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Introduction: Previous studies have shown that
carbonate globules contained within carbonate
cemented breccia associated with the Sverrefjell
volcano are similar to those found in the ALH84001
meteorite (1). Previous studies have also documented
the occurrence of populations of carbonate globules
within olivine rich mantle xenoliths from the same
area (1). We have applied a number of analytical
instruments to documenting the mineralogy and
morphology of these mantle xenolith samples in an
attempt to understand further the conditions of
formation of these structures and how they relate to
previous carbonate globules studied from this site and
the carbonate globules found in ALH84001.
We undertook analysis of several thin sections and
isolated chips of xenoliths gathered from the
Sverrefjell site during the 2003 and 2004 Arctic Mars
Analogue Svalbard Expedition (AMASE). Light
microscopy and confocal Raman imaging of globules
confined to inclusions or fracture surfaces of the
xenoliths was conducted using a confocal Raman
imaging system attached to a WITec alpha-SNOM.
The laser used was a 532 nm frequency-doubled
YAG laser.  The excitation energy was ~5 mW as
measured at the laser and prior to entry into the
microscope optics train.  Scan size was dependent on
area to be analysed but on average the resolution was
equal to a pixel size of 462 nm-square. Integration
time was 4 s/pixel, and the image was collected using
a Nikon 100x objective lens (6.3mm working
distance, 0.7 NA). Scanning Electron Microscopy
and Energy Dispersive X-ray Analysis (EDAX)
analysis was also carried out using a JEOL 6500
FEGSEM (Genesis EDX), on the same samples for
comparative chemical data (data not shown).
 Raman peak assignments (cm-1) are as follows;
olivine: 821 and 852, hematite: 221, 290, 401, 490,
605, 1305; CO2: 1282 and 1390 magnetite: major
A1g phonon peak at 663 and minor at 530; graphite;
D band is at ~1350 and the G band is at 1580 with a
poorly-described peak prominent in well-ordered
graphite at 2700.
Figures 1 and 2 show that the carbonate globules
themselves are zoned as previously reported (1),
moving from a calcitic through sideritic to magnesitic
composition. The high fluorescence seen in Figure

2E appears to correlate to regions of high Si content
(from EDX not shown). An interesting observation
from this data is the formation of hematite and
magnetite and the occurrence of carbon in
conjunction with magnetite. This is predicted from
studies on the stability fields of hematite, magnetite,
siderite, and graphite at 1 bar CO2 pressure over a
range of temperatures and oxygen fugacities (2).
Interestingly, the composition of the carbonate
globules seem to follow the trends alluded to during
research conducted on thermal decomposition of
siderite and production of magnetite and
polyaromatic hydrocarbons as a mechanism to
explain the presence of PAHs and magnetite in
ALH84001 (3,4). However in these samples no
secondary shock can have occurred to influence
formation of these compounds. Therefore we are left
with the possibility that the carbon and magnetite
formed during the precipitation of carbonate from a
CO2 rich hydrothermal fluid percolating the olivine
xenoliths. A supposition supported by Figure 2F,
which shows the coexistence of CO2 and carbonate
within a 10µm inclusion in the olivine matrix.
Carbon isotope data (not shown) of the carbonates
indicates a mantle origin (-6‰PDB).
It seems that there are another set of carbonate
globules that do not appear trapped or enclosed
within the olivine matrix in some fashion and inhabit
fracture surfaces open to the surroundings. Whilst
morphologically these globules resemble those found
in Figure 1 and 2 they do not contain hematite,
magnetite and carbon. Whether the composition of
the fluid, or local conditions have influenced the
formation of this second type of globule is unclear at
this time.
In an attempt to understand further the processes of
formation of the non carbonate carbon material found
in these globules we are undertaking FTIR and Time
of Flight SIMS. McCollom (2003) has demonstrated
that PAHs and aliphatic hydrocarbons can be
generated through thermal decomposition of siderite.
We are testing the hypothesis that they also may be
formed during the precipitation of carbonates
(including siderite) from mantle fluids. Initial results
for these observations will be presented. Also we are
seeking to understand the magnetite phases within the
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globules and use TEM to study the size and
distribution of magnetite crystals within these
samples. We feel that upon reviewing this data we
will have a better understanding both of the carbonate
formation from mantle fluids on earth and possibly
by application of the same techniques to ALH84001,
Mars as well.
Conclusions: High resolution raman imaging
combined with SEM, EDX is a powerful technique to
study abiotic reactions in-situ and is leading to new
understandings of the formation of the carbonate
rosettes in both terrestrial and Martian samples. The
combination of these techniques with ToFSIMS will
allow elucidation of any abiotic organic synthesis in
these samples as shown in other studies.
Figure 1 A) Shows a group of three globules
clustered within a crack within a single olivine
crystal (scale bar 50 µM). B) Shows a raman
mapping of the area of interest shown by a rectangle
in Fig 1A. In this map Red is carbon, Green –
Hematite, Blue – Magnetite. The images are overlaid
onto a confocal light microscopy image of the
globule itself. See text for raman peak assignments.

Figure 2. Raman mapping of the centre of a single
globule shown in Figure 1A (Scale bar - 10µm). A)
Hematite B) Magnetite C) Carbon D) Carbonate E)
Fluorescence F) Raman mapping of a single inclusion
(10µm diameter) within an olivine grain, yellow –
carbonate, green – olivine Blue - CO2.
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