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Introduction:  Secondary minerals within Martian 

meteorites have been the subject of intense scrutiny in 
order to expand our knowledge of surface and near 
surface processes on Mars. The coarse grained or-
thopyroxene cumulate meteorite ALH84001 is of par-
ticular importance for these studies, due to its ancient 
age (around 4.5Ga) and the complex mineralogical and 
chemical zoning of its approximately 1 vol% secon-
dary carbonate mineral assemblage. To understand 
how the Martian atmosphere and environment evolved, 
it is necessary to determine the formation conditions 
and relationships between the secondary minerals in 
ALH84001. This information can be used to constrain 
the nature of the source fluids, the extent of elemental 
and isotopic exchange between phases and the extent 
of subsequent weathering.  Ultimately, one can then 
make inferences regarding the evolution of martian 
volatiles in the near surface environment and test mod-
els of an early wet/warm Mars compared to an epi-
sodically wet Mars.  In particular the chemically and 
mineralogically zoned carbonates, previously de-
scribed by numerous authors [1-8], within ALH84001 
have revealed a complex history of low temperature 
precipitation and possible high temperature alteration 
of the carbonate mineral assemblages.  

Description: This work expands on a recent paper 
by Holland et al, [9] detailing negative δ18O values in 
Allan Hills 84001 carbonates and aims to study in de-
tail the petrographic relationships and chemical com-
position of a previously undescribed generation of 
carbonate relative to the zoned carbonates. The car-
bonate appeared to be a new, later stage, high calcium 
carbonate cement that surrounds Mg rich carbonates 
and rosette fragments. It also seems to be intimately 
intergrown with silicate minerals and is referred to as 
high Ca later stage stage cement carbonate. 

Method. This work will use data that has already 
been collected during the above mentioned study [9] 
which includes quantitative analysis by scanning elec-
tron microscope (JEOL JSM 6400 Analytical SEM) in 
secondary electron mode at the University of Man-
chester and chemical analyses by Cameca SX100 elec-
tron microprobe. However, in addition we will also 
obtain elemental abundance data from Time of Flight 
Secondary Ionisation Mass Spectrometry [10].  In ad-
dition to 2 of the samples used in [9] a new sample has 
already been prepared in a similar manner and another 

is currently being prepared. The following is a brief 
description based upon the data already collected. 

Results:  
Composition and textural description. The later 

stage carbonate has a much higher calcium content (up 
to ~80 molar%), than any previously described Ca rich 
carbonates (with one exception [8]) either within the 
rosette cores or within the massive ankeritic domains 
described previously [7]. Texturally the high Ca car-
bonate appears similar to ankeritic domains [7] in that 
these areas are typically larger than the rosettes 
(~200µm2), intergrown and closely associated with 
silicate minerals and do not show any of the magne-
site-siderite banding common to the rosettes. Two of 
the carbonate samples also contain grains of feld-
spathic glass and in the sample shown in figure 1 the 
high Ca later stage cement carbonate area to the left 
can be seen enclosing rosette fragments. Both types of 
carbonate appear to show a sharp contact with the py-
roxene grain.  

 

 
Figure 1. Back scattered electron (BSE) image of 

sample ALH84001,287d showing high calcium late 
stage carbonate surrounding fragments of rosette and 
Mg rich carbonates. The high Ca later stage carbonate 
is the area shown within the white box and the white 
mineral is chromite. 

 
Fig. 2 shows the Ca and Si maps obtained by elec-

tron microprobe of the same area as Fig. 1 for com-
parison.  
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Figure 2 (a) Electron microprobe Ca element map 

of sample ALH84001,287d showing relationship of 
rosette fragment, pyroxene grain and high Ca later 
stage cement carbonate. (b)  Electron microprobe Si 
element map of same sample showing a sharp contact 
of both carbonates with the large pyroxene grain above 
and to the right and also interspersed silicate grains 
surrounded by carbonate. 

 
However, in contrast to the similarities described 

above between the ankeritic domains [7], the high Ca 
content of the interstitial carbonates [8] and this car-
bonate [9] there are also compositional and isotopic 
differences which would indicate that they are not the 
same generation of carbonates.  

Chemical data. This high Ca carbonate clearly 
shows a chemical zonation on a micron scale from ~80 
mol% Ca [9] to a value more typical of rosette cores 

(~15 mol%) [6], but this is not seen in the ankeritic 
carbonates [7] or within the interstitial carbonates [8].    

Oxygen isotope data. Holland et al [9] report a 
value for δ18OV-SMOW of 0 and -10‰ for the high cal-
cium areas whereas Eiler et al [7] report an average of 
5.5‰ for ankeritic carbonates, the latter being more in 
accordance with the expected isotopic composition of 
carbonate formation in isotopic equilibrium with sili-
cates. Holland et al [9] argued that open system mod-
els can not explain this low range of values and, there-
fore, suggested that martian atmospheric water precipi-
tation and influx could produce the range of  δ18O val-
ues that are seen in this carbonate. The implication of 
this is that the existence of liquid water in the sub-
surface may not be restricted to the Noachian period 
when the rosettes were formed but may also have been 
present periodically due to possible hydrothermal ac-
tivity or volcanic outgassing [9]. 

We hope to be able to fully establish the textural 
and compositionnal relationship by examining data 
from the new samples and from TOFSIMS and thus 
integrate all the varieties of carbonate into a plausible 
sequence, particularly with reference to the timing of 
Ca-rich carbonate formation. Understanding its tex-
tural relationship within the carbonate assemblage will 
help to provide a clearer understanding of the complex 
fluid processes that have produced these secondary 
minerals minerals and also help to constrain the period 
in martian history during which these unique, δ18O 
depleted carbonates formed.  
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