
Meteoritics & Planetary Science, Vol. 33, No.4, Supplement, 1998 A159 

0.7 

0.65 
Ill 0.6 
~ 
~ 0.55 0:::... 
Ill 0.5 ~ 
~ 0.45 

0.4 

0.35 

1500 

0 20 40 60 80 
'"Xe cumulative yield, % 

124 126 128 130 132 134 136 
Mass 

100 

Fig. 1. (a) Decreasing of the ratios at high temperatures is due to 
contribution of blank atmospheric Xe. (b) Delta plots relative to BEOC-
12 and scaled to 1)136Xe in the same fashion as [3]. For each sample the 
weighted average of several of the most representative steps were used. 

The new results (Fig. 1 a) confirm the systematic and significant dif
ferences in 136Xeii32Xe and 134Xefl32Xe ratios between the samples that 
we observed previously [ 1]. 

We have argued [1] that these variations in Xe-isotopic composition 
are caused by different mixing ratios of Xe-HL and P3. Our new data add 
more details (Fig. 1 b). In particular there is some evidence of a small but 
distinguishable difference in the ratio of Xe-H to Xe-L for ED-4 (as re
vealed by comparing 1)124Xe and 1)136Xe). ED-4 represents 6% of the total 
diamond separate, so this variation would not be apparent in bulk dia
mond analyses. We note an even bigger effect in ED-4 observable as an 
apparent depletion in 126Xe (Fig. lb). (We are currently attempting to 
confirm this depletion, which is present in several separate analyses.) 
Furthermore, ED-9 (the largest grain-size fraction) exhibits a slight but 
significant difference in its 134Xefl36Xe ratio compared to ED-2 and ED-4. 

The persistent inseparability of Xe-H from Xe-L has been a puzzling 
issue since the discovery of Xe-HL. It has been attributed to efficient 
mixing of diamonds in the solar nebula [4]. while the effect of averaging 
during analysis may also be important since a few billion grains are nec
essary for Xe-isotopic measurements; diamonds appear to be destroyed 
at nearly the same temperature during stepwise analysis independent of 
grain size and other properties [5]. However, individual supernovae might 
be expected to produce distinctive grain size distributions and somewhat 
different isotopic signatures. It seems highly unlikely that mixing pro
cesses in individual supernovae would always produce the same Xe-iso
topic composition. Rather, we might expect different supernovae to show 
characteristic Xe-HL patterns. The diamond samples analyzed here have 
been physically separated into grain-size fractions that exhibit different 
isotopic signatures (including those for C [1]), so the search for varia
tions in the Xe-H/Xe-L ratio becomes a critical test for astrophysical theo
ries on the origin of Xe-HL [e.g., 6]. Our preliminary results suggest that 
different supernovae appear to have different Xe-H/Xe-L ratios. We also 
speculate that the difference in 134Xefl36Xe between grain-size fractions 
may suggest some variations in the neutron fluence in the zone where Xe
H was formed in different supernovae [6]. 

References: [I] Verchovsky A. B. eta!. (1998) LPS XXIX. [2] Gil-

mour J.D. eta!. (1994) Rev. Sci. Instrum., 65, 617-625. [3] Nichols R. 
H. Jr. eta!. (1991) GCA, 55, 2921-2936. [4] Howard W. M. eta!. (1992) 
Meteoritics, 27,404-412. [5] Huss G. R. and Lewis R. S. (1994) Meteor
itics, 29, 791-829. [6] Clayton D. D. (1989) Astrophys. J., 340, 613-
619. 

OXYGEN-ISOTOPIC COMPOSITION AND HIGH-RESOLUTION 
SECONDARY ION MASS SPECTROMETRY IMAGING OF MAR
TIAN CARBONATE IN LAFAYETTE METEORITE E. P. Vicenzi 1 
and J. Eiler2, !Princeton University, Princeton Materials Institute, 70 
Prospect Avenue, Princeton NJ 08540-5211, USA (vicenzi@princeton. 
edu), 2Mail Code 170-25, Department of Geological and Planetary Scien
ces, California Institute of Technology, 1200 East California Boulevard, 
Pasadena CA 91125, USA (eiler@gps.caltech.edu). 

Introduction: Carbonate from SNC meteorites gives insight into a 
variety of processes on and/or beneath the surface of Mars. In Lafayette, 
carbonate occurs in unusually intimate association with hydrous phases 
when compared with other carbonate-bearing SNCs [1]. We have mea
sured the 180fl60 ratio of carbonate in the alteration veins of Lafayette 
using the magnetic sector ion microprobe. In addition, we obtained iso
tope images of major- and minor-element cations in veinlets with the 
focused ion beam (FIB) quadrupole SIMS. The spot size of the FIB probe 
used in this study ( -0.03 J.lm) provides an opportunity for high spatial 
resolution chemical imaging, which is ideal for examining features in the 
fine-grained alteration assemblage. 

Oxygen-isotopic Chemistry: While data presented here are the first 
reported in situ 0-isotopic analyses of Lafayette carbonate, several stud
ies have been performed on released C02 by a variety of bulk techniques, 
including combustion, vacuum pyrolysis, and acid etching [2-4]. 

Summary of previous bulk C02 measurements. The spread in values 
of l)lBOsMow for released C02 is reasonably large and ranges from 22-
33%o (high to low T pyrolysis, respectively [2]), with a single measure
ment of 1 0.5%o (144 hr etch [ 4]) that falls below this range. The latter 
measurement clearly includes a terrestrial component indicated by its C
isotopic composition [4]. Both pyrolysis studies [2,3] emphasize the pos
sibility of equilibration with 0 from silicates and released water during 
extraction. Despite this uncertainty the authors concluded that 0 from 
released C02 is sufficiently heavy relative to the whole rock that it repre
sents a phase out of equilibrium with magmatic silicates. They further 
conclude that this observation is consistent with carbonate deposition at 
low temperature. 

Ion microprobe results. Carbonates within four olivine-hosted vein
lets (each from a different host crystal) were measured for their 0-isoto
pic composition with a Cameca 4f ion microprobe. The major-element 
composition of the carbonate differs little among the veinlets and typi
cally has a composition (Fe65Mn8Ca27Mg0_2)C03. Corrections for the 
major-element composition of Lafayette carbonate relative to isotopic 
standards are identical to the methods used by Eiler et a!. [5]. 

The l)lBOsMow values from the four veinlets are as follows: 30.8 ± 
0.9%o, 30.7 ± l.l%o, 34.8 ± 0.8%o, and 36.2 ± 0.8%o (uncertainties ex
pressed as I cr internal). Regions of siderite in Lafayette are never greater 
than 25 J.lm in width. Postmortem scanning electron images of the -20-
J.Im sputter pits were collected. These images revealed a minor volume of 
silicate incorporated into the two analyses that yielded results of -30%o, 
while the vein lets with values of 1)180 of 35-36%o appear to be pure car
bonate (Fig. Ia and 1 b respectively). These compositions are among the 
heaviest 0 reported for martian carbonate and are indistinguishable, 
within analytical uncertainty, from the results of Saxton et a!. [6] for 
siderite from Nakhla. The high 1)180 of Lafayette carbonate and the strik
ing similarity of the isotopic composition to Nakhla siderite suggest a 
common origin, perhaps by precipitation from a low-temperature aque
ous fluid as is required by closely associated iddingsite in Lafayette. 
Without knowledge of the isotopic composition of martian crustal fluids 
we cannot use our results to quantify the temperature of carbonate forma
tion, but based on previous estimates of plausible compositions for such 
fluids, our results are consistent with the low temperatures ( <70°C) esti
mated for alteration fluids from previous studies of Lafayette [7,8]. 
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Fig. 1. (a) Backscattered electron (BSE) image of an olivine-hosted 
alteration veinlets. Termination of the veinlet at the pyroxene grain 
boundary indicates that alteration is essentially restricted to olivine. 
Darker material within the veinlet represents fine-grained phyllosilicate. 
The 180fl60 measurement site is indicated by an arrow. (b) BSE image of 
rare veinlet filled nearly completely by carbonate. (c) Ion-induced second
ary electron (SE) image. Because of differential sputtering of alteration 
minerals, the SE signal carries compositional information at greater 
resolution than high-energy BSEs. Grayscale banding parallel to the 
veinlet walls is evident in the plane of the section as well as along the 
vertical wall produced by ion milling. The white bracket encloses layers 
of smectite (dark gray oriented crystals perpendicular to vein walls), 
transition-metal oxides (light gray), and fine-grained phyllosilicate 
(darkest grey, veinlet center). (d) and (e) 55Mn and 40Ca ion images of 
alteration veinlet [view is rotated and tilted relative to that shown in (c)]. 
Fine-scale 55Mn banding is evident along the centralmost portion of 
vein let. Minor substitution of Cain Fe-Mn oxides is shown in 40Ca image 
and provides a high-contrast display of the carbonate along the margins 
of the vein let. 

Secondary Ion Imaging: The focused ion beam (FIB) is a relatively 
new analytical tool and to date has been best exploited by those in the 
semiconductor industry. We used a FIB200 manufactured by FE! Corp. 

that employs a liquid Ga ion source accelerated to 30kV. Secondary ions 
were collected in (+)mode with a quadrupole mass spectrometer. A probe 
current of -5 pA was selected to obtain high-resolution ion images for 
isotopes of Na, Mg, AI, Si, K, Ca, Mn, and Fe of the carbonate-hydrous 
silicate-transition metal oxide alteration assemblage (Fig. lc-le). Arrays 
of 256 x 256 pixels were collected for two sets of ion images with a field 
of view of 24 and 8 IJm. The resolution and signal/noise ratio of these ion 
images exceed that for any other "bulk" microanalytical techniques, re
vealing detail in the iddingsite assemblage previously obtainable only by 
transmission electron microscopy. Potassium-39 images reveal intricate 
banding parallel to the veinlet walls in the central region of the veinlet 
that is filled with fine-grained phyllosilicate. The presense of multiple K
bearing phases in iddingsite may explain the wide range of formation 
ages determined by radiogenic isotope methods [9). Futhermore, 23Na 
images indicate a surprizingly high ion yield from regions that appear to 
be pure siderite. The source of the Na is possibly from a nanometer-scale 
intergrowth of alkali-halogen salts noted in a previous studies of Nakhlite 
alteration [7,10]; this provides further evidence for the saline nature of 
the Lafayette alteration fluid. 
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On February 15, 1997, at -15:23:35 UT (during the hour before mid
night local time) a fireball occurred over Shandong Province, China, with 
an extended terminal burst probably exceeding magnitude -20 near 
35.5°N, 115.6°E. The fireball was observed in the infrared by detectors 
located in Earth orbit [e.g., 1]. Numerous H5 chondrite meteorites fell 
spectacularly at Juancheng in a strewnfield -10.5 x 4.3 km oriented 
roughly east-west [2). The Juancheng meteoroid was thoroughly frag
mented, yielding >1000 individuals massing more than 100 kg in total 
(but with the largest recovered individual of only 2.6 kg). Counting of 
radiogenic cosmogenic nuclides in eight individuals of 0.13-0.25 kg 
yields initial results as follows: 60Co (t 112 = 5.3 yr), 9.7-139.3 dprnlkg; 
22Na (t 112 = 2.6 yr), 89.2-121.6 dprnlkg; and 26AJ (t 112 = 704 k.y.), 52.5-
67.7 dpm/kg. The largest 6°Co activity requires minimum and maximum 
radii of -0.45 and 1.5 m (-1000-50,000 kg) respectively [3,4]. Greater 
60Co activities in chondrites have been reported only from the Allende 
and Jilin meteorites. The 26AJ and 22Na activities are less sensitive to 
minimum size, but, as these activities are nearly constant though much of 


