Planetas rocosos
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;Qué historias nos cuentan las
superficies?




Planetas (y otros cuerpos) rocosos

8 Planetas

"Planetas
enanos”

Tamanos a escala.
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Planetas (+ 2 satélites) rocosos

2 pequenos
satélites

Venus

Titan
(Saturno)

\Earth’s Moon

Heavily cratered Mercury Cloud-penetrating radar A portion of Earth’s surface The Moon'’s surface is Mars has features that lock
has long steep cliffs (arrow). revealed this twin- peaked as it appears without heavily cratered in most like dry riverbeds; note the
volcano on Venus. clouds. places. impact craters.

Dist. al Sol: 0.38 0.72 1.0 1.52 ua
Periodo: 88 dias 225 dias 1 afo 1.9 afos

Bloques de metano
congelado.

Exploracion online!
www.google.com/maps/space/mars


https://www.google.com/maps/space/mars/

Interiores: exploracion sismica

For clarity, each type of wave is
shown on one-half of Earth.

Primary waves (P waves) Secondary waves (S waves)
Longitudinal waves result from Cransverse waves are like the
alternating compression and waves that move along the length
decompression, like a spring. of a string. Ohey cannot pass

Ohey travel through solid and liquid. through liguids.

H A,
'1::’ b |

i Epicenter

S waves are also bent
as they pass through rock
of different densities.

as they pass through
layers of different

Because S waves cannot
pass through liquid, nearly
half of Earth opposite the
epicenter is a “shadow area’”




Nucleo
excesivamente

INnteriores

Earth Venus Mars

Moon

Mercury

rocky crust
(lower density)

mantle
(medium density)

metal core
(highest density) lithosphere lithosphere lithosphere
rigid lithosphere lithosphere
(crust and
art of mantle
P ) Key: crust B antle T lithosphere B core

Litosfera: parte rigida, incluye corteza y parte del manto
Corteza
. 4 g o ?
Manto ¢, Como deducimos que hay un ndcleo y un manto~

Nucleo



Espectro observado

Planck —> Temp

intensity

/
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red infrared
wavelength

T

Energia EMITIDA.

ultraviolet blue

Energia REFLEJADA. _ )
Cuerpo sin atmosfera:

temperatura superficial.
Cuerpo con atmosfera:
temperatura en tope de atmosfera

Es el espectro solar reflejado
modificado.




Temperaturas superficiales
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Equilibrio térmico: radiacion (calor) emitida = absorbida



Luna: sincronia spin-orbita

Lunar
rotation

Resonancia spin-orbita debido a mareas terrestres sobre la Luna. Periodo de rotacion =
periodo orbital.



Dia Mercuriano =2 anos Mercurianos!

Pink arrows depict an observer
standing on Mercury’s

surface. Year 1
Day 30

Day 15

Rotation
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Day 59 Day 74 :
(one full rotation

completed)

At day 0 at noon,
the Sun is directly overhead.

Midnight

Day 162

Day 147

By day 88—one full orbit farér—
Mercury has rotated 1.5 times,
so that it is then midnight.

After another orbit, "
it is noon once again
onday 176.

Resonancia spin-orbita debido a mareas solares sobre Mercurio. Dia dura 176
dias terrestres, es muy largo, excesiva insolacion.



Dia Venusiano

Veenus spins so slowly Orbit of Venus
that 1 solar day

there equals

117 Earth

days.

137

A_---_ . .

-m—*\-—————.

Rotation Sun

Orbital
motion

Rotacion retrograda.
Dia dura 117 dias terrestres. Causa: ???



M e rC U rl O Dia = 2 anos mercurianos !

-170 C




Impactos: formacion de crateres

(a) (b)

The impact of an object heats and
compresses the surface it hits.

o ll’,‘"
atrs
, “Becondary
craters

£ Grater wall

Material is thrown from the site of

the impact. Ejecta lands around

the crater, forming rays and |
secondary craters. Ejecta

Rebound of the deformed surface

may form a central peak in the

crater, while melted rock pools in

the crater floor, giving it a flat boftom. Rays Secondary

craters
d

Crater wall

Central peak




mares” de basalto, crateres

44

La densidad de crateres es un indicador de la edad de la superficie.

Luna



Caracteristico de los

LU na C|elo negro y regO“tO CUEerpos rocosos sin

atmosfera

-170C <Temp <130C




—dad: por capas sedimentarias

el




-stimacion edad de las superficies

* Densidad de crateres (baja: joven, alta: antigua)
* Capas sedimentarias

 Datacion radiométrica, por decaimiento
radioactivo, define la edad de solidificacion



“dad: datacion radiomeétrica

(a)

16 L e
]
/-/'E);ghler
- ®
&)
=3
| v
IS /
o 8 [
o
= \
=]
=
4 (]
2 \- Parent
1 \'_‘-'_‘—'-.-'-—-..._______
0 1 2 3 4

AN
Parent Daughter

FY Y Y X



Datacion radiométrica: caso Luna

Ages are measured
by radioactive dating
of lunar samples.

FIGURE 8.10 Radiometric dating of lunar samples
returned from specific sites by Apollo astronauts was
used to determine how the cratering rate has changed
over time. Cratering records can then be used to

establish the age of other parts of the lunar surface.
Older surfaces still bear the
scars of ancient craters.
® Apollo 16
1]
©
o
£
o}
E
o
Younger surfaces have
experienced little cratering,
and so are relatively smooth.
e Apollo 11
e Apollo 15
llo 12 From these data we reconstruct the history of impacts
~Age of Lot in the Solar System. Impacts were much more
Moon B frequent billions of years ago than they are today.
5 4 3 2 1 Present

Billions of years before present



Crateres

* Flujo de proyectiles enorme en el pasado

* Cuerpos sin atmosfera preservan los crateres
(Mercurio, Luna, satélites, asteroides...)

* Atmodsferas: desgastan los crateres (Venus, Tierra,
Marte, Titan)



Crater Arizona (;50.000 ahos?)

Energia del impacto = 150 bombas de Hiroshima




Miles de volcanes
inactivos. 85000 mini
volcanes

Imagenes reconstruidas
a partir de radar: ondas
de radio que atraviesan
la atmosfera y se reflejan
en la superficie.




Venus: ' panqueque

Pocos crateres se forman debido a la barrera atmosférica Pocos crateres
sobreviven a la intensa actividad volcanica




Venus: su perﬂme desde Veneras

Basalto. Temperatura infernal, presion enorme. Suelo seco.




Supertficie de Marte

Volcanes fosilizados
Hielo en polos y bajo superficie

—

north polar cap

Erosion por fluidos S

| pasad oy
Agua en el pasado gl S

landing site
(Fig. 7.31)

Mars Pathfinder
landing site
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Opportunity
landing site,

Fig. 7.30

south polar cap

Viking 2
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Superficie de Marte

Tormenta de polvo.
Lechos de rios secos.




Superficie de Marte

Al borde del crater Victoria




Minerales

forman... l

Rocas

sufren... l

Procesos
geologicos

Consultar en el Instituto de Ciencias Geologicas!

-ntendiendo las superficies:

SiO; silice, son miles...

Igneas: granito, basalto
Sedimentarias: arenisca
Metamoérficas: marmol
Primitivas: meteoritos

Vulcanismo
Impactos
Tectdénica
Erosién


https://geology.com/minerals/
https://geology.com/rocks/
https://www.fcien.edu.uy/geologia

Ciclo de
las rocas:

El ciclo de las rocas.
Esquema simplificado
con los cambios

que suceden en

los matenales.




Procesos geologicos

(a) (b)

Impactos Tectonica
(desplazamientos
de la corteza)
Vulcanismo

Erosion




Formacion planetaria:
diferenciacion

Homogeneous
interior

New
crust

forms/
Old
crust

subducts

Meteorito de San Carlos

Iron-rich
masses

sink to
core



Fvolucion planetaria:
administracion del calor interno

Solid inner core

v Liquid outer core

™~ Mantle

N\ ) A
Crust ; Crust




Origen del vulcanismo y tectonica

* El calor liberado durante la formacion y luego por
decaimiento radioactivo genera fusion y la migracién
de los minerales mas pesados hacia el centro.

* Lasuperficie pierde calor, se enfria y se vuelve rigida:
se forma la CORTEZA

* El calorinterno busca salir por volcanesy genera
movimientos en la corteza: tectdnica



Marte: vulcanismo, tectonica, erosion,
Impactos

Duracion del dia:
24h 38m.

Inclinacion del gje:
similar a la Tierra




Vulcanismo en Venus




Tectonica de Mercurioy Luna

Mercurys core and Some portions of the Today we see long, steep cliffs
mantle shrank . . . crust were forced to created by this crustal movement.

1 slide under others. ...

— e m— —

... causing Mercurys
crust to contract

Shrinkage not to scale!



Te Cté N | Ca d e p la Ca S Placa: corteza oceanica mas densa +

corteza continental menos densa

KEY <mm wp Separating plates [ Volcano
m) @m Converging plates [® Earthquake

Il Transform fault

90°E 135°E 180° 135°W 90°W - 45°W 0° 45°E

La corteza oceanica se renueva completamente al cabo de 200 millones de afos aprox.




Tectonica de placas terrestres: originada por
movimientos convectivos del manto

Internal stresses can cause compression in the crust . . . .- Internal stresses can also pull the crust apart . . .

... creating mountains like the Himalayas. ... creating cracks and seas.

Red Sea

Africa

volcant: low-density lava canfinerdal crust Mid-Atlantic Ridge
erupts 1o lorm mew
cantingntal crust.

acean trench

convection cell

uppe T msant le

subduclion zone; Mew seafloor crust seafloor crust

crust remelted forms and spreads sideways

sealkor crust



Marte: vulcanismo, tectonica, erosion,
impactos, dicotomia crustal

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




\Venus: vulcanismo, tectonica




icotomia crustal




L 0S4 rOCOSOS

Tir Planitia

e
Topvai

»&q~ “a -

¢, Qué loco, no?




Atmosferas

Delgada capa de
gas que envuelve
las superficies de
algunos cuerpos
rocosos.

Surface pressure (bars) 02 1.0 0.006
NS———
Surface temperature (K) 740 288 210
P
Carbon dioxide (%) 96.5 (0.039 \ 95.3
Nitrogen (%) 35 781 | 27
Oxygen (%) 0.00 0.9 0.13
Water (%) 0.002 0.1to 3 0.02




Oxigeno terrestre

Invasion of land wwering plants Present

S 100 o ——————0——0=
i First vertebrat e Age of
iy 80 IrSt vertepraites —— .~ ge o
— :
D reptiles
g 0 Arthropods/ : P
o 30 Only in the past 250 million
5 c Multicellular\ years have oxygen levels
2o 10| organisms e approached those of today.
3 = == | ) .
= 5 ’ First eukaryotes (organisms
O 3 | \ with compartmented cells)
& 5 | First oxygen release
| by cyanobacteria
1 1

4 3 2 1 0.5 0.25 0.1
Billions of years ago

Liberacion de oxigeno en el océano genera oxido de hierro, precipita y forma
las Banded Iron Formations en el fondo marino (que ya no estan ahi)



3 atmosferas muy diferentes

* Venus: atmosfera masiva (vulcanismo reciente?),
CO, se acumula en la atmosfera, efecto
invernadero disparado

* Tierra: CO, en equilibrio superficie-atmosfera

* Marte: planeta fosilizado, atmosfera muy débil, CO,
y agua integrados en la superficie



;Qué paso con el agua?

* Venus: alta temperatura impide la precipitacion, el
agua en las nubes es disociada por la radiacion solar
(clave: alta concentracion de deuterio)

* Tierra: la temperatura permite el agua en los 3 estados.

* Marte: la baja presion impide existencia de agua
liquida, se disocia por la radiacion solar. Existe hielo
subsuperficial, protegido de la radiacion



Atmosferas: generacion

How Atmospheres Gain Gas

Outgassing is the primary source Evaporation/sublimation adds gas Impacts of particles and photons on worlds
of gas for terrestrial atmospheres. released by surface liquids or ices. without significant atmospheres can eject
2 small amounts of gas from surface.




Atmosferas: pérdidas

How Atmospheres Lose Gas

These loss
Drocesses
could be
reversed If §
conditions

~

change.

= Q \. - : \
e\, °= I\" o~
- o
e I \
Condensation returns gas
fo the surface as rain, Chemical reactions can
snow; or frost. incorporate gas into

surface materials.



~dad de las superficies:

period of heavy low levels of modern
cratering cratering continue appearance
A A :

Nilee

|
Earth _

-y g
|

Mercury N
|
Moon IS ]
| | | | |
A 1 2 3 4 A
planets time (billions of years) today
formed

_ amount of volcanic/tectonic activity




:Muchas gracias!



Fuentes

* Astronomy Today

* The Cosmic Perspective

e 21st Century Astronomy

* NASA Photojournal

* Notas de Ciencias Planetarias (muchas formulas!!!)



https://www.amazon.com/-/es/Eric-Chaisson/dp/0321901673
https://www.amazon.com/-/es/Jeffrey-Bennett-dp-0134874366/dp/0134874366/
https://www.amazon.com/21st-Century-Astronomy-Fifth-Laura/dp/0393603326
https://photojournal.jpl.nasa.gov/
http://www.fisica.edu.uy/~gallardo/notasCPTG.pdf
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