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Abstract

The present study characterizes the mineralogy and
the  extent  of  space  weathering  of  three  particles
collected by the Hayabusa mission at the surface of
asteroid 25143 Itokawa.

1. Introduction & methods

Hayabusa-returned  samples  offer  a  unique
perspective to understand the link between asteroids
and cosmomaterials available in the laboratory,  and
to  provide  insights  on  the  early  stages  of  surface
space weathering.  In  this work we characterize the
mineralogy and the extent of space weathering of the
three Itokawa particles RA-QD02-0163, RA-QD02-
0174, and RB-QD02-0213 provided by JAXA to our
consortium. We report here a series of results based
on  non-destructive  analyses  through  visible  near-
infrared reflectance and Raman spectroscopy. Results
were  obtained  on  the  raw  particles,  both  in  their
original  containers  and  deposited  on  diamond
windows.

2. Results

Particle RA-QD02-0163 consists of a heterogeneous
mixture  of  minerals:  olivine  (Fo76)  dominates  an
assemblage  of  Ca-rich  (En50,  Wo50)  and  Ca-poor
(En85)  pyroxenes.  The  elemental  compositions  of
silicates are consistent with those previously reported
for  distinct  Hayabusa  particles.  Particles  RA-QD-
0174  and  RB-QD02-0213  are  solely  composed  of
olivine,  whose  chemical  composition  is  similar  to
that  observed  in  RA-QD02-0163.  It  has  been
previously  shown  that  the  S-type  asteroid  25143
Itokawa is a breccia of poorly equilibrated LL4 and
highly equilibrated LL5 and LL6 materials [1].

The three particles studied here can be related to the
least  metamorphosed  lithology (LL4)  based  on  the

high Fo content of the olivine. Neither carbonaceous
matter nor hydrated minerals were detected through
Raman on the three allocated particles.

Figure 1: Comparison of the reflectance spectra of
objects having experienced distinct extents of space

weathering: our three Hayabusa particles [2], the
laboratory spectrum of the Alta'ameem LL5

meteorite [3] and the ground-based spectra of
asteroids Itokawa [4].

The  NIR-VIS  reflectance  (incidence  =  45°,  light
collection at e=0°) spectra of the three particles, in
particular  the  1-μm  band,  are  consistent  with  the
presence of both olivine and pyroxene detected via
Raman. As shown in Figure 1, the spectra of particles
RA-QD02-0163 and  RB-QD02-0213 are  also  fully
compatible  with  the  ground-based  observations  of
asteroid  (25143)  Itokawa  in  terms  of  both  spectral
features and slope. By contrast, particle RA-QD02-
0174  has  a  similar  1-μm  band  depth  but  higher
(redder) spectral slope than the surface of Itokawa. 
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This  probably  reveals  a  variable  extent  of  space
weathering among the regolith particles. RA-QD02-
0174  may  contain  a  higher  amount  of  nanophase
metallic  iron  and  nanophase  FeS.  Such  phases  are
produced by space weathering induced by solar wind,
as previously detected on other Itokawa particles [5].

6. Summary and Conclusions

Identification  of  the  minerals,  characterization  of
their  elemental  compositions  and  measurements  of
their  relative  abundances  were  led  through  Raman
spectroscopy  in  punctual  and  automatic  mode.
Reflectance  spectra  in  the  visible  and  near-IR
wavelengths  constrain the mineralogy of the grains
and allow for direct comparison with the surface of
Itokawa.  The  spectra  reflect  the  extent  of  space
weathering experienced by the three particles.

To  go  further  in  the  characterization  of  space
weathering and to better constrain the link between
the  spectral  slope  of  reflectance  spectra  and  the
abundance  of  nanophase  metallic  iron,  additional
analytical  techniques,  such  as  STEM,  need  to  be
applied to image the Fe-rich nanoparticles.
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Coherent dust cloud observed by threeCassiniinstruments
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Abstract

We revisit the evidence for a "dust cloud" observed by
theCassinispacecraft at Saturn in 2006. The simulta-
neous data of 3 instruments are compared to interpret
the signatures of a coherent swarm of dust that could
have remained floating near the equatorial plane.

1. Introduction
Interplanetary dust clouds are local density enhance-
ments of particles of a specific mass type. Such clouds
might usually be relicts of a dissolved comet, debris of
an asteroidal collision, ejecta from planets or moons,
and a few may also go back to jet streams from active
bodies, or coronal mass ejections. In the vast range of
patterns, the characteristics of dust will vary on all di-
mensions: size, density, mass, lifetime, and more (see,
e.g., Grünet al. (2004)).

Kennedyet al. (2011) looked for a dust swarm in
the far-off field at Saturn (>100 Saturnian radii, RS)
usingSpitzerobservations. A large-scale cloud, that
could be attributed to an irregular satellite or other
cosmic origin, was not found definitely. More re-
cently, Khalisiet al. (2015) reported of one possible
dust cloud detected as a persistent feature in the im-
pact rates of the Cosmic Dust Analyser on theCassini
spacecraft. We revisit their data in a broader context
and complement it with new evidence. We synchro-
nised the data by the Cosmic Dust Analyser (CDA),
the Radio/Plasma Wave Detector (RPWS), and Mag-
netometer (MAG) to search for patterns that may give
evidence for a cloud of particles. Unfortunately, the
Plasma Spectrometer (CAPS) did not provide suffi-
cient output in the time slot considered.

2. Data Basis
The key parameters of the instruments on theCassini
spacecraft are stored in the MAPSview database. We
employed the following parameters for our study:

• CDA: impact rater′all of all the registered dust
events per 64 seconds, see [4];

• RPWS: qualitative radio signals in the frequency
bands of 1 Hz, 10 Hz, 100 Hz, 1 kHz, and 10 kHz;

• MAG: strength of the magnetic field |B| plus
its three spacial components in the kronocentric
solar-magnetospheric (KSM) coordinate system.

Most parameters are provided at 1-minute intervals of
time, except some very few cases when the instrument
was out of nominal operation.

The CDA data depend on the current instrument
pointing and reflect the density as well as other states
of the dust only partially. RPWS and MAG are not
reliant on the spacecraft attitude and have the advan-
tage of a continuous measurement of their respective
signals throughout the orbit. In particular, the com-
ponents of theB-vector give important clues to align-
ments of the magnetic field or circular currents.

3. The dust cloud of DOY 203/2006
The Cassinispacecraft just changed its sequence of
orbits from equatorial to inclined trajectories after a
targeted flyby at Titan (T16) on DOY 203.02. It set in
for four consecutive revolutions (#26–29, Fig. 1) out of
the equatorial plane to traverse almost the same spot in
the Saturnian space. The inclination to the ring plane
was about 15◦ for these revolutions (not seen in that
projection). The ring plane of Saturn was crossed at
DOY 203.11 in a distance of 20.126 RS . The green
segments mark the region of the supposed dust cloud.

Figure 2 shows the time-depended signals of the
three instrumental parameters in July 2006. The peak
in the dust rate at DOY 203.40 coincides with a de-
pression of |B| (black line), and, in particular, the
Bx-component (blue) changes its direction. The By-
component (orange) exhibits a decline from positive to
negative values and rising back again showing a clear
sign of rotation as a ring current was hit. At timeT =
203.50, the previousB-values were restored acting as
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Figure 1: Trajectory ofCassinifrom outer regions heading to
its perikronium. The region of the dust cloud is highlighted
green.

if separated by a bulkhead. Goertz (1983) reported of
similar plasma tubes from bothVoyagerflybys. He in-
terpreted that as “plasma blobs” breaking off the mag-
netospheric sheet.

The RPWS data support the thought of a “magnetic
bubble”, for it shows a remarkable tranquility in the
100 Hz and 1000 Hz band (third and fourth curve of
RPWS in the middle panel). A dozen "negative peaks"
appear in the 1 Hz band (top black curve). These peaks
can be considered as micron-sized dust grains impact-
ing on the spacecraft. Similar features in the 10-kHz-
band were discussed by Kurthet al. (2006). Moreover,
the CDA registered twice as much impacts on the in-
strument housing than on its sensitive areas, meaning
that many particles did not enter from the Kepler-RAM
direction. Time stamps of the most conspicuous fea-
tures are given in Table 1.

The same pattern repeated at the next two passages
when the spacecraft passed almost the same spot of
space. During the Revolution #27 (Fig. 3), the CDA
pointed to an unsuitable direction, but the countersink
of the magnetic field remained. — At the third re-
turn the signals resemble DOY 203 again (Fig. 4). In
spite of some changes among minor features, impor-
tant characteristics of the first passage can be identi-
fied. From the time stamps of entering and leaving,
the radial extent of that “cloud” or “blob” can be es-
timated to≈82,500 km or 1.36RS. Its z-location is
found 1 RS below the ring plane. — At the fourth
passage on DOY 266/2006 (not shown), the CDA data
displays even stronger deviations, and the allocation of

that cloud turns out uncertain.

Figure 2: Data comparison of three Cassini instruments at
Revolution #26 in July 2006.Uppermost panel:Dust im-
pact raterall (black line) and the sensitive area (yellow)
of the CDA exhibited to the Kepler-RAM.Middle panel:
Five frequencies of the radio and plasma data (RPWS).
Bottom panel: Magnetic field strength |B| (black) as well
as the 3 B-components in the frame of kronocentric-solar-
magnetospheric coordinates.

Figure 3: Data of CDA, RPWS, and MAG for Revolution
#27. The main feature of the supposed dust cloud resides
from T = 227.11 to 227.42.

The MAG-data suggests that the cloud has broad-
ened by 15,000 km from Revolution #26 through #28.
It could also have moved outwards from 18.5RS to
18.9RS, though this might be an effect of the space-
craft hitting the cloud at different parts. The slightly
different trajectory can also be the reason for the dis-
crepancies in the data at the second return (DOY 227).
The increase of size, however, is supported by the drop
of |B| by 2–5 nT. The magnetically “quiet” region in
front of the onset of the cloud (≈250.92–251.14) has



Figure 4: Panels same as in Figures 2 and 3 for Revolution
#28. The ring plane crossing happened on 250.89.

also diminished by 1 nT. The bulk of solid particles
(CDA) appears compressed and shifted further from
the deepest point of the magnetic field. This deviation
seems to grow.

There exist indications for two more clouds during
the Revolution #26: from T = 202.95 to 203.05 and
from T = 203.65 to 203.95. Both can be re-discovered
at the next but one flyby: in Revolution #28, they peak
around 250.80 and 251.50, respectively.

Table 1: Time stampsT of the dust cloud as seen by different
instruments.D = distance of the pattern peak from Saturn.
Brackets reflect very uncertain data.

Instr. T (enter) T (leave) D [RS]
Revolution 26

CDA 203.32 203.52 17.69
MAG 203.33 203.50 17.64
RPWS1Hz 203.36 (203.53)
RPWS100Hz 203.36 203.56 17.64
RPWS10kHz 203.31 203.56 17.71

Revolution 27
CDA (227.10) (227.39) (18.78)
MAG 227.11 227.42 18.93
RPWS1Hz (227.06) (227.28)
RPWS100Hz 227.09 227.39 18.70
RPWS10kHz (227.00) 227.31

Revolution 28
CDA 251.11 251.25 18.48
MAG 251.13 251.29 18.34
RPWS1Hz (251.13) (251.26)
RPWS100Hz — —
RPWS10kHz — —

4. Discussion
It is still not certain whether or not such coherent
swarms of dust can exist for long in the magnetosphere
of Saturn. From the theoretical point of view, small
dust particles are quickly ionised (UV-radiation, solar
wind) and carried away by the magnetic field. Vari-
ous other effects like shock waves, gravitational drags,
evaporation, and Kepler shear will also lead to a dis-
ruption of the cloud. It will preferably be the debris
larger than≈1 mm in size that may endure several
crossing times,r/v, wherer is the projected radial
distance andv the velocity dispersion of the particles.
Such larger particles are not recorded though. How-
ever, the most intriguing evidence for the supposed
clouds of small dust particles comes from the CDA.
Further detailed investigation is envisaged and more
cases like this one have to be found. Since the trajec-
tory of Cassinichanges too frequently, it will be chal-
lenging to trace a particular cloud for more than two or
three revolutions of the spacecraft. Within that period
of time, we expect the cloud to change its shape. More
evidence for the dust clouds is in preparation.
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Abstract 

We measured elemental compositions of five large 

anhydrous cluster interplanetary dust particles (IDPs) 

that show no evidence of significant thermal 

alteration during atmospheric entry and found their 

mean composition to be very similar to that of 

primitive CI meteorites. Our results indicate that the 

enrichment in moderately volatile elements and the 

depletion in S found in the ~10 µm anhydrous, 

chondritic porous (CP) IDPs, the matrix of these 

cluster IDPs, are not representative of the 

composition of their parent body. The inclusion of 

larger (>10 µm) volatile-poor silicates as well as 

sulfides in the large anhydrous cluster IDPs, which 

sample the CP IDP parent body at a larger size scale, 

suggests the large cluster IDPs are unbiased samples 

of the condensable material of the Solar Nebula. 

1. Introduction 

The ~10 µm chondritic porous interplanetary dust 

particles (CP IDPs), dust from asteroids and comets 

collected by NASA from the Earth’s stratosphere, are 

anhydrous aggregates of >10
4
 individual grains. On 

average these CP IDPs are enriched in many 

moderately volatile elements, including Mn, Cu, Zn, 

Ga, Ge, Se, and Br, generally by a factor of ~2 to 4 

over the CI meteorites, while another moderately 

volatile element, S, is depleted relative to CI [1, 2, 3]. 

Various reasons for enrichment of the moderately 

volatile elements have been proposed. Van der Stap 

et al. [1] suggested the CP IDPs might be late-stage 

condensates, sampling a region of the Solar Nebula 

already depleted in higher temperature condensates. 

Jessberger et al. [2] suggested the additional volatiles 

were contaminants acquired while the particles 

resided in the Earth’s atmosphere. Flynn et al. [3] 

suggested the CP IDPs might be a new type of 

extraterrestrial material, not represented in the 

meteorite collection. However, NASA’s stratospheric 

collections include many non-chondritic, mono-

mineralic grains -- volatile-poor olivine and pyroxene 

as well as calcophile-rich sulfides -- collected along 

with the fine-grained chondritic IDPs. Some of these 

larger mineral grains (many >10 µm in size), have 

fine-grained, chondritic material (i.e., small bits of 

typical CP IDPs) adhering to their surfaces, 

indicating they are larger fragments of the same 

parent as the ~10 µm, fine-grained CP IDPs. Thus, 

the bulk composition of the CP IDP parent body can 

only be determined by adding to the fine-grained, CP 

IDPs the correct amount of this non-chondritic 

material. The collection of cluster IDPs, larger IDPs 

that fragment on impact with the collector, which 

include both fine-grained CP IDP material and larger 

mineral grains provides the opportunity to determine 

the elemental composition of the CP IDP parent body 

at a significantly larger size scale, since a single large 

cluster IDP contains  >100 times the mass of one ~10 

µm CP IDP. 

 

2. Measurements and Results 

Using the ~8 µm monochromatic x-ray beam of the 

X26A microprobe at the National Synchrotron Light 

Source (Brookhaven National Laboratory), we 

performed x-ray fluorescence (XRF) and x-ray 

diffraction (XRD) on all of the material from 8 large 

cluster IDPs from NASA’s L2005, L2008, and 

L2009 stratospheric collectors. We obtained the bulk 

composition by adding the point spectra and the bulk 

mineralogy by adding the x-ray diffraction patterns 

acquired by raster scanning the entire cluster particle. 

     Five of the eight cluster IDPs showed minimal 

evidence of thermal alteration during atmospheric 

deceleration, i.e., only a very minor amount of 

magnetite detected by XRD and Zn/Fe >0.3xCI, 

criteria previously identified as correlating with a low 

degree of thermal alteration [4]. These five cluster 

IDPs are dominated by anhydrous phases, since 

hydrous minerals were below the detection threshold 

in XRD. The fraction of cluster IDPs that show no 

evidence of significant atmospheric entry heating 

(five of eight) is much larger than predicted by 

modelling, suggesting these anhydrous cluster IDPs 

have a much lower density than the 1 to 3 gm/cm
3
 

generally assumed in the modelling. 
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The XRD patterns of the cluster IDPs show d-

spacings consistent with a mixture of pyrrhotite, 

forsterite and enstatite, which, along with amorphous 

silicate that gives no XRD pattern, are the common 

minerals in IDPs. Of the elements enriched over CI 

in the ~10 µm CP IDPs, Zn is present in the highest 

amount and is most accurately determined in our 

XRF analysis. While Zn/Fe in ~10 µm CP IDPs is 

~4xCI, the mean Zn/Fe of these five cluster IDPs is 

~1.2xCI (Figure 1), presumably from the inclusion of 

volatile-poor silicates in these large cluster IDPs. 

This requires that large olivine, pyroxene, and sulfide 

grains, plus any amorphous silicate, constitute >70% 

of the mass of the anhydrous cluster IDPs, although 

the volume fraction of the large mineral grains would 

smaller because of the density difference between the 

crystalline grains and the more porous, fine-grained 

material. The S depletion seen in the CP IDPs is not 

seen in the large cluster IDPs, presumably from the 

addition of large sulfide grains. The CP IDPs appear 

to sample the matrix of a parent body that is 

dominated by larger crystalline grains, so, like the 

matrix of chondritic meteorites, the CP IDPs do not 

reflect the bulk composition of the parent body.  

 

3. Summary and Conclusions 

Based on the similarity of the elemental composition 

of the hydrous CI meteorites to that of the Sun, 

except for extremely volatile elements (e.g., H, He, 

and noble gases), the CI meteorites are believed to 

preserve the elemental composition of the Solar 

Nebula. The ~10 µm CP IDPs, aggregates of >10
4
 

unequilibrated, mostly sub-micron grains, have been 

recognized as even more primitive samples of Solar 

Nebula condensates [5], preserving the mineralogy 

because they have not experienced aqueous alteration. 

However the observed enrichment in the moderately- 

  

 

 

 

 

Figure 1. CI- and Fe-normalized element abundances 

for five large, normal-Zn cluster IDPs and the mean 

composition of the group of five large, normal-Zn, 

anhydrous cluster interplanetary dust particles. 

volatile elements and the depletion of S relative to CI 

in CP IDPs has been difficult to understand for 

particles that are believed to be essentially 

unmodified samples of the Solar Nebula. Our results 

on large anhydrous cluster IDPs, which are mixtures 

of CP IDP material with larger mineral grains, mostly   

pyrrhotite, which increases bulk S, and volatile-poor 

silicates, which reduce the bulk volatile content, 

indicates the parent body of the CP IDPs is CI-like in 

composition, and is likely the best surviving reservoir 

of essentially unprocessed material from the early 

Solar System. The parent bodies of these anhydrous 

cluster IDPs would be an important target for 

spacecraft missions designed to collect unprocessed 

samples of Solar Nebula material. 
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Abstract 

Several algorithms have been developed, depending 
of camera and sky conditions. In general, main steps 
applied are the following: 
 
CCD image is decomposed in a mosaic of square 
zones (tilts). This way the checking of the process is 
simple and can be applied to different image zones. 
 
The following steps ere applied in each tilt: 
 
- Getting of ‘limit’ signal value, between ‘active’ and 
non significant signal points. Zones with active 
points more frequent than a given number is 
considered as ‘saturated’ and eliminated (all points 
are set to zero). 
 
- A new ‘limit’ signal is obtained and isolated active 
points are eliminated. 
 
- Each tilt is divided in N by N small zones and 
active points in each zone are counted. Zones are 
ordered and selected those N with more active points. 
Points of other zones are set to zero. 
   
- A strait line is ‘fitted’ to active points in the tilt. 
Points far from the line are eliminated.  
 
Algorithm applies the following steps to detected 
traces: 
 
- Strait lines of tilts are analyzed searching for 
connectivity. When several lines are connected, 
middle and external segments are search for. 
 
- After traces detection, an estimation of trace 
magnitude can be obtained by ‘reading’ signals in the 
detected trace and its adjacent zones. 
 
- Total signal of new traces and signal per length unit 
is obtained. From this value, an estimation of trace 
magnitude can be got. 
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Abstract 

Carbonates can potentially provide sites for organic 

materials to accrue and develop into complex 

macromolecules. This study examines the organics 

associated with carbonates in carbonaceous 

chondrites using μ-Raman imaging. 

1. Introduction 

Carbonaceous chondrites are primitive meteorites 

that contain a large variety of carbon- and nitrogen-

bearing compounds, which have been widely 

investigated for life’s origins in past decades. While 

<5 wt% of bulk meteorite is carbon-bearing materials, 

including organic matter (~2 wt%), carbonate, 

diamond, silicon carbide, and graphite, carbonates 

only make up <0.2 wt% [8, 9]. Meteoritic carbonates 

are thought to be formed on primitive parent bodies 

through aqueous alteration [5]. Aqueous processing 

also synthesizes organic molecules and results in 

molecular asymmetry that depicts life on Earth [4]. 

Organo-carbonate associations in aqueous setting 

allow the adsorption of organic matter onto carbonate 

mineral surfaces, which make carbonate an effective 

medium for the accumulation and concentration of 

organic matter, including carboxylic acids, amino 

acids, fatty acid etc. [2, 10-12]. Properly performed 

Raman spectroscopy provides a non-destructive 

technique for characterizing meteorites. It is sensitive 

to carbon phases, and allows the differentiation of 

organic and inorganic materials as well as the 

interpretation of their spatial distribution. 

2. Samples 

We prepared polished thin sections of five CM2s: 

Jbilet Winselwan (hereafter, Jbilet) (Find, Western 

Sahara, 2013), Murchison (Fall, Australia, 1969), 

Nogoya (Fall, Argentina, 1879), Santa Cruz (Fall, 

Mexico, 1939), and Wisconsin Range (WIS) 91600 

(Find, Antarctica, 1991). We identified carbonates in 

each meteorite sample with an optical microscope. 

3. Methods 

Raman analyses were performed at the Department 

of Geosciences, Virginia Tech. with a Jobin-Yvon 

Horiba LabRam HR μ-Raman spectrometer, 

equipped with a Modu-Laser Stellar Pro-L Argon 

laser (514 nm) (laser spot diameter was ~1 μm). 

Wavelength calibration was checked daily prior to 

sample analyses against a silicon wafer sample. The 

peaks were determined by simultaneous peak fitting 

to six pure Lorentzian profiles (one calcite, one G 

and four D bands, see Figure 1) and linear baseline 

correction accomplished using a custom software 

written in the Python programming language. 

4. Results 

 

Figure 1: Peak-fitting result with pure Lorentzian 

profiles showing the first-order region (1000 to 1800 

cm–1) of Jbilet. (): Background-corrected data. 

Black solid line: Peak-fitting result. C: calcite; G: 
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graphite band; D1-D4: disordered (defect-activated) 

bands. 

Representative Raman spectra of the carbonates in 

CM2 meteorite samples are shown in Figure 2. 

Carbonates were identified with optical examination 

and confirmed by the distinctive Raman band in the 

~1100 cm-1 region which corresponds to the 

symmetric stretch mode of the (CO3)2- anion [3]. The 

typical first-order D bands at ~1350 cm–1 and G band 

at ~1580 cm–1 were detected in the carbonates in 

Jbilet, Nogoya and WIS 91600. On the contrary, 

while carbon peaks are observable in the matrixes of 

Murchison and Santa Cruz, the carbonate crystals are 

clearly devoid of organic matter. Linear Raman 

analysis from the center of a >40 μm carbonate grain 

extending into the fine-grained matrix also shows 

that the center of carbonate is deprived of organic 

matter, while the D and G bands can be observed at 

and beyond the crystal boundary.  

 

Figure 2: Raman spectra showing the first-order 

regions of the carbonates in the CMs: (a) WIS 91600; 

(b) Santa Cruz; (c-d) Nogoya; (e) Murchison; (f-g) 

Jbilet. 

The spectra of the carbonates in Jbilet, Nogoya and 

WIS 91600 are characterized by their broad D and G 

bands, which indicate the presence of highly 

disordered aromatic materials. Visual examination of 

the overall shape of the Raman spectra shows that 

these chondrites have experienced low peak 

metamorphic temperatures (PMT). Jbliet has 

experienced the lowest PMT among the analyzed 

CMs (~200°C, which is calculated with the full width 

at half maximum [FWHM) of the D1 band ~130 cm-1, 

and applying the geothermometer derived by 

Kouketsu et al. [6] for the PMT range of 200–400°C). 

The occurrence of organic matter in carbonates can 

be correlated to the degree of alteration. Nogoya and 

WIS 91600 have experienced higher thermal 

(<500°C) and aqueous alteration as oppose to 

Murchison [1, 13]. The Poorly Characterized Phases 

(PCP) index in Jbilet also supported a more extensive 

aqueous alteration than other CMs [7]. The organic 

materials could have been produced prior to or 

concurrently with the alteration process in Jbilet, 

Nogoya and WIS 91600, when the carbonates were 

formed as late-stage alteration replacement product. 

These carbonates probably served to entrain or 

adsorb organic materials during or after their 

formation. 
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Abstract 

In the present paper compositional and textural data 

on a recently found iron meteorite are provided. The 

meteorite was recovered near the locality of Oglat 

Sidi Ali, Maatarka, Morocco, in 2013 by Hassane 

Nachit during an expedition for meteorite recovery. 

Field data on the recovered samples suggest that the 

meteorite might be part of a strewn field produced by 

a single body that broke up in the lower atmosphere. 

Analytical data performed on an etched and polished 

section suggest a classification as ungrouped iron 

meteorite. 

1. Introduction 

About thirty small pieces from 3 to tens of grams 

each of an iron meteorite, totally weighing 240 grams, 

were recovered by Hassane Nachit, IZU in april 2013 

during two expeditions of exploration fieldwork for 

meteorite recovery in the Maatarka region (Eastern 

Highlands) of Morocco (coordinates 33°31'45’ N 

02°37'01'' W). Many other pieces, including a 190 kg 

piece, are reported to have been picked up by nomads 

in the area and sold to meteorite merchants but no 

certain information of the relationship with this 

meteorite is available. The coordinates of the 

recovered specimens plot in an ellipsoidal area that 

may describe a strewn field. The main mass, 

weighing 70 g, is moderately weathered (figure 1) 

and is on deposit at Ibn Zohr University. Three small 

pieces, totally weighing 30 g, are on deposit at the 

Museo di Storia Naturale dell’Università di Firenze, 

Italy. The type specimen, totally weighing 14.5 g, 

including an etched and polished piece is on deposit 

at Museo di Scienze Planetarie of Prato, Italy. The 

meteorite has been submitted to the Meteoritical 

Society for approval. 

2. Experimental results 

A cut surface of a hand size specimen of the 

meteorite displays no traces of staining. The etched 

surface shows exsolution lamellae with 3 prominent 

directions, at 60° intersection angles, displaying a 

distinctive Widmanstätten pattern (figure 2). The 

lamellae have an average bandwidth of 0.2±0.1 mm, 

pointing to a very fine octahedrite [1]. Scanning 

electron microscope analyses performed at the 

Dipartimento di Chimica dell’Università di Firenze 

allowed to determine a much finer scale pattern of 

these lamellae consisting of multiple tiny kamacite 

spindles roughly parallel to each other and ranging in 

width from 30 to 80 m, separated by thin, Ni-rich 

taenitic spindles both forming a plessitic octahedrite 

arrangement (figure 3). SEM-EDX analyses 

performed on the Ni-rich phase allowed to determine 

a mean Ni content of 14.7  0.2 wt.%, with a 

maximum Ni content of 45.2  0.3 wt. % at spindle 

border, while the Ni-poor phase has a mean Ni 

content of 6.7  0.1 wt.%. In order to determine the 

minor and trace elements contents of the meteorite, 

ICP-MS analyses have been performed at the 

Department of Earth and Atmospheric Sciences, 

University of Alberta laboratories. The analyses 

allowed to determine remarkably high Ni, Ga, Ru, Pd 

and Pt, and relatively low Ir contents. Table 1 reports 

the reliable values obtained for all the elements 

analyzed. 
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3. Figures 

 

Figure 1: Field image of the main mass of Maatarka. 

 

Figure 2: Image of the cut and etched surface of a 

hand size specimen. 

 

Figure 3: SEM-BSE image of an area of a polished 

sample; dark grey is kamacite; pale grey is taenite. 

4. Tables 

Table 1: Trace elements contents of Maatarka bulk. 

Element Amount 

(g/g) 

Amount 

(mg/g) 

Ni - 140.7 

Co - 11.7 

Cu 249.4  

Ga 79.1  

As 10.0  

Ru 53.2  

Pd 8.8  

W 5.8  

Re 0.3  

Ir 2.5  

Pt 43.9  

 

5. Summary and Conclusions 
Although textural data suggest similarities of this 

meteorite with plessitic octahedrites, pointing to a 

classification as IIC ([2], [3], [4]), compositional data 

do not support this hypothesis, due to the high Ni, Ga, 

Ru, Pd, Pt, and relatively low Ir contents. These data 

are outside the limits for the IIC group, therefore 

suggesting a classification as ungrouped, plessitic 

octahedrite. Further field research and the recovery of 

other specimens will provide more detailed 

topographic information about the scattering of the 

fragments and the characteristics of the fall (direction, 

fragmentation altitude etc.), allowing to fully 

determine the physical parameters of the supposed 

strewn field. 
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Abstract 

In this study we investigate the behavior of two 

massive fluids: protons in the solar wind and charged 

dust. For simplification we temporarily ignore the 

charging process of dust particles. The mass of 

charged dust can be 10
3
 amu to grams, but we only 

model the lighter ones because the behavior of grains 

more massive than 10
5
 are similar. A multi-fluid 

MHD code is used to simulate the large scale 

structure formed around a dust cloud released into 

the solar wind, and its evolution. Dust clouds as we 

are simulating can be made by meteoroid-meteoroid 

collisions with size from 1 to 100 m in diameter. 

These are dangerous if they hit the Earth’s 

atmosphere. Detecting them in space can help detect 

where such objects are in near Earth space. 

1. Introduction 

Charged dust has been found in many places in the 

space. The number density of such fine particles 

often well exceeds one per Debye sphere, thus, such 

interactions can be treated as a dusty plasma problem. 

The most common interaction in such dusty plasma 

is the evolution of a dust cloud in a plasma flow. 

Such a cloud can be produced by meteoroid 

collisions in space. 

An interplanetary field enhancement (IFE) event was 

observed by 5 spacecraft simultaneously, and 

believed to be the result of such dust cloud 

accelerations. In this study, we investigate our 3-D 

field draping result and compare it with the field 

measured during the IFE. 

2. The model 

Protons, dust, and electrons are treated as an 

individual fluid, respectively. The multi-fluid MHD 

equations are used to simulate the conservation of 

mass, momentum, and energy, in perfectly 

conducting plasma. A dust cloud is sitting still at 

time zero, in a solar wind flow with nominal 

parameters at 1 AU. Dust particles get accelerated 

along the electric field, while the head of the cloud is 

accelerated downstream by the tension force. Figure 

1 and 2 shows the dust structure and magnetic field 

perturbation about 4 hours after the release. 

3. Figures 

 

Figure 1. Acceleration of a dust cloud in the solar 

wind. Dust density contours are shown in two plane 

projections. White lines are proton stream lines.  
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Figure 2. The magnetic field perturbation shown in 

colour contours projected into the z=0 and z=-0.6 

planes. Red lines are magnetic field lines. 

4. Summary 

In this study we study the 3-D distribution of the dust 

cloud during its pickup process by the solar wind, 

generated by our 3-D multi-fluid model. The 

disturbed magnetic field is compared to the observed 

IFE field. 
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Abstract 

We conduct laboratory experiments to demonstrate 

that dust particles (mostly in the form of clumps) as 

large as > 100 microns are mobilized and lofted on a 

surface exposed to plasmas. The electric force on a 

dust particle due to plasma charging is found too 

small to overcome even the gravitational force. We 

propose a new so-called “patched charge model”. 

The dust particles can collect secondary electrons 

(SEs) emitted from their neighbors, creating the 

patched charge in the shadowed areas of the plasma. 

The Coulomb force between dust particles is found 

significant. The total charge and electrostatic force 

may thus be largely enhanced. The effects of surface 

roughness and topology are also tested.  

1. Introduction 

Electrostatic dust lofting has been a long-standing 

problem that is related to many dust phenomena, 

including the lunar horizon glow, the dust ponds on 

asteroid Eros, and the spokes in the Saturn’s rings. 

Recently, the COSIMA instrument onboard Rosetta 

spacecraft has collected dust particles larger than 50 

microns (fluffy and many are the conglomerates of 

smaller dust particles) coming off Comet 67P 

/Churyumov–Gerasimenko. It is yet a puzzle how 

these dust particles are released from the comet 

surface. Electrostatic dust lofting may be partially 

responsible for this observation. However, the 

mechanism of the electrostatic dust lofting still 

remains a mystery. We conducted laboratory 

experiments to investigate the dust lofting due to the 

electrostatic force and its mechanisms.  

2. Laboratory experiments 

The experiments were performed in a cylindrical 

vacuum chamber. Plasmas were created by primary 

beam electrons emitted from a hot filament on the top 

of the chamber. The dust particles were spread on an 

electrically floated graphite surface in the center of 

the chamber. A video camera was used to record the 

dust moves and hopping trajectories. Various sizes 

(25 – 70 microns in diameter) and shapes (irregular 

and spherical) of dust particles were used in the 

experiments. Potentials above the dust surface were 

measured.  

Our preliminary results showed that the dust particles 

were moved and lofted when the primary electron 

energy was 120 eV. The lofted particles were mostly 

in the form of clumps with the diameter as large as 

160 microns. However, set a similar or larger 

magnitude of the electric field above the dust surface, 

the dust particles did not move when the primary 

electron energy was 35 eV. The potential 

measurements indicate that the SEs were emitted 

from the dust surface in the former case. It is also 

known that the SEs emitted from a dust particle can 

be collected by its neighbors. We propose a new so-

called “patched charge model”. The bottom areas on 

a dust particle surface are in the plasma shadow and 

can collect the SEs emitted from its neighbors while 

the top area is charged mainly by plasma electrons. 

The total charge (i.e., the sum of these patched 

charge) can significantly increase, depending on the 

surface morphology. The Coulomb force between 

dust particles was also found significant in addition 

to the electric force due to the sheath electric field. 

The total electrostatic force will be largely enhanced. 

It was also found that the dust particles resting on a 

rougher surface were lofted more easily. 
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Abstract 

Polarimetric observations of cometary comae may be 

used to infer dust particles properties through 

experimental simulations. Cometary organic solid 

materials are poorly known. Here different organic 

materials found in nature or synthetic are studied. 

Their light scattering response was correlated to their 

chemical composition (under heating or not). Some 

cometary dust analogues were obtained by mixing 

them with silicates and lifted in the PROGRA2 light 

scattering experiment. 

1. Introduction 

Cometary dust is mainly composed of silicates and 

carbon-bearing compounds. Infrared spectra 

observations provide important knowledge about the 

temperature conditions of their formation or their 

evolution through the determination of the ratio of 

crystalline/amorphous varieties in the silicates. Up to 

now, it is more difficult to disentangle the numerous 

organics. When comets approach to the Sun, the 

volatile ices and refractory organic compounds are 

heated and they release compounds, which are 

retrieved in the gas phase. However, the source 

materials are still only poorly known. Some 

information can be inferred by the study of the IOM 

(insoluble organic matter) in meteorites or IDPs 

captured in the Earth atmosphere and supposed to be 

of cometary origin. Organics were also found in the 

particles captured by the STARDUST spacecraft. 

The particles captured by the COSIMA instrument of 

the Rosetta mission in the coma of 67P/Churyumov-

Gerasimenko [1] revealed very fluffy and large 

aggregates of carbonaceous compounds with sizes 

larger than 50 m made of sub-micron-sized grains. 

The dust optical scattering done by the ejected 

particles at 3.7-3.4 au is dominated by 100 m to 

millimeter-sized particles ([2], GIADA-OSIRIS 

results). 

Laboratory simulations of light scattering by 

cometary analogue particles help to disentangle 

different physical properties by comparison to 

observational data. The linear polarization depends 

on the geometry of observations (phase angle) and on 

the particles properties (size and size distribution, 

structure and refractive indices). It also depends on 

the wavelength of observations. Our PROGRA2 light 

scattering experiment is perfectly adapted to study 

particles between 20 and 500 m, levitating in a 

cloud, or in microgravity conditions, or by an air-

draught [3] 

2. Samples 

This study aims to test how the nature and 

composition of organics materials from different 

origins relate to their light scattering response as 

cometary analogues. We hence used different 

organics: natural coals (State University Coal Bank 

and Data Base), industrial carbon blacks, laboratory-

synthesized organics. Four types of synthetic organics 

were produced, with relevance for cometary study: (1) 

polymers of HCN synthesized in solution at the LISA 

laboratory [4], (2) solid organic particles synthesized 

in an electric discharge from mixtures of N2:CH4 

gases at room temperature with the PAMPRE 

experiment at LATMOS laboratory [5], and (3) solid 

organic particles synthesized in an electric discharge 

from mixtures of CO:N2:H2:H2O gases at 

temperatures higher than 500°C in the Nebulotron 

instrument at CRPG laboratory [6]. The last two types 

of organics differ in size distribution and shape of the 

grains and structure of the particles and in their 
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elemental composition (e.g. N related to C) 

depending on their formation conditions [6,7]. Some 

of these organics were heated ex-situ at 200-500°C; 

leading to progressive carbonization and increase of 

polyaromatics components. (4) Organic-coated 

silicates were produced by Fischer-Tropsch reaction 

of CO, N2, H2 gas on amorphous Fe-silicate grains at 

560°C (NASA/Goddard Space Flight Center). 

Different classes of organic compounds were 

identified: saturated and unsaturated hydrocarbons, 

alkyl-benzenes, phenols, styrenes, and traces of 

polycyclic aromatic hydrocarbons [8]. 

Each organic material was characterized by infrared 

and/or Raman spectroscopy. The shape and size 

distribution of the grains is measured on SEM images. 

The size distribution of the lifted agglomerates is 

directly measured on the PROGRA2 images.  

3. Light scattering results 

Most of the heated materials present a higher 

polarization in the red wavelength than in the green 

one, corresponding to a change in the composition of 

the materials, i.e., a change in the refractive indices 

(at room temperature the wavelength effect is inverse 

or neutral). Under heating (from 200°C to 550°C), 

organic bearing materials become darker and the 

spectra bluer, consistently with aromatization of the 

organic fraction [9]. The analysis of our heated 

samples shows similar results [10]. 

Analogues of cometary particles, will be made by 

mixing organic particles of different origins with 

silicates of different shapes, structures and 

compositions (Mg and Fe-rich) and results will be 

compared to those obtained for coated silicates. The 

results obtained with PROGRA2 will be compared to 

observational results. 

6. Summary and Conclusion 

The production of cometary dust analogues, made of 

silicates, mixed or not with organics, are detailed. 

Their composition is compared to materials found in 

meteorites and IDPs. Some of these materials were 

heated, simulating organic formation in warm regions 

of the solar nebula [6]; or their heating after ejection 

from the nucleus in the coma when the comets are 

close to the Sun. Their composition is compared to 

materials found in meteorites and IDPs. 
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Abstract 
Some interplanetary dust particles (IDPs) have 
revealed heterogeneity at multiple scales, as recorded 
in their mineralogy and also isotopic signatures that 
reflect the reservoirs from which they accreted. 
Detailed observations of the dust generated by comet 
67P/Churyumov-Gerasimenko (67P/C-G) provides 
new insight into the origin of the variations observed 
in the IDPs that in turn may provide details of the 
processes observed by Rosetta. 

1. Introduction 
IDPs collected in the stratosphere by NASA high 
flying aircraft have offered detailed insight into some 
of the most primitive materials present in the solar 
system.  The mineralogy, textures, grain sizes and 
isotopic signatures of many of these particles have 
long indicated a cometary origin [e.g. 1], and are 
derived from a dust population dominated by 
cometary sources [2]. However, direct evidence of 
their origin has remained elusive, and even the 
returned samples from comet Wild 2 by the NASA 
Stardust mission provided limited confirmation as the 
high speed collection dispersed or obliterated the 
most primitive, fine-grained material. 

The recent optical images of cometary dust grains 
collected by the COSIMA instrument on Rosetta 
have revealed several particles that are loosely bound 
fluffy aggregates of dust that crumbled or shattered 
upon their low velocity (1-10 ms-1) impact with the 
collection plate [3]. These particles likely represent 
parent material for interplanetary dust particles [3].  
The fragmented particles reveal a wide range of sub-
component sizes down to the resolution of the 
imaging.  IDPs offer the opportunity to explore sub-
components at scales beyond that which can be 
obtained by COSIMA and therefore provide a 

complementary insight into the nature and origin of 
these grains. 

2. Heterogeneity in IDPs 
Chondritic-porous IDPs (CP-IDPs) contain a mix of 
many different minerals and grain sizes, and contain 
both fine-grained amorphous materials and fragments 
of components (e.g. chondrules and refractory 
inclusions) that have been processed in the hot, inner 
regions of the protoplanetary disk [e.g. 4]. With 
grain-sizes down to a few 10s nm, many grains are 
present even within the ~10 micron particle 
fragments that make up the larger cluster particles 
collected in the stratosphere. However, even within 
the fine-grained material heterogeneity, as tracked by 
isotopic signatures, exists at several scales. Hot spots 
of minor isotope enrichments exist in the organic 
matter [e.g. 5] and pre-solar grains with 
nucleosynthetic signatures are also often observed [6], 
although both are usually present at low abundance 
and the bulk of the material is generally thought to 
have a solar system origin. 

However, the accretion of the fine-grained material 
of largely solar system origin shows considerable 
complexity. Starkey and Franchi [7] demonstrated 
with high precision O-isotope measurements by 
NanoSIMS that the individual fragment grains of the 
same cluster particles had similar bulk O-isotope 
compositions – indicating that the particles were 
composed of well-mixed fine-grained material.  
However, in a detailed O-isotope investigation of 
some large cluster particle fragments Starkey et al [8] 
revealed that some fragments record a more complex 
history of formation. These fragments appear to 
largely consist of regions, on the scale of 5-10 
microns, with distinct O-isotope compositions and 
usually correlating with variations in D/H, C/H 
(indicative of fluid alteration) and 13C/12C. One 
example shows that one of the areas has the form of a 
clast, with distinct boundaries and isotopic variation 

EPSC Abstracts
Vol. 10, EPSC2015-530, 2015
European Planetary Science Congress 2015
c© Author(s) 2015

EPSC
European Planetary Science Congress



and elemental composition that indicates that it had 
experienced mild aqueous processing prior to 
incorporation into the cluster particle.  This was 
taken to indicate a multi-stage accretion-disruption-
accretion history [8]. 

3. Discussion 
The particles observed by the COSIMA instrument 
collected at ≈3.5 AU are thought to originate from an 
ice-free dust layer accumulated during the long 
passage through aphelion [3]. As the comet 
approaches the inner solar system, this dust layer 
should be lost and ice-rich dust particles may be 
lifted from the comet’s surface. Although we await 
the results of the Rosetta investigation of the two 
populations of grains, do the differences in the grain 
histories create differences that can be observed in 
the IDPs?  

CP-IDPs with homogeneous O-isotopic signatures 
indicate accretion from a well-mixed reservoir of 
dust.   With little evidence of modification or they 
may be samples of materials from pristine regions of 
the comet liberated as ice-rich particles during the 
parent comet’s passage through perihelion and reflect 
accretion of a well-mixed reservoir.  CP-IDP material 
containing clasts such as that in the Balmoral IDP 
reported by Starkey et al [8] may be the result of a 
complex accretion history, involving some accretion 
phase with ice that then allowed some reaction with 
liquid water followed by disruption and re-accretion.  
While such a mechanism is apparent in stony 
meteorites, evidence for this in cometary materials is 
harder to identify. Alternatively, the incorporation of 
clasts may have occurred as a result of transport of 
grains from different parts of the comets surface 
during its passage through aphelion. Regions of the 
cometary surface may have experienced some 
interaction with liquid water prior to contributing to 
the dust layer. Some mobilization on the surface of 
67P/C-G [9] would offer the opportunity for mixing 
of different materials in the dust layer. Therefore, 
some of the mixing observed in the IDPs may 
occurred in the recent past shortly before the dust 
was ejected from the comet’s surface. Details of the 
processes and signatures associated with these 
scenarios will be presented and discussed. 
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Abstract

The analysis of different CDA subsystems data,
acquired since SOI, reveals that the Saturnian system
is permanently crossed by dust grains originating
from the Interplanetary medium, as well as from
the neighboring interstellar medium surrounding
the Solar System. We observe two main types of
particles: on the one hand, those with low injection
velocity with respect to Saturn, and whose flux is
significantly enhanced by gravitation focusing. On
the other hand, particles with fast injection velocities,
essentially unperturbed by gravitation focusing. The
fast grains are found to be interstellar dust (ISD) from
the Local Interstellar Cloud (LIC), as well as particles
on retrograde orbits around the Sun, most likely dust
released by Halley-type comets. The dynamics of the
slow grains is found to be compatible with collisional
debris from the Kuiper-Belt, migrating inward the So-
lar System under influence of the Poynting-Robertson
drag. Alternatively, we show that the origin of the
slow grains entering the Saturnian System can be the
recently discovered cometary activity of Centaurs.

1. Introduction

We report in this paper on the analysis of 10 years of
Cassini-Cosmic Dust Analyser (CDA) data obtained in
the Saturn’s system. The signature of exogenic dust in
the Saturnian System has been confirmed by different
subsystems of CDA, including the Impact Ionization
Detector (IID), the Chemical Analyser Target (CAT),
as well as the Entrance Grid detector (EG). Each sub-
sytem has a different sensitivity, opening a window on
the different dust populations at, and beyond Saturn’s
orbit. We review the knowledge gained so far, com-
bining the data from all CDA subsystems.

2. Data analysis
The major difficulty we are facing is the identification
of comparatively very rare exogenous particles in an
environment dominated by E ring particles. In the
densest regions of the E ring, the CDA instrument is
saturated by E ring impactors, therefore ’masking’
contributions from other sources. Fortunately, the
Cassini spacecraft has been flying on orbits for a wide
range of inclinations and eccentricities while touring
Saturn during the past seven years such that regions
with reduced E ring contribution can be exploited for
our study. Regions more favorable for the search of
exogenous particles are typically as far as possible
from Saturn, or, ’far enough’ from the equatorial
plane of Saturn, in order to avoid the bulk of the E
ring particles. Having measured nearly continuously
for over 10 years provides enough integration time in
these regions for our study to be done with reliability.
We use in this paper the data of the EG, IID and CAT
subsystems of CDA.

3. Results and Discussion
We find the signature of exogenous dust in the dataset
of all CDA subsystems. This fact by itself is an
important result that will constrain evolutionary
processes in the Saturnian System, like, for example,
the compositional evolution of atmosphere-less icy
surfaces (icy moons and Saturn’s main ring system)
and of the atmospheres of Titan and Saturn.

Our data suggest two main dynamical types of ex-
ogenous particles crossing the Saturnian system: the
’slow’ and ’fast’ populations, in term of injection ve-
locity when entering Saturn’s Hill sphere. The fast
populations contains ISD grains from the contempo-
rary Local Insterstellar Cloud, as they cross the Solar
System on hyperbolic orbits. These grains could be
identified by their directionality and impact speed de-
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Figure 1: Integrated sensitive area achieved by
Cassini-CDA monitoring the different directions on
the sky sphere. The directions expected for the fast
population of ISD grains is shown as dots, whose color
coding is function of the elapsed time.

rived from CAT time-of-flight spectra signals (Fig. 1).
The chemical composition appear to be consistent with
silicates-magnesium-iron signature. A second compo-
nent of the fast exogenous population, identified in
the EG data appears to consist of grains on nearly
parabolic, prograde and retrograde solar orbits. How-
ever, such grains are rare in the EG data compared to
heliocentric bound particles, with low injection speeds
at Saturn, a result also supported by our modeling of
the CDA-IID data.

The heliocentric orbital elements of the grains
detected by the EG detector were derived (Fig. 2).
Three main known types of grains in the outer Solar
System were discussed to explain our observations.
We find that JFC comet cannot be a dominant source
for the dust that CDA measures at Saturn. In turn, our
measurements appear in good qualitative and quan-
titative agreement with the dynamical signature of
KBO dust expected at Saturn that can explain the bulk
of our ’slow’ population. We find, however, that KBO
dust cannot be distinguished at Saturn dynamically
from particles released by Centaurs/TNOs, whose
cometary-like activity at large heliocentric distances
has been recently discovered.

Figure 2: This plot shows the distribution of the semi-
major axis and eccentricity values for the exogenic
particles detected by the EG subsystem. The radius
of the circle symbols is proportional to the logarithm
of measured grain radius, the color code stands for the
heliocentric inclination values. The grey crosses show
the konwn Centaurs (lower panel). The black crosses
indicate the Centaurs for which a cometary activity has
been reported from ground-based observations. The
dashed lines indicate the possible (a,e) values for dust
grains released by the parent body, parameterized by
the solar radiation pressure efficiency.
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Abstract

In this work a study of the NWA2086 and NWA7043
meteorites  based  on  microscopy  analysis  is
presented.  These  meteorites  are  carbonaceous
chondrites whose meteoritic matrix has micro-sized
elongated  bodies.  Additionally,  the  NWA2086  and
NWA7043 contains many chondrules rich in olivine
and  clinopyroxene.  According  to  the  Scott-Taylor-
Jones  classification,  these  chondrules  are  type  I.
Many of  these  chondrules  have  thin rims probably
created by heating events in the solar nebula.

1. Introduction

The  meteorites  NWA2086  and  NWA7043  were
collected in the Sahara desert of Northwestern Africa
and have been classified as carbonaceous chondrites
by the Meteoritical Society. One main characteristic
of  carbonaceous  chondrites  is  that  they  contain
millimeter  sized  quasi-spherical  objects  called
chondrules  whose  mineralogy  and  specific
characteristics where produced during their formation
in  the  proto-planetary  accretion  disc  when  planets
have not been yet accreted. The chemical abundances
in carbonaceous chondrites are very similar to those
in the solar photosphere except by the hydrogen and
helium  abundances  [1].   Carbonaceous  chondrites
also  have  the  oldest  calcium-aluminum  rich
inclusions  (CAI´s)  bodies  with  4,567.2  My  of
antiquity [2] which corresponds to the solar system
age.  This is  why the chondrule textures are related
with the processes in the early stages of the planetary
solar system [3]. 

In this work we present a study of the NWA2086 and
NWA7043  meteorites  under  the  Scott-Taylor-Jones
scheme [4,5,6,7]. The study is based on the analysis of
their  matrices  and  chondrules  using  Scanning
Electron Microscopy (SEM),  Energy Dispersive X-
Ray Spectroscopy (EDS), Wave Dispersive X- Ray
Spectroscopy (WDS) and X-Ray Diffraction (XRD)
techniques.

2. Experimental procedures

Prior  to  the  SEM analysis,  the  meteorites  samples
were cut and mirror-polished, and were cleaned for
10 minutes in an ultrasonic bath using ethyl alcohol.

Samples of the NWA2086 and NWA7043 meteorites
were analyzed primarily by light microscopy using a
Carl Zeiss Axiotech microscope at 10X and 20X. In
order  to  study  in  detail  the  differences  and
similarities between the two meteorites, the samples
were  analyzed  by  Low Vacuum Scanning  Electron
Microscope  JSM-5600LV equipment  with  a  Noran
X-ray microanalysis detector. The SEM analysis was
performed at 20 kV acceleration voltage and at 12 Pa
of pressure  in  the specimen chamber. SEM images
were obtained with backscattered electrons (BSE).

A chemical analysis of minerals was also done  using
a  JEOL scanning  electron  microprobe  JXA8900-R,
equipped with EDS and WDS analysis. 

The quantitative analysis by WDS was performed at
20  KeV  acceleration  voltage,  probe  current  of
2.0×10-8 A, with a beam diameter (P Dia) of 1 µm
and  an  acquisition  time  of  40  seconds  for  each
element except for K and Na. For these last elements
the time was 10 seconds. 

The more abundant crystalline phases present in the
samples  were  identified  by  X-Ray  Diffraction
analysis  (XRD)  using  an  equipment  SHIMADZU
with Cu-Kα radiation (λ=0.15405 nm) in the interval
2θ of 4 to 70°, steps of 2°/s.

3. Results 

The matrices of both meteorites are mineralogically
similar,  but  present  a  small  difference  in  the  bulk
elemental  composition which is probably related to
the  aqueous  alteration  and/or  to  the  processes
experienced in the meteorite formation. On the other
hand,  the  NWA2086  matrix  is  richer  on  chemical
compounds than the one of the NWA7043, indicating
that the former could probably come from C-type and
D-type asteroids located around 3 AU and beyond 4
AU, respectively.
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The chondrules present different appearances which
could  be  produced  by  collisions  and  remelting
processes if considering that collisions are associated
with the  coagulation  of  dust  particles  or  with very
small  bodies  in  the  solar  nebula  and  the remelting
processes  modify  the  chemical,  mineralogical  and
oxygen isotopic compositions as a result of gas-melt
reactions as in the case of chondrules type I found in
both  meteorites  (Scott-Taylor-Jones  scheme)
(Figure1). 

Since  there  is  a  multiplicity  of  chondrules  in  both
meteorites, the associated matrix could be thermally
modified  during  transient  heating  events  in  which
thick and fine-grained rim chondrules were probably
created. Whereas the fine-grained rim could be built
by regolith breccia that in turn result from multiple
collisions between the embryos in the solar nebula;
the  thick  rim  could  be  formed  by  brecciation  or
accretion  of  mineralogical  and/or  compositional
distinct materials in the solar nebula. Otherwise, the
thick rim could be created  during the growing and
evolution of major bodies.

Figure 1. Type I chondrules in (a) NWA2086 and (b) 
MWA7043 meteorites.

4. Conclusions

1.  The  matrices  of  both  meteorites  have  similar
features  and are formed by irregular  and elongated
grains. The NWA7043 meteorite has grain sizes 10
µm, while the NWA2086 has grains   2 µm. Both
matrices  are  Fe,  Si  and Mg rich.  The mackinawite
and  crystalline  phases  of  clinopyroxene  were
identified  in  the  NWA2086  matrix,  meanwhile
clinopyroxene,  magnetite  and  magnesioferrite  were
identified in the NWA7043 by XRD analysis.

2.  Both  meteorites  contain  chondrules  2.5 mm in
diameter. The chondrules surface number density is
1.94×10-3 chondrules/µm2 for  the  NWA7043  and
1.93×10-3 chondrules/µm2 for  the  NWA2086
meteorite.

3.  Significant  similarities  were  found  in  the
chondrules: both are chondrules type I (according to
the  classification  of  Scott-Taylor-Jones)  mainly
compound  by  olivine  and  clinopyroxene.
Additionally,  some  chondrules  have  Fe-rich
inclusions. 

4. The majority of the chondrules here studied have a
thin rim probably formed by heating  events  in  the
solar nebula.

5.  The  thick  rims  in  some  chondrules  could  be
formed by accreted breccia in the solar nebula. This
process was perhaps a first step in the formation of
major-sized bodies.
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Abstract

FRIPON  (Fireball  Recovery  and  InterPlanetary
Observation  Network)  [4](Colas  et  al,  2014)  was
recently founded by ANR (Agence Nationale de la
Recherche). Its aim is to connect meteoritical science
with  asteroidal  and  cometary  science  in  order  to
better  understand  solar  system  formation  and
evolution. The main idea is to set up an observation
network covering all the French territory to collect a
large number of meteorites (one or two per year) with
accurate  orbits,  allowing  us  to  pinpoint  possible
parent bodies. 100 all-sky cameras will be installed at
the end of  2015 forming a dense  network  with an
average  distance  of  100km  between  stations.  To
maximize  the  accuracy  of  orbit  determination,  we
will  mix our  optical  data with radar  data from the
GRAVES beacon received by 25 stations [5](Rault et
al, 2015). As both the setting up of the network and
the creation of search teams for meteorites will need
manpower beyond our small  team of professionals,
we are developing a citizen science network called
Vigie-Ciel [6](Zanda et al, 2015). The public at large
will thus be able to simply use our data, participate in
search campaigns or even setup their own cameras.

1. Scientific goals

The  aim  of  the  project  FRIPON  is  to  answer
questions  that  arise  about  the  connections  between
meteorites  and  asteroids.  It  is  easy  to  study  a
meteorite in the laboratory but we cannot tell where it
came  from,  because  its  orbit  is  most  of  the  time
unknown. On the other hand, we currently have more
than 700,000 asteroid orbits with almost no physical
information.  However  these  parameters  are  crucial
for  understanding  the  origin  and  evolution  of  the
solar  system.  In  recent  years  the  planet  migration
theory  showed  that  it  is  possible  to  find  very
primitive objects in the main asteroid belt, and that
these things may hit the Earth due to Yarkovsky non-

gravitational forces. It is therefore essential to know
the orbits of the meteorites we find to connect their
dynamical history and composition. The main goals
of FRIPON are to recover fresh meteorites fallen in
France  and  to  compute  accurate  orbits  of  fireballs
whether or not they are connected with a meteorite.

2. The network

To allow triangulation measurements of fireballs we
decided to implement one observatory every 80-100
km. As France has an area of 650 000 km2, we need
about 100 cameras to cover the whole territory.

2.1 Optical network

As with other  fireball  networks we decided  to  use
fish-eye lenses to cover the whole sky. Our cameras
are  based  on  Sony chip  ICX445,  allowing  a  good
efficiency  for  low light  measurements  at  night  but
also  a  very  short  exposure  time  for  daytime
observations.  Compared  to  older  networks  mainly
based on video analogical devices, the improvements
of FRIPON are:

 - Digital cameras
 - 1.2 megapixel chips
 - 10-6 sec exposure time for day time
 - 30 fps
 - GigE Vision protocol
 - PoE allowing 100 m single cable

2 Radio network

An optical  network  is  very efficient  for  measuring
fireball  geometry,  but  determination  of  velocity  is
less easy with only a few points on fish eye images.
However,  speed  is  essential  for  semi-axis
measurement  and,  therefore,  fundamental  for
pinpointing the origin of fireballs and their possible
parent  bodies.  We  will  use  radar  echoes  of  the
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GRAVES  beacon  dedicated  to  measuring  low
altitude satellites [5] (Rault et al, 2015). The beacon
is  usable  all  over  France,  a  200 km spacing being
sufficient  for  radio observatories,  so only ¼ of the
optical stations will have radio equipment. The goal
is to measure relative speed with the Doppler effect. 

3. Reduction pipeline

The  FRIPON  project  is  open  source  both  for
hardware  (distribution  of  the  cameras  by  Shelyak
Instruments, though compatible cameras can be used)
and  software  (http://fripon.github.io/freeture/).  We
developed a pipeline based on GigE Vision cameras,
but it will be easy to use other cameras drivers.

3.1 Acquisition

The FreeTure software [1](Audureau et al, 2015) is
developed on Linux  and  Windows.  It  is  nominally
written  for  GigE  Vision  cameras.  Our  hardware
configuration  is:  i3  processor,  8Gb  of  RAM  (for
image buffering),  32Gb SSD for system installation
and 1Tb HDD for data.

3.2 Detection

For  detection  FreeTure  will  use  the  subtraction  of
two consecutive frames with a detection threshold. It
will  analyze  the  pixels  detected  on  several
consecutive  frames  to  determine  the  speed  of  the
object and hence the reality of a meteor observation.
As the software stores previous images, it can store
images centered on each detection.

3.3 Orbits and strewn fields

Presently,  we  are  using  standard  two  location
algorithms. As the FRIPON network will allow multi
detection,  we  will  develop  in  the  next  months  a
dedicated  method.  Our  code  is  based  on  a  robust
method [2] (Borovicka, 1990).The orbit is calculated
using SPICE Toolkit developed by NAIF-NASA. To
start  our  pipeline  we  used  a  standard  model  [3]
(Ceplecha  1987)  for  dark  flight  computation  and
strewn field determination.

3. Conclusion and evolution

At present, the hardware is completely defined and
tested.  60  locations  are  under  installation,  and  we
hope to have the whole network set up for the end of

2015. FreeTure source is already distributed on-line
and an official release will be available soon, to be
fully operational for the end of 2015. One goal of this
“open project” is that it can be easily copied, first in
Europe to build a network unprecedented in size and
eventually worldwide. 
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Abstract
The MIDAS Atomic Force Microscope (AFM) on-
board Rosetta collects dust particles and produces
three-dimensional images with nano- to micrometre
resolution. To date, several tens of particles have been
detected, allowing determination of their properties at
the smallest scale. The key features will be presented,
including the particle size, their fragile character, and
their morphology. These findings will be compared
with the results of other Rosetta dust experiments.

1. The MIDAS atomic force micro-
scope

MIDAS (Micro-Imaging Dust Analysis System) [1]
is an AFM combined with a dust collection and han-
dling mechanism. MIDAS exposes slightly sticky tar-
gets in the vicinity of comet 67P to collect cometary
dust. After every exposure, a section of the target is
imaged and, if a particle is detected, a follow-up scan
performed with optimised parameters. After contin-
uous operation since Summer 2014, MIDAS has de-
tected several tens of particles and is expecting to de-
tect many more around perihelion.

2. Properties of (sub-)micrometre
cometary dust particles

The dust particles collected so far are larger and less
numerous than initially expected. However, MIDAS’
grain detections are in agreement with measurements
of other dust experiments on Rosetta if a relatively
shallow dust size distribution is assumed.

An overview and a first interpretation of the par-
ticle properties is given, focussing especially on the
large particles that show fluffy surfaces and very frag-
ile morphology and the smaller particles that are pos-
sibly fragments. Comparisons will also be made to the
findings of other Rosetta dust experiments.
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Magnetite in Stardust Terminal Grains: Evidence for 
Hydrous Alteration in the Wild2 Parent Body 

J. C. Bridges (1), L. J. Hicks (1), J. L. MacArthur (1), M. C. Price (2), M. J. Burchell (2), I. A. Franchi (3) and S. 
J. Gurman (4) 
(1) Space Research Centre, Dept. of Physics & Astronomy, University of Leicester, LE1 7RH, UK j.bridges@le.ac.uk (2) 
School of Physical Sciences, University of Kent, Canterbury, Kent, CT2 7NH, UK (3) Dept. of Physical Sciences, Open 
University, Milton Keynes MK7 6AA, UK (4) Dept. of Physics & Astronomy, University of Leicester, LE1 7RH, UK.  

Abstract 
We use synchrotron X-ray Diffraction and other 
techniques to show the presence of magnetite in 
terminal grains from Stardust cometary tracks.  This 
suggests that the parent body of Comet Wild2 
underwent hydrous alteration, and gives further 
evidence for the varied mineralogical history of this 
early Solar System body from the Outer Solar 
System.  

1. Introduction 
At the time of the preliminary Stardust examination 
work summarised in [1,2] no obvious signs of 
aqueous alteration had been identified within Wild2 
samples.  However, as more tracks have been 
harvested (~200 in total to date) we are gaining a 
more complete inventory of minerals upon which to 
base our comparisons and we are now in a position to 
make direct links to known planetary materials, such 
as different chondrite groups, with more confidence.  
In particular, the presence of significant quantities of 
Fe oxide and magnetite that we have identified here 
and previously [3] argues strongly for some water-
rock interaction.  Here we report on recent 
synchrotron analyses of magnetite terminal grains in 
Type B Stardust tracks – which are thought to be 
relatively volatile rich [4] – to show the growing 
evidence for this mineral signature on the Wild2 
parent body.   
 

1.1 Samples and Methods 

A set of terminal grains found in tracks 
C2112,4,187,0,0; C2045,4,178,0,0 178 (Fig. 1) and 
also C2112,4,170,0,0; C2045,3,177,0,0; 
C2045,3,189,0,0; C2045,4,190,0,0 (Tracks #187, 
#178, #170, #177, #189, #190) were taken from the 

cometary side of NASA’s Stardust mission sample 
collector. In order to maximise the scientific return, it 
is vital that analyses of the samples are undertaken 
using as many different, non-destructive, techniques 
as possible - preferably on particles whilst they are 
still embedded in aerogel using, for example, 
microRaman spectroscopy [5].  Here we report on 
Fe-K absorption edge X-ray Absorption Analyses 
(XAS) and synchrotron X-ray Diffraction (SR-XRD) 
measurements at Beamline I18 of the Diamond 
synchrotron, UK. A spot size of 2.5 × 2.5 µm was 
used and Fe-K XAS was measured with the highest 
resolution over the Fe-K XANES region (7090-7125 
eV), from which an absorption edge was estimated at 
0.5 normalized intensity, and the 1s→3d centroids 
were estimated as the intensity-weighted average of 
baseline-subtracted pre-edge peaks. The transmission 
SR-XRD measurements were taken between 9 - 15 
keV, with a 2θ range of ~4.3° to ~41.7° 
corresponding to d-spacings of ~1 Å up to ~18 Å.  
 

 
Fig. 1: (Top) Terminal grains 1a/b, 2 from track #178. 
(Bottom) Terminal grains 1 and 2 from track #187.  Both 
are Type B tracks [4]. 
 
2. Results 
Track #178: X-ray data confirms the presence of 
magnetite for the main terminal grain 1a and terminal 
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grain 2 (Fig. 2). Terminal grain 1a has a 1s→3d pre-
edge centroid position nearly identical to magnetite, 
although the absorption edge measures ~2eV higher 
than that of the magnetite (Fig. 3). MicroRaman 
analyses at the University of Kent revealed 
significant carbonaceous content around the subgrain 
bulb region of this track, implying an organic rich 
particle embedded with magnetite, perhaps holding it 
together like a ‘glue’ [5].  Track #187: The main 
terminal grain 1 has an iron-oxide type composition, 
with a (degraded) Raman spectrum indicative of 
magnetite mixed with some hematite. X-ray data 
confirms the presence of magnetite (Fig. 2). Fe-K 
XANES shows it has a 1s→3d pre-edge centroid 
position within 0.3 eV of magnetite, although the 
absorption edge measures ~3 eV higher than that of 
the magnetite (Fig. 3). 

 

Fig. 2: SR-XRD identification of magnetite in the terminal 
grains of Tracks #178 and #187 by comparison of the 2θ 
peaks to a powdered magnetite standard. 

 

Fig. 3: Fe-K XANES plots of Track #178, #187 terminal 
grains compared to a powdered magnetite standard. 

Other mineralogy identified: Fe-K XANES 
features and Raman spectrums [5] show the terminal 

grain in track #177 and terminal grain 1b in track 
#178 to be olivine. Similarly, terminal grains in 
tracks #189 and #190 have Fe-K XANES features 
corresponding to pyroxene. The terminal grain in 
track #170 shows near-identical Fe-K XANES and 
EXAFS comparisons to a Fe-metal foil standard, 
while XRF maps reveal Cr-rich content and a trace of 
calcium, thought to be a Cr-bearing silicate phase [6]. 
A Raman spectrum revealed a close match between 
forsterite and the silicate phase in this terminal grain 
[7].  

3. Discussion 
The presence of magnetite in Wild2 is similar to its 
occurrence within the matrices of many 
carbonaceous chondrites.  It is assumed to be the 
result of the hydrous alteration of co-existing 
ferromagnesian minerals, which are also present in 
the Wild2 terminal grains analysed here and by 
others [1,2].  There is a variety of growing evidence 
for both low temperature hydrous processes such as 
magnetite formation, and also high temperature 
processing and the formation of chondrules in the 
Wild2 solid precursors [8].  This new understanding 
of the composition of comets will inform models of 
the early Solar System which require either radial 
mixing from the inner Solar System [9] or melting 
and alteration processes on planetesimals in the outer 
Solar System [1,10].   
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Abstract 
Physical properties of dust in cometary comae have 
first been approached through unique flyby missions 
and numerous remote observations of the intensity 
and polarization of the solar light they scatter. Clues 
to size distribution, morphology, refractive index of 
dust particles, and to their variations within comae 
have been derived from polarimetric data. 
The Rosetta rendezvous mission to 67P/Churyumov-
Gerasimenko (hereafter 67P) is now confirming 
previous estimations and providing detailed evidence 
about the dust physical properties, through 
sophisticated measurements obtained in different 
regions of the coma and for different solar distances.  

1. Clues from previous studies 
1.1. In situ studies 

Changes in polarization, and thus in dust properties, 
within 1P/Halley coma had been discovered through 
observations of HOPE instrument on-board the 
Giotto spacecraft. For a fixed phase angle, the 
polarization was higher in red than in blue, except in 
the innermost coma, increased when Giotto crossed a 
jet-like feature and decreased in the innermost coma  
[e.g. 1]. Comparing intensities of light scattered by 
dust and dust fluxes led us to estimate that the dust 
particles were very porous and dark, with densities 
about 100 kg m-3 and albedos about 0.04 [2]. More 
recently, the Stardust mission provided evidence for 
dust fragmentation during its flyby of 81P/Wild 2 [3] 
and for the presence of both compact grains and 
aggregates, impacting aluminum foils of the sample 
return capsule [4].  

   

1.2. Remote observations 

Numerous remote polarimetric observations in the 
visible and near-IR domains have shown that, in the 
visible, the polarization at a fixed phase angle usually 
increases with increasing wavelength [e.g., 5]. They 
have also provided, through polarimetric imaging 
techniques, clues to the presence of heterogeneities in 
the dust properties within a coma, with an increase of 
polarization in jet-like features and a possible 
decrease in near-nucleus polarimetric halos. Such 
trends have typically been pointed out for 67P after 
its 2009 perihelion passage [6] and for C/1995 O1 
Hale Bopp [7], respectively.  
Numerical and experimental simulations are needed 
to interpret polarimetric observations, over a large 
range of phase angles in different colors, in terms of 
physical properties. Numerical fitting of 1P/Halley 
and C/1995 O1 Hale-Bopp data suggests i) a size 
distribution with a power law index of about -2.9, ii) 
the presence of aggregates and compact particles, iii) 
silicates and more absorbing organics with 
comparable contributions [8]. Experimental 
simulations, as developed for low spatial-density dust 
samples [9], lead to satisfactory fits for fluffy 
aggregates of Mg-silicates, C aggregates, with some 
compact Mg-silicates [10]. In 67P coma at its 2009 
return, the presence of rather-large slow-moving 
absorbing particles before perihelion, and of fluffy 
aggregates of submicron-sized grains in jets after 
perihelion, is suspected [6]. Changes from innermost 
to outer coma are attributed to evolution processes, 
related to the alteration or evaporation of material 
partly constituting dust particles. 
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2. Evidence with Rosetta mission  
While Rosetta rendezvous mission is still in its escort 
phase, the on-board dust instruments, i.e. GIADA, 
COSIMA and MIDAS, have already given 
remarkable evidence about the physical properties of 
dust, together with their variations, in the inner coma 
of comet 67P [e.g., 11, 12]. The morphology of dust 
particles reveals both compact (either almost 
spherical or quite irregular) and flocculent (some of 
them most likely agglomerates at very small scales) 
particles. Compact particles detected by GIADA and 
OSIRIS range in size from 0.03 to 1 mm [11], while 
fluffy aggregates of sub-micron grains detected by 
GIADA range in size from 0.2 to 2.5 mm [13]. 
Rosetta thus gives evidence for a significant amount 
of fluffy particles in the solid material ejected by 
comets. Such particles would be more resistant to 
atmospheric entry ablation than compact ones [14], 
thus enabling a larger mass of cometary material 
enrichment on the surface of early terrestrial planets.  

4. Summary and Conclusions 
Rosetta mission is now providing, thanks to its dust 
experiments, a fabulous wealth of information about 
dust particles released from 67P nucleus. While 
results already confirm previous indirect clues, 
mostly derived from polarimetric observations of 
comets, a significant evolution may be expected, not 
only while the comet gets closer to the Sun, but also 
after it has passed its perihelion [6].  
Numerous remote polarimetric observations 
(including HST observations) should take place later 
on this year, allowing us to link the properties 
derived from remote observations to those accurately 
measured in the nucleus environment.  
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