3 

Troilite 4.4 4.8 

Schreibersite  3.4 5.5 

 

 

Table 2. Surface contact areas of the Brenham constituents. The percentages of surface area of the phases in the left 

column that border the specified phases in the top row are indicated. The (rounded) sums of the rows total 100%. 

 Olivine FeNi metal Troilite Schreibersite 

Olivine  X 53.9% 26.5% 19.7% 

Fe/Ni metal 70.7% X 12.3% 17.0% 

Troilite  56.1% 19.8% X 24.1% 

Schreibersite  44.7% 29.4% 25.9% X 
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