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melting curves. When less fluid is present, the 
position of a melting curve depends on the 
amount of fluid and on the amount of melt, 
for those factors determine the amount of H 20 
in the melt. 

In certain instances, this diagram may be 
applied to natural rocks. For instance, fluid 
inclusions effectively sample the subsolidus 
fluid phase, which on the diagram (and often 
in analyzed rocks) is 50 mole percent CO2 • If 
we could estimate the amount of fluid relative 
to rock, we could then deduce phase relations, 
melting temperatures, and fluid-phase com
position in the hypersolidus region. Alter
natively, inference of position of the melting 
curves from phenocryst assemblages could allow 
an estimate of the amount of fluid phase 
present. 

Andesite Generation 

Experiments and theory developed in this 
paper set limits on mechanisms for andesite 
generation by fractionation at pressures less 
than 10 kb, that is, in the crust and shallow 
upper mantle. Fractionation of basalt parents by 
plagioclase-py roxene-oxide phase subtraction 
is unlikely because of the instability of oxide 
phases at the liquidus of andesite melt at 
reasonable geologic conditions. Fractionation 
by subtraction of amphibole is also unlikely, 
because in two separate andesites studied, 
amphibole is not stable at the liquidus below 
8 kb and is not stable at the liquidus in H 20-
undersaturated melts at pressures to 10 kb. 
(The effect of other volatiles, particularly 
fluorine, has not been investigated and may be 
large.) 

Partial melting at greater depths in the 
upper mantle, either of subducted basaltic 
oceanic floor or of peridotite, is a more reason
able mechanism. Such melts must be hydrous, 
both to produce requisite andesitic composi
tions (Kushiro, 1972), and because andesite 
melts can be shown to contain small but 
significant amounts of H 20 (Eggler, 1972a). 
The water content of initial melts should be 
estimated, for it provides one more clue to the 
nature of the upper mantle. 

REFERENCES CITED 

Allen, J. c., and Boettcher, A. L., 1971, The 
stability of amphiboles in basalts and andesites 
at high pressures: Geo!. Soc. America, Abs. 

with Programs (Ann. Mtg.), v. 3, no. 7, p. 490. 
Anderson, A. T., 1968, The oxygen fugacity of 

alkaline basalt and related magmas, Tristan 
da Cunha: Am. Jour. Sci., v. 266, p. 704-727. 

Boettcher, A. L., and Wyllie, P. J., 1968, Melting 
of granite with excess water to 30 kilobars 
pressure: Jour. Geology, v. 76, p. 235-244. 

Buddington, A. F., and Lindsley, D. H., 1964, 
Iron-titanium oxide minerals and synthetic 
equivalents: Jour. Petrology, v. 5, p. 310-357. 

Burnham, C. W., 1967, Hydrothermal fluids at 
the magmatic stage, in Barnes, H. L., ed., 
Geochemistry of hydrothermal ore deposits: 
New York, Holt, Rinehart and Winston, p. 
34-76. 

Burnham, C. W., and Davis, N. F., 1971, The role 
of H20 in silicate melts I. P-V-T relations in 
the system NaAISiaO.-H20 to 10 kilobars 
and 1,000° C: Am. Jour. Sci., v. 270, p. 54-79. 

Burnham, C. W., Holloway, J. R., and Davis, N. F., 
1969, The specific volume of water in the 
range 1,000-8,900 bars, 20°-900° C: Am. Jour. 
Sci., v. 267-A (Schairer volume), p. 70-95. 

Carmichael, I.S.E., 1967, The iron-titanium oxides 
of salic volcanic rocks and their associa ted 
ferromagnesian silicates: Contr. Mineralogy 
and Petrology, v. 14, p. 36-64. 

Carmichael, I.5.E., and Nicholls, J., 1967, lron
titanium oxides and oxygen fugacities in 
volcanic rocks: Jour. Geophys. Research, v. 
72, p. 4665-4687. 

Darken, L. S., and Gurry, R. W., 1945, The system 
iron-oxygen. I. The Wustite field and related 
equilibria: Jour. Am. Chemical Soc., v. 67, p. 
1398-1412. 

Dodge, F.C.W., Smith, V. C., and Mays, R. E., 
1969, Biotites from granitic rocks of the 
central Sierra Nevada batholith, California: 
Jour. Petrology, v. 10, p. 250-271. 

Eggler, D. H., 1971, Model for calcalkaline frac
tional crystallization under water-saturated 
and undersaturated conditions: A portion of 
the system NaAISiaO.-CaAl,Si,O.-SiO,
MgO-FeO-Fe,O,-I-hO-C02 : Geo!. Soc. 
America, Abs. with Programs (Ann. Mtg.), 
v. 3, no. 7, p. 553-554. 

-- 1972a, Water-saturated and undersaturated 
melting relations in a Paricutin andesite and 
an estima te of wa ter con ten t in the na tural 
magma: Contr. Mineralogy and Petrology, v. 
34, p. 261-271. 

-- 1972b, Amphibole stability in H,O-under
sa tura ted calc-alkaline melts: Earth and 
Planetary Sci. Letters, v. 15, p. 28-34. 

Eggler, D. H., and Osborn, E. F., 1969, Experi
mental data for the system MgO-FeO
Fe20a-NaAISi30.-CaAbsi,O.-SiO, and their 
petrologic application: Am . Geophys. Union 
Trans., v. 50, p. 337. 



2532 EGGLER AND BURNHAM 

Fudali, R. F., 1965, Oxygen fugacities of basaltic 
and andesitic magma: Geochim. et Cos
mochim. Acta, v. 29, p. 1063-1075. 

Green, T. H., and Ringwood, A. E., 1966, Origin 
of the calcalkaline igneous rock suite: Earth 
and Planetary Sci. Letters, v. I, p. 307-316. 

-- 1968, Genesis of the calc-alkaline igneous 
rock suite: Contr. Mineralogy and Petrology, 
v. 18, p. 105-162. 

Hamilton, D. L., and Anderson, G. M., 1967, 
Effects of water and oxygen pressures on the 
crystallization of basaltic magmas, in Hess, 
H. H., and Poldervaart, A., eds., Basalts: 
New York, Interscience Pub., v. 1, p. 445-482. 

Hamilton, D. L., Burnham, C. W., and Osborn, 
E. F., 1964, The solubility of water and effects 
of oxygen fugacity and water content on crys
tallization in mafic magmas: Jour. Petrology, 
v. 5, p. 21-39. 

Hill, R.E.T., and Boettcher, A. L., 1970, Water 
in the earth's mantle: Melting curves of 
basalt-water and basalt-water-carbon dioxide: 
Science, v. 167, p. 980-982. 

Holloway, J. R., 1973, The system pargasite
H2O-CO,: A model for melting of a hydrous 
mineral with a mixed-volatile fluid. I. Exper
imental results to 8 kb: Geochim. et Cos
mochim. Acta, v. 37, p. 651-666. 

Holloway, J. R., and Burnham, C. W., 1972, Melt
ing relations of basalt with equilibrium water 
pressure less than total pressure: Jour. Petrol
ogy, v. 13, p. 1-29. 

Holloway, J. R., Burnham, C. W., and Millhollen, 
G. L., 1968, Generation of H2O-CO. mixtures 
for use in hydrothermal experimentation : Jour. 
Geophys. Research, v. 73, p. 6598-6600. 

Holloway, J. R., Eggler, D. H., and Davis, N. F., 
1971, An analytical expression for calculating 
the fugacity and free energy of H20 to 10,000 
bars and 1,300°C: Geol. Soc. America Bull., 
v. 82, p. 2639-2642. 

Kushiro, I., 1972, Effect of water on the composi
tions of magmas formed at high pressures: 
Jour. Petrology, v. 13, p. 311-334. 

Millhollen, G. L., Wyllie, P. J., and Burnham, 
C. W., 1971, Melting relations of NaAISiaOs 
to 30 kb in the presence ofH,O:CO, = 50:50 
vapor: Am. Jour. Sci., v. 271, p. 473-480. 

Mueller, R. F., 1969, Hydration, oxidation, and 
the origin of the calc-alkali series: NASA Tech. 
Note D-5400, 27 p. 

-- 1971, Oxidative capacity of magmatic com
ponents: Am. Jour. Sci., v. 270, p. 236-243. 

Osborn, E. F., 1959, Role of oxygen pressure in 
the crystallization and differentiation of 
basaltic magma: Am. Jour. Sci., v. 257, p. 
609-647. 

--1969, The complementariness of orogenic 
andesite and alpine peridotite: Geochim. et 
Cosmochim. Acta, v. 33, p. 307-324. 

Presnall, D. C., 1966, The join forsterite-diopside
iron oxide and its bearing on the crystalliza
tion of basaltic and ultramafic magmas: Am. 
Jour. Sci., v. 264, p. 753-809. 

Robertson, J. K., and Wyllie, P. J., 1971, Rock
water systems, with special reference to the 
water-deficient region: Am. Jour. Sci., v. 271, 
p.252-277. 

Robie, R. A., and Waldbaum, D. R., 1968, Thermo
dynamic properties of minerals and related 
substances at 298.15°K (25°C) and one atmos
phere (1.013 bars) pressure and at higher tem
peratures: U.S. Geol. Survey Bull. 1259, 
259 p. 

Roeder, P. L., and Osborn, E. F., 1966, Experi
mental data for the system MgO-FeO
Fe20s-CaAhSi20s-SiO, and their petrologic 
implications: Am. Jour. Sci., v. 264, p. 428-
480. 

Shaw, H. R., 1967, Hydrogen osmosis in hydro
thermal experiments, in Abelson, P. H., ed., 
Researches in geochemistry, v. 2: New York, 
John Wiley & Sons, Inc., p. 521-541. 

Shaw, H. R., and Wones, D. R., 1964, Fugacity 
coefficients for hydrogen gas between 0° and 
I,OOO°C, for pressures to 3,000 atm: Am. Jour. 
Sci., v. 262, p. 918-929. 

Williams, R. J., 1971, Reaction constants in the 
system Fe-MgO-Si02-02 at 1 atm between 
900°C and 1,300°C: Experimental results: Am. 
Jour. Sci., v. 270, p. 334-360. 

Wise, W. S., 1969, Geology and petrology of the 
Mount Hood area: A study of High Cascade 
volcanism: Geol. Soc. America Bull., v. 80, p. 
969-1006. 

Wyllie, P. J., and Tuttle, O. F., 1959, Effect of 
carbon dioxide on the melting of granite and 
feldspars : Am. Jour. Sci., v. 257, p. 648-655. 

Yoder, H. S., Jr., 1969, Calc-alkaline andesites: 
Experimental data bearing on the origin of 
their assumed characteristics: Proceedings of 
the Andesite Conference: Oregon Dept. 
Geology and Mineral Industries Bull. 65, p. 
77-89. 

Yoder, H. S., Jr., and Tilley, C. E., 1962, Origin 
of basalt magmas: An experimental study of 
natural and synthetic rock systems: Jour. 
Petrology, v. 3, p. 342-532. 

Zen, E-An, 1966, Construction of pressure-tem
perature diagrams for multi-component sys
tems after the method of Schreinemakers
A geometric approach: U.S. Geol. Survey 
Bull. 1225, 56 p. 

MANUSCRIPT RECEIVED BY THE SOCIETY JULY 31, 
1972 

PAINTED 1N U.S.A . 

• 


