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NASA’S ASTROMATERIALS ACQUISITION & CURATION OFFICE

* The Astromaterials Acquisition and Curation Office at NASA Johnson Space
Center (JSC) is responsible for curating all of NASA’s extraterrestrial
samples.

* Under the governing documents, NASA Policy Directive (NPD) 7100.10F +
derivative NASA Procedural Requirements (NPR) 7100.5 “Curation of

Extraterrestrial Materials”, JSC is charged with being “the NASA Center that
manages all Astromaterials collections and curation facilities [at NASA].”

* This pertains to all current and future Astromaterials collections that NASA
owns or that were collected using NASA funds, unless otherwise specified

in a formal agreement with a non-NASA entity.
) https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7100&s=5"
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NASA’S ASTROMATERIALS ACQUISITION & CURATION OFFICE
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NASA’S ASTROMATERIALS ACQUISITION & CURATION OFFICE

Emerging Collections
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THE CURRENT COLLECTIONS...
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Lunar
(1969)

Apollo program
lunar rocks and
soils; Luna

samples
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Meteorite
(1977)
Antarctic Search
for Meteorites
(ANSMET)
program

Cosmic
Dust
(1981)

Cosmic dust
grains from

Earth’s

Microparticle
Impacts
(1985)

Space exposed
hardware from
spacecraft

stratosphere

Genesis
(2004)
Genesis solar
wind samples at
Earth-Sun L1
point

Hayabusa
(2012)

Subset of samples
collected from
JAXA asteroid

mission to
Itokawa

Hayabusal ll
(2021)

Subset of samples
collected from
JAXA asteroid

mission to Ryugu

OSIRIS-REx
(2023)

Asteroid sample
return from
Bennu

OSIRIS-REX

Stardust
(2006)

Cometary and
interstellar
samples from
Comet Wild 2
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NASA APOLLO: SAMPLE COLLECTION 1969-197/2

* The collection that started Curation at JSC

* Six Apollo missions collected 382 kg of rock,
soil, and cores

e 2200 separate samples from six collection sites

* Samples returned by three Soviet Luna
missions

Unify | Explore | Discover




NASA APOLLO: SAMPLE COLLECTION 1969-197/2

SAMPLE COLLECTIONS | SAMPLE REQUEST DEADLINES

CURATION|Lunar

LUNAR ‘ METEORITE ‘ STARDUST ‘ GENESIS ‘ CosmMic Dust MICROPARTICLE IMPACTS Havagusa Havagusa2

Sample catalog

Lunar sample compendium

Unify | Explore | Discover

OSIRIS-REx

Lunar Samples

Lunar Sample Request Dates & Forms
Request Lunar Samples

Return Lunar Samples

Request Education Samples

Request Public Displays

OUR CoLLECTION | A one-Kg (2.2 Ibs) Apollo 16 breccia
rock formed from meteorite impact.

Shiny, black impact-generated glass
was splashed on the side.

LuNAR Rocks AND SoiLs FRoM APoLLO MISSIONS

Between 1969 and 1972 six Apollo missions
brought back 382 kilograms (842 pounds) of lunar
rocks, core samples, pebbles, sand and dust from
the lunar surface. The six space flights returned
2200 separate samples from six different
exploration sites on the Moon. In addition, three
automated Soviet spacecraft returned important
samples totaling 300 grams (approximately 3/4
pound) from three other lunar sites. The lunar
sample building at Johnson Space Center is the
chief repository for the Apollo samples. The lunar
sample laboratory is where pristine lunar samples
are prepared for shipment to scientists and
educators. Nearly 400 samples are distributed
each year for research and teaching projects.

Study of rock and soil samples from the

Moon continues to yield useful information

about the early history of the Moon, the
Lunar Sample Compendium Earth, and the inner solar system. Recent

Lunar News

computer models indicate that the Moon

could have been formed from the debris
Lunar References resulting from the Earth being struck a

glancing blow by a planetary body about

the size of Mars. The chemical composition

»  Lunar Curation Contacts

of the Moon, derived from studies of lunar

rocks, is compatible with this theory of the




ANTARCTIC METEORITES: SAMPLE COLLECTION 197 7—DATE

Recovered by the Antarctic Search for
Meteorites (ANSMET):
https://caslabs.case.edu/ansmet/

Unique collection: Three agency agreement
(NASA, Smithsonian, NSF)

— NASA curates non-irons

— Smithsonian curates irons and pallasites and classifies all
samples

— NSF provides logistical support in Antarctica
Continually growing collection

Meteorites from the Moon, Mars, and
asteroids

Francis McCubbin
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CURATION | Antarctic Meteof:

METEORITE ‘ STARDUST ‘ GENESIS ‘ Cosmic Dust ‘ MICROPARTICLE IMPACTS

LUNAR Havagusa Havagusa2

Background information about collection
OSIRIS-REX

Antarctic Meteorites

ANTARCTIC METEORITES

Sample preparation information
| The US funded collection and curation of

Antarctic meteorites, or the US Antarctic
Meteorite program, is a cooperative effort
among NASA, the National Science
. . Foundation (NSF) and ANSMET, and the
Sample request information Smithsonlan instiution (5. The NeF has
decades of experience exploring this harsh

NEWSLETTERS/ DATABASES. environment, and provides support for
field research and collection. NASA and the

Smithsonian Institution are, experts in T
curation of lunar samples and geologic - d i
- Tt i b ively, ide f
Meteorite Classification Database speamer.\s‘ refpectlve pend pro.wd.e C{r X ) .

the classification, storage and distribution of Antarctic meteorites (Cassidy, 2003;
DETELEN-Y Cassidy et al., 1992; Harvey, 2003; Graham and Annexstad, 1989; McCoy et al., 2008; Marvin

5 . . and Mason, 1980; Allen et al., 2011; Righter et al. 2015; Corrigan et al., 2015; Harvey et al.,

Martian Meteorite Compendium 9 9 X 4

2015). As of 2016, the total number of samples recovered is ~22,000, and JSC
curators have sent over 19,000 meteorite samples to roughly 600 scientists
worldwide. The collection is among the largest in the world, and features samples

Flap Gaiy el from the Moon, Mars, and asteroids (Fig. 1).

Martian, lunar, and HED compendia e
ample erences

Antarctic Meteorite Newsletter

Lunar Meteorite Compendium
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CosMIC DUST: 1981—DATE

* Small particles originating from asteroids and comets
* Continually growing collection

 Started with cosmic dust collected in stratosphere by NASA
aircraft

* Recently accessioned South Pole Water Well (SPWW) and
South Pole Air Filter (SPAF) collections

* Continue to target stratospheric collections toward
meteoroid showers

Michael Zolensky
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CosMIC DUST: 1981—DATE

Background information about collection

Collection descriptions

Sample request information

Sample catalogs
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SampLE COLLECTIONS SampLE REQUEST DEADLINES ‘ CuraTION NEWS ASTROMATERIALS NEWSLETTER } EDUCATION SAMPLES

CURATION| Cosmic Dust;

LUNAR ‘ METEORITE ‘ STARDUST ‘ GENESIS |
[

OSIRIS-REx

Introduction To Cosmic Dust

=

Introduction
ACP Collection Description
SPWW Collection Description
SPAA Collection Description
Requesting Samples
Forms Page
Sample Containers for Shipment
Research Compendium
Sample Inventory - ACP
Sample Inventory - SPWW
Sample Catalogs

Dust Courier Newsletters

»  Cosmic Dust Curation Contacts

NASA/ARES

- — o . TR o T

Cosmic Dust MICROPARTICLE IMPACTS

THe NASA Cosmic DusT COLLECTIONS

The NASA Astromaterials Acquisition and Curation Office cares for collections of
materials from across the Solar System, and as part of that suite of astromaterials
the Cosmic Dust Collections curates the small material which naturally falls to Earth.
Cosmic dust includes interplanetary dust particles (IDPs) which are particles from
comets, asteroids, and other bodies that are generally smaller than 0.1mm in
diameter. IDPs are small e h and decelerate quickly enough when falling into
Earth's atmosphere that their heating from atmospheric drag may be limited. Slightly
larger particles tend to completely melt, but may survive their high-speed entry into
the atmosphere and fall to Earth as micrometeorites. IDPs and micrometeorites are
collectively known as “cosmic dust“, and even though these particles are tiny they
make up the majority of the mass of astromaterials which fall to Earth each year.

The Cosmic Dust Collections are comprised of both IDPs and micrometeorites (MMs)
(Figure 1). The collections also include terrestrial dust, aluminum oxide spheres
produced by solid rocket motors, terrestrial biological debris such as pollen grains,
and other tiny particles. The NASA Cosmic Dust Collections have been active since
1981 and include over 11,000 individual particles as well as whole collectors and
archived collection hardware. The collections currently include the Aircraft Collected
Particle (ACP) collection of IDPs collected using high-altitude aircraft and
micrometeorites collected from the South Pole Water Well (SPWW). NASA continues to
collect new Cosmic Dust samples with high-altitude aircraft and Advanced Curation
efforts are underway to expand collection strategies to include high-altitude
balloons and other methods. To date, over 500 scientific papers and meeting
abstracts have been produced from this effort, describing the scientific community's
ongoing efforts to understand our Solar System through these tiny grains.

Astromaterials Research and Exploration Science ‘ .




NASA GENESIS: SOLAR WIND RETURN (2004)

Collected solar wind at Earth-Sun L1 location for 28
months

Landing was “off nomina
Fragmented samples, terrestrial contamination

IH

Ultimately, most science objectives were achieved

Led to significant development of cleaning
methods
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NASA GENESIS: SOLAR WIND RETURN (2004

SaMPLE CoLLECTIONS | SAMPLE REQUEST DEADLINES | CURATION NEWs

CURATION| Genesis (Gt

Cosmic Dust ‘ MICROPARTICLE IMPACTS ‘ Havasusa ‘ Havasusa2

LuNar METEORITE ‘ STARDUST | GENESIS

| OSIRIS-REx

ample request information and form —
GENESIS SOLAR WIND SAMPLES

The Genesis mission, launched in August 2001, collected solar wind at Earth-Sun L1
Requesting Samples location for 28 months, and returned to Earth September 2004 with collectors (very
Sample Request Documents & Forms Pure materialslwi(h highly polished surfaces) into which solar wind atoms were
implanted, typically 40 to 100 nm below the surface. These samples can be analyzed
by sophisticated laboratory instruments in order to precisely determine the
composition of the Sun. Since the Sun contains >99% of the mass in the solar
system, knowing its elemental and isotopic composition provides a good estimate of
the composition of the solar nebula at the time when the planets were forming.

. . .
Collection information sample Characterzation
— Even though the Genesis capsule crashed upon Earth return, the Genesis samples
Facilities K . . e

were recovered (see Salvaging Genesis Sample Science), and the Genesis’ solar data
is contributing to new insights in tracing the chemical evolution of diverse planetary
samples (including samples from the Moon, asteroids, comets, and Mars), most of

which came from a common starting material, the solar nebula. To date, more than

400 Genesis samples have been allocated to the science community.

Genesis Sample Catalog
The Genesis mission included three separate collections: high speed solar wind,

ample catalog and collector material in ‘
EelEEoiiatsfatiC e et coronal mass ejection solar wind and interstream low speed solar wind. Information
& Genesis References from these different solar regimes is adding to the understanding of solar physics
(figure 1).

A catalog of the collector fragments is available here. The catalog contains images,

the material, the dimensions and area, the solar wind regime, and a qualitative
Genesis Curation Contacts assessment of surface condition. Cataloging is an ongoing process with more than
Genesis Document Library 1850 samples characterized.
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Stardust spacecraft flew through the coma of Comet Wild2 Collector Array '
and collected interstellar dust -

Collector medium was aerogel

Curation undertaking removal of all tracks to mitigate
potential degradation of aerogel

)\ /

Michael Zole




CURATION|Stardust =

LuNArR METEORITE ‘ STARDUST | GENESIS Cosmic Dust ‘

OSIRIS-REx

m a t I O n a n Stardust Cometary And Interstellar Samples

MicropARTICLE IMPACTS Havasusa Havasusa2

STARDUST: DusT FROM COMETS AND INTERSTELLAR SPACE

Stardust, a NASA Discovery-class mission, was the first to return samples from a
comet and from interstellar space. The mission launched on February 7, 1999 and
successfully encountered comet Wild-2 on January 2, 2004. As the spacecraft passed
sample Request Forms through the comet’s c9ma, a tray. of silica aerog!el was opened and exposed to

capture coma dust grains. Following the collection, the aerogel tray was closed, for
return to Earth. The Stardust sample return capsule then cruised back to Earth, and
landed early in the morning on January 15, 2006 at the Utah Test & Training Range
(UTTR) in western Utah. Once on the ground, the sample return capsule was placed
into a dry nitrogen environment and flown to the Stardust Laboratory at JSC.

Sample Request Deadlines

Collection information S

Sappeicalisctio of the Stardust Cometary aerogel, we believe that we captured thousands of grains
from Comet Wild-2.

Based on the data returned from the comet encounter and preliminary examination

Cometary Dust Particles

RieEtEllagbisHCanditaies In addition to sampling the comet, Stardust
opened another aerogel tray and exposed
Co”ect r tray and aerogel info it to open space during the cruise phase of
Aerogel the mission. Based on data from dust
Contamination Control detectors aboard the Ulysses and Galileo
spacecraft revealing that there is a stream
of interstellar dust flowing through our
solar system, the Stardust team anticipated
that the Interstellar aerogel tray would be
able to collect approximately 100 grains of
pmple Catalog Database fresh interstellar dust transiting through Scientists examine the aerogel tray after its
our solar system. st

Collector Tray
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JAXA HAYABUSA: SILICEOUS ASTEROID ITOKAWA (2012)

 Japan Aerospace Exploration Agency (JAXA)
mission
* First mission to return sample from an asteroid

(also many asteroid-derived meteorites in
Antarctic meteorite collection)

* Error with sampling mechanism during
deployment — fine particles (require advanced
handling)

* NASA’s portion of samples include individual
particles

Michael Zolensky

Astromaterials Research and Exploration Science T
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JAXA HAYABUSA: SILICEOUS ASTEROID ITOKAWA (2012)

CURATION|Hayabusa .

LUNAR ‘ METEORITE STARDUST GENESIS Cosmic Dust i MICROPARTICLE IMPACTS ‘ Havasusa ‘ Havasusa2
OSIRIS-REx

SAMPLE COLLECTIONS ‘ SaMPLE REQUEST DEADLINES | CURATION NEWS ‘ AsTROMATERIALS NEWSLETTER | EDUCATION SaMPLEs | NASA/ARES

Hayabusa Sample Collection

HAvaBusA AsTEROID ITOKAWA SAMPLES

SAMPLE REQUESTS |

- Hayabusa, the first sample return
mission of the Japanese
Requesting Samples Aerospace Exploration Agency
(JAXA), was developed to
rendezvous with and collect
samples from asteroid Itokawa

Sample Request Documents & Forms

Collection and sample preparation Oue Couteerion and return them to Earth. The

information

Available samples

Unify | Explore | Discover

- mission was launched in May 9,

2003 from the Uchinoura Space

State of Hayabusa Samples Center and encountered asteroid e S B A e [ A el By
Itokawa in November 2005. Hayabusa spacecraft in 2005.

There, it made several attempts Chotelcetiissviorl X

at collecting samples in touch and go maneuvers. During one of these attempts the

spacecraft unexpectedly lost communication with Earth and crash-landed on the
- asteroid surface, damaging the spacecraft. Despite this setback, JAXA managed to

return Hayabusa safely to the Earth on June 13, 2010.

Release 051101-2 ISAS/JAXA

Sample Preparation

Available Hayabusa Samples
Although the sampling mechanism did not work, thousands of 10-100 pm particles
y were found in one of the sample containers, apparently introduced during the
spacecraft impact into the surface of the asteroid. Many of these particles are shown
. to be asteroidal grains by their chemistry and mineralogy, but they are mixed with
contaminant particles from the spacecraft. Thus, instead of returning several grams

of sample, Hayabusa has returned less than a milligram of sample. Nevertheless,
these are the first direct samples of an asteroid and their geological context is well

» Hayabusa Curation Contacts

—

Astromaterials Research and Exploration Science W
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JAXA HAYABUSAZ: CARBONACEOUS ASTEROID RYUGU (2020)

First mission to return sample from a
carbonaceous asteroid

NASA’s share is larger than the Hayabusa
collection and requires sub-division of larger
particles

Leading to advances in small-particle handling

Work done here has implications for all
collections at JSC (e.g., cosmic dust, H1, H2, OREX)
and outside collections

Unify | Explore | Discover




SAMPLE COLLECTIONS | SAMPLE REQUEST DEADLINES | CURATION NEws | ASTROMATERIALS NEWSLETTER

CURATIbN Hayabusa?

LUNAR METEORTE | STARDUST ‘ GENESIS ‘ Cosmic Dust

|
i OSIRIS-REx

Hayabusa2 Sample Collection

HavaBusa2 AsTEROID RYuGu SAMPLES

= The JAXA Hayabusa2 spacecraft

returned 5 g of material from the
Requesting Samples surface of a primitive C-type
asteroid, 162173 Ryugu on
| December 6, 2020. One of the

CO I | ect i on i nf rm ati on sample collections targeted
material exposed by the creation
- of an artificial crater that the

Hayabusa2 spacecraft produced

Hayabusa2 Sample Collection with a small 'carry-on impactor'.
| The spacecraft also deposited

7 small landers onto Ryugu that
. HavaBUSAZ SAMPLE INFORMATION returned remarkable images of
Ava | Ia b | e Sa m 9 I eS the asteroid's surface. After an 18

- L month return journey from
D ayabusasoampies asteroid Ryugu, the sample

| return capsule parachuted to a

- Photo of Asteroid Ryugu.
ABouT THE HavABUSA2 MisSION soft landing on the Woomera (Photo courtesy of JAXA)
Range Complex in the Australian outback. Preliminary examination of the samples is

underway at the JAXA curation facility in Sagamihara, Japan where they are stored in
»  Hayabusa2 Curation Contacts vacuum and ultra-pure nitrogen containers.

Sample Request Documents & Forms

The Hayabusa2 mission complements the Hayabusa mission to asteroid Itokawa and

Astromaterials Research and Exploration Science ‘
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NASA OSIRIS-REX: CARBONACEOUS ASTEROID BENNU (2023)

NASA’s first asteroid sample return mission

* Returned a significant amount of material
(~120 g) from carbonaceous asteroid Bennu

Newest collection at JSC
— Still in mission analysis phase
— Recently solicited first call for sample requests

— Next call in Spring 2025 (sign up for the
Astromaterials Newsletter)

Astromaterials Research and Exploration Science




NASA OSIRIS-REX: CARBONACEOUS ASTEROID BENNU (2023)

p
SAMPLE COLLECTIONS | SAMPLE REQUEST DEADLINES | CURATION NEWS ‘ ASTROMATERIALS NEWSLETTER

CURATION| 0SIRIS-REX

|
METEORITE ‘ STARDUST ‘ GENESIS ‘ Cosmic Dust

Sample request information and forms

NA

LUNAR

OSIRIS-REX

— OSIRIS-Rex Sample Collection

Collection information

Sample catalog and high-resolution images

SAMPLE REQUESTS

Requesting Samples

Sample Request Documents & Forms

Our CoLLECTION

OSIRIS-REx Mission and
Sample Collection

OSIRIS-REX SAMPLE INFORMATION

OSIRIS-REx Samples Database
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»  OSIRIS-REx Curation Contacts
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| EDUCATION SAMPLES ‘ NASA/ARES

MIicROPARTICLE IMPACTS Havagusa ‘ Havagusa2

BeNNU AsTEROID SAMPLES AND RETURNED FLIGHT COLLECTION

The OSIRIS-REX spacecraft
returned over 120 grams of
sample from asteroid Bennu. The
asteroid samples in the collection
include particles that range from
centimeter-sized rocks to sub-
micrometer-sized fine dust. Most
of mass of the OSIRIS-REx
collection is currently
containerized and documented as
aggregate samples, which are
samples that include multiple
particles.

The asteroid samples were photo
documented by the Advanced
Imaging and Visualization of
Astromaterials (AIVA) group

during sample collector hardware
disassembly and prior to subdivision of samples from the bulk sample trays, as part

of intensive multi-day photography campaigns during preliminary examination (PE).
These high-resolution curation images can be accessed through the OSIRIS-REx

Near-Earth Asteroid Bennu, the target of the OSIRIS-Rex
mission.
(Credit: NASA/Goddard/University of Arizona)
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SAMPLE REQUESTS FROM EXISTING COLLECTIONS

Astromaterials Acquisition & Curation Office

Astromaterials Newsletter
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SAMPLE REQUESTS FROM EXISTING COLLECTIONS

Hayabusa Il
(2021)

Subset of samples
collected from
JAXA asteroid

mission to Ryugu

. i Microparticle
Meteorite OSIRIS-REX Cgsmt'c |m:acts Genesis Stardust Hayabusa
us
(1969) (1977) (2023) (1981) (1985) (2004) (2006) (2012)
Apollo program Antarctic Se.arch Asteroid sample Tt Space exposed Genesis solar Cgmetary and Samples
Iunar' rocks and for Meteorites return from grains from hardware from wind samples at interstellar collected from
soils; Luna (ANSMET) Bennu Earth’s spacecraft Earth-Sun L1 samples from JAXA asteroid
samples stratosphere Cometiwilc2 TESEIE
Itokawa

A

)

AR

Lunar

program

* Any scientist can request NASA Astromaterials for scientific study:
— Sample requests are reviewed by the appropriate Astromaterials Allocation Review
Board panel (i.e., by peer-review) and the collection’s Curator

— Sample requests for other collections are rolling and can be submitted at any time’ &
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ASTROMATERIALS NEWSLETTER VOL. 6 ISSUE 2 ASTROMATERIALS NEWSLETTER g
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Astromaterials News The Newsletters

Francis McCubbin, Astromaterials Curator Volume 6 No. 2
October 2024

Volume 6 No. 2 - October 2024

 Sign up for the Astromaterials Newsletter to learn

erials Newsletter will be my last as the As

more and stay informed! e

tical resource to the pla
to enable scientists from around the world to make important d les about our solar system
d. Dr. Jemma Davidson wil take the helm as the combined Curation Branc

terials Curator st lovember 1, 2024. This consolidation of roles will empow

https://ares.jsc.nasa.gov/astromaterials-newsletter ST M, e

a wonderful Astromateri cited to pass the torch and start my
March 2024

new role in the Research Office.

A Note from the Incoming Astromaterials Curator:
Ithas been aln ight m e s Acquisition and Curation Offi Volume 5 No. 2
a w Branch Chief. In that time, | have had the pleas ly with the whole September 2023
Curation, particular current Astromaterials Curator, Dr. Francis McCubbin. Over the last
cade, Francis has made countless contributions to the Curation Office, including the genesis of
have significantly benefl th Curation and the broader Volume 5 No. 1
ancis fo - stromaterials community and look forward to March 2023

* The Astromaterials Newsletter announces: R e e

N eW S a m p I e S About the Astromaterials Newsletter:
Wel naterials Newsleter The Astromateials Newsleter i a

e Astromaterials Acquisition and Curation Volume 4 No. 1
munity about updates to our policies, March 2022

Volume 4 No. 2
September 2022

Volume 3 No. 2
September 2021

Re q ue St d ate S e e
Changes in Curator duties and new Curation personnel e g it s sty Ve

15. As always, details about all of Volume 2 No. 2

vide updat Volume 3 No. 1
at could impac March 2021

NASA's Astromaterials samples ble for request can be found within ea tive

announcements i spest v s et sl g

September 2020

Volume 2 No. 1
Astromaterials Data Archiving Announcement from the February 2020

Ot h e r u pd ate S Astromaterials Data System

The (Astromat) is the primary NASA-sponsored archive for laboratory

Volume 1 No. 2
). Astromat supports the extrate samples August 2019

community with services that enable sharing, discovery, access, and reuse of data generated by

analyses of retumed samples (see

laboratory analysis of astromaterials samples.
Volume 1 No. 1
March 2019

The Astromaterials Data Archive (ADA) curates, publishes, and preserves laboratory analytical

Both subscribe and unsubscribe
options e i

at ARES,
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SUMMARY

JSC is home to NASA’s nine current astromaterials collections.

We provide samples to support the scientific study of astromaterials to qualified
researchers across the globe.

We preserve the scientific integrity of the samples for study by future generations
with future analytical technologies.

Our website should always be your first port of call for information.

Sign up for the Astromaterials Newsletter to stay up-to-date with changes.

+..Still have questions? Contact the collection curator.
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THANK YOU!




