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TSAREV: PETROLOGY AND BIDIRECTIONAL REFLECTANCE CHARACTERISTICS OF A 
BLACK CHONDRITE. D.T. Brltt and C.M. Pieters, Brown University, Provldence, RI 02912. M.I. 
Patayev and N.I. Zaslavskaya, Meteorite Committee, USSR Academy of Sciences, Moscow, USSR. 

Introduction and sample discription: The meteorlte Tsarev is a hlghly shocked and brecclated L5f 
ordinary chondrite that has a very low albedo. This meteorite belongs to a class of low albedo ordl- 
nary chondrites called black chondrites that may represent samples of asteroidal mega-regolith [ I ] .  
Because of their low albedo and subdued absorption features some black chondrites are spectrally 
slmllar to carbonaceous chondrlte meteorites and statistical studies have suggested that they may be 
possible analogs for some low albedo asteroids [2].  Tarsev was found near the city of Volgograd In 
1968, recognized as a meteorite In 1979, and subsequently believed to have fallen In 1922 [3] ,  
Although some samples have been heavily weathered, the sample obtained for this study 
(#15384,3-2,1) displays no visible or spectral evidence of terrestrial weatherlng. Petrologlcal and 
geochemical analysis of Tsarev were preformed at the Vernadsky Institute, USSR Academy of 
Sciences [4,5] and spectral reflectance analyses were preformed at Brown University. 

Although the meteorite is very dark throughout, there are variations In relative darkness, whlch are 
refered to here as light and dark lithologies. The boundary between these llthologies is easily recog- 
nized but Is not sharp. The light lithology has a recrystallized heterogeneous structure wlth 
chondrules that are generally well defined, but in some areas the chondrules are indistinct. Granular, 
porphyritic, radial, and barred chondrules are predominant. The matrix of the light lithology is com- 
pletely recrystallized and contains large (up to 1 mm) olivine and pyroxene crystals and thelr Inter- 
growths. Thin annealed cracks in the matrix are filled by  opaque minerals or cyptocrystalllne 
material. The interstices consist of a fine grained aggregate of silicates and opaque minerals. The 
dark lithology consists of hlghly shocked areas composed of cryptocrystalline silicate matter, relicts 
of minerals, chondrules, and fragments of chondrules. This material Is saturated by a very fine dust of 
opaque minerals. In addition t o  the variation in lithologies, some areas of the meteorite display dlf- 
ferences in petrologic type that can vary from type 4 to type 6. 

Petrology: Mineral composition of Tsarev is typical for ordinary chondrites. The major minerals 
include olivine, pyroxenes, metal, troilite, plagioclase, chromlte, and phosphates (whitlockite and 
apatite), with many of the plagioclase grains converted Into maskelinlte. Rare ilmenite and rutlle 
grains are associated with some chromite grains. The major mineral phases In sample #I5384 were 
analyized using a Hitachi XMA-5B microprobe and the results are presented in Table 1. The light and 
dark lithologies, although different In texture and albedo, are almost Identical In composltlon. The 
amount of dark liihology was estimated at 51 vol.% by using a grid on a 750 cm2 sample. The bulk 
chemical composition of a portion of Tsarev is presented in Table 2. These data were obtained using 
wet chemical analysis [6]. Listed in Table 3 is the modal mineralogy for sample #15384.3-2.1 
derived from point count analysis. In this analysis the total content of silicates and phosphates was 
measured directly from the cut surface and estimates of separate mineral proportions were calcu- 
lated based on the chemical data for the bulk sample. 

Spectrum: Bidirectional reflectance spectra of bulk Tarsev material was obtained in RELAB over a 
wavelength range of 0.3 to 2.6 pm for a portion of Tarsev sample #15384,3-2,1 containing both dark 
and light lithologies. The sample was ground to a particle size of <250 pm and the bidirectional 
reflectance spectrum measured at i=30°, e=OO is shown In Figure 1.  The reflectance of the sample 
at 0.56 pm is 0.13, about half the albedo of normal ordinary chondrites of similar petrologic type but is 
typical of black chondrites [7].  The low albedo and subdued absorption bands are probably due to 
the presence of a darkening agent. This sample of Tarsev shows no vislble evidence of terrestrial 
weathering and according to the weathering criterion of Salisbury and Hunt (1974) [8] the 0.5/0.6 pn 
ratio of 0.93 suggests it Is in almost pristine condition. Below 0.6 pm the sample displays typical 
charge transfer absorptions. Two weak absorption features are observed near 0.92 and 1.95 pm. 
These features imply low-calcium pyroxene is a major mafic mineral, whereas the long wavelength 
broadening of the 0.92 prn feature and the relative weakness of the 1.95 pm feature indicate the 
presence of significant olivine. The band ratio method of Cloutls et al. [9] predicts the opxi  (opx t 01) 
to be 0.405 for the <250 pm Tsarev sample in good agreement wlth the 0.47 value of the estimated 
normative compositions in Table 3.  However, if the fine silicate powder Is removed from the sample 
by wet sieve, the spectral darkening agent tends to dominate the spectrum. The spectrum of the 
45-250 pn particle size fraction of Tsarev in Figure 1 Is characterized by lowered reflectance and 
spectral contrast, and a reduction the predicted opx/(opx + 01) to 0.35. Future work will focus on 
obtaining additional spectra of particle size separates, analyses of the effects of spectral darkenlng, 
and determining the source of the darkening agent. 
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Table 1: Microprobe results Table 2: Tsarev 

2 
Chemical Composltlon 

1 3 4 5 6 7 8 9 

SiOz 38.3 
TiO, n.d. 

AIz03 0.02 
Cr2Q n.d. 
FeO 22.7 
MnO n.d. 

MgO 39.1 
CaO 0.09 

Na20 0.02 

A1203 
Cr2O3 
FeO 
MnO 

MgO 
CaO 
Na20 

K20 

Total 100.23 09.23 99.55 102.2 102.9 99.46 97.46 100.78 97.20 ~e s 5.28 
Fe O 6.51 

Columns: Ni 1.08 
1 Olivine (4 grains) of dark lithology Co 0.048 
2 Olivine (7) of chondrules from light lithology Cu 0.013 
3 Orthopyroxene (7) of chondwles from light lihoiogy Sum 09.29 
4 Ciinopyroxene (4) of chondrules from light lithology Fe (total) 20.54 
5 Clinopyroxene (4) of chondrules from dark lithology 
6 Whitlockite (2) 
7 Fluorapatite (4) Table 3: Modal Composlton of Tsarev 
8 Chromite (5) of matrix sample #I 5384,3-2,1 
9 Cryptocrystalline matter from dark lithology 
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Figure 1: Bidirectional reflectance spectra of the 
Tsarev meteorite. The 4 5 0  bm particle size 
spectrum was obtained from a crushed sample. The 
sample for the 45-250 pm spectrum was obtained by 
removing the fine fraction by wet sieve. 

Metal 9.0 
Troilite 1.5 
Chromite 0.5 
Oxides 0.1 
Silicates & Phosphates 88.9 

Olivine 41.3'* 
Pyroxene 36.8" 
Plagioclase & Maskelinite 10.1'" 
Whitlockite & Apatite 0.7" 

" Proportions calculated based 
on bulk chemical analysis 
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