
586 LPSC XX 

I S  NATURAL SILICATE L I Q U I D  IMMISCIBILITY METASTABLE? J .  Longhi ,  
Lamont-Doherty Geological  Obse rva to ry ,  Pal isades,  1Tf 10964 

Experimental studies (1.2) that established the fractionation patterns expected from silicate liquid immiscibility (SLI) paved 
the way for numerous investigations of the role of SLl in the petrogenesis of lunar granitoids (3.4.5,6). In addition to producing 
high-SiO2 granitic liquids, immiscibility is capable of fractionating ratios of incompatible elements. For example, low field 
strength elements such as alkalis (Na. K. Rb) favor the high-Si@ liquid, whereas moderate to high field strength elements favor 
the low-Si02, high-FeO liquid (2). The effects are strong enough to produce a 4X increase in the Rb/Sr ratio of the high-Si@ liquid 
and a 2X increase in the Ba(moderate field strength)/La(high field strength) ratio. Unusually high values of these two ratios in 
Apollo 14 granitoids have been attributed to SLI (6.7). Also, there is ample petrographic evidence of SLI in the mesostases of both 
mare and non-mare basalts (8) and crystallization experiments on a variety of lunar and terrestrial compositions have produced 
liquid immiscibility (3.8.10). However, there are grounds for questioning SLI as an important petrogenetic process. First. there 
are no unambiguous macroscopic examples of the senate exsolution of h i g h 3 0 2  and high-FeO liquids demanded by Bowen (11). 
although description of granitic breccias from Apollo 12 and 14 soils does suggest that high-Si02 and high-FeO liquids may be 
closely associated (4.12). Second. crystallization and accumulation of the Ba-K-feldspar present in the graintoids will predictably 
increase the Rb/Sr and B a a  ratios of the whole rock compositions, so in cases where the granitic rock does not have the precise 
composition of the liquid from which it crystallized. elevated values of Rb/Sr and B a a  are not necessarily diagnostic of SLI. 
Third. there an reasons to suspect that the immiscible liquid pain produced in experiments on natural compositions (3.9.10) are 
metastable. If so. then we may infer that relatively rapid cooling and crystallization are necessary to produce immiscibility in 
natural compositions and, therefore, immiscibility is unlikely to occur as a major process under plutonic conditions. 

Perhaps the most compelling reason to question whether the experimental liquid pairs were not in fact metastable is the 
simplest: all the reported examples of immiscibility involving plagioclase-saturated liquids were produced in sontrolled coolirlg 
-experiments: there are no reported examples of feldspar-saturated immiscible liquids produced in ~L&XIE~ experiments. 
Figures 1 and 2 illustrate this latter situation. Heavy solid curves in Figure 1 are liquidus boundaries in OI(=Fa)-Or-Sil ponion of 
the familiar Fa-LC-Sil system after (13,14). Several investigators have used this system as a basis for studies of two liquid 
partitioning (e.g., 1.2) and effects of oxygen fugacity on immiscibility (15). All of these studies consisted of isothermal 
experiments. It should be obvious that immiscible liquids do not coexist with K-feldspar in this simple system. Figure 2 illustrates 
a more realistic system after (16). KS is a composition (Or56Silqq) near the K-feldspar+silica cotectic on the Or-Sil join in Figure 1. 
The Fa-An-KS system may thus be thought of as a join normal to the 01-Or-Sil join whose trace (dots in Figure 1) nearly bisects the 
central two-liquid field. Figure 2 shows that the extent of the two-liquid field diminishes quickly as the An component increases 
and dies out completely before saturation with anorthite is reached. Since it is known that a large central field of immiscibility 
analogous to that in Figure 1 is not present in either the Fo-Or-Sil or Fa-Ab-Sil systems, it is reasonable to suspect that addition of 
MgO and Na2O will not expand the relative size of the two-liquid field. Other oxides, particularly P2O5 (17), are known to expand 
the immiscibility field, however, several of the controlled cooling rate experiments that produced two liquids plus plagioclase 
were conducted on P205-free compositions (e.g.,9), so the absence of P 2 0 5  in the compositions depicted as phase boundaries in 
Figures 1 and 2 cannot account for the fact that none of the isothermal immiscible liquids are saturated with feldspar. 

A second reason for speculating that the controlled cooling rate experiments produced metastable results is based upon the 
compositions of the immiscible liquid pairs themselves. Figure 1 illustrates tie lines between coexisting immiscible liquids 
produced in controlled cooling rate experiments on  lunar compositions (3,9). The tielines, which have variable lengths and 
crisscross one another. do not have an obvious pattern that correlates well with composition or temperature. Some of this 
disarray may simply result from difficulties in analyzing small globules. More significantly, perhaps. is the fact none of the pairs 
is reported to coexist with silica despite the fact that the high-Si@ compositions project well into the silica field. Moreover. 
photomicrographs of the run products (9) show a distinct tendency for immiscibility to develop marginal to crystals, especially 
plagioclase. Since it i s  well-known that rapidly growing crystals develop a diffusion-controlled marginal zone of anomalous 
liquid, it is reasonable 10 suspect that the observed immiscibility developed in these anomalous liquid zones and that kinectic 
bamers prevented remixing during annealing at low temperature. 

In order to test this hypothesis a series of experiments has been initiated. To date the results of only one run are available. 
however, these results are instructive. Two reduced glasses were synthesized from the compositions of coexisting liquids for run 
14310-102,6 quenched at  1050°C (3). Powders of these glasses when  then loaded in alternating batches into a high-purity Fe 
capsule, so as to produce a coarse mechanical mixture. The capsule was then sealed in an evacuated silica tube, held at 1049°C for 5 
days and quenched in water. The charge consists of irregular domains (100 - 1000 microns) of relatively crystal-free glass 
separated by regions, tens to hundreds of microns wide. of crystals plus glass. Crystalline phases include a silica mineral. 
plagioclasc, low-Ca pyroxene, and chromite. Both high-SiO2 and high-FeO glass domains are present, although only high-FeO 
glasses have been observed in the crystal-rich regions. The overall texture of the charge suggests sluggish reaction rather than 
immiscibility between high-Si02 and high-FeO domains. Compositions of representative glasses are illustrated in Figure 1 as stars. 
These compositions, particularly those rich in S i02 .  lie well off the 310 tieline. Most o i  this difference is attributable to the 
copious crystallization of a silica phase in the isothermal experiment. Some of the glass compositions are clearly intermediate to 
the others and lie the rcgion expected to show immiscibility. These results strongly suggest that the two coexisting liquids 
produced in 14310-102,6 were metastable. The present results, however. do not preclude the existence of a stable two-liquid field 
inasmuch as there is still a gap in compositions corresponding to approximately 10 wt% Si02  . Additional experiments and 
analyses are in progress to resolve the issue. 

REFERENCES 
(1) Waston E. B. (1976). ihnU&Mincra l .w56 ,  119-134. (2) Ryerson F. 1. and P. C. Hess (1978), Geochim.Cosmochim.b& 
921-932. (3) Hess P. C., M. 1. Rulhcrfod, R. N. Guillemeue, F. 1. Ryerson, and H. A. Tuchfeld (1975), --%=6th. p.895- 
910. (4) Quick 1. E., A. L. Albec, M. -S. Ma, A. V. Murali, and R. A. Schmitt (1977), k L Y a B L S E L m S L h ,  p.2153-2189. (5) Taylor 
G. 1.. R. D. Wamcr. K. Keil. M. -S. Ma, and R. A. Schmiu (1980). ~ ~ ~ K i e h l a n d s ~ .  p.339-352. (6) Neal C. R. and L. A. 
Taylor (1988). U&Sb.~~=ElppphTransitioa: B p p l l p J 4 .  KREEP.md Evolved -&&. p.53-57. (7) Shih C.-Y.. L. E. Nyquist, 
D. D. Bogard, J. L. Wooden. B. M. Bansal. and H. Wiesman (1986). 411426. (8) Roedder E. and P. W. 
Weibler (19721, &QLLYI~PL&~U, p.251-279. (9) Rutherford, M. J. ,  P. C. Hcss, and G. H. Daniel (1974), bw&& 
a& p.569-583.(10) - Dixon S. and M. J. Rutherford (1979). Earth-Sr iUG,  45-60. (11) Bowen N. L. (1928). T h e  ,. - 
-nfUkmxis.Bnrks. Dover Publications Inc., New Yo*, p.251. (12) MOZR W., G. J .  Taylor, and H. E. Ndwsom (1988), 
!&CkShu MQQIL in T u u i h ~ B p Q U p  l4. KREEP. and Evolved LYnaL W pp.4345. (13) Roedder E (1952). a L % 
YPIYB1L. 435-456. (14) Visvr  W. and A. F. K. Van Groos (1979). &L&.i.m. 70-91. (15) Naslund H. R. (1976). Yh,-w 
YasL2Z 592-597. (16) lrvine T. N. (1976). 597-611. (17) Ryerson F. 1. and P. W. Hess (1980), Geochim. Cosmochim.&& 611-624. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



NATURAL L I Q U I D  IMMISCIBILITY 

3 .  Longhi LPSC XX 587 

Fig. 2 

oxygen units 

two 

Fig. 1 Projection of liquidus boundaries and compositions from Wo and PI components onto the 01-Or-Sil plane in oxygen units. 
Solid curves are liquidus boundaries of the Fa-LC-Sil system from (13.14). KS is the 0156444 composition from (16). Dots are locus of 
anorthite + fayalite silica-saturated liquids illustrated in Fig. 2 and (16). Tielines join two-liquid pairs reported by (3 and 9). 310 
refers to run 14310-102.6 at 1050°C from (3). Stars are compositions of experimental liquids (this study) produced by equilibrating 
a mechanical mixture of 310 end-member glasses for 5 days. 
Fig. 2 Liquidus boundaries in the join 01-Aa-KS(Or56Q44) plotted in oxygen units after (16). Olivine is faloo. Fig. 2 may be thought 
of as oriented normal to Fig. 1 with the side 01-KS lying in the plane of Rg. 1. Fig. 2 illustrates that the prominent two-liquid field 
in Fig. 1 does not extend to the anonhite saturation surface. 
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