
of this conclusion by observation from 
Earth is problematical since the aver- 
age daily advance of 45 kilometers 
about equals the resolution limit under 
best seeing conditions and since micro- 
hills might form because of only par- 
tially absorbed H20 deposit; that is, 
they might be covered by ice when 
freshly formed. The rate of advance 
as a function of Martian time of day 
could be established by photography 
from a Martian orbiter programmed 
to take observations of the same se- 
lected areas two or three times daily 
over a sufficiently long period. A highly 
suitable opportunity to accomplish this 
will occur in 1973. 
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Cohenite in Meteorites: A Proposed Origin 

Abstract. Cohenite [(Fe, Ni)3C] is found almost exclusively in meteorites con- 
taining from 6 to 8 percent nickel (by weight). On the basis of iron-nickel-carbon 
phase diagrams at 1 atmosphere and of kinetic data, the occurrence of cohenite 
within this narrow composition range as a low-pressure metastable phase and the 
nonoccurrence of cohenite in meteorites outside the range 6 to 8 percent nickel 
can be explained. Cohenite formed in meteorites containing less than 6 to 8 per- 
cent nickel decomposed to metal and graphite during cooling; it cannot form in 
meteorites containing more than about 8 percent. The presence of cohenite in 
meteorites cannot be used as an indicator of pressure of formation. However, the 
absence of cohenite in meteorites containing the assemblage, metal plus graphite, 
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Cohenite [(Fe, Ni)3C] is structurally 
identical to cementite (Fe3C) and oc- 
curs mainly in metallic meteorites. It 
contains 0.5 to 3 percent (by weight) of 
Ni (1) and is metastable at all tem- 
peratures at low pressures (2). Thermo- 
dynamic calculations suggest that co- 
henite is stable at high pressures (3). 
Ringwood (3) concluded that the pres- 
ence of cohenite in a meteorite indicates 
a pressure of formation of at least 25 
kb and therefore a parent body of ap- 
proximately lunar size. Since the ap- 
pearance of Ringwood's paper, research 
on cohenite has been active (1, 4-6). 

Cohenite has been sought in many 
iron meteorites, but it has been un- 
equivocally identified in only 26 (7); 
of these, 20 meteorites are coarse octa- 
hedrites and have nickel contents be- 
tween 6 and 8 percent. Iron meteorites 
having this composition make up less 
than one-third of those analyzed (8). 
Of the remaining six meteorites that 
contain cohenite, three are nickel-poor 
ataxites (Ni, 5 to 6 percent) and the 
rest are medium octahedrites (Ni, 7 to 
10 percent). It would therefore seem 
that the distribution of cohenite in 
meteorites is not random and that, with 
certain exceptions, cohenite is restricted 
to meteorites containing between 6 and 
8 percent nickel. Carbon occurrence in 
iron meteorites is not similarly re- 
stricted; the average carbon content is 
about 0.2 percent (9). 

The phase-equilibrium relations along 
the bounding binaries of the ternary 
system Fe-Ni-C have been investigated 
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in some detail; however, little work has 
been done in the ternary owing to ex- 
perimental difficulties. The suggested 
phase relations in the ternary (Figs. 1 
and 2) have been drawn by projection 
from the existing data along the binaries 
(10). Assemblages involving cohenite 
in Figs. 1 and 2 decompose in time to 
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Fig. 1. Isothermal section of portion of the 
system Fe-Ni-C at 650?C, in which the 
metastable phase cohenite is included. a, 
kamacite; y7, taenite; G, graphite; C, 
cohenite. Dashed line indicates composition 
range of Fig. 2. Composition ranges of 
iron meteorites are shown. 
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stable assemblages, metal + graphite. 
Phase diagrams involving cohenite 
therefore represent metastable equi- 
libria. They can be drawn by analogy 
with those involving cementite in the 
system Fe-C, where metastable equilib- 
ria involving cementite are reversible. 
Cohenite is stabilized by pressure (3) 
so that a high pressure section at 50 kb 
resembles Fig. 1 but represents stable 
equilibria. Figure 2 shows that Fe-rich 
taenite [y-(Fe,Ni)] is stabilized by 
carbon (11) and also that the tempera- 
ture at which cohenite forms is sensitive 
to the bulk alloy composition and varies 
from about 675? to between 600? and 
625?C for alloys of the composition 
of metallic meteorites. At about 610?C, 
it is postulated that cohenite no longer 
forms and that graphite forms instead. 
Because cohenite contains much less Ni 
than does kamacite [a-(Fe,Ni)] or 
taenite, the reaction by which it forms 
(taenite -> cohenite + kamacite) should 
be reversed when the Ni content is 
high, and no cohenite would form. This 
is not strictly a change in tie lines, but 
represents a postulated change in 
equilibria from metastable to unstable. 
The 600?C isotherm in Fig. 2 there- 
fore represents stable equilibrium at 
600?C. 

Decomposition of cohenite takes 
place by its re-solution and by nuclea- 
tion of graphite within the surrounding 
matrix (12). Figure 3 shows an ex- 
perimentally determined rate curve for 
cohenite decomposition, for which ma- 
terials and methods were the same as 
those used by Ringwood and Seabrook 
(5). The rates are more than three 
orders of magnitude slower than those 
of synthetic material studied earlier 
(6, 13). The determined rates shown 
in Fig. 3 are a maximum for natural 
cohenite, as the starting material was 
shocked, fractured meteoritic cohenite 
(Cosby's Creek) which was separated 
from its metal matrix. Thus it is rea- 
sonable to propose that rates are about 
four orders of magnitude slower in 
natural decomposition at 6500C (14). 

Figure 2 shows that cohenite should 
not form in meteorites containing more 
than 8 percent Ni unless the C content 
is exceptionally high. If cohenite 
formed in meteorites containing as 
much as 6 percent nickel, it formed 
at temperatures (675? to 650?C) 
such that there was sufficient time 
for it to decompose during the slow 
cooling of 1? to 10?C per million 
years (15) that occurred in iron mete- 
orites, assuming decomposition rates to 
be four orders of magnitude slower 
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phase cohenite is included. Symbols as in Fig. 1. Composition ranges of iron meteorites 
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than the experimentally determined are evidence that cohenite had begun to 
rates. It is only in meteorites containing 
6 to 8 percent nickel that cohenite 
formed at temperatures low enough 
(650? to 610?C) that cohenite did not 
totally decompose in the time available 
in meteoritic cooling. Scalloped co- 
henite textures and the association of 
graphite near cohenite concentrations 
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decompose. 
The relation between the amount of 

cohenite formed at a given temperature 
and nickel content as compared to co- 
henite preservation is summarized in 
Fig. 4. The total proportion of cohenite 
precipitated at a given temperature with 
respect to the calculated total cohenite 
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Fig. 3. Temperature plotted against time for total decomposition of Cosby's Creek 
cohenite, based on present data and those of Ringwood and Seabrook (1962). The 
curve of Lipschutz and Anders (1964) from the data of Klein (1934) represents 50 
percent decomposition. Bottom curve shows decomposition curve which is compatible 
with the natural occurrence of cohenite. 
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Fig. 4. Cumulative percentage of cohenite 
formed during cooling plotted against 
temperature for 3 meteorite composi- 
tions, each containing 0.3 percent car- 
bon. Ordinate represents percentage of 
cohenite present with respect to the total 
cohenite which would form if all the car- 
bon present were in the form of cohenite. 
The vertical dashed line at right is 610?, 
below which cohenite does not form. 

in the alloy was plotted as a percent- 
age. Amounts were obtained from the 
isothermal phase diagrams by the lever 
law. The diagram is plotted for a bulk 
carbon content of 0.3 percent and is 
little changed by alterations in carbon 
content within the meteoritic range. 

The occurrence of cohenite in ter- 
restrial basalts and in meteorites other 
than those containing 6 to 8 percent 
Ni may be explained by the fact that 
these bodies cooled rapidly (from tex- 
tural evidence), thus preserving the co- 
henite, or by their very high C contents. 

The presence or absence of cohenite 
in meteorites may be explained in terms 
of a low pressure origin. The lack of 
cohenite in iron meteorites other than 
those containing 6 to 8 percent Ni is 
strong evidence against a high-pressure 
origin for these meteorites, because at 
high pressures cohenite is stabilized. 
Such meteorites formed in bodies of 
asteroidal size, or near the surface of 
larger bodies. 
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Certain isolates of the fungus Cerato- 
cystis fimbriata Ell. and Halst. are 
pathogens of sweet potato [Ipomaea 
batatas (L.) Lam.] and produce black 
rot in susceptible sweet potato roots. 
Activity of peroxidase and polyphenol 
oxidase is higher in sweet potato tissue 
inoculated with pathogenic isolates of 
C. fimbriata than it is in uninfected 
tissue; the increased activity extends 
into the host tissue beyond the area 
containing the pathogen (1). Recently 
similar changes in these enzymes were 
produced by inoculating resistant or 
susceptible sweet potatoe roots with 
nonpathogenic strains of C. fimbriata 
(2, 3). Normally susceptible tissue 
which had been inoculated in this way 
and which exhibited increased enzymic 
activity was resistant to subsequent in- 
fection by pathogenic isolates of C. 
fimbriata (2, 4). It appeared from 
these results that increased peroxidase 
and polyphenol oxidase activity was 
associated with resistance to black rot 
in sweet potato roots. 

During the course of this work it 
was observed that the activity of these 
enzymes was unexpectedly high in un- 
inoculated, susceptible tissue, used as 
experimental controls, which was in- 
cubated in containers together with 
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tissue infected with pathogenic C. 
fimbriata. This finding suggested that 
some volatile material from the in- 
fected tissue had stimulated the changes 
in enzymic activity; the material may 
perhaps have also induced resistance 
in the uninfected tissue. 

To investigate these possibilities, 
healthy sweet potato tissue was incubat- 
ed together with either healthy or dis- 
eased tissue, and changes in the en- 
zymic activity and susceptibility to 
black rot were evaluated. Four suscep- 
tible varieties (Jersey Orange, Julian, 
Maryland, and Nemagold) and one re- 
sistant variety (Sunnyside) of sweet 
potato were used (5). Roots were sur- 
face-sterilized with sodium hypochlo- 
rite solution and cut transversely into 
slices 2 cm thick. Healthy slices or 
slices infected with C. fimbriata 
(donors) were placed at the bottoms of 
sterilized glass containers. Healthy (re- 
ceptor) slices were supported on sterile 
stainless-steel grids above the other 
slices in the containers. The containers 
were sealed and incubated at room 
temperature for 2 days. The groups of 
healthy receptor slices were then re- 
moved from the containers. Some 
slices from each container were inocu- 
lated with hyphal suspensions of C. 
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Peroxidase and Resistance to Ceratocystis in Sweet Potato 

Increased by Volatile Materials 

Abstract. Increased peroxidase activity and resistance to black rot was found 
in sweet potato roots incubated above infected roots in closed containers when 
compared with similar tissue incubated above uninfected roots. The peroxidase 
increases were detected in unpurified extracts and in extracts subjected to gel 
electrophoresis. 
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