Stability relations of siderite (FeCO,) in the system Fe-C-O 49

(French, ms, p. 65-68; 1970, p. 17-19). These compounds could be detected
by the distinctive odor produced on opening the reaction vessels and
sample tube after synthesis, and their complex character was qualitatively
identified by a cursory mass-spectrometric analysis kindly performed by
Dr. T. C. Hoering of the Carnegie Institution of Washington Geophysi-
cal Laboratory.

The production of such organic compounds appears to be an integral
part of the formation of siderite by this method. Such formation is prob-
ably promoted by: (1) the reducing character of the gases produced by
decomposition of FeC,O, .2H.O (see French and Eugster, 1965; French,
1966); (2) the low f, established by the hydrothermal vessel (approxi-
mately the Ni-NiO buffer, or log f, = —30 at 400°C; Eugster and

Wones, 1962); (3) catalysis promoted by the iron-bearing solid phases or
the pressure vessel.

Similar inorganic reactions may also have produced the organic com-
pounds now found in meteorites (for detailed references, see French,
1970). These results also suggest that formation of organic compounds
can occur at elevated temperatures and high gas pressures which corre-
spond to moderate depths in a planetary crust, where the existence of a
reduced gas phase may be favored by low f,_values controlled by equilib-

rium between graphite or other minerals (French, 1966, 1970). Organic
compounds formed during hydrothermal activity at moderate depth
could then be released to the surface, providing material for biological
development even in cases where such synthetic reactions were not pos-
sible in the planetary atmospheres or oceans themselves.

EXPERIMENTAL RESULTS

The equilibrium: siderite + hematite + magnetite + gas (SHMG).
—The univariant equilibrium: siderite + hematite + magnetite + gas
(SHMG) is the intersection of three divariant surfaces in Pp—fo —T" space;
the surface, siderite + hematite + gas (SHG); the surface, siderite +
magnetite + gas (SMG); and the degenerate buffer surface, hematite -+
magnetite + gas (HM). The location of the SHMG curve was determined
at 500 and 1000 bars Py by reversing reactions in samples of siderite sur-
rounded by hematite-magnetite buffers (table 2; fig. 8). The values ob-
tained are:

Py T(£10°C) —log fo, (£0.8)
500 363 24.7
1000 365 24.6

The greatest difficulty in determining equilibrium temperatures
along the hematite-magnetite buffer was caused by the slight amount of
reaction in both directions, under 5 percent. Determination of phases
was made necessarily by optical study and by the detection of color
changes and magnetism in the sample.

Limits on the equilibrium temperature of the isobaric invariant
point SHMG at 500 bars are fixed by runs 108 (354°C) and 93 (372°C).
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TABLE 2

Experimental data for determination of the equilibrium:
siderite 4 hematite + magnetite + gas (SHMG) along the
hematite-magnetite buffer

Runno. Sample T°C
Py = PCOz = Pco = 2000 bars

203
230
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270
274
276
283
289
290
291
292
301
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302
318
320
254
306

PF=P002+PCO= 1000 bars

126
127
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