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GRIER (b) A NEW "BRECCIATED" L 4-7 CHONDRITE 
J. Nelen, P. Brenner and K. Fredriksson, Smithsonian Institution, Washington, DC 20560 

The Grier (b),* New Mexico, 929 gr chondrite was found in 1969. The bulk composition with 
-- 8 wt % metal and an estimated total iron content of 25 wt % as well as the constant Fe/Mg ratio 
of olivines (Fa25 .5) and orthopyroxenes (Fs23) place this chondrite within the L-group. Although 
original metal content and the iron in the pyroxenes are close to the upper limits for the L-group, the 
main part meets the criteria for a grey to intermediate hypersthene (L 4-5) chondrite. However, a 
large (several cm3

) dense and fine-grained fragment (L 6-7) with essentially no metal or chondrules 
is conspicuous although the composition of its bulk silicates and individual phases is similar to that 
of the main mass. The contact between fragment and matrix is somewhat diffuse but the 
olivine-pyroxene compositions must have been established before accretion or any thermal 
metamorphism of this chondrite breccia. Small differences in chemical composition, to some 
extent caused by weathering, will be demonstrated and the textural relations illustred. 

*Tentative name submitted to the Committee for Meteorite Nomenclature. 

POST-IMPACT HYDORTHERMAL CIRCULATION THROUGH IMPACT MELT SHEETS 
Horton E. Newsom, Lunar and Planetary Laboratory (also Department of Geosciences), 
University of Arizona, Tucson, AZ 85721 

Impact melt sheets are layers of quelched molten rock and melt-rich breccias. The interaction 
of ground water with impact melt sheets in vapor dominated hydrothermal systems explains the 
presence of hydrothermal alteration, fluid flow channels, and the redistribution of volatile elements 
in terrestrial melt sheets. Beneath a newly formed melt sheet the water table begins to boil forming a 
water-steam interface, which then descends below the sheet to a depth of about one half the 
thickness of the sheet. As the melt crystallizes, fractures occur rapidly in the outer crystalline rind 
allowing steam to penetrate the crystallized portion of the melt sheet. A two-phase zone near the 
surface of the sheet consists of ascending steam and descending condensed water. Beneath an 
impact melt sheet with close to 100% impact melt, the maximum amount of ground water vaporized 
is equivalent to a steam/melt sheet ratio of--::::- 23% by weight. For the suevite breccia at the Ries 
Crater, with only 3-15% impact melt, the steam/melt sheet ratio is--::::- 10%. 

The redistribution of volatile elements within impact melt sheets seriously complicates the use 
of trace elements to fingerprint the type of meteorite responsible for a crater. Vapor-dominated 
hydrothermal transport may be a better explanation for the high concentrations of volatile elements 
found near the upper surface of terrestrial impact melt sheets, than either transport of volatiles in a 
sulfur-rich vapor phase (Palme et al., 1979), or a complicated sequence of vaporization and 
condensation in the impact frreball (Y akovlev and Parfenova, 1980). 

Hydrothermal circulation through martian impact melt sheets may explain the composition of 
the martian soil. The thin layers of fine grained martian soil analyzed by the Viking landers are 
inferred to consist mainly of Fe-rich clays, a few percent of a magnetic mineral, and up to 10% salts, 
the salts having a sulfate/chloride ratio of--::::- 4. Due to hydrothermal circulation, martian impact 
melt sheets probably contain Fe-rich alteration clays, magnetic minerals or their precursors, and 
near surface accumulations of salts. Vapor-dominated circulation systems concentrate sulfate 
relative to chloride, explaining the high sulfate/chloride ratio in the soil. A major fraction of the 
martian soil may consist of the erosion products of hydrothermally altered impact melt sheets. 

Supported by NASA grant NSG 7576. 

Palme, H., E. Goble and R.A.F. Grieve, 1979. Proc. Lunar Planet. Sci. Conf. lOth, 2465-2492. 
Yakovlev, 0.1. and O.V. Parfenova, 1980. Lunar and Planetary Sci. XI, 1285-1287. 

TITANIUM ISOTOPE ANOMALIES IN ALLENDE INCLUSIONS 
F.R. Niederer, D.A. Papanastassiou, and G.J. Wasserburg, The Lunatic Asylum, Div. of 
Geological and Planetary Sciences, Caltech, Pasadena, CA 91125 

We report on Ti isotope abundances in Ca-Al-rich inclusions from Allende. Data are obtained 
using a TiO+ beam. The data on oxides of isotopes 46-49 are insensitive to the correction for 
isobaric interferences among the TiO+ species. We have ascertained that the 50rJ'i data which are 
sensitive to 180/160 show no complexities due to independent oxygen fractionation. FUN samples 
EK-1-4-1 and C-1 were shown to have large effects for all Ti isotopes not used for normalization for 
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mass fractionation (Niederer et al., 1980a, 1980b). These results are confrrmed here with new 
analyses. The Ti effects for the FUN samples correlate directly with Ca effects (Lee et al., 1978). 
The extension of these measurements to many common, coarse-grained inclusions and to 
fme-grained aggregates has been carried out (see Table 1). The results show the presence of smaller 
but distinct anomalies in all samples investigated for all Ti isotopes not used for normalization. 
Isotope anomalies forTi are common inCa-Al ric~ inclusions in Allende and are present in samples 
which show no nuclear isotope effects for Ca or other refractory elements. The Ti data require the 
presence of at least three distinct nucleosynthetic components, represented one each by EK -1-4-1 
and C-1 and the third by deficits in 47Ti and 49rfi and excess 50J'i. The deficits in 47Ti and 4~i appear 
to scale only approximately, so that four independent components may be present. Based on 
normalization to 46-J'i148Ti, the Ti isotope patterns include: a) excess in 47Ti, 49rfi, and 50J'i; b) 
excess in 47Ti, coupled with deficits in 4~i and 50J'i; c) deficits in 47Ti and 4~i, in variable ratio, 
coupled with 50J'i excesses. The endemic isotopic anomalies in Ti are in marked contrast to rare 
effects in the neighboring Ca. It is especially noteworthy that 46Ca does not show any anomalies at 
the level of 1% despite its very low abundance which results in high sensitivity for the detection of 
addition at this species. The absence of effects at 46Ca and the presence of a variety of effects at 
47Ti, 48Ca, 4~i, and 50J'i strongly indicate a blend of quasi-equilibrium nuclear processes near the 
Fe peak. 

Table 1 
Titanium Isotope Abundances in Alende8 

Sample 

FUN Inclusions 
EK-1-4-1 

C-1 

Egg-3 

Coarse-Grained Inclusions 
Egg-1 

Egg-4 

Egg-6 
D-7 pyxe 
WApyx 

Fine-Grained Aggregates 
B-30e 
B-29e 
B-32e 

E (47 ,48) E (49/48) 

12.7 ± 1.6b 
12.6 ± 0.9c 
5.2 ± 0.8b 
6.0 ± 2.0c 

-3.5 ± 0.8b 

-2.9 ± 0.9b 
-2.2 ± 1.9d 

0.4 ± 2.0 
-1.3 ± 0.8d 
-1.0 ± 0.7 
-2.2 ± 1.1 

0.0 ± 0.9 

-0.5 ± 0.9 
-0.5 ± 2.0 
-0.3 ± 1.2 

18.8 ± 2.2 
16.8 ± 1.9 

-7.0 ± 1.0 
-8.4 ± 3.0 
-5.8 ± 0.8 

-4.6 ± 1.2 
-3.6 ± 2.0 

0.2 ± 2.0 
-1.2 ± 0.9 
-4.7 ± 1.1 
-2.9 ± 1.3 
-4.7 ± 2.9 

-2.6 ± 1.6 
-3.3 ± 2.0 
-1.7 ± 1.2 

E (50,48) 

36.9 ± 2.4 
37.8 ± 1.6 

-51.2 ± 1.1 
-53.2 ± 3.0 

6.7 ± 1.0 

6.4 ± 0.9 
7.0 ± 2.0 
9.1 ± 2.8 
9.0 ± 0.9 
4.2 ± 1.2 

11.4 ± 2.0 
-2.2 ± 1.9 

7.2 ± 1.6 
5.0 ± 2.3 
8.4 ± 2.1 

ae (i, j) = [ (iTiljTi)coRR/(iTiljTi)N-1] X 1 04
; N = normal; CORR = measured ratio (M) corrected to 

a standard state for an effective fractionation o. from (46-J'i148Ti)M/(46-J'i148Ti)N = (1 +o.)2
. Errors 

are 2<Tm. 
bMean from NPW ( 1980b). 
cNew dissolution. 
dRepeat analysis. 
enescribed by Gray et al. (1973). 

Gray, Papanastassiou, and Wasserburg, 1973. Icarus 20, 213. 
Lee, Papanastassiou and Wasserburg, 1977. Ap. J. Lett. 211, L107. 
Niederer, Papanastassiou, and Wasserburg, 1980a. LPS XI, 809. 
Niederer, Papanastassiou, and Wasserburg, 1980b. Ap. J. Lett., in press. 
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