CHRONOMETRY USING DIFFUSION IN PRESOLAR SILICATE & OXIDE GRAINS
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Presolar silicate and oxide grains were
identified using established NanoSIMS
imaging protocols [2]. Subsequently the
Auger Nanoprobe was used to characterize
the presolar silicate grains [2]. We did
diffusion modeling of three presolar grains,
A5a-18o1, A4b-7o1 and A3c_6o1 from
Adelaide.

Nova grains?

Silicates in Adelaide [2]
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Figure 1: Oxygen isotope compositions of presolar silicate and oxide grains from literature [6] in grey with the grains investigated here
in red.
Figure 2: Secondary electron images (top row) and Fe elemental maps (bottom row) of the three presolar grains. The Fe intensity was
acquired along the arrow. Grain A5a_18o1 is a silicate with a (Fe+Mg)/Si ratio of 3.1±0.4, a cation/O ratio of 1.3±0.1, and Mg# of 34.
Grain A4b_7o1 is a Fe- and Al-bearing oxide grain with a cation/O ratio of 0.76±0.1, indicating that it shows a spinel-like composition.
Grain A3c_6o1 is a ferromagnesian silicate grain with a (Fe+Mg)/Si ratio of 2.4±0.3, a cation/O ratio of 0.97±0.07 and a Mg# of 48.
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Diffusion Modeling
The Fe concentration profiles derived from
elemental maps were modeled using an
analytical solution to the diffusion equation
with a Monte Carlo approach, to find the
temperature and time interval that produce
the ‘best’ solution between the modeled and
measured Fe concentration profile.
(Di & D0 are the diffusivity of Fe, E is the activation
energy = 377kJ/mole, R is the gas constant, T is the
temperature, C, C0 & C1 are concentrations with C0
and C1 being on either side of the interface, t is the
time-scale for diffusion, x is the midpoint of the
concentration gradient)
Constraints: Temperature range 0600°C; Time-scale
010Ma; Diffusivity D0 1.66×10-4 (orthopyroxene)

Iron diffusing into the presolar grains from the
surrounding matrix necessitates that mm- to cmsized clumps of material accreted with the
presolar grains rapidly in the early solar nebula.
The Fe-rich nature of the clumps possibly
indicate non-local thermodynamic equilibrium in
the solar nebula.
Scenario

Dust grains in the solar nebula grew from
micrometer to millimeter size through surface
sticking in a few 10100 years at 1 AU [e.g., 8, 9].

Millimeter-sized clumps of dust rich in
presolar grains formed contemporaneously with
the Calcium Aluminum Inclusions (CAIs).

These warm Fe-rich clumps lasted for atleast
~220 kyrs, when the thermal annealing occurred
(Figure 4), and were then transported to the
asteroid forming regions.

This large-scale movement of the clumps could
have been caused by the formation and migration
of the giant planets.

Oxides and Silicates
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Figure 2
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We investigated the time-scales during
which thermal annealing occurred. The
results will provide insights into the
conditions that existed during the
molecular cloud collapse in the early solar
nebula.



Discussion

The three presolar grains studied in Adelaide are Group 1 grains (Figure 1) and most likely formed in the
circumstellar disks of low-mass Red Giant stars.
Elemental data using the Auger Nanoprobe show that grains A5a_18o1 and A3c_601 are ferromagnesian silicates,
while A4b_7o1 exhibits a spinel-like composition. All three grains exhibit Fe-rich rims (Figure 2).
Diffusion modeling show that the thermal annealing observed in Adelaide occurred at temperatures of ~550570°C
in ~87-214kyr (Table 1) time-scales, during the collapse of the protosolar nebula.

O/16O

Presolar silicate and oxide grains in
Adelaide exhibit enhanced Fe contents, and
Fe-rich rims [2]. These features provide
evidence towards thermal annealing of the
meteorite’s fine-grained matrix, most likely
in the protosolar nebula [5].
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Knowledge of the chemical compositions
and abundances of presolar silicate grains
have revealed complex conditions in
circumstellar environments and in the early
solar system [e.g., 1, 2, 3, 4].

Abstract #1524

The temperatures experienced by Adelaide’s
organic matter are suggested to be <240 ⁰C [10].
The measured profiles on the presolar silicates
could not be reproduced by models at lower
temperatures (e.g., Figure 3) or resulted in
unreasonably long time-scales. This implies that
the thermal event that heated portions of the
Adelaide matrix is not the same as that
experienced by the organic materials in this
meteorite, which were most likely accreted at a
later time.
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Table 1: Time-scales and temperature using diffusion modeling
Grain Name
A5a_18o1
A4b_7o1
A3c_6o1

Time-scales (years)
214,000
86,670
100,000

Temperature (⁰C)
566
564
557

Thermal annealing of presolar grains

Figure 3: Measured profile for grain A5a_18o1 and modeled profiles at 250 °C and 566 °C is shown on the left. The time vs
temperature plot on the right provides data from the Monte Carlo simulation at 566 °C. The dark blue color indicates the regions for the
“best” fit to the measured profile.
Figure 4: Chronology of the early Solar System events showing that thermal annealing in Adelaide matrix occurred during CAI
condensation and melting. Figure adapted from [7].
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