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The GeoMap Initiative 

BMSSSNPUNASA MOC image 
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We want geological 
model of Mars, Earth, 
and other solid bodies. 

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

ust need an 
automate ay to extract 
the desired knowledge. 
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GeoMap Benefits 
w Mars: 

election 
ation of in-situ 

missions in context of a 
much more complete 

w Ease of integration and 
comparison of new data 
with existing data 

w Earth: 

.Granite Peak Geologic Map and cross section 3 February 2004 Ken Hurst , JPL 3675 



GeoMap Solution 

4 F e b r u a r y  2004 

g h-resolution 
yperspectral, 

topographic, and in-situ 
data 
lden hologic units 

lithologic units. 

terms of 3D structure 
BI Interpret these patterns in 

Infer a relative chronology 
of events to create 3 0  
structure 

database 

Ken H u r s t  , JPL 3675 



Outline of the rest 

Review remote sensing data 
Demonstrate plausibility of identi 
units based on mineralogy and 
Digital Geologic Map Data Model 
Demonstrate how to infer 4D fro 

Review prior art 
Proposed Parameterized Stocha 

logic 

by hand 

approach 
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Existing data - Eart 

ID, 220 bands 0.4-2.5 um 
ASTER - Terra, 14 bands, .5-12 um 
AVIRIS & HYDICE - Airborne Visible 
Infrared Imaging Spectro 
SRTM - 30 m pixel topography 
lkonos - sub-meter pixel, visible 
Landsat - 30 m pixel 8 ba 
Others ... 

6 February 2004 Ken Hurst , JPL 3675 



Existing data - M 

MOLA - MGS 

7 

J 

TES - MGS 3 km pixel, 6-50 um -8 

MOC - 1 m pixel 

G 

THEMIS - 
MARSIS- 
Km sub-su 
OMEGA- 
mineral 

Mars 
Mars 
rface 
Mars 

mappin 

Odessy, 15 bands 
txpress, several 
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Future MRO missi 

8 

HiRlSE - MRO 0.25-0.5 m pixel, 
visible 
CRISM - MRO mineral ID spectr 
0.4-4 um, 560 bands, 18 m pixel 
SHARAD - MRO Up to 1 km su 
15 m vertical resolution, 0.3-3 
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I 

Co m p I e m e n tary ta 
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Some observations are easy 
the surface: 
H Small scale nature of a contact- 
H Cliffs 
Some observations are easy f 
orbit: 
H Large scale morphology and co 

Note: Spectral data from,orbit can be 
sensitive to crystaVgrain size 

February 2 Ken Hurst , JPL3675 



Mineral ID 

AVIRIS (Airborne 
Visible-Infrared 
Imaging 
Spectrometer) 

identify OH-, C03 
and S04- mineral 

Processed to 

10 

1 -  
Y 

S 

Cuprite, Nevada 
AVIRIS 1995 Data 

USGS 
Clark & Swayze 
Tricorder 3.3 product 

K-Alunite 15GC 
K-Alunite 25OC 
K-Alunite 450C 
Na82-Alunite 1OOC 
NdO-Alunite 4GOC 

Kaolinite wxl 
Kaolinite pxl 

Kaolinite+smectite 
or rnuscovite 

Halloysite 
D ic kite 
Alunite+Kaolinite 
and/or Muscovite 

Calcite 

N a- 
Montmorillonite 

low-A1 muscovite 
med-A1 muscovite 
high-A1 muscovite 

Jarosite 

Buddingtonite 

Chalcedony 

Nontronite 

Pyrophyllite 
+ alunite 
Chlorite + 

Mont mor 11 lonite 
or Muscovite 

Chlorite 
N 

2km t 
Jrst, JPL 3675 F 



Mineral ID 

AVIRIS (Airborne 
Visi ble-l nf rared 
Imaging 
Spectrometer) 

w Processed to 
identify Fe2+, Fe3 
minerals 

Cuprite, Nevada 
AVIRIS 1995 Data 

USGS 
Clark & Swayze 
Tricorder 3.3 product 

amorphous iron 
oxides 

nano-Hematite 

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

Goethite 

Lepidocrosite 

Jarosite 

Fe2+-bearing 
minerals t 
Hematite 

+ 2+ 
Fe -bearing 
minerals 

Fe -bearing 
minerals: broad 
absorptions 

Note Fe2+-beanng 
minerals are mainly 
muscovites and 
chlorites 

N 

2 hn I 
11 urst , JPL3675 
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Algorithm for infe rder 
of events from 2D m emfry 1976) 

4 

20 

Construct a matrix in whi 
represented once on the rows a 
Wherever a time relatio 
is known, make an entr 
row is older than column. 
Triangularize the matrix by trans 
columns. Inability to trian 
inconsistent information. 

that 

Can then “fill in” much of rest ~f r matrix 

February 2 Ken Hurst , JPL 3675 
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Balanced Cross- ti e 1983) 

Deformed strata (folded 
and faulted) should 
occupy the same volume 
as they did in their 
original un-deformed 
state. 
Humans are not good at 
this - computers are. 
This is has been common 
practice for more than a 
decade. 

22 February 200 Ken Hurst , JPL 3675 



Geological time conc 

Erosion introduces gaps 
Simultaneous events 
Finite duration events 

Interval algebra (Allen 1984) 

23 February 2004 . Ken Hurst , JPL 3675 
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Geological time (after Ady 1993, 
Allen 1984) 

after A 
met-by A 

Aoverlap 

H A starts B; B started-by A 
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Spatiochronologic r (Ady 1993) 

Characteristics 

26 

Given a digitized geologic 
GIS interface 
Qualitative temporal object r resentation based on 
Allen 1983 . .  

Knowledge base of spatio-temporal 
principles 
Inconsistency checker 
Inference system for propagation aints 

February 2004 Ken Hurst , JPL 3675 



Frequently under- 

27 

Erosion removes part rd of the 
history written in the r 
Subsurface structure could rbit rarily 
complex and still mat 

consistent with the data 
There is usually a “sim ti0 

Grammars, especially aramet 
stochastic grammars, 

Ken Hurst , JPL 3675 
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Grammar usin ce 

H The boy hit a ball. 
<sentence>+<noun-ph 
<noun=phrase>-+<article 

H <verb-phrase>+<verb> <noun: 

<article>+ a I the 
<noun>+ boy I ball 

H <verb>+hit 

29 February 2004 Ken Hurst , JPL 3675 



Geological Gra ding 
blocks 

csubmergent phrase> 
sediment with pebbles 
mudstone 
<volcanic intrusive phras 
surrounded by non-igneo 
contains minerals altered 
Existing models are 1 o 
1996, 1999). We will ne 
spatial dimensions and 

eneralize to 3 

30 February Ken Hurst , JPL 3675 



Roadmap: Gra 

an annotated 

hssen for phase 1 since 
e have limited prior art 

31 February 2004 Ken Hurst , JPL 3675 
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Roadmap: lntegr 

nn 
33 

stored in a Digital 
eologic Map Data 
ode! data 

RI Verjfication on Earth data 

February 2004 Ken Hurst , JPL 3675 



Roadmap: Produ 

n it to global 
ta for Mars, Earth, 

planet odies. 

Akna Montes mountain belt, Venus, 
http://nssdc.gsfc.nasa.gov/imgcat/html/object-page/ 
mgn-cl60n291-1 .html 34 February 2004 en Hurst , JPL3675 
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Summary 

There is enough data to “cut o 
~ 

We will soon have much more 
There are promising m 
appropriate developmen 
interpretation of remote sensing 
A 4D digital geological m 
new kind of integration CI 
leading to greatly increa 
the planets 

35 



Hig h-Ca Pyroxene 

36 

3 

0 
2 

Plagioclase 

February 20 

Cuprite, Nevada 
AVIRIS 1995 Data 

USGS 
Clark & Swayze 
Tiicorder 3.3 product 

K-Alumte 150C 
K-Alunite 250C 
K-Alumte 450C 
Na82-Alunite lOOC 
NadO- Alunite 400C 

Kaolinite wxl 
Kaolinite pxl 

Kaolmite+smectite 
or muscovite 

H alloysite 
Dickite 
Alumte+Kaolmlte 
mdtoi Muscovite 
Calcite 
Calcite + 
Montmorillonite 
Calcite +Kaolinite 
N a- 
Montmorillonite 

low-AI muscovite 
med-AI muscovite 
high-AI muscovite 

Jarosite 

Buddingtomte 

Chalcedony 

Nontronite 

Pyrophyllite 
+ alunite 
Chlorite + 

MOntIIioriilonite 
or Muscovite 

Chlorite 

2km i 
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