
Pathways of Protoplanetary Disk Evolution and Dissipation

dust settling:
depletion of small 
dust grains in upper 
disk layers by 
factors of 100-1000

Calvet et al. (2005)

Espaillat et al. (2007b)

136 T Tauri stars

model

optically thin 
inner region

model
EW(10 µm)

n13-31

transitional disks: 
inner disk hole

“pre”-transitional 
disks: disk gap 
within the optically 
thick disk

Spitzer IRS spectra

inner 
disk wall

models of  accretion disks

2 Pathways of Disk Dissipation?
! formation of inner gaps, holes, then
dissipation of the disk from the inside out?
● gaps: indicative of planet formation 
● inner (dust) holes: caused by dust 

growth, planets, photoevaporation, 
MRI-induced disk draining 

→ different mechanisms likely operating in different disks 
and/or at different times

! steady depletion of material in the disk?
→ disk develops from flared to flat, optically thick, then to 

optically thin
→ main mechanism for late-type stars (with lower-mass disks)?

Furlan et al. (2006, 2009a)

Elise Furlan
Spitzer Fellow,

Jet Propulsion Laboratory, 
California Institute of Technology
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A U T O M A T I C & 
H O M O G E N E O U S 
Spectral Analysis for ~1900 
F L A M E S / G I R A F F E 
spectra 
Vrad, Teff, log g, [M/H], 
and ["/Fe] for 1227 
stars in LRc01, SRc01 
and LRa01
Basis for any study of 
meta l l i c i ty p la net 
relat ion in CoRoT 
fields (Gazzano et al. 
2010 Accepted)
P ro p e rt i e s o f t h e 
p lanetary systems 
found by CoRoT.

Galactic physics: 
• metallicity gradient illustrated 
by the giants.

• kinematics studies
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A  PAthway towards the Characterization of Habitable 
Earths: the APACHE project   

 Paolo Giacobbe (University of Trieste/INAF)
APACHE  is a project to undertake a long-term northern-hemisphere 
photometric survey to search for transiting low-mass planets orbiting 
a well-defined sample of M dwarf stars in the solar neighborhood.
The main goals are:

The discovery and characterization of rocky planets in the 
habitable zone or, alternatively, constraining their occurrence rate;

The possibility to undertake in-depth characterization  of the 
microvariabilty properties of a statistically significant sample of  

M dwarf stars 

APACHE will monitor photometrically ~3500 nearby (d<40 pc)  M 
dwarfs using an array of robotic telescopes at the Astronomical 
Observatory of the Autonomous Region of the Aosta Valley 
(OAVdA) 
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Initial Results From Project 1640!
Sasha Hinkley1 (Caltech), Neil Zimmerman (Columbia University), Justin Crepp (Caltech), Ben R. Oppenheimer (AMNH), Lynne Hillenbrand (Caltech), Douglas Brenner (AMNH), 
Remi Soummer (STScI), Anand Sivaramakrishnan (STScI), Charles Beichman (NExScI/JPL, Ian R. Parry (IoA Cambridge), David L. King (IoA Cambridge), Lewis C. Roberts Jr. (JPL), 
Antonin Bouchez (Caltech), Jennifer Roberts (Caltech), Richard Dekany (Caltech), Rick Burruss (JPL), Michael Shao (JPL), Gautam Vasisht (JPL). !

1Sagan Fellow. A portion of this work was performed under a contract with the California Institute of Technology (Caltech) funded by NASA through the Sagan Fellowship Program.  A portion of 
this work was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under a contract with NASA.!

An M Dwarf Orbiting ! Virginis!

Abstract: Project 1640 represents a long-term high contrast imaging effort at the 200-inch 
Hale telescope at Palomar observatory.  We aim to obtain imaging and spectroscopy of 
brown dwarf and exoplanetary mass companions to nearby stars.  The Project utilizes a 
diffraction-limited apodized pupil Lyot coronagraph that has been integrated with a lenslet-
based integral field spectrograph. This entire package is mounted on the 241-actuator Shack-
Hartmann based Adaptive Optics system on the Hale Telescope (see right).  The spectrograph 
operates in the J and H passbands (1.05 - 1.75 µm) and we achieve somewhat low spectral 
resolution (!/"! ~ 23).  However, the wavelength diversity provided by our spectral 
resolution allows for speckle suppression using the LOCI algorithm to increase our sensitivity 
by 2 to 3 magnitudes (see lower right).  For the initial phase of the project, we are 
undertaking a survey of nearby stars, focusing primarily on a complete survey of A-stars 
with the existing AO system. In 2010, after the implementation of an internal wave front 
calibration system and an upgrade to a 3000-actuator AO system at Palomar, we will 
undertake a much longer 99-night survey on the 200-inch.  !

J and H band spectra are consistent with a mid-M dwarf star, of 
roughly 0.16 solar masses. This gives a very low mass ratio of 

~0.08 !

Common Proper motion confirmed by 
nearly 5 years of coverage, showing 
orbital motion!

Hinkley et al (2010a) !

1.25µm 1.58µm 1.73µm 

Photo by Scott Kardel !

Coronagraph: !

IFS: !

PALM-3000, Upgraded AO system:!

Bouchez, A. et al. SPIE, 7439 (2009)!

Speckle Suppression through 
Wavelength Diversity!

See Crepp et al. (2010, forthcoming) & Pueyo et al (2010, forthcoming) !

Pre-speckle Suppression Post-speckle Suppression 
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Argillan formation at -16 cm

Heavily weathered apatite grain at -36 cm Unweathered apatite grain at -1576 cm

Middle Cambrian Surface Apatite Dissolution:

A Mycorrhizal Fungi Biosignature?

Introduction
Soils form on sediments and bedrock exposed to the atmosphere,

and can record the effects of various processes, including changes

in moisture content, temperature, and biological activity, which

acted upon soil prior to burial.  Although paleosols (ancient soils)

can be subject to post-burial alteration, careful analysis of

paleosols can yield information about the conditions in which they

developed.

Several Middle Cambrian (>504 Ma) paleosols from drill cores

throughout the US Midcontinent Region were analyzed to

understand Middle Cambrian weathering and to determine if a

terrestrial biota was present at this time.

Study Area
The US Midcontinent region consists of a variety of Archean and Proterozoic terranes that were exposed to the

atmosphere and subject to weathering.  All locations are overlain by the >504 Mt. Simon Sandstone.  The Elk Point

paleosol yielded the most interesting results

Results
Oxide results are normalized to immobile Ti.
Cation losses (Na, Ca, Mg) are typical of soil

environments.  Fe, Al, and Si immobility is

likewise typical of weathering under an

oxidizing atmosphere.  K enrichment is likely

a result of metasomatic fluid migration.
Enrichment of Ca and Mg is a result of soil

carbonates (which form at the average depth

of wetting) later dolomitized by metasomatic

fluids.  The most significant pattern here is

the surface depletion of P.

Apatite Dissolution
Apatite [Ca5(PO4)3(F,Cl,OH)], is relatively stable in soils.  Dissolution can be enhanced by

acidic conditions or organic acids.  Inorganic dissolution results in the precipitation of

secondary phosphates.  Secondary phosphate precipitation can be suppressed by biological
P uptake.  Note dissolution of apatite crystals without the formation of rinds or secondary

precipitates.

Argillan Formation
Clays are formed by chemical

weathering of rock minerals.

Mobilized clays can be

transported deeper into soils,
where they can be immobilized

in zones of desiccation or high

cation concentrations.  Clays at

Elk Point are concentrated

between 13-37 cm, a zone that
coincides with the apatite

dissolution zone,  Dissolution

of apatite would have resulted

in high Ca2+ soil concentrations

Conclusions
The Elk Point paleosol shows elemental mobilizations that are typical of

soils.  However, P has been notably removed from the surface layers.  P

is a limiting nutrient in terrestrial environments, as it can only be

accessed through dissolution of recalcitrant P-bearing minerals, such as

apatite.  Apatite at Elk Point is mostly unweathered, except near the

surface.  The lack of secondary phosphates or mobilization of P down-

section indicates P uptake.  The presence of

argillans in the zone of apatite dissolution is

likely a result of high soil Ca2+ concentrations,

as carbonates at depth indicate water

penetration >3 m into the soil.  P uptake

resulting in high Ca2+ soil concentrations has

been previously associated with the activity of

mycorrhizal fungi (plant-associated symbiotic

fungi).  The presence of mycorrhizal fungi in

the Middle Cambrian may have contributed to

enhanced weathering during this time.

Lev Horodyskyj
Formerly of Pennsylvania State University,

working with Lee Kump and Tim White
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