Ake horniny st na Marse?
(Pohl'adom Mdssbauerovej spektrometrie)

Marcel MiGLiERiN1
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o zakladné udaje

" MER (Mars Exploration Rover)
o experimentalne vybavenie
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Mars

= di’ka dnia: 24 hod 39 min 35 s
" doba obehu okolo Slnka: 687 dni

" vyzdialenost od Zeme
o minimalna 54 500 000 km
o maximalna 401 300 000 km

" priemer 6 780 km
o 1/2 polomeru Zeme
o 2-nasobok velkosti Mesiaca

m yzdialenost od Slnka 227.7 milionov km






Misie na Mars

" Beagle 2
o ESA, Bajkonur
o Mars Express

o 2.6.2003 = 25.12.2003 X
" MER-A Spirit

o NASA, Cape Canaveral

o Delta Il

o 10.6.2003 > 4.1.2004 vV

" MER-B Opportunity
o NASA, Cape Canaveral
o Delta II

o 7.7.2003 > 25.1.2004 vV




Miesto pristatia

" Spirit: krater Gusev
o predpoklad: vplyv tekutej vody v minulosti (pravdepodobne jazero)
" Opportunity: krater Eagle v oblasti Meridiani Planum
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kredit NASA/JPL-Caltech



MER - Mars Exploratlon Rover







Vybavenie MER
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Pristrojové vybavenie MER

CALIBRATION :
= PANCAM TARGETAND SUNDIAL \ oy
o multispektralna stereo kamera PRI
LA ¥ 3 “ . HIGH GAIN
" Mini-TES T g K Lo  LOWBAIN
ANTENNA ; - RE J?INTENNA_
o termalny emisny spektrometer <

SOLAR PANELS

o IC spektrometer

PANCAM MAST: » |
ASSEMBLY (PMAL § &

vysuvneé rameno (IDD = Instrument & ey
Deployment Device): '
= APXS

o a-particle X-ray spectrometer

" Mossbauerov spektrometer : .

. -

" RAT =rock abrasion tool | T S SR anrasion.

TOOL (RAT]

o D=45mm, h=5mm
" mikroskopicka kamera Ay SPECTRONETER = MAGER

o Microscopic Imager foto NASA/JPL-Caltech




Stoziar rovera

navigacna
elektronika kamera panoramaticka
kamera
" PANCAM + Mini-TES
o 2 vysokorozlisSovacie (v zadnej Casti)
kamery
" Mini-TES

o modra - 53 °C
o Cervena 7 °C




PANCAM kamera

" zabery s roznymi vinovymi dlzkami

" pouzitie filtrov
" jdentifikacia mineralov

foto NASA/JPL-Caltech



PIXE na Marse
" APXS = Alpha Particle X-ray Spectrometer

o 2#Cm zdroj a Castic na excitaciu rtg. ziarenia

* umelo pripraveny, t,,=18.11, E, =5.9 MeV
o Si detektor

" dva moddy excitacie

-~

o o Castice — PIXE ¥
* Tahké prvky (Na - Ca) 4 Alphaparticle
- ﬂ-ﬂlr Eﬂﬂr gl 12
Microscopic Imager —_ o
e ¥
o L ziarenie Pu — XRF o ~Masébauar

Rock Abrasion Tool —

o Spattromelor

r =
" detekcia Cl, Br, S

!
o zo soli po odpareni i
vody (?) kredit NASA/JPL-Caltech
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APXS spektrometer

pohlad spredu na APXS
rtg. detektor

?elektronika
rtg. detektor

o detektory
kolimator
zdroj o, Castic
otvor

o. detektory
s kolimatormi

zdroj o Castic

prstenec
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Mossbauerov spektrometer

® Miniaturized MOSsbauer Spectrometer - MIMOS II
o hmotnost <500 g
o spotreba energie <3 W

o trvacnost ~ 6 mesiacov
o ziari¢°”Co/Rh

foto G. Klingelhofer, Johannes Gutenberg Universitat Mainz, Nemecko 16



Pracovny den MER - sol

" napajanie solarnymi panelmi = aktivity len cez den

prijem pokynov zo Zeme (anténa vysokého zosilnenia)
sekvencia povelov pre cinnosti pocas dna

poobede: prenos dat na Zem prostrednictvom 2 satelitov
analyza udajov + planovanie aktivit na dalsi den

17
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Aktivity MER

" zber panoramatickych zaberov pomocou PANCAM
a Mini-TES - vyber dalSich cielovych oblasti

" merania pomocou vedeckych zariadeni na IDD
o vyber oblasti pomocou mikroskopického zobrazovaca
o uprava povrchu brusenim __

o meranie pomocou APXS alebo
Mossbauerovho spektrometra

o zloZenie vysuvného ramena

pred dalsim pohybom
" presun MER do dalsej pozicie

" vyber vhodného miesta na noc
(a hlavne zimu)
o teplota
o slnecny svit

foto NASA/JPL-Caltech



MER-A Spirit

" planovana doba Zivotnosti:
90 sol (~ 150 dni)
o zdroj energie — solarne ¢lanky
o 11.8.2007 — dlhSia ¢innost’
ako Viking 2 (1 282 sol)

posledna komunikacia:
22.3.2010 (2 210 sol, ~ 6 1)

prejdend vzdialenost’:
7 730.50 m
(planovanych 600 m)

prenesenych
128 224 obrazkov

foto NASA/JPL-Caltech 20



Krater Gusev

" 19 odskokov
" priamo do jamky

e

o

deltovité depdz’ity

" priemer ~ 160 m

. i 2 . . s g
aare Y = miesto pristatia
ol ) ¥

21

foto NASA/JPL-Caltech



Prva farebna fotografia z Marsu

foto NASA/JPL-Caltech


file:///C:/Program Files (x86)/VideoLAN/VLC/vlc.exe

Prvé Mossbauerove spektrum pody Marsu

= olivin
o beZne sa nachadza na Zemi (vyvreta hornina)
" nie zvetrané alebo chemicky

pozmeneneé horniny
Gusev Crater, January 17, 2004
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23



Skaly na Marse

" deltovite depozity - Adirondack
= vulkanicka hornina

foto NASA/
JPL-Caltech
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Prvé Mossbauerove spektrum skaly z Marsu

" olivinovy bazalt
o bazalt: magnetit, pyroxen
o fazy obsahujuce Fe3*

¢ Mdssbaver Data Probable Qlivine Basalt
Sum '
Olivine Fa(2+)
Magnetite tel.-Fe(3+)
Magnetite oct.-Fe(2+) Fe(3+)
Pyroxene Fe(2+)
Fe(3+) Phase(s)
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Trasa MER-A Spirit

‘miesto”
pristatia — krater Gusev

Columbia Memorial s_'tatig,'nf e

K 500 mf



Krater Bonneville

Grissom Hill L I.'I|'.:I.:_Ir||.ll.:'|l .h"n_s | |1: | 8

DT 15 }

Humphrey/Middlie Ground

Bonnevilie Crater
R e

" foto NASA/JPL-Caltech



Columbia Hills

o Columbia Hills Complex

Anderson Hill  87.4° Azimuth Ghawla Hil  Glark Hill Husband Hill Mc Cool Hill
95.2° Azimuth 2.9 Kilometers 4100 8° Azimuth  10g.1° Azimuth~ 113.9° Azimuth 125.1° Azimuth
3.1 Kilometers 3.0 Kiometers 3.0 Kilometers 3.1 Kilometers 4.2 Kilometers

foto NASA/JPL-Caltech




Skaly na pahorkatine Columbia
"= PANCAM s filtrami 753 nm, 535 nm a 432 nm

foto NASA/JPL-Caltech



Biely material

i

biely material

foto NASA/JPL-Caltech
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Najbielejsi zaznamenany material

" neprave farby su
vytvorené pomocou
filtrov 753 nm, 535 nm
a 432 nm

" soli s dominantnym
obsahom Fe-sulfidov

o pritomnost vody v
minulosti




Pahorkatina Columbia

" pritomnost goethitu a-FeOOH

" tvorba len v pritomnosti
vody

Mussbauer Spectrum of Clovis (200 - 220K)
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kredit: NASA/JPL
Cornell/lUSGS
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Pritomnost hematitu (Fe,O,)

" tvorba hematitu v:

o stojacej vode uninic T,

o malom 5ilalz Moessbauer Spectrum of Pot of Gold nasa

mnozstve mainz

1ci j ] i
hOl‘U(ilCh Fe?* in another phase gEBPErS : - Fe?* in Olivine
tekutin I |
(hydrotermick I 1 Hematite Sextet

|
proces) " N
. Pot of Gold 1 I
o vulkanickych T 1
horninach ' |

|
|
Typical Gusev Olivine Basalt I
|
|
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Premeny Fe

e

pH>1 pH>2
CI-
goethit akagenei m dehydratacia

A

i

maghe-
pH o-7 mit
dehydroxylacia T
zelena |_pH 5-7 _|lepido- magne-
hrdza | oxidacia | Krokit tit feroxyhyt
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MER-B Opportunity

" planovana doba Zivotnosti:
90 sol (~ 150 dni)
o zdroj energie — solarne ¢lanky
o dlhsia ¢innost’ ako Viking 2
(2 245 sol)
" komunikacia pokracuje:
16.1.2018 (4 970 sol),
> 14 rokov (!)

" prejdend vzdialenost”:
45.09 km
(planovanych 600 m)

" prenesenych
200 000+ obrazkov

s

foto NASA/JPL-Caltech
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Miesto pristatia

" krater Eagle, Meridiani Planum

P~ 7 foto NASA/JPL-Caltech
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Prve spektrum — poda na Meridiani Planum

" pritomnost olivinu (ako v krateri Gusev)

o vulkanicka hornina, jemnozrnny bazalt

" ale aj magneticka faza

kredit: NASA/JPL
Cornell/lUSGS
University of Mainz

magnetic phase

— MB data
QOlivine

Fe(2+) silicate
Fe(3+) phase(s)
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Skaliska El Capitan (pri krateri Eagle)
" jarozit: (K,Na)Fe;(50O,),(OH),

o obsahuje vodu (vo forme hydoxylu) ako sucast struktury

" indicia existencie vodou riadenych procesov
na Marse

O Fe>" Jarosite

@ e phase R
O Fe’" silicate ol é"
@ Magnetic phases| |[°

kredit: NASA/JPL
Cornell/lUSGS
University of Mainz
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Berry Bowl — Miska bobul

" Moss Berries plné hematitu (Fe,O;)

o Casta tvorba hematitu vo vodnom prostredi

——"MossBerry" Sol 48

( .'-. . L
: ' G l:*-',F-' r
Hematite sextet 1 f)‘ﬁq s =Y

kredit: NASA/JPL - Cornell/USGS - University of Mainz



Horniny v krateri Eagle

® dno kratera — vulkanicky povod
" horny okraj — oblasti s vysokym obsahom hematitu

mikroskopicky obrazok

miesta zvaného Punaluu PO Brin'shmioe bazalt

) T T M " dno kratera
»h e

055 MEBone

053 Vanilla2

052 Pomnaluuy

hematit —

" horny okraj

41
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Identifikované mineraly

" primarne fazy:

O
©)

O

O

©)

olivin [(Fe,Mg),Si0O,]
pyroxen [(Fe,Mg)SiO;]
magnetit [Fe;O,]
* hlavna magneticka faza v pdde a skalach
ilmenit [FeTiO;]
chromit [Fe(Cr,Fe),O,]

" produkty premien:

O

hematit [a-Fe,O;]

Fe¥*-sulfat

npOx

jarozit [(K,Na)Fe;(50,),(OH)]
goethit [FeOOH]

* obsahuje ekvivalent ~ 10 % H,0
* vytvori sa len v prostredi s obsahom H,O

Opportunity
Meridiani Planum

mineralogicke markery
pritomnosti vody
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