
3. Carbonates

Olivine hosted carbonate: 

❖ 0.8 vol.% of the thin section 

❖ Found in notches of saw-tooth fractures within an ordered 

assemblage clearly showing precipitation sequence (Fig. 1a)

❖ Av. composition: Mg0Cc28Sd49.5Rh22.5 and metastable (Fig. 2)

❖ Partially dissolved by adjacent ferric-saponite

Mesostasis hosted carbonate:

❖ 3.2 vol.% of the thin section 

❖ Found in interstitial areas within an irregular assemblage of 

siderite and a radial phyllosilicate precipitate (Fig 1b)

❖ Av. composition: Mg0Cc29.2Sd70.3Rh0.5 and metastable (Fig. 2)

❖ Partially dissolved by adjacent ferric-serpentine (Fig. 1c)
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2. Methods. 

The Lafayette section analysed, USNM 7849, is on loan

from the Smithsonian Institution. It was analysed via

Scanning Electron Microscopy (SEM) using a Phillips

ESEM XL-30, Transmission Electron Microscopy (TEM)

using a JEOL JEM-2100+ at the University of Nottingham

and X-ray Absorption Spectroscopy (XAS) using the I-18

beamline at Diamond light source, UK.

5. Discussion

Mineralogical, textural and X-ray analyses of Lafayette alteration

assemblages reveal two distinct carbonate components. Both sets of

carbonate contain no Mg component, suggesting they are much more

likely to have formed via precipitation from a fluid as opposed to direct

carbonation of silicates. Visible textures and XANES analyses show

evidence for partial dissolution by a ferric fluid. Their metastable

compositions suggest that they cooled quickly, likewise the central gel

feature seen in the olivine assemblage also cooled quickly, as shown by

its amorphous nature.

Furthermore, the thin section studied for this research contains the

largest abundance of nakhlite carbonates yet identified. This large

carbonate content of 4 vol.%, could be taken as an upper limit for

average martian crustal abundances, with an equivalent trapped pCO2 of

2200 mbar. Previous estimates of ~200 mbar pCO2 equivalent were

derive from earlier nakhlite studies [7]. This in turn is consistent with

thick ancient atmosphere models for Mars.
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◄ Figure 2 – Carbonate ternary showing

the compositions of carbonates within

Lafayette. Also shows compositional fields

of carbonates within ALH84001, Nakhla

and Governador Valadares [5]. Calculated

stability fields for carbonates formed at

400 °C (dash-dot), 550 °C (dashed) and

700 °C (dotted) are also shown [6].

4. XANES and TEM

Lattice spacing’s of 1.0 nm (Fig. 1a) and 0.7 nm, identified from

TEM analysis, indicate a hydrated saponite is present in the olivine

assemblage whereas a serpentine mineral is seen within the

mesostasis, supporting work [2, 3].

X-ray Absorption Near Edge Structure (XANES) analysis (Fig. 3)

reveals the ferric nature of both phyllosilicates and carbonates

compared to ferrous igneous olivine.

▲ Figure 1 – A) BSE image of olivine

assemblage showing siderite, ferric-

saponite, trace iron oxide and amorphous

gel. Inset shows HRTEM image of

saponite lattice spacing's. B) Irregular

mesostasis assemblage consisting of

siderite and a crystalline radial serpentine.

C) Mesostasis carbonate showing its

dissolution from adjacent serpentine.

◄ Figure 3 – Fe-K XAS

measurements were taken on

the sample in order to gather

information about the oxidation

state of the Fe content.

XANES features show the

ferric nature of secondary

phases in Lafayette.

1. Introduction

Lafayette is a member of the nakhlites, the group of

martian meteorites which show the most evidence of

hydrous alteration [1]. Lafayette hosts the most

evolved alteration assemblage of the nakhlites,

consisting of siderite, ferric-phyllosilicates, silicate gel

and trace iron oxides (Fig. 1). Previous work [2, 3, 4]

developed a model which proposes a hydrothermal

fluid, created from the melting of CO2-rich ice during

an impact-induced event, percolates upwards

through the nakhlite igneous mass. Studying

carbonates informs us about the history of the

parent fluid, including its composition, pH,

formation temperature and thus potential for

habitability [4]. Mars2020 will target a carbonate-

rich region on Mars, therefore meteorites such as

Lafayette provide a unique analogue.

Three carbonate-rich sites were selected to continue as Mars2020 landing

site candidates in 2017…
Jezero Crater is a Noachian paleolake with similar mineralogy to the
nakhlites. Olivine-rich rocks were possibly excavated by the Isidis
impact [8] and subsequently hydrothermally altered to produce Fe-
rich smectite (nontronite or saponite) and Fe/Mg carbonates [9].
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❖ NE Syrtis
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