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Mineralogical and chemical differentiation
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Timescales of
planetismal differentiation

Local silicate differentiation
? -“-- " e ———
Primitive achondrites PB

Global silicate differentiation
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Wadwa et al. (2006)
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Caddo County: IAB iron with silicate inclusion

Photomicrograph (FOV: 2.1 cm) Color-composite elemental maps
, T , green: Mg, blue: Na)

(FOV: 1.5 cm)

Red: FeNi metal and troilite

Blue: Na-rich plagioclase
Bright green: olivine, orthopyroxene
Dark green: diopside

Arai et al. (2012)



LEW 86220: Lodranite-acapulcoiite transition

Color-composite elemental maps
( , green: Mg, blue: Na)

: 1.2 cm) “ ” (FQV 09 cm)

g
- -

e

19 B 1 ," o i N
AR T e S

Red: FeNi metal and troilite
Blue: Na-rich plagioclase
Bright green: olivine, orthopyroxene

Arai et al. (2012) Dark green: diopside




Incipient partial melting causes
cm-scale Na heterogeneity within planetismals

Planetismal Na enrichment:
NaO=5.4wt%
@

S"icate Resid ue

FeNIS melt Na depletion: Chondritic
_ NaO< 0.1 wt% NaO = 0.2-0.6 wt%

~55 vol% Na-rich plagioclase



3200 Phaethon

= Apollo” - 7DNE asteroid, BIFEV/N\KE (CE DY T 5 A
7)

s KE, £2. #EK. AEDREEZEY D, FLEERAKR

n KGICRBERT 5/\KE | JfH = FEEE0.14 AU

s EHDfamilyK{AE D (2005UD, 1999YC, 2Pallas)

(Ohtsuka et a., 2006, Jewitt & Hsieh, 2006; Kasuga & Jewitt, 2008; de
Leon et al., 2010)

n XY?F i fmE DEFRAN (Whipple, 1983)
Eliﬁéﬂ%ﬁ\ IEHR CDIEIEDHRTHD D (Jewitt & Li, 2010)
aﬁ =22, JREIRV/NXE
SE S/I\RED“EBR HEZ R OXME

WFPERERE T, IHEZENathE X OB DEDH (Kasuga
et al., 2005), RFAIEDANTE %Z [RAR ? (Kasuga et al., 2006)
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g vs. meteoroid density (8 EIER)
Babadzhanov & Kokhirova (2009)

2008ED69 ?
Kk -Cygnids

Phaethon
Geminids

169P/NEAT
o (2002EX12) 2003EHT
2P/Encke a-Capricornids Quandrantids

Taurids + {

A
96P ? or Sun grazer comet

d-Aquarids
Comets

Leonids
Perseids
Orionids
Draconids




X F PETRZ R+ D 3= FIAZ 0 e &R Al

- NafiIE (KEEHEB K D 1h58) (Kasuga et al., 2005)
« NafEEi AT 8 (Borovi'cka (2001), Trigo-Rodriguez et al.
(2003, 2004)
RFT1L X (mm-cm)h5. REEIFEA ERBRDZER AT —)L THh,
Phaethon|${E ZHEBH TN SN T WD HE—D/NKE?!

Phaethon-Geminid X{AH CNaEEAR I E > BETAR D IEF?!

Table 1. Metallic abundances of the Geminid meteor, solar abundances and other Geminid meteor research.

Geminid Solar abundance Geminid (other research)

(this study) (Anders & Grevesse 1989) (Trigo-Rodriguez et al. 2003)
0.43 £ 0.07 0.84 -
0.0031 + 0.0005 0.057 0.017 = 0.009
0.078 £ 0.012 0.046 -
0.0036 + 0.0005 0.054 0.10 £ 0.03
0.0072 £ 0.0011 0.0090 0.0054 + 0.0020
0.0082 + 0.0012 0.013 0.0078 = 0.0035

Kasuga et al., (2005)
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PhaethoniZE&BEHEHBD ARE MRS

INBREE D FEYNE (FAIH ? BREDHLFEYNE (S ?

INRREE ERREDEL N SAIH ?

=5 (JnREVETRDN ?

EEC/NREDEWNE?

Activated asteroid or dying comet, main-belt comet
ZED [BNDRTC] (EFEDRDDH?
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* Penetrator
* Impactor

¥

2 ADE - fifE

 Dust monitor

Phaethon

& H A XAk

* Gas analyzer
*Mass spectrometer

KRETOMEEKZIR | «Sampleretun | REBMEARDAHE
KEENEHERDER « VIS-NIR%> 3%
(0, Px, Pl, Metal)
- IRAIL %}E%Jﬂiﬁx

* XRS (Na, Mg, Al, Si, K,
Ca, Fe, S, (Ti, Cr))

-Global (10-100m in pixel)

to local (cm-mm) mapping.

Yarkovsky%xh &
Killer aster0|d =00 i

* Measure orbital property
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emonstration and "~ xperiment of
pace Technology
for INterplanetary vo age

. | : Suitable for fly-by or impact mission(s)
(" 201on engine to Phaethon

(4) N~NE—BLE IR A
W) AT THE -

Small science
satellite standard bus
system (1m cube)

. . (3) AAAL 7o
Q) AF P THE

‘% (5) /L A B

e

Launch bz X
e

Epsilon roc 350 kg mass to L2 Halo orbit




Phaethon Transfer Example

Y[AU] Z[AU]
2.0 2.0
L N
Phaethon Flyby
Nov. 1, 2020
1.0 Earth Departure 1.0
’ Jan. 25,2020~ | '
Phaethon
Phaethon ~
0.0 / ( )}K 0.0 _
N Earth =
AN.
\/
-1.0 -1.0
Earth
Heliocentric Heliocentric
Inertial Coordinate Inertial Coordinate
2.0 | (XY: Ecliptic Pla(ne) -2.0| (XY: Ecliptic Plz‘me)
-2.0 -1.5 0.0 1.5 2.0 -2.0 -1.0 0.0 1.0 2.0
X[AU] X[AU]
(a) XY plane. (b) XZ plane.

Fig. 3 Phaethon Transfer Example




