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Fig. I. Experimental results on siderite 
decomposition to magnetite + graphite. 
Scaled-tube runs (Rosenberg) shown by 
circles; buffered open-tube runs (French) 
shown by rectangles. The solid line in
dicates the univariant curve for the as
sembi: e, siderite + magnetite + graphite 
+ gas, obtained from the open-tube ex
periments; virtually the same curve is 
obtained from the scaled-tube experi
ments (Table I). The large rectangles at 
the left-hand side indicate the experimen
tal uncertainty, ± 7°C and ± 5 percent 
of the total pressure. 

rium could then be demonstrated by 
two reactions in a single run, either by 
decomposition of the siderite sample or 
by growth of siderite from magnetite in 
the buffer mixture. Equilibrium tem
peratures were located by (i) production 
of siderite throughout the entire buffer 
below the equilibrium temperature. and 
(ii) production of large amounts of 
magnetite (in cxcess of 10 percent of 
the volumc) above the decomposition 
temperature. The two criteria yielded 
consistent equilibrium temperiltures. 

The equilibrium temperatures ob
tained are compared in Table 1; Fig. I 
shows the experimcntal data. The tem-

perature uncert a inty for each experi
mental point is probably ± 7°C. Agrce
ment between the two sets of data is 
excellent, particularly above 860 bars, 
where sufficicnt data are available. At 
lower pressures. the apparent close 
agreement may be conditioned by the 
small number of sealed-tube experi
ments . 

The agrccment bctwecn decomposi
tion temperatures dctermincd by two 
different expcrimcntal methods indi
cate~ (i) that the temperatures deter
mined do in fact represent equilibrium 
decomposition of sideritc to magnetite 
and graphite, and (ii) that buffering of 
/0., during the sealcd-tube expcrimcnts 
is established hy prccipita tion of graph
ite or carbon from the gas phasc. 

The equilibrium , sidcrite + magnetite 
+ graphite + gas, specifics the maxi
mum temperaturc for stable existence 
of siderite in an atmosphcre of CO~ + 
CO (8): higher values of / ... , produce 
lower decomposition temperatures. If 
graphite is absent , the assemblage, si
derite + magnetite + gas, may exist 
over a tcmperature intcrval in excess of 
100°C (8): this interval may be in
creased if gas compositions metastable 
with respect to graphite can be pre
served. Therefore, the decomposition 
of siderite to magnetite cannot be used 
as an accurate gcothermometer unless 
the value of 10., is specified independ
ently in some ~anner, for example, by 
the presence of additional phases such 
as graphite. 

Studies of metamorphosed sedimen
tary iron formations (8, 10, J l) indicate 
that original siderite in such rocks dis
appears by reaction with available silica 
and water to form the iron-amphibole 
grunerite. Fe,Si~O~iOH)~ . Tempera
tures for this reaction must be below 
those for the decomposition of siderite 
itself, but they are dependent on the 
fugacities of ho th H~O and CO:! and 
have not been experimentally deter-
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mined. Approximate temperatures of 
300° to 400°C have been estimated for 
the formation of grunerite from geologi
cal evidence (8, 11); the estimates are 
consistent with the upper limit of sider
ite stability established in this study . 
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