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http://www.cambridge.org/us/academic/subjects/earth-and-environmental-science/mineralogy-petrology-and-volcanology/modeling-volcanic-processes-physics-and-mathematics-volcanism?format=HB&isbn=9780521895439
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-0632054433.html

Mesic
zakladni predstaveni

e Zkouman od nepameéti

— Svétlé a tmavé oblasti

Primér 3476 km (0,273 Zemg)

Stfedni hustota 3,34 g/cm3
(Zemé 5,51 g/cm?3)

e Gravitace na rovniku
1,622 m/s? (0,1654 g)

 \azana rotace

* Téleso bez atmosféry

e Jediné téleso ve Slunecni
soustavé (vyjma Zemé), u
kterého vime, odkud pochazi
zkoumané vzorky...

Luc Viatour/Creative Commons 3.0
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Mista pristani misi Apollo

Celkem privezeno 2200 ulomkl o hmotnosti 382 kg (navic 300 gramu ze 3
dalSich mist dovezly sovétské Luny)

Soerfm, CC BY-SA 3.0



Apollo 11
A zase ten bazalt... -
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... V.doprovodu s anortozitem

Intruzivni hornina tvorena prevazné jen zivci
(90 az 100 %) a naprostym minimem mafickych
(tmavych) mineral
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Urceni stari mesicnich vzorku

* Navrat vzorku z Mésice umoznil detailni pruzkum

v pozemskych laboratorich, v€etné urceni stari za
pomoci prirozeného rozpadu radioaktivnich prvku

— Anortozity starsi (4,56 az 4,29 Ga)
— Bazalty mladsi (4,2 az 1,2 Ga)

JPL/NASA




Tmaveé oblasti tvorené bazaltem, svetlé anortozitem

Petrologem na vzdalenost 384 400 km...



Meésicni more
(mare)

More rozlozeny

nerovnomerneé

Celkové pokryvaiji

priblizné 7 x 10° km?

(17 % povrchu

Mésice)

31,2 % privracené

strany,

Jen 2,6 % strany
odvracené

Luc Viatour/Creative Commons 3.0
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50
40 - 4.0 3.0 20 1.0
c i Gradual increase in
> T mare basalt activity since
g L lunar crust formation.
S 30 g
o 3
£ g
L e
20 1 2.0 1.0
d Rapid increase in
mare basalt activity
since lunar crust formation.
10 |
0 40 3.0 20 1.0
45 4.0 35 3.0 2.5 20 ) ' i '
Age (Ga)

Fig. 1. (a) Histogram of model ages (gray bars) of surficial mare deposits, derived from crater size-frequency distributions (Hiesinger et al., 2011; Whitten et al., 2011). ‘N’
represents the number of ages included in the histogram. The start of exposed mare basalt emplacement appears to occur abruptly at ~3.8 Ga and slowly trails off over the
next 2.5 Gy. Most of the mare basalts were erupted during a peak of volcanic activity 3.7 Ga, the mode of this mare basalt age distribution (vertical dashed black line). The
average mare basalt age, based on these data, is 3.3 Ga. Vertical blue band represents the range of inferred isotope ages for impact basins derived from returned lunar
samples: Orientale = 3.72-3.85 Ga, Imbrium = 3.77-3.91 Ga, Crisium =3.84-3.89 Ga, Serenitatis = 3.87-3.98 Ga, and Nectaris = 3.85-4.10 Ga. Basin ages are from Stoffler et al.
(2006). (b)-(d) Three scenarios for the eruption of ancient mare basalts. Dashed vertical line denotes 3.9 Ga. (b) Mare basalts began to rapidly erupt onto the lunar surface
around 4.0 Ga. (c) Mare basalts began erupting onto the surface shortly after lunar crustal formation, with production peaking around 3.7 Ga. (d) Mare basalts began to
rapidly erupt onto the lunar surface shortly after crustal formation and continued to erupt at a high rate until ~3.4 Ga. (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article.)

Whitten a Head, 2015



Cryptomaria

DHICs
spermicus. saime. roximal bain esctatvoe  Distal basin eiecta

Burial of mare by continuous Burial of mare by distal ejecta Burial of mare by proximal Burial of mare by distal
ejecta from single impact crater from several impact craters impact basin ejecta impact basin ejecta

@ieitalers
DAS 1IN

Fig. 3. Diagram of the four distinct types of cryptomaria (Copernicus-type, Balmer-type, proximal basin ejecta-type, and distal basin ejecta-type) that are formed by different
processes. Cross-section (top row) and map-view (bottom row) diagrams of each formation process. Maria are indicated by dark gray, high-albedo ejecta are shown in light
gray, impact crater rims (>20 km) are delineated by black circles, and cryptomaria are shown as hatched shapes. Highland regions are shown in white.



Cryptomaria

e Pokryvaji 1,8 % povrchu Mesice whitten a Head, 2015

e Meésicni more jsou tak rozsSirenéjsi, nez se zda

180°
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Fig. 5. The distribution of the cryptomaria deposits (orange) confirmed in this study. This figure shows how the cryptomaria increase the areal coverage of basalts more
extensively in the eastern hemisphere (a 2.6% increase in areal coverage of basalts), compared to the western hemisphere (a 1.0% increase). Numbers correspond to the
identified cryptomaria listed in Table 2. Maria are shown in gray (Wilhelms and McCauley, 1971; Scott et al., 1977; Wilhelms and El-Baz, 1977; Lucchitta, 1978; Stuart-
Alexander, 1978; Wilhelms et al., 1979) and basins are shown in blue (Wilhelms and El-Baz, 1977; Maxwell and Andre, 1981; Head et al., 2010). See Fig. 6 for a detailed view
of each cryptomare region. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Whitten a Head, 2015


http://www.sciencedirect.com/science/article/pii/S001910351400493X
http://www.sciencedirect.com/science/article/pii/S001910351400493X
http://www.sciencedirect.com/science/article/pii/S001910351400493X
http://www.sciencedirect.com/science/article/pii/S001910351400493X
http://www.sciencedirect.com/science/article/pii/S001910351400493X

Stari mésicnich mori
vcetné pohrbenych

W NCLP: Average of all measured deposits

A NCLP: average for each count region
(1 5} — (e.g., Morth, Farside, Central highlands)
—0— (14) # NCLP: individual counts

W Cryptomaria

g
N NCLP = non-cryptomare light plains

TR 4.0 35 3.0
Time (Ga)

Fig. 13. Model ages determined for large continuous cryptomaria (orange symbols; Table 2) and the NCLP (green symbols; Fig. S1, Table 3). Cryptomare data are labeled by
number (Fig. 4, Table 2). The diamond symbols represent the model age for each individual NCLP deposit measured (blue outlines in Fig. S1b-d) and the triangles represent
the average age for all deposits within a defined count region (north, farside, or central highland). The green square is the average model age for all measured NCLP. See Tables
2 and 3 for specific model ages and associated errors. The histogram (light gray) of exposed mare basalt ages (Fig. 1) is superposed for comparison and the blue field
represents the range of predicated basin ages for Nectaris, Serenitatis, Crisium, Imbrium, and Orientale (from Fig. 1). (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

Whitten a Head, 2015



Vznik meésicnich mor¥ri

Anorthosite crust

Anorthite
floats

Olivine and
pyroxene sinks

Plagioclase

€ Pyroxene
€ Olivine

v‘ Core/unmelted interior Core/unmelted interior

Time

Sl 12 4 6 81012 S NASA

Méreni odhalila horniny nabohacené o K, U, a Th — to svédci o ¢astecném

taveni ultramafického plasté v hloubce 60 az 500 km (napt. Wilhelms 1987; Hiesinger &
Head 2006)


https://www.jstor.org/stable/30063960
https://www.jstor.org/stable/30063960
https://www.jstor.org/stable/30063960
http://www.annualreviews.org/doi/abs/10.1146/annurev.ea.13.050185.001221?journalCode=earth
http://www.annualreviews.org/doi/abs/10.1146/annurev.ea.13.050185.001221?journalCode=earth
http://onlinelibrary.wiley.com/doi/10.1029/RG017i001p00073/full
http://onlinelibrary.wiley.com/doi/10.1029/RG017i001p00073/full
http://onlinelibrary.wiley.com/doi/10.1029/RG017i001p00073/full
http://onlinelibrary.wiley.com/doi/10.1029/RG017i001p00073/full
http://onlinelibrary.wiley.com/doi/10.1029/RG017i001p00073/full

Vyskova mapa Mésice

Privracena strana Odvracena strana

Mark A. Wieczorek/LOLA/NASA



Oceanus Procellarum

* Nejvétsi ze vSech mofi (proto ocedn), rozmér pres 2500 km

* Vyplnuje obrovskou impaktni panev jako ostatni more Ci ne?
* Doklady pripadné impaktni panve prekryty lavou

* Objeveni liniovych prohaklin, interpretovany jako rifty!

Viditelné spektrum Topografie Bouguerlv gravitaéni gradient



https://www.nature.com/articles/nature13697
https://www.nature.com/articles/nature13697
https://www.nature.com/articles/nature13697
https://www.nature.com/articles/nature13697
https://www.nature.com/articles/nature13697
https://www.nature.com/articles/nature13697
https://www.nature.com/articles/nature13697
https://www.nature.com/articles/nature13697
https://www.nature.com/articles/nature13697
https://www.nature.com/articles/nature13697

Meandrovita koryta na okrajich
hladkych plani

Sirka mezi nékolika desitek m aZ

3 km, délka az 300 km a primeérna
hloubka 100 m schubert et al. 1970; Hurwitz et al. 2012
Jedna se o vysledek tepelné eroze
vlivem teceni lavy po povrchu

Sinuous rilles






Lavové tunely

Q
Irregular
Deprgssion

Continuous
Uncollapsed
Segment ‘
o) SIS i NASA/GSFC/Arizona State University

NASA/GSFC/Arizona State University | . i Délka pasu propadlin je ca 50 km




Lavové tunely




ey,  Malé sopecné domy

S . Tyofené vylevy lavy

L z lokalizovaného zdroje

 Pomalejsi rychlost erupce

e Stovky m vysoké a par km
Siroké (nepozorovana
sopka vétsi nez 20 km)

Stitové sopky
Sypané kuzele
Lavové domy

Y
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Schmitt: Where are the reflections? I've been fooled once.
There is orange soilll
Cernan: Well, don't move it until | see it.
Schmitt: (Very excited) It's all over!! Orange!!!
Cernan: Don't move it until | see it.
. Schmitt: 1 stirred it up with my feet.

~ Cernan: Hey, it is!! | can see it from here!

= Schmitt: It's orange!

Cernan: Wait a minute, let me put my visor up. It's still orange!



https://www.youtube.com/watch?v=kQ-7212_idA

' Luney Volcanic Glass Beads
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Mesicni skla
* Rozeseta po celém
povrchu
e Ruzné chemické slozeni
(znamo 20 druhu)

* Vznik sopecnou cCinnosti
Heiken et al. 1974

* Doklad pritomnosti
lavovych fontan
na Mésici — rychly
vystup, bez krystalizace = = SREEE
* UmoZnuji zkoumat f’é
plastové slozeni Mésice © ==

e

USGS Hawaiian Volcano Observatory



Explozivni vulkanismus

* Na povrchu moznost
rozpoznat tmavé
,halo”

s centralni depresi, ale
i malé kuzelovité
utvary obklopené
tmavsim materialem

* Interpretovany jako
ulozeniny pyroklastik

— Mohou se rozkladat na

Uzemi az 2500 km?

Head et al., 2002; Hiesinger a
Head 2006
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Floor-fractured craters

A. Fresh Complex Crater

* Navrzeny dva modely
vzniku

Magmaticky schuitz, 1976

— Viskozni relaxace Hall et
al., 1981; Dombard and Gillis,2001
* Topografie krateru
preferuje magmaticky
model jozwiak et al., 2012

— Vznik krateru usnadni
vystup magmatu z plasté
— Pod kraterem se nachazi

vrstva impaktni narusenych
hornin s nizsi hustotou

— Rozdil hustot mezi
magmatem a horninami
poklesne, magma zastavi
svQj vystup, vznikne lozni

Crater Rim Crest

____— — — —

Impau Mm
/\

Wall Terraces

Breccia Lens

Upllﬁcd Central Peak

B. Viscously Relaxed Complex Crater

OR( II
bhon Wuvc.lcngth Topography Preserved

+—— Long-Wavelength Topography Amplitude Decreases —

C. Complex Crater Intruded by Sill

Floor and Central Peaks
> lueli@

""" zila
Rim Crest Hug,hl Forms Sill at Voo .
Unchanged Density Boundary] § — Pozd €Jl propaguje na
Marginal Moat Trough lec Intrudes to Basc of pOVfCh
Formed by Uplift " Breccia Zone

Jozwiak et al., 2012 ;


http://adsabs.harvard.edu/full/1976Moon...15..241S
http://adsabs.harvard.edu/full/1976Moon...15..241S
http://adsabs.harvard.edu/full/1976Moon...15..241S
http://onlinelibrary.wiley.com/doi/10.1029/JB086iB10p09537/full
http://onlinelibrary.wiley.com/doi/10.1029/JB086iB10p09537/full
http://onlinelibrary.wiley.com/doi/10.1029/JB086iB10p09537/full
http://onlinelibrary.wiley.com/doi/10.1029/JB086iB10p09537/full
http://onlinelibrary.wiley.com/doi/10.1029/2000JE001388/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2000JE001388/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2000JE001388/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2000JE001388/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2012JE004134/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2012JE004134/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2012JE004134/abstract
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Braden et al., 2014



https://www.nature.com/articles/ngeo2252
https://www.nature.com/articles/ngeo2252
https://www.nature.com/articles/ngeo2252
http://www.sciencedirect.com/science/article/pii/S0377027316303705#f0010
http://www.sciencedirect.com/science/article/pii/S0377027316303705#f0010
http://www.sciencedirect.com/science/article/pii/S0377027316303705#f0010
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Rozsireni vulkanismu na Meésici

volcanic O floor-fractured ] pyroclastic "\ impact
dome/cone crater deposit ../ basin

wrinkle ridge ——— sinuous rille Platz et al.. 2015



http://sp.lyellcollection.org/content/specpubgsl/401/1/1.full.pdf
http://sp.lyellcollection.org/content/specpubgsl/401/1/1.full.pdf
http://sp.lyellcollection.org/content/specpubgsl/401/1/1.full.pdf

Shrnuti — Mesic

* Vulkanismus byl vyznamnym procesem, ktery

spoluvytvoril meésicni kuru, i ji pozdéji pretvoril
(Lucey et al. 2006; Shearer et al. 2006)

* Nerovnhomeérneé rozmisténi mesicnich mori
napovida, ze pro existenci vulkanismu na
Mésici hraje dulezitou roli mocnost kury

* Masivni vylevny bazaltovy vulkanismus vznikl
vlivem abnormalniho nabohaceni magmatu o
nektereé radioaktivni prvky

* Doklady o existenci explozivniho vulkanismu



Mars
zakladni parametry

+ stredni hustota 3,933 g/cm?3
(Zemé 5,15 g/cm?3)

Téleso Velikost Povrch  Unikové rychlost  Délka roku

(km) (km?2) (m/s?) (den)
Zemé 12 756 510 mil. 9,81 365 1013

\ETeS 6792 144 mil. 3,72 687 6,35




Historie vyzkumu: ocekavani...
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Neznamy autor

Marsovskeé ,kanaly” — dikaz mimozemské civilizace?



Apollo 16/NASA




Mariner9 /'

(1971-1972)

Globalni prachova
boure

Snimkovani g
povrchu planety .
odloZzeno o par
mésicl
DileZitost
operativhihe
preprogramovani
sondy '

NASA



Mars — nejlépe prozkoumana planeta

Robotic Missions
to Mars
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Topograficka mapa povrchu Marsu

THE TOPOGRAPHY OF MARS BY THE MARS ORBITER LASER ALTIMETER (MOLA)

<€ Sedimentace
Projevy jgekquci vody

-150° -120° -90° -60° 120° 150°

Obrovské sopecné provincie (Tharsis, Elysium, Syrtis Major...)
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Olympus Mons

nejvyssi hora
Slunecni soustavy

Srovnani velikosti Olympus Mons s Mount Everestem a ostrovem Havaj

| 22 500 Mlrrrrreereemeeemmmmmm oo

prevyseni je
proti délce
zvétseno
desetkrat

10200 m_____........

Y

zékladna Havaje : 251 km

.
>

A

zakladna Olympus Mons : 600 km
Sémhur/Tlusta/Creative Commons 3



NASA/JPL, Montage: Alfons Gabel, http://www.astrowetter.com/planeten/mars-2.html




Olympus Mons

(basal contour)

156° | 160° 164°
Sager a kol., Nature Geosci. (2013)



https://www.nature.com/articles/ngeo1934
https://www.nature.com/articles/ngeo1934
https://www.nature.com/articles/ngeo1934
https://www.nature.com/articles/ngeo1934

Tharsis Montes

* Ascraeus Mons
e Pavonis Mons
e Arsia Mons

A dalsirada
,mensich sopek”

které bychom
na Zemi povazovali
Za rozmerne...







Skjaldbreidur (Iceland)
Trolladyngja (Iceland)
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http://www.sciencedirect.com/science/article/pii/S0377027309001917
http://www.sciencedirect.com/science/article/pii/S0377027309001917
http://www.sciencedirect.com/science/article/pii/S0377027309001917




Low shields
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http://www.sciencedirect.com/science/article/pii/S0377027309001917



https://pubs.geoscienceworld.org/gsa/geology/article-abstract/37/2/171/519456/discovery-of-columnar-jointing-on-mars?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/geology/article-abstract/37/2/171/519456/discovery-of-columnar-jointing-on-mars?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/geology/article-abstract/37/2/171/519456/discovery-of-columnar-jointing-on-mars?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/geology/article-abstract/37/2/171/519456/discovery-of-columnar-jointing-on-mars?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/geology/article-abstract/37/2/171/519456/discovery-of-columnar-jointing-on-mars?redirectedFrom=fulltext
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Flahaut a kol. (2041)



http://onlinelibrary.wiley.com/doi/10.1029/2011GL048109/full
http://onlinelibrary.wiley.com/doi/10.1029/2011GL048109/full
http://onlinelibrary.wiley.com/doi/10.1029/2011GL048109/full
http://onlinelibrary.wiley.com/doi/10.1029/2011GL048109/full
http://onlinelibrary.wiley.com/doi/10.1029/2011GL048109/full
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http://onlinelibrary.wiley.com/doi/10.1029/2006JE002750/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2006JE002750/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2006JE002750/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2006JE002750/abstract
http://www.sciencedirect.com/science/article/pii/S0012821X15000618
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Prastare sopky (paterae)
na jizni polokouli

* Prastaré (3,8 -13,5 mld. let)
* Silné rozrusené svahy = snadno erodovatelny material
* Sopecny prach ci pyroklasticky material (explosivni erupce)



1 Supervulkan(y)
11alt ?
| )LL A ‘ykj.“;ﬁ m'“‘; “ Nda M arsu ( . )

THE NT

e Atypické deprese v oblasti
Arabia Terra

* Bud' sejednao
degradované impaktni
kratery, Ci o sopecné
kaldery

e Zdroj materialu
vrstevnatych ulozenin
rozSirenych na Marsu?


https://www.nature.com/articles/nature12482
https://www.nature.com/articles/nature12482
https://www.nature.com/articles/nature12482
https://www.nature.com/articles/nature12482
https://www.nature.com/articles/nature12482
https://www.nature.com/articles/nature12482






http://onlinelibrary.wiley.com/doi/10.1029/2011GL050192/full
http://onlinelibrary.wiley.com/doi/10.1029/2011GL050192/full
http://onlinelibrary.wiley.com/doi/10.1029/2011GL050192/full
http://onlinelibrary.wiley.com/doi/10.1029/2011GL050192/full
http://onlinelibrary.wiley.com/doi/10.1029/2011GL050192/full

NATIONAL .
GEOGRAPHIC e

Photograph by Jonas BéP sen, National Geographic © COPYRIGHT JONAS BENDIKSEN. ALL RIGHTS RESERVED.



http://onlinelibrary.wiley.com/doi/10.1029/2001GL012932/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2001GL012932/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2001GL012932/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2001GL012932/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2001GL012932/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2001GL012932/abstract
http://onlinelibrary.wiley.com/doi/10.1029/2001GL012932/abstract

(stfedni, explozivni)



http://onlinelibrary.wiley.com/doi/10.1002/jgre.20120/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jgre.20120/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jgre.20120/abstract
http://onlinelibrary.wiley.com/doi/10.1002/jgre.20120/abstract
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http://ig.cas.cz/sites/default/files/Broz_and_Hauber_-_2012_-_Unique_volcanic_field_in_Tharsis.pdf
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LIDAR (a) a HRSC (b) snimky ukazujici sklony svaht

* Na Zemi jsou svahy sypanych kuzelu vétSinou rizeny
kritickym uhlem (sypny uhel), ktery je okolo ~30°

Oproti tomu marsovskeé sypané kuzele tohoto uhlu

nedosahuji, obecné maji mnohem nizsi hodnoty
BroZ a kol. (2014)



http://www.sciencedirect.com/science/article/pii/S0012821X14005469
http://www.sciencedirect.com/science/article/pii/S0012821X14005469
http://www.sciencedirect.com/science/article/pii/S0012821X14005469




Jak se castice chovaji béhem erupce?
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Vliv atmosféry a grawtace
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Pocitano pro castici o prdméru 4 cm a hustoté 850 kg.m3, pocatecni rychlost 100 m/s.
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http://www.sciencedirect.com/science/article/pii/S0012821X14005469

Earth  Mars
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Broz et al., 2015



http://onlinelibrary.wiley.com/doi/10.1002/2015JE004873/full
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“Grottet al.(2013)
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Rozsireni vulkanismu na povrchu
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https://people.earth.yale.edu/sites/default/files/files/Karato/Grott et al_ (2013).pdf
https://people.earth.yale.edu/sites/default/files/files/Karato/Grott et al_ (2013).pdf

Pritomnost pyroxenu

low abundance = TN high abundance



http://onlinelibrary.wiley.com/doi/10.1029/2012JE004117/full
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https://people.earth.yale.edu/sites/default/files/files/Karato/Grott et al_ (2013).pdf
https://people.earth.yale.edu/sites/default/files/files/Karato/Grott et al_ (2013).pdf

ProcC oblast Tharsis vznikla?
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Problémy impaktni hypotézy

* Hellas vuci Tharsis nelezi presné v opozici,
vzajemné posunuti o 50° marsovskeé sirky

— Hellas lezi v opozici prastare sopce Alba Patera

e Vulkanismus v Tharsis probihal po vice jak 3,9
miliardy let
— neni jasné, jak by mohl impakt zpusobit
vulkanismus na odvracené strané planety po tak
dlouhou dobu


https://www.sciencedirect.com/science/article/pii/S001910358471116X
https://www.sciencedirect.com/science/article/pii/S001910358471116X
https://www.sciencedirect.com/science/article/pii/S001910358471116X
https://www.sciencedirect.com/science/article/pii/S001910358471116X
https://www.sciencedirect.com/science/article/pii/S001910358471116X

Tharsis vzniklo diky aktivité plastové plumy

* Obecné prijimané vysvétleni

— Byla pluma jedna? zuber, 2001; Schubert et
al., 2001

— Nebo vice? kiefer, 2003

* Predstavuje Tharsis
— Vyklenuti litosféry?

— Postupné ukladani lavovych
proudu?

— Ztlusténi kdry vlivem intruzi?

L 8

Harder a Christensen, 1996


http://dx.doi.org/10.1038/35084163
http://dx.doi.org/10.1038/35084163
https://books.google.cz/books?isbn=0521798361
https://books.google.cz/books?isbn=0521798361
https://books.google.cz/books?isbn=0521798361
http://onlinelibrary.wiley.com/doi/10.1111/j.1945-5100.2003.tb00017.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1945-5100.2003.tb00017.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1945-5100.2003.tb00017.x/abstract

Volatiles on Mars:
Simplified Reservoirs and Interactions
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Shrnuti Mars

Povrch Marsu vyznamne utvaren, ale |
pretvaren sopecnou cinnosti

Velika variabilita tvart/druh( sopecnych téles

Sopecnha cinnost pritomna po celou dobu
nistorie planety

Jeji pusobeni meélo globalni vliv na celou
olanetu (atmosféra, hydrosféra, pozice
oovrchu...)




Deskova tektonika a Mars?
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https://pubs.geoscienceworld.org/gsa/lithosphere/article-abstract/4/4/286/145626/structural-analysis-of-the-valles-marineris-fault?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/lithosphere/article-abstract/4/4/286/145626/structural-analysis-of-the-valles-marineris-fault?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/lithosphere/article-abstract/4/4/286/145626/structural-analysis-of-the-valles-marineris-fault?redirectedFrom=fulltext

Topograficka mapa Marsu
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MARS CRUSTAL MAGNETISM MGS MAG/ER

MGS at mapping orbit altitude ~400 km
1° by 1° resolution

Connerney et al., Geophys.Res. Lett., 28, 4015-4018, 2001.



Zformovani Tharsis a true polar wander

Late Noachian/Early Hesperian Late Hesperian/Amazonian
(-4 to 3.5 Gyr) (-3.5 to 3 Gyr)

20° shift

Formation of the dichotomy Tharsis formation Tharsls formation causes a TPW
Heavy bombardment Tropical precipitation with valley Valley networks on a small circle
Adjustment of the polar axis networks formation Tharsis bulge on the equator


https://www.nature.com/articles/nature17171?WT.feed_name=subjects_geodynamics
https://www.nature.com/articles/nature17171?WT.feed_name=subjects_geodynamics
https://www.nature.com/articles/nature17171?WT.feed_name=subjects_geodynamics




Zmena chemismu v case
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Sautter et al., 2015

MSL v krateru Gale
objevila pritomnost
ytonalit-trondhjemit-
granodioritu”“ ©
— Horniny bohaté na svétlé
mineraly, bohaté na kremik
Plvod na ubodi krateru

Jak hornina vznikla?
— Absence deskové tektoniky

— Postupné zanorovani
bazaltové klry do
roztaveného plasté planety

— Parcialni taveni bazaltu
dalo vznik horninam
bohatSim na kfremik

Vyvraceni paradigmatu, ze
Mars je bazaltova planeta

— PUOvodné kremikem bohata
kdra


https://www.nature.com/articles/ngeo2474
https://www.nature.com/articles/ngeo2474
https://www.nature.com/articles/ngeo2474
https://www.nature.com/articles/ngeo2474

