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The GeoMap Initiative

MSSS/JPLlNASA Moe image

We want a 40 geological
model of Mars, Earth,
and other solid bodies.

We have (and are now
collecting) much relevant
data.

We just need an
automated way to extract
the desired knowledge.
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GeoMap Benefits
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Granite Peak Geologic Map and cross section

February 2004

Mars:
Aid site selection
Interpretation of in-situ
missions in context of a
much more complete
background
understanding .
Ease of integration and
comparison of new data
with existing data

Earth:
Understand and protect
our home planet
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GeoMap Solution

9

r- d
North

1

/
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Ingest high-resolution
image, hyperspectral,
topographic, and in-situ
data

o Identify lithologic units
based on clustering of
texture and mineralogy

• Recognize patterns in
lithologic units .

• Interpret these patterns in
terms of 3D structure

Infer a relative chronology
of events to create 3D
structure

Enter into a database
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:",,~:;I;i<2l~l1tifying litho logic
" "::t~~Og'texture
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R~Vi~Wpt'ibt ~rt' .
Proposed Parameterized Stochastic Grammar"
approach
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; :~' ;· · , ..I~el :··,(-J\Alneral ID 220

· . ~ lkor10s ~ sub-meter pixel;con1ITlsrcial, visible
"Landsat - 30 mpixelB bands
Others ...
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TIll: TOI'OCRArllY or :\IARS

BY TilE MARS ORBITER LASER AI.TI:\1I'TER IMOI.Al

30

60

February 2004

MOLA- MGS
TES - MGS 3 km pixel, 6-50 uhi . ,~:. : ~' .:...: :: -~zooo '~ isc rso

THEMIS - Mars Odessy, 15 bands

MARSIS - Mars Express, several Km sub­
surface radar

OMEGA - Mars Express, 100m mi
mapping spectrometer

MOe - 1 m pixel

Existing data - Mars
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Future MRO mission

HiRISE - MRO 0.25-0.5 m pixel, stereo,
visible

CRISM - MRO mineral 10 spectrometer,
0.4-4 um, 560 bands, 18 m pixel

SHARAO - MRO Up to 1 km sub-surface,
15 m vertical resolution, 0.3-3 km pixel
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Largescale. ma
Note: Spectra I
crystal/grain size

itaI and

on the

orbit:
and context

orbit can be sensitive to

m i 1111111111111
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Nontronite

Ken Hurst I JPL 3675

Pyrophy llite
+ alunite

Chlorite +
_ Montmor illonite

or Muscovite

N

t
Chlorite

2km

Kaolinite wxl
Kaolinite pxl

Kaolinite-smectite
or muscovite

_ Hall oysite

Dickite
_

Alunite-Kaol inite
arxl/or Muscovite

_ Calcite_
Calcite +
Montm or illonite

_ Calcite +Kaolinite

Na­
Montmorillonite

low- AI muscovite

med- Al muscovite

high-At muscovite

_ Jarosite

Bu::ldington ite

[==:J Chalcedony

Cuprite, Nevada
AVIRIS 1995 Data

USGS
Clark & Swayze
Tricordcr 3.3 product

K-Alunite l50C

K-Alunite 250C

K- AluniteA5OC

Na82- Alunile 100C
Na40- AlunileAOOC

February 2004

AVI R~S (Ai rborne
Visible-Infrared
Imaging
Spectrometer)

Processed to
identify OH-, C03-,
and S04- minerals

Mineral ID 1
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Jarosite

Goethite

Lepidocrosite

N

t2km

2+
Fe -bearing
minerals

Fine-grained to
medium-grained
Hematite
Large-grained
hematite

F 2+ b .e - eanng
minerals +
Hematite

Fe - bearing

D minerals: broad
absorptions

Note Fe
2
+-bearing

minerals are mainly
muscovltes and
chlorltes

Cuprite, Nevada
AVIRIS 1995 Data

USGS
Clark & Swayze
Tricorder 3.3 product

amorphous iron
oxides

nano-Hemat ite

Ken Hurst , JPL 3675

AVIRIS (Airborne
Visible-Infrared
Imaging
Spectrometer)
Processed to
identify Fe2+, Fe3+
minerals

Mineral 10 2
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Digital Geological Data Model

Under development
by State Geologists
and USGS

Digital Data Model for
building a database
containing the
information in a
Geological Map
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4D from 2D

In geology, time and
, ,

space are closely linked
by the "Principal of
Superposition"

First stated by Steno in
1669

Younger sediments
overlie older sediments
unless the strata have
been overturned .

a

'Youngest'

--:-'". ~-
L, ---:~-:T ....... ~
"'_"J~""-r"'"

L,- -r .r;..::;--;:-.

Oldest
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Corollaries 1

February 200414

e

a

. Youngest

Oldest

-_. __ .J. -"- ";:l

-- ,..

Cross-cuttin9
relationships

Younger events (rock
units) cut across older
events (rock units)

Inclusion
Inclusions in
sedimentary or
igneous rocks are
older than the
surrounding rock unit
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Corollaries 2

c b

•e::>:>:::::::. , .

b c

Unconformities
An unconformity
(erosional surface) is
younger than the
truncated rocks and
older than overlying
rocks

Deformation
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Orientation of contacts: The
Three point problem

Given a dipping
boundary, and some
topography, it is
possible to work out
the angle of the dip.

Also craters can be
thought of as
"boreholes"
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Cartoon Example
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D
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B
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Example: Harrisburg PA
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ipulation to

C D E F G

X X X X X

1 X X X X;

3 X X X

8 X X

2 5 X

1 4
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~~~lia;~Jthe GoncePt of
:fJ ~mf~tJj iT/r~ ~n -:' .
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Geological time concepts (after Ady 1993)

A before B; B after A

A meets B; B met-by A

A overlaps B; B
overlaped-by A

A starts B; B started-by A

A during B; B contains A

A finishes B; B finished­
by A

A equals B
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Humansaregood
at this -computers
are.

February 2004

.... Ttl
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, .. ,;""".",,,,,',,,,. " .
"""'''''' ''' ...0"'.0", .. ,,,,' "
'0., .. ""-,-, .. ,,,-,,,,,-,,,.

".0"."'".",,,",".,,, .. ,,,..

;1;~~IS'SiS
'"il"s.ub-elements
:Irase"verb-phrase)

i::-::::::=;;5?0;:;:1r~:t.;'~'i~~':; ~:";,>;",-,,, ~ ;:.:.. ':":" ..
. ,< "., ..

.' ..·.··;·all~:l'··m:.·.·;

~~~~~0~~Yb~
.... ······prbb.abHity·rule:s,bJn~rydecision trees.or other

Relationships between elements build up
interpretation
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<~rtie[$~P"~lthe .
<noun>: ., ·Doy l ball

<verb>..... hit

February 2004

=F~ B' . mE I
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Clmar building

,.,,, , , . ".,

llqueof$egoing from.
;~", ' - :-.-: ,: : ,:: - , - , : : : :." :,:" --: , .

IttCitthrough sandstone to

~~i~~~~;~~~~~~~~k~
..• •• + ••s.urrou.n.c:l.e.d.b\~, ..non"IlIT1neousSurroundlng rock
'tmml'l'l'il,~t~'t~i~~i~'i:~:~~~:I~;i~illMr~~~'bylt"1Ydrb therrnal 'fluide.

, - ,.' , : ' ' , "~' , - ,," """ ",," ",," , , , , """ ".. , ., , , , ..

~xisting models are 1<dimen~ionaI.We>wHl need
to generalize to 3 spatial dimensions and time.
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~~';c;.~~!...1..:·Develop.a
Grammar to

sub-surface
and chronology

1~~~~~~~~~~~~~~~1~~5 kom.an ..map or Image.
Will.·i·•.fl\lO lveextension of
Slo~cnjastic Grammar
concept tod~cal\l\lith

notions of 3D spatial
relationships,orientation,
and chronology.

28 February 2004 Ken Hurst, JPL 3675



Roadmap: Annotated image

D

c
...L

+

G

F

B

Phase 2: Adapt and
extend software to
identify lithologic
units , estimate their
orientation , and
annotate the image.
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Roadmap: Production

February 2004

Akna Montes mountain belt, Venus,
http://nssdc.gsfc.nasa.gov/imgcaUhtmllobject_page/

31 mgn_c160n291 _1.html

Phase 4: Refine the
system to be a
production system
and apply it to global
data for Mars, Earth,
and other solid
planetary bodies.
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NonlrOnite

N

t2km

Pyrophyll ite
+ alun ite
Chlo rite ·

_Montm ori ll onite
or Muscovt te

Ch lorite

Keolt ni te wxl
Keo ttni te pxl
Kirjlinite +srn~l jt l@'

or musco vi te

Haltcyaite

_Dlc~lt.

_ ~~te~~~~i~~
_ C al Cite

- ~~~~~;r i l I0n1te
_ Cal c ite - Keo ltnlte

- ~~~tmOrll lonue

Cuprite . Nevada
AV IRIS 1995 Data

USGS
Clark & Swayze
Tricordcr 3.3 product

K- Alunlte 1SOC
K- Ahm ite 2SCC
K- I\lunlle 4 SOC
N~2- A lunlt e. ICXX::
N 040- A lun ite 400c

o

Plagioclase
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"d;'map.(Burns 1976)

1~~,:,',,1!-'~ , >: .. . .
~\ai~ea¢Ai bed is >
~l~'~~$::~[1d columns.
·!.~~~i b'~tween · two beds

.•Inconsistentinformatlorr.' -- -- -

-Can then "fill in" much of rest of matrix -.
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