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& MoonDB

CONTENT —

| Welcome to MoonDB

. controlled data system that will preserve,
digitize and curate lunar geochemical and
gical data and their

X sample metadata and analytical metadata.

—I http://www.moondb.org

* (QOVERVIEW OF THE MOONDB PROJECT
* MOONDB SYSTEM ARCHITECTURE

* DATA MODEL
® USER INTERFACE FOR SEARCH & DATA RETRIEVAL
®  MACHINE-ACTIONABLE INTERFACES (APIS)

* MOONDB DATA CURATION
* QOUTLOOK: MOONDB PHASE 2
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PROJECT TIMELINE

DEVELOPMENT PHASE 2015 - 2017
DEVELOPMENT OF DATABASE & TOOLS FOR DATA

COMPILATION OF HISTORIC & RECENT
GEOCHEMICAL DATA

DATA RESCUE

MOONDB PHASE 2: 2018 - 2020

COMPLETION OF DATA SYNTHESIS, INCLUDE LUNAR
METEORITES AND GEOCHRONOLOGY




MOONDB GOALS

MAXIMIZE THE SCIENTIFIC IMPACT OF PAST, PRESENT, & FUTURE
LUNAR SAMPLE STUDIES

MINIMIZE DUPLICATE ANALYSES OF LUNAR SAMPLES TO ENSURE
LONG-TERM HEALTH OF THE APOLLO SAMPLE SUITE

FACILITATE INTEGRATION OF LUNAR SAMPLE DATA WITH
PLANETARY DATA INFRASTRUCTURES

REQUIREMENTS:

® PROVIDE A SYSTEM THAT MAKES LUNAR SAMPLE ANALYTICAL DATA
FAR —————mm

®  SYNTHESIZE & HARMONIZE DATA FROM THE LITERATURE FOR
ADVANCED DATA MINING.

* PROVIDE A PLATFORM FOR FUTURE DATA TO BE SHARED AND
INTEGRATED WITH THE HISTORICAL DATA

“RESCUE" UNPUBLISHED DATA

ience Informatic



MOONDB
PROJECT COMPONEN"

* LAMONT GEOINFORMATICS RESEARCH G.._ .. X
* DEVELOP & OPERATE THE MOONDB DATABASE AND USER INTERFACE
* (COMPILE & INGEST LEGACY DATA FROM THE LITERATURE

®  ASSIST INVESTIGATORS WITH CONTRIBUTING UNPUBLISHED DATA

*  JOHNSON SPACE CENTER:

® FACILITATE INVOLVEMENT OF MEMBERS OF THE LUNAR SAMPLE COMMUNITY IN
RESCUING AT-RISK DATA

* PROVIDE GUIDANCE AND TECHNICAL ADVICE FOR DATA COMPILATION

* LINK JSC DATABASES WITH MOONDB, IMPLEMENT IGSN (PID FOR SAMPLES)

lary Science Informatics and Data Analytics Internation



BUILDING ON EXISTING CAPABILITIES

"""" = EarthChem

®* DATA PRESERVATION & PUBLICATION: EARTHCHEM LIBRARY

* DATA BEST PRACTICES: PROVENANCE METADATA, SAMPLE PIDS (IGSN)

*  FOCUS ON GEOCHEMICAL, PETROLOGICAL, & GEOCHRONOLOGICAL DATA
* DOI REGISTRATION (DATACITE PUBLICATION AGENT)
* DATA SYNTHESIS: PETDB, EARTHCHEM PORTAL
* DATA MODEL, CURATION WORKFLOWS, Ul DESIGN
® PERSISTENT UNIQUE IDENTIFICATION OF MATERIAL SAMPLES: IGSN, SESAR
®*  SAMPLE REGISTRY WITH METADATA CATALOG & REGISTRATION TOOLS

* INTERNATIONAL GOVERNANCE OF IGSN SYSTEM



MOONDB SYSTEM ARCHITECTURE



Data Inge

New & unpublished dataeg Published data
(User conftributions) (extracted from literature)

MoonDB File Repository  MoonDB Synthesis

Static data set download Q

Data Access

download




MOONDB SYNTHESIS = DATA FUSION

FACILITATE DATA MINING & ANALYSIS

INDIVIDUAL VALUES STORED IN RELATIONAL DATABASE
RICH CONTEXT & PROVENANCE METADATA FOR SEARCH AND FILTER
HARMONIZED AND QUALITY CONTROLLED DATA & METADATA
DATA OUTPUT ALLOWS IMMEDIATE DATA ANALYSIS
USER GENERATED NEW DATA COMPILATIONS ACROSS ANY NUMBER OF DATA SETS

DOWNLOAD SPREADSHEETS WITH ALL CONTEXT & PROVENANCE INFORMATION

DISPARATE DATA ACQUIRED ON THE SAME SAMPLE INTEGRATED INTO COHERENT
SAMPLE DATASETS



MOONDB SYSTEM ARCHITECTURE

—>

Driven By

ODM2 WEB SERVER
DB SERVER
s & 4
MoonDB \ 4 MoonDBSearch
capsulate querjes
Data Denormalization
: MoonDBAPI
\_ A ElasticSearch ) @ .
ﬁ‘ L
R

\ MoonDBLoader /

" Full Text Search

™ Filter By Category } Featured By

- Sample List E

- Sample Info

(N Export/Download Data '
= S v ==y

~

Planetary Science Informatics and Data Analytics International Conference



MOONDB DATA MODEL

* BASED ON ISO19156 foidgll ~ i i

“OBSERVATION & MEASUREMENTS"

e.g. Station,
Transect, Section

® MODIFIED VERSION OF ODM2 (OBSERVATION DATA MODEL)

®* (CORE ENTITIES & EXTENSIONS Samples Sensor
Extension : Extension
* CONTROLLED VOCABULARIES Obsaratione.
Core
httpS//glthUbCOm/ODMz F;E:;:;e > i {l ,  Generic

Extension

http://vocabuIary.odmZ.org | Common Semantics for Earth Observations

7>'<,>-< - p SN S
( PRI EarthChem | CZOData ‘ 100S ]
' HIS L L




MOONDB API

* RESTFUL SERVICE, USING
EXPRESS FRAMEWORK

"specimenCode”: "l@@28",

"specimenName": "18828",

"parentSpecimen”: null,

"childspecimens™: [ .. ],

"specimenType"”: "ROCK/Basalt/Ilmenite Basalt"”,
"samplingTechnigue": null,

"mission": "Apollo 11",

“landmark”: null,

"lunarstation”: null,

"returnContainer”: "ALSRC 1ee4",

"weight™: "425.000 g",

"pristinity”: “27.881%",

"pristinityDate": "2/19/2815",

"description™: "low K, fine-grained, subophitic to

"dataResults": [
{

"unit": "wt®",
"method”: "EMP",
"'labor'atory": "GEQOLOGICAL SURVEY OF CANADA™,
"wariable": "Ti02",
"methodComment”: null,
"walue™: "21.9"

b

{1
{1
{-1

{Ts
{1

The MoonDB API

Specimen
URL
/specimen/{specimenCode}

Jspecimenlist/mission/{missionName}

/specimenlist/landmark/{landmarkName}

Description
Get single specimen with basic meta data

Find specimens with basic meta data by
mission name

Get specimens with basic meta data by
landmark name

/specimenlist/specimentype/{specimenType} Get specimens with basic meta data by

specimen type

/specimenlist/samplingtechnique/{samplingTechnique} Get specimens with basic meta data by

AnalysisResults
URL
/data/specimen/{specimenCode}
/data/analyzedMaterial/{analyzedMaterial}
/data/citation/{citationCode}

/data/ffilter}

sampling technique

Description Parameters
Find analysis results by specimen code
Find analysis results by analyzed material

Find analysis results by citation

Find analysis results by combined filter {filter} is JSON object like {*mission":  http://api.moondb.or

Parameters Example
http://api.moondb.org/specimen/12023,155_7A
http://api.moondb.org/specimenlist/mission/Apollo 11
http://api.moondb.org/specimenlist/landmark/SPUR
CRATER

http://api.moondb.org/specimenlist/specimentype/Regolith
Breccia

http://api.moondb.org/specimenlist/samplingtechnique/Rake

Example
http://api.moondb.org/data/specimen/12023,155_7A
http://api.moondb.org/data/analyzedmaterial/LEACH
http://api. moondb.org/data/citation/AGRELL, 1970

/data/{"mission":[],"landmark":

conditions including mission, landmark, 0."landmark":[],"specimenType": [."specimenType" reccia”],"samplingTechnique":
specimenType, samplingTechnique, [1."samplingTechnique": [1,"analyzedMaterial":[*ZIRCON","GLASS"], "analyte":
analyzedMaterial, analyte and [1."analyzedMaterial":[], ['Si02","Ca0"),"analysisMethod ":["EMP","SIMS"]}
analysisMethod [1,"analysisMethod":[l}
Authorities
URL Description Parameters Example
/authorities/missions Find missions http://api.moondb.org/authorities/missions
fauthorities/landmarks Find landmarks http://api.moondb.org/authorities/landmarks
fauthorities/people Find people http://api.moondb.org/authorities/people
Jauthorities/citations Find citations http://api.moondb.org/authorities/citations
fauthorities/datasets Find datasets http://api.moondb.org/authorities/datasets
Controlled Vocabularies
URL Description Parameters Example
fev/specimentypes Find specimen types http://api.moondb.org/cv/specimentypes
fev/samplingtechniques Find sampling techniques http://api.moondb.org/cv/samplingtechniques
fev/analyzedmaterials Find analyzed materials http://api.moondb.org/cv/analyzedmaterials
lcv/analytes Find analytes http://api.moondb.org/cv/analytes
/cv/analysismethods Find analysis methods http://api.moondb.org/cv/analysismethods




MOONDB SEARCH

* SEARCH GUI: JAVASCRIPT/ANGULAR

MoBBSHrEh | B s ® FACETED & FREE-TEXT SEARCH

- ] Msions Fiters Summary *  WIDE RANGE OF SEARCH CRITERIA

Missions Apollo 12
B Landmarks
| v i
e e = ® SEARCH RESULTS IN TABULAR FORM, INTEGRATING
| Apalio 14 pling Techniques
Analyzed Materials
- Apolo 15 e —— DATA ACROSS DATASETS, DOWNLOAD OPTION (.CSV)
| Apollo 16 Analytes
o=
1 Luna 16
1 Luna 24
U LIS analysisCode analyzedMaterial ~ comment dataset citation methodCode  methodName laboratory methodComment  Si02 Tioz AI203 FeO MnO Mgo cao
[ ~ (M| Specimen Types 12037,20#3#0659 GLASS TYPEE MARVIN, MARVIN, EMP ELECTRON SMITHSONIAN 60.7 03 205 0.2 0.0 0.2 35
| COMPOSITE 1397W#TABLE 181 MICROPROBE INSTITUTION

OF
WASHINGTON
L METEOCRITE

ROCK 12037,20#4#0659 WHOLE ROCK 15-1 MARVIN, MARVIN, EMP ELECTRON SMITHSONIAN 46.7 24 22.4 6.9 01 7.1 121

4 1971#TABLE 1971 MICROPROBE INSTITUTION

1 4 OF

L » &/ SOIL WASHINGTON

| Unknown 12037,20#5#0659 WHOLEROCK 1152 MARVIN, MARVIN, EMP ELECTRON SMITHSONIAN 54.6 2.0 19.5 85 01 41 9.3
1971 MICROPROBE INSTITUTION

: 19714 TABLE
4

ling Techni or
‘N Sampling Techniques WASHINGTON
Ty Analyzed Materials
12037,20#6#0659 WHOLE ROCK 1n5-3 MARVIN, MARVIN, EMP ELECTRON SMITHSONIAN 427 4.2 16.4 ns 0.1 4.6 122
> Analysis Methods 19714 TABLE 1971 MICROPROBE INSTITUTION
4 OF
WASHINGTON
» Analytes
i 12037,20#7#0659 WHOLE ROCK  115-4 MARVIN, MARVIN, EMP ELECTRON SMITHSONIAN 45.0 04 302 24 0.0 6.4 153
1971#TABLE 1971 MICROPROBE INSTITUTION
4 OF
1 WASHINGTON
12037,20#8#0659 WHOLE ROCK 115-5 MARVIN, MARVIN, EMP ELECTRON SMITHSONIAN 50.4 06 183 9.0 0.1 9.7 10.0
1971#TABLE 1971 MICROPROBE QST\TUTION
4

F
WASHINGTON



INTEROPERABILITY:
LINKING FEATURES & SAMPLES IN MOONTREK
Shorty

ltem Type Nomenclature
Name Shorty
Diameter 0

Latitude 20.2

Longitude 30.6

Mare Serenitatis
Origin Astronaut-named feature, Apollo 17 site. ' Dorsimbuckiand (@81 WARMONAS oo
Montes Haemus 3 Mare Crisium

Mare Marginis

Ethnicity American : Mare Tranquiltati
Type Landing site name | Naresmyth
Mare Fecunditatisy
Dorsa Ewing Mare Cognitum 5 :
Additional Info http://planetarynames.wr.usgs.gov/Feature/5500 ; Rimae Sisali s Mare Nectars
( g s Mare Nubium
MoonDB Specimens y ; o Rimae Hippats Rupesaltal

Rima Hesiodus

mamme e
,4_‘_‘._|' 10

* Mare Australe

F
74001,1217
L
74001,1218




MOONDB CONTENT

# of Datasets ° 642
# of Specimens e 13,996

# of Data Points e 598,806

NUMBER OF References BY YEAR




MOONDB DATA CURATION

* DEDICATED DATA MANAGER COMPILES AND FORMATS DATA & METADATA

* FOLLOWING BEST PRACTICES FOR GEOCHEMICAL DATA FOR METHOD & DATA
QUALITY DESCRIPTION

* HARMONIZING VOCABULARIES / CLASSIFICATIONS AGREED ON WITH JSC

® SPECIAL ATTENTION TO SAMPLE IDENTIFIERS AND LINKING SAMPLES AND
SUBSAMPLES

* DATA & METADATA ARE INGESTED INTO MOONDB USING PHP SCRIPTS
(MOONDBLOADER)

* PERFORM DATA VALIDATION
® LINK NEW DATA TO SAMPLES ALREADY IN MOONDB VIA UNIQUE IDENTIFIERS



MOONDB:
DATA PUBLICATION VIA THE EARTHCHEM LIBRARY

® TRUSTED REPOSITORY FOR USER CONTRIBUTIONS
®  WORLD DATA SYSTEM MEMBER, CORETRISTSEAL CERTIFICATION UNDER WAY

* DOI REGISTRATION

® LINKS TO PUBLICATIONS @MoonDB

HOME ABOUT BIBLIO TEAM CONTRIBUTE DATA TO MOONDB MOONDB SEARCH

® LINKS TO FUNDING AWARDS

Submit MoonDB Data

@& GeoPass

One GeoPass | D gets you into multip! le geoinformatics systems.

« EarthChem Portal
« EarthChem Library

« IEDA Data Management Plan tool b

« Marine Geoscience Data System (MGDS) | Remember me

« System for Earth Sample Registration (SESAR)

« USAP Data Center Don't have a GeoPass ID? Sign up now!

| http://www.moondb.org/submit




Geochimica et Cosmochimica Acta

Volume 122, 1 December 2013, Pages 101-126

Climate dependence of feldspar weathering in shale soils along a

latitudinal gradient

Ashlee L. Derea. & . B4 Timothy S. Whitea b B4, Richard H. Aprilc: B4, Brian Reynolds?. &, Thomas E.
Millere. &4 | Elizabeth P. Knapp®. &, Larry D. McKays. B4, Susan L. Brantleya b. &

Show more

http://dx.doi.org/10.1016/j.gca.2013.08.001 o

Table 2.

coming soon: LINKING

SAMPLES, DATA, &

PUBLICATIONS VIA

IGSN

Major elemental chemistry of shale collected across the transect and corresponding depth of sample (d) where applicable. All

IGSN: SSHOOOSTR

IGSN:

the bottom of soil pit

SSHOOOSTR

Sample Name: ald-10-01
Other Name(s):

Sample Type: Individual Sample 5|te
Parent IGSN:  Not Provided

Material: Rock

Classification: Not Provided

Field Name: shale Wales

Description: rock outcrop sample

Age (min): Not Provided

Age (max): Not Provided

Collection Method: rock hammer

Collection Method Description:  Not Provided

Size: Not Provided

Geological Age: Not Provided

Geological Unit: Not Provided

Comment: Not Provided

Purpose: CZO Shale Transect

Latitude:

Longitude:

Elevation:

Nav Type:
Physiographic Feature:
Name Of Physiographic Feature:
Location Description:
Locality:

Locality Description:
Country:
State/Province:
County:

City:

52.470683
-3.69255
323.088

Not Provided
stream bed

Not Provided
Plynlimon forest, Wales, shale Severn stream bed
Not Provided
Not Provided
United Kingdom
Wales

Not Provided
Not Provided

Sample

name

PlynQ-RF

ALD-10-01
ALD-10-02
ALD-10-03
ALD-10-04
ALD-10-06
ALD-10-07
ALD-10-08
ALD-10-09

ALD-10-33

SSHO00STR
SSHO00STS
SSHO00STT
SSHO00STU
SSHO00STW
SSHO00STX
SSHO00STY
SSHO00STZ

SSHO00SUO

Al

(%)

12.0
11.8
11.0
11.8
11.6
11.9
1.7
11.9
11.2

1.7

Ca

(%)

0.04
0.03
0.01
0.01
0.05
0.05
0.01
0.02
0.07

0.04

Fe

(%)

6.77
6.40
5.77
6.73
6.45
6.17
6.45
6.82
6.51
6.32

K

(%)

3.15
2.96
2.88
2.87
2.66
2.91
293
2.94
277
297

Mg

(%)

1.41
1.36
1.23
1.47
1.63
1.53
1.33
1.50
1.41

1.41

Mn

(%)

0.43
0.33
0.21
0.23
0.13
0.21
0.29
0.62
0.27
0.21

Na

(%)

0.57
0.68
0.61
0.62
0.77
0.76
0.62
0.62
0.64

0.64

=]

(%)

0.04
0.04
0.04
0.05
0.06
0.06
0.05
0.06
0.06

0.06

Si

(%)

25.1
26.3
27.1
24.4
259
248
243
24.9
24.1

241

Ti

(%)

0.82
0.82
0.7
0.90
0.83
0.85
0.90
0.89
0.84
0.85

Zr

(ppm
164
164
137
175
215
186
210
185
167

165



MOONDB PHASE 2

RESTORATION OF LUNAR METEORITE DATA

¢ ADD GEOCHEMICAL, PETROLOGICAL, MINERALOGICAL, AND GEOCHRONOLOGICAL
DATA OF LUNAR METEORITES TO THE MOONDDB SYNTHESIS

® RESTORATION OF LUNAR GEOCHRONOLOGICAL DATA

® COMPILE AND INGEST GEOCHRONOLOGICAL DATA FOR BOTH THE APOLLO SAMPLE
SUITE AND LUNAR METEORITES INTO THE MOONDB SYNTHESIS

* INTEGRATION WITH THE PLANETARY DATA SYSTEM (PDS)

® ARCHIVE MOONDB DATA IN THE PDS'Ss CARTOGRAPHY AND IMAGING SCIENCES
NODE

¢ MAKE THEM AN INTEROPERABLE RESOURCE FOR THE INTERNATIONAL PLANETARY SCIENCE
COMMUNITY

® BUILDING THE MOONDB USER COMMUNITY

® BUILD AND FOSTER AN ACTIVE MOONDB USER COMMUNITY THAT CONTRIBUTES TO
ENSURING AND GROWING THE UTILITY OF MOONDB'S SERVICES AND QUALITY OF ITS
DATA HOLDINGS.

* STARTED MARCH 1, 2018



MOONDB PHASE 2: ARCHITECTURE
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