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Introduction:  We undertook a study of hydro-

gen isotope zoning in hydrous apatite of Martian

meteorites Los Angeles, Shergotty and ALH84001 in

order to understand 1) how the SNC’s obtained their

variable hydrogen isotope signatures [1-6], and 2)

can we discern any alteration effects of apatite in

SNC’s that may have led to resetting of radiogenic

isotope systems [7].

Methods:  We studied apatite in these three me-

teorites by a combination of optical microscopy,

FEG-SEM/BSE/EDS (SI/Yale), WDS-EPMA (Yale),

and FEG-CL (cathodoluminesence) (SI).  We then

undertook hydrogen isotope imaging using the Ho-

kudai Cosmochemistry Cameca ims 1270 w/ SCAPS

[8].  We also undertook ion probe spot analyses of

hydrogen isotopes.

Results:  We obtained several surprising results:

1) the highest !D values reported for a Martian mete-

orite, 2) the highest !D values measured in

ALH84001, 3) a correlation between apparent igne-

ous F/Cl zoning and !D, and 4) no correlation of !D

with H2O wt. % in the apatites analyzed in this study.

Shergotty.  Two apatite grains were analyzed for

!D in separate analytical sessions in Shergotty.  The

values (!D = +4606 ± 50‰ and +4590 ± 61‰; 2")

are higher than telescopic measurements of the Mar-

tian atmosphere (+4200 ± 200‰; [9]).  We found that

microfractures in the apatite grains represent a seri-

ous experimental problem, in that they are enriched

in hydrogen of likely terrestrial origin.  Using the 2-D

ion imaging capability of a new SCAPS detector, we

were able to image hydrogen and deuterium isotope

distributions and thus avoid the hydrogen-rich micro-

cracks (Fig. 1).  In Shergotty, the high density of mi-

cro-cracks led to us not conducting a spot analysis in

the area shown in Fig. 1.

ALH84001.  One chlorapatite grain was analyzed

for hydrogen isotopes.  The !D measured (dD =

+2998 ± 136‰) is >900‰ higher than previous val-

ues for feldspathic glass in this meteorite [5], and

>2200‰ higher than previous measurements of this

same apatite grain [6].

Los Angeles.  Three apatite grains were analyzed

in Los Angeles.  One large composite grain (750-11)

was analyzed twice via SCAPS.  This grain showed

zoning from F-rich cores to Cl-rich rims.  Two ion

probe spot analyses within the SCAPS analyzed areas

of this grain were similar (!D = +3468 ± 51‰;

+3475 ± 65‰; 2").  The SCAPS analyses did not

indicate any hydrogen isotope heterogeneity, though

one SCAPS analysis covered the entire extent of

zoning from fluor-apatite core to chlorapatite rim.

In another sample of Los Angeles, two grains

next to each other in thin-section were analyzed.

Contrary to the large apatite grain with no hydrogen

isotope heterogeneity (750-11), one apatite grain

(748-4) showed hydrogen isotope zoning that appears

to follow the core-to-rim zoning of fluor-apatite core

to chlorapatite rim (Figs. 2, 3, 4).  The zoning of the

grain in !D is ~500‰.  An ion probe spot analysis in

the fluorapatite core of this grain (!D = +4120 ±

71‰) was similar to an apatite grain in petrographic

association (748-3: !D = +4122 ± 52‰; +3947 ±

67‰).

Discussion: Several important implications for

the history of water on Mars and the petrogenesis of

the SNC’s arise from the present study.

Petrogenesis of SNC’s.  The zoning of fluor-

apatite cores to chlorapatite rims and its similarity to

the hydrogen isotope imaging in the same grain (Figs.

2, 3, 4) suggests that apatite records a history of

changing magmatic conditions, as the F/Cl zoning

appears to be an igneous signature, and not a later

alteration signature of high-temperature fluids [1] or

low-temperature fluids [7].  This suggests that the Cl

and !D content of the magma were changing as the

apatites crystallized.  The apatites are generally late-

stage crystallization features, associated with other

late-stage crystallization products in these meteorites

[10, 11].  We propose that late-stage assimilation of a

Cl-rich and D-rich component occurred as the mag-

mas were emplaced near the Martian surface.  This

model also has implications for the water budget of

the Martian mantle, which has been estimated from

chlorine contents of SNC’s [12].

Implications for Martian water.  The Martian !D

was ~ +4600‰ at 185 Ma (from Shergotty).  It is

unlikely that the D/H would be evolving to lower

values in the present epoch, thus we conclude that the

present Martian atmospheric D/H is similar to the

value we measure in Shergotty.  We see no correla-

tion of !D and H2O wt.% in the apatites we analyzed

suggesting that this correlation cannot be used to es-

timate the Martian mantle D/H [3].  Instead, we find
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that the apatites are likely recording the D/H of a

crustal assimilant in isotopic equilibrium with Mar-

tian atmospheric water, and the apatites can be used

to discern the evolution of D/H of atmospheric water.

Our analyses of chlorapatite in ALH84001 suggest

that the Martian atmospheric D/H was ~+3000 either

4.5 or 3.9 Ga depending on whether the chlorapatite

is recording the D/H during igneous crystallization or

a resetting of D/H during the shock event(s) at 3.9

Ga.  We conclude that the majority of Martian water

was lost during early hydrodynamic escape, and that

atmospheric !D has only increased by ~1500‰ in the

last 4 Ga, probably by Jeans escape.
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Figures. (1) 
1
H image of shergotty apatite and K-,Si-rich glass (apatite is top grain). (2) CL image of 748-4

showing high CL (F-rich) core. Also shown are the SCAPS spot (ellipse). (3) !D image of 748-4 w/ arrow pointing

to lower !D core. (4) SE image of 748-4 apatite. Scale bar is 20 !m. Ap= apatite; Hd=hedenbergite; Pbm: pyroxfer-

roite breakdown material.

Lunar and Planetary Science XXXVIII (2007) 2134.pdf


