
crometeorites have been referred to collec- 
tivelj~as chondritic aggregates, with further 
division into subgroups based either on 
particle appearance (17) or on the presence 
of characteristic infrared transmission ab- 
sorption bands (18). Observations of mor- 
phology and surface microstructures made it 
possible to categorize the particles as CP 
(chondritic porous), CF (chondritic filled), 
or CS (chondritic smooth) (17). The major 
drawback with this type of scheme, howev- 
er, is that not all micrometeorites fall clearly 
into a particular category. Although many 
micrometeorites with highly porous surface 
structures (C1"s) are the anhydrous variety 
and most with smooth surfaces (CS) are 
hydrated, there have been numerous excep- 
tions. For example, n~icron~eteorites exhibit-
ing highly porous surface structures have, 
upon crushing or sectioning, turned out to 
be solid and dominated by hydrated sili- 
cates. Using infrared spectral transmission 
measurements, Sandford and Walker (18) 
found that most chondritic micrometeorites 
fall into one of two categories: those whose 
mineralogy is dominated by anhydrous sili- 
cates (olivines and pyroxenes) and those 
dominated by hydrated (layer-lattice) sili- 
cates. Examination of microtomed sections 
confirms the validity of the infrared classifi- 
cation scheme, since chondritic particles do 
indeed fall clearly into hydrous and anhy- 
drous subgroups. Although both types of 
particle can exhibit almost identical bulk 
compositions and outward appearances 
(Fig. l ) ,  they are distinct from one another 
in thin section. Only the anhydrous variety 
exhibits high porosity typical of cometary 
meteoroids, although a lack of porosity does 
not necessarily preclude the possibility of a 
cometary origin for the hydrated particles 
(1). 

Electron microscopic characterization of 
ultramicrotomed thin sections is a useful 
means of determining the true nature of 
small extraterrestrial particles. It is probably 
the ultimate method for studying fine-
grained meteoritic materials that are miner- 
alogically heterogeneous at the subrnicro- 
meter level. In principle, it is possible to 
section a single 10-pm particle into 200 
slices with almost complete preservation of 
internal microstructure in three dimensions. 
The present application has revealed a subset 
of chondritic particles that are without 
doubt the most porous meteoritic materials 
known. These aggregates of anhydrous sili- 
cates, sulfides, carbides, glass, and other 
phases are the only materials sufficiently 
fragile and porous to be considered similar 
to the typical cometary particles observed as 
meteors in the night sky. The structure of 
these particles closely matches Verniani's (1, 
p. 258) description of cometary meteors as 

"porous crumbly objects made of loosely 
conglomerate, spongelike material." Materi- 
al similar to the sectioned anhydrous parti- 
cles may be encountered as the spacecraft 
approaches comet flalley. 

REFERENCES AND NOTES 

I .  F. Verniani, Space Sci. Rn).10, 230 (1960). 
2. Z. Sekanina,Asmun. J. 90, 827 (1985). 
3. 	J. T. Wasson, Meteorites: ?heir Record of Early Solar 

System Hir tq  (Freeman, New York, 1985). 
4. 	1). E. Brownlee, in Cosmic Dust, J. A. M .  McDon-

nell, Ed. (Wiley-Interscience, New York, 1978), pp. 
795-116
- . - -... . 

5. 	, Annu. Rev. Eatzl? Planet. Sci. 13, 147 
(1985). 

6. 1. P. Bradley, D. E. Brownlee, 1). R. Veblen, Nature 
(London) 301, 473 (1983); E. Zinner, K. I). 
McKeegan, R. M. Walker, ibid. 305, 119 (1983); 
K. D. McKeegan, R. M. Walker, E. Zinner, Geu-
chim. C:osmochim. Acta 49, 1971 (1985); J. P. Rrad-
ley, I). E. Rrownlce, P. Fraundorf. Science 223, 56 
(1984). 

7. 	P. Fraiuidoti, C. Hintz, 0.Lowry, K. D. McKee-
gan, Lunar Planet. Sci. 13, 225 (1982). 

8. N. Reid, in Practical MethoL 2% Electron Mimscqy, 
A. M. Glouert, Ed. (Elsevier, New York, 1975), vol. 
3, pp. 213--353. 

9. Successfid preparation of thin sections depends on 
the choice of embedditig media, the properties of 
the micrometeorites themselves, and user experience 
wid1 ~dtramicrotomy. Usually it is desirable to 
choose an embedding medium whose hardness 
closely approximates that of the material being 
sectioned. We use Embed 812, a low-viscosity epoxy 
that penetrate? the tnicrometeorites well and forms a 
hard mount when cured. The carbon fibers we use 
are taken from commercially available graphite yarn. 
Diamond cuttin edgts and the ultramicrotorne 
itself are standart sectidning equi merit. 

10. D. E. Brownlee, in I'rotostars anjplanets, T. Geh-
rels, Ed. (Univ. of Ariu~na Press, Tucson, 1978), 
pp. 134-150. 

11. F. J. M. Rieuneijer and I. D. K. MacK~nnon,I. 
Geophjs. Res. 90, D14.Y (1985). 

12. K. Tomeoka and 1'. 	 R. Buseck, Nature (London) 
314, 338 (1985). 

13. Problems can arise with lar 	t (>2 pm) olivine and 
pyroxene grains (commotlfyy Found in anhydrous 
mcrometeorites), which tend to fragment &ring 
sectioning (see Fi 36). This phenomenon, which is 
referred to as "c&ner" (a), is often encountered 
during iiltramicrotomy of materials that are vety 
hard or that lack cleavage. Problems can also arise 
with materials that are very soft and that exhibit 
good cleavage. For example, hydrated ( hyllorili 
cate) micrometeorites ( h g .  2a) responl we" t i  
diamond knife sectioning but the phyllosilicates 
themselves tend to cleave spontaneous1 in thin 
section. Therefore, sonic of the porosity ogserved in 
Fig. 2a may be an artifact of sample preparation. 
Dexjte these potential complications, examination 
of m sectlons cut sequentially from micrometeor- 
ites suggests that the ,ositions of most grains are 
relatively undisturbed k y  the se,lji,ingBa("rc. 

14. 	J. P. Bradley, D. E. Brownlee, 1'. Fraun orf, Scunce 
226, 1432 !1984). 

15. When comparing measured track densities in wsec- 
tioned grains, one must niake a grain volume correc- 
tion, slnce larger grains niay appear to contain 
higher track densities (per equivalent unit area) than 
smaller grains [see P. Fraundorf, G. J. E'lynn, T. 
Shirck, R. M. Walker, Proc. Lunar Planet Sci. Con$ 
11, 1235 (1980)l. However, with thin sections all 
constituent ains are the same thickness, and there- 
fore track &sity differences observed in olivines 
probably reflect actual differences in solar flare expo- 
Slue. 

16. 	K. Id. Fleischer, P. B. Price, R. W. Walker, Nuclear 
Tracks in Solids. lJ;arzciples and Applications (Univ. of 
California Press, Berkeley, 1975). 

17. 	L). E. Brownlcc, F.. ~ls,iwskii,  M. Wlieelock, Lunar 
Planct. Sci. 13 ,71  (1982); 1. L). R. MacKinnon, I). 
S. McKay, G. Nace, A. M. Tsaacs, J.(;eo~~bys.Kes.87, 
A413 (1982); K. M. Kordesh, I. L). R. MacKinnon, 
D. S. McKay, Lunar Planet. Sci. 14, 389 (1983). 

18. S. A. Sandford and R. M. Walker, Amopbys.1.291, 
838 (1985). 

19. Supported by McCrone Associates, Inc., and NASA 
grant NSG 9052. Thin section~ng was carried out 
on an LKR type 4801A ultra~iicrotome, and elec- 
tron microscopy was peformed on JEOL 200 CX 
aid  2000 FX analytical scanning trananiission in 
stnuuents. We thank A. Teetaov, F. Einbinder, and 
T. Gerakaris for technical assistance. 

27 September 1985; accepted 21 January 1986 

A Carbonate-Rich, Hydrated, Interplanetary Dust 
Particle: Possible Residue from Protostellar Clouds 
KAZUSHIGETOMEOKAAND PETERR. ~ ~ U S E C K  

Transmission electron microscopy of a hydrated interplanetary dust particle (IDP) 
indicates that it contains abundant magnesium-iron carbonates, primarily breunnerite 
and magnesian siderite. This IDP displays a strong absorption band at 6.8 microme- 
ters in its infrared spectrum, similar to that in certain protostellar spectra. The 
carbonates probably account for the 6.8-micrometer band in the IDP spectrum, 
suggesting that carbonate also may occur in interstellar dust and be the source of the 
controversial 6.8-micrometer feature from the protostellar spectra. 

NTERSTELIAR DUST AND INTERI'IANB-

tary dust particles are two types of fine- 
grained extraterrestrial materials whose 

character and origin are subjects of current 
interest and controversy. Interstellar dust 
contains relatively few distinctive spectral 
features that permit detailed characterization 
(I) .  Interplanetary dust particles (IDP's), a 
relatively recently discovered class of primi- 
tive solar-system materials, contain a limited 
range of minerals (2).There is an intriguing 
correspondence between the infrared (IR) 
spectra of the so-called hydrated IDP's and 

those of protostars like W33 A (.?, 4 ) , sug-
gesting that at least some of the two types of 
materials may be similar mineralogically and 
that the hydrated IDP's may contain residu- 
al material from protostellar clouds. 

One of the most prominent features in the 
spectra of both W33 A and hydrated IDP's 
is a strong absorption band at 6.8 pm. This 
band, when it occurs in interstellar spectra, 
is generally ascribed to hydrocarbons (4 ,5) ,  
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although this attribution is a source of con- Table I. Thin-film, x-ray microanalyses (mole percentages) of carbonates from the Calrissian IDP and a 
t rove6 (1,6). The most prominent absorp- 
tion band of carbonate falls at the same 
position. Several authors (3, 6) have specu- 
lated that the interstellar dust contains car- 
bonates as well as hydrocarbons. In this 
report we present transmission electron mi- 
croscope (TEM) observations of a hydrated 
IDP that displays a particularly strong ab- 
sorption band at 6.8 pm and in which we 
haie found abundant magnesium-iron car- 
bonates. Our observations suggest that car- 
bonates may also occur in interstellar dust 
and perhapi account for the band at 6.8 pm. 

The hydrated, chondritic IDP called Cal- 
rissian (NASA No. r21-Ml-9A) was studied 
by Sandford and Walker (3) with IR trans- 
mission spectroscopy. On the basis of the 
presence of a strong band at 6.8 pm and a 
correlated weaker band at 11.4 u,m. . , 

they suggested that Calrissian contains car- 
bonate. The microstructures and composi- 
tions of minerals in Calrissian have been 
investigated by high-resolution TEM imag- 
ing, selected-area electron diffraction 
(SAED), and convergent-beam electron dif- 
fraction. ~uantitatke chemical analvses - 
have been performed by energy-dispersive x- 
ray spectroscopy (EDS) using thin-film x- 
ray microanalysis (7). Details of the experi- 
mental procedures and reference standards 
for the quantitative analyses are given else- 
where (8). , ' 

Many carbonate crystals occur as rhombo- 
hedral grains 500 to 3000 A in diameter. 
They occur individually (Fig. la) and, more 
typically, in clusters of similarly oriented 
euhedral crystals (Fig. lb). They contain 
magnesium and iron as major cations with a 
wide range of ratios (Table 1). Their single- 
crystal SAED patterns correspond to the 
calcite structure (space group R ~ c ) .  There- 
fore the magnesium-rich carbonates are 
identified as breunnerite (Mgl-,, FeX)CO3 
(x < 0.5), and the iron-rich ones as magne- 
sian siderite (Fel-,, M&)C03. Most grains 
also contain minor amounts of calcium and 
manganese. Calcium appears to be correlat- 
ed with iron. In synthetic and natural terres- 
trial samples, magnesite (MgC03) and 
siderite (FeC03) form a complete solid- 
solution series and also form limited solid 
solutions with calcite (CaC03) and rhodo- 
chrosite (MnC03) (9). In EDS spectra, 
most carbonate grains also show small but 
variable maks of silicon. It is uncertain 
whether ;he silicon is contributed by neigh- 
boring silicate or is in the carbonates (1 0). 

Rounded carbonate grains 100 to 1000 A 
in diameter are also common and occur in 
clusters. They typically show mottled tex- 
tures. Although much less abundant than in 
Calrissian, such anhedral carbonates also 
occur in the Low-Ca and Skywalker IDP's, 
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microprobe analysis of breunneritLfr& the drgueil 6 carbonaceous chondrite. Grains 1 and 6 show 
the highest and the lowest magnesium contents among the analyzed grains, resevely. Original data 
were obtained in relative ratios, then normalized to 100 percent. 

Grain number 
Carbonate 

1 2 3 4 5 6 * 

*Brewmerite from the Orgueil CI meteorite (17). 

from which they were described as grains of 
an unidentified mineral containing iron, 
magnesium, calcium, manganese, i d  sili- 
con (8). 

Although the carbonates are the only 
minerals of the hvdrated IDP's that we have 
discussed so far,'other minerals occur and, 
indeed, are necessary in order to explain the 
source of the water ;hat is detected &I the IR 
spectra. In Calrissian, iron- and magnesium- 
rich smectite or mica (8) occurs as a major 
hydrated phase; its average composition 
is (Fe2+,Fe3+)2.8~g~.9Al0.7Si4010(OH)2. 
Rounded grains (- 1000 A in diameter) of 
pyrrhotite and pentlandite are abundant. 
~orsterite and enstatite platelets occur but 
are rare; we identified one grain (-2500 A) 
of magnesium pyroxene with a composition 
of Feo.osC~.osMno.osMgo.e1SiO3. 

The relation between IDP's and interstel- 
lar dust is not well understood, so we cannot 
be confident of the correlation between 
Calrissian and interstellar dust. However, 
IDP's are widely believed to be derived from 
comets (2, 11); which are among the most 
primitive planetary bodies in the solar sys- 
tem (12). IDP's thus may contain interstellar 
materials that existed before or during the 

early history of the solar system. Such a 
primitive origin is suggested by the recent 
discovery of unusual deuterium (2H) enrich- 
ments in many IDP's (13); certain interstel- 
lar clouds are also known to be highly 
enriched in 'H (14). Calrissian shows partic- 
ularly strong 'H enrichments (a maximum 
of 1913 per mil) (13). 

Certain hydrocarbons may also be present 
in IDP's (15) and may be partly or entirely 
responsible for the 6.8-pm band. However, 
this possibility for Calrissian was precluded 
by recent acid dissolution experiments (16). 
Thus our observations of breunnerite and 
magnesite in the Calrissian IDP provide 
independent evidence for the identification 
by Sandford and Walker (3) of the 6.8-pm 
feature as a carbonate band. 

Carbonates occur in minor amounts in 
both CI and CM carbonaceous chondrites, 
primitive meteorites that also contain hy- 
drated layer silicates. The CI chondrites 
mainly contain breunnerite and dolomite 
[CaMg(C03)2] (17-19); the CM chondrites 
largely contain calcite (20, 21). Breunnerite 
in the Orgueil CI meteorite shows a consid- 
erable range of iron contents [from 15 to 40 
mole percent F a 3  (19)] and contains 

Fig. 1. (a and b) Transmission electron micrographs of euhedral breunnerite crystals in the Calrissian 
ID?. (Inset) SAED pattern from the crystal in (a). Compositions of the crystals in (a) and (b) are given 
by grains 3 and 1 in Table 1, respectively. 
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small amounts of calcium and manganese 
(17, 19);it thus has a composition similar to 
that of thc breunnerite in the Calrissian IDP 
(Table 1). 

Carbonates 111 ~arbonaceous chondrites 
are believed to havc cr~stalhzcd during 
aqucous alteration of tlieir parent bodies 
(18-20). Howcver, Macdougall and co-
workers (22) recently showed, on thc basis 
of strontium so topic mcasuremcnts, that 
the carbonates 111 Orgueil were probably 
produced much earlier (possibly b~ll~ons of 
years earl~er) than thc per~od of extensive 
aqucous activlty dur~ng which sulfate vems 
were produced Thus, they suggested that 
carbonate formation may have occurred at 
the tlme of parent body format~on. 

Alteri~at~vely,the carbonates 111 the Or- 
pe l1  meteorite and the Calrissiall IDP may 
bc primary componei~ts that formed before 
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A New HTLV-III/LAV Protein Encoded by a Gene 

or during accutnulat~on of solar nebula c o ~ ~ -  Found in Cytopathic Retroviruses 
dcnsates and interstellar dust to planetary 
bodies. Lancet and Anders (23) suggested 
that the carbonates in the carbonaceous 
chonckites could havc formcd in the solar 
nebula at approximately 400 K and 10 
atrn through catalysts like hydrated silicates 
and magnetite. Reccnt TEM stud~es of 
IDP's provlde ev~dence that a low-tcmpera- 
ture, catalytic synthes~s was probably in-
volved In thc formation of anothcr mir~eral 
in IDP's (15,24). 

Studies of interstellar dust have largely 
bcen bascd on theoretical and spectroscopic 
methods Now infrarcd, isotop~c, and min- 
eralogical stud~es of 1DI"s suggcst that they 
may contam pr~mltive solar materials, some 
of which may be resldues of the protostellar 
clouds Detailed investigation of IDP's, 
therefore, ogers potcntially important 111- 
sights 111to the nature and history of mter- 
stellar dust. 
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The DNA of the HTLV-IIILAV group of retroviruses contains certain additional 
open reading frames that are not found in typical avian or mammalian retroviruses. 
The role of these sequences in encoding for gene products that may be related to 
pathogenesis remains to be resolved. An open reading frame whose 5' end overlaps 
with the pol gene, but is unrelated to the env gene, has been observed in HTLV- 
III/LAV and visna virus, both cytopathic mammalian retroviruses. Evidence presented 
here shows that this open reading franle is a bona fide coding sequence of HTLV- 
IIIfLAV and that its product, a protein with a molecular weight of 23,000, induces 
antibody production in the natural course of infection. 

THE THIRD MEMBER OP T H ~R E ~ N T -

ly identified family of human T-lym- 
photropic vlruses, HTI,V-IIII1,AV 

[also designated ARV ( I - f l 1  is now gener- 
ally accepted as necessary, if not sufficient, 
for the developme~lt of the acquired im- 
mune deficlencv syndrome (AIDS). In addi- 
tion to thedam, pol, arid env genes that are 

present In re~'ication-com~etentanimal 
retroviruses. HTLV-IIIILAV also contains 
In Its genoine other o~en-readlng 
frames (ofis) (8-11) Recently, two lines of 
evidence have soggested that at least two of 
the HTLV-IIIILAV orf's are indeed func 

tional genes. First, in the process of search- 
ing for regions that med~ate the observed 
transactivation, a new gene, tat, unrelated to 
944, pol, and env, was identified (12, 13). 
Second, an antigen with a molecular weight 
of 27,000 (p27) was shown to he encoded 
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Table 1. I>cduccd protell1 sequence for CNBr cleaved sor product of HTLV-IIIILAV, based on the 
nuclcot~de scquence of Ratncr et al. (8). 

Expected N~unber of CNBr amino acids m Dcduccd NH2-term~nal protcin scqucncc 

pcptidcs each CNHr peptidc of each CNBr peptidc* 

of p23 


Pept~de 1 7 N H , M E N R W Q V M  
Pept~dc2 8 I y'QvD&M
Pcpt~dc3 13 K I R T W K S  L V K H H M  A 

Pept~de4 160 Y Y S  G K ARGWFYRHHYE-M 
Pept~de5 3 N G H-COOH 

XTl~eamino acids identified by the radic~setlucnce analysis arc m~dcdincd 


