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‘The GeoMap Initiative

We want a 4D 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.

— e "-'— ~ n,_‘.\-” - - )
— — T - 7 rehat
oo o O &L

Gt - - ) e s ‘
e Z e e - -

MSSS/JPL/NASA MOC image
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GeoMap Benefits
' » 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

-..'.'éranite Peak Geologic Map and cross section
3 February 2004 Ken Hurst , JPL 3675




GeOMap SOIUt'On Ingest high-resolution

image, hyperspectral,
: topographic, and in-situ

data

o ldentify 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

February 2004 Ken Hurst , JPL 3675
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= " THE TOPOGRAPHY OF MARS
BY THE MARS ORBITER LASER ALTIMETER (MOLA)
= 0 o S T S Pt
o I SEe
e o B o
0 % >

MOLA - MGS Ted i
. TES — MGS 3 km pixel, 6- 50 im —_
THEMIS — Mars Odessy, 15 bands

 MARSIS — Mars Express, several Km sub-
surface radar

+ OMEGA — Mars Express, 100m mi
mapping spectrometer

MOC — 1 m pixel
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Future MRO mission
HIRISE — MRO 0.25-0.5 m pixel, s
visible
CRISM — MRO mineral ID spectrometer,
0.4-4 um, 560 bands, 18 m pixel

SHARAD — MRO Up to 1 km sub-surface,
15 m vertical resolution, 0.3-3 km pixel

“stereo,

February 2004 Ken Hurst , JPL 3675
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Cuprite, Nevada

B AVIRIS 1995 Data
USGS

Clark & Swayze

Tricorder 3.3 product

K-Alunite 150C
K-Alunite 250C
§ K-Alunite 450C
Na82-Alunite 100C

- Nad0-Alunite 400C

Kaolinite wrl
Kaolinite pxl
Kaolinite+smectite
or muscovite

| Halloysite
Dickite

Alunite+Kaolinite
. % andfor Muscovite
_ Calcite
Calcite +
Montmorillonite
B Calcite +Kaolinite

Na-
* Montmorillonite

Mineral ID 1

AVIRIS (Airborne
Visible-Infrared
Imaging
Spectrometer)

Processed to
identify OH-, CO3-,
and SO4- minerals

low-Al muscovite
med-Al muscovite

- high- Al muscovite
- Jarosite

Buddingtonite

I:] Chalcedony

Nontronite

Pyrophyllite
+ alunite
Chlerite +
Montmorillonite
or Muscovite

™ Chiorite

' N
2km t

10 February 2004 Ken Hurst , JPL 3675




Cuprite, Nevada
AVIRIS 1995 Data

Clark & Swayze

Tricorder 3.3 product
amorphous iron
oxides

Mineral ID 2

nano-Hematite

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

AVIRIS (Airborne
Visible-Infrared
Imaging
Spectrometer)

Goethite
Lepidocrosite

Jarosite

Fe’*-bearing

Processed to D
identify Fe2+, Fe3+E aaal e Rl Sl = - ...

minerals

Fe -bearing

minerals: broad
D absorptions
Note Fez*—bearing
minerals are mainly

muscovites and
chlorites

N
2 km I
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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

12 February 2004 Ken Hurst , JPL 3675



4D from 2

13

In geology, time and

- space are closely linked

by the “Principal of
Superposition”

First stated by Steno in
1669

Younger sediments

Youngest

overlie older sediments b

unless the strata have
been overturned.

d

_Oldest

February 2004

Ken Hurst , JPL 3675



Corollaries 1

| 'e,’ '-A,_;Young‘est'_ -

L Oldcst

14

February 2004

Cross-cutting
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

Ken Hurst , JPL 3675



Corollaries 2

Unconformities

An unconformity
(erosional surface) is
- - younger than the
e truncated rocks and
B ‘ _::_f:é‘f‘ﬁf:ff:,;v‘v ” ; B = older than overlying
i ‘*-wzﬁn:-* ;ﬁ”' rocks

s S

1 February 2004 Ken Hurst , JPL 3675




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”

16 February 2004 Ken Hurst , JPL 3675
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- Harrisbur
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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

21 February 2004 Ken Hurst , JPL 3675
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Roadmap: Annotated image

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

29
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‘ Roadmap: Production

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

D e e Y AR

R

Akna Montes mountain belt, Venus,
http://nssdc.gsfc.nasa.gov/imgcat/html/object_page/

31 mgn_c160n291_1.html
February 2004 Ken Hurst , JPL 3675
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Cuprite, Nevada

§ AVIRIS 1995 Data
: USGS

Clark & Swayze
Tricorder 3.3 product

K-Alunite 150C
K-Alunite 250C
B K-Alunite 450C
B N as2- Alunlte 100C
NadO-Alunite 400C

Kaolinite wxl
Kaolinite px!
Kaolinite+smectite
or muscovite
B Halloysite
- Dickite
Alunite+ Kaolinite
' andfor Muscovite
R Cacite
Calcite +
Meontmorillonite
- Calcite +Kaolinite
Na—
Montmorillonite

Plagioclase

Bt i e
. =am E

low-Al muscovite
med- Al muscovite

s — high- Al muscovite
: - Jarosite
; Buddingtonite
[ chatcedony
Nontronite
Pyrophyllite
+ alunite
Chilorite +

- Montmorillonite

or Muscovite

Thermal Emission Spectrometer

4 ppe MCLA 530301 rovel mweral BbunSance map

| Chlorite

N
2 km 1
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