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SEDIMENTARY MINERALOGY
Earth Mars
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In S-rich Martian basaltic brines halite precipitates after Mg-sulfates
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Crustal & Sedimentary Evolution
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How Large is the Martian Sedimentary Record?

» for comparison, terrestrial sedimentary record is
2.7%x10%g

» direct measure from Martian stratigraphic records
(as done on Earth) not possible

» Indirect estimate from sulfur degassing history
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Upper Mantle CrUSt
(ct=px- @) S ~ 2,000 ppm
. . 22
Mars is a S-rich s (4.3x10=9)
; n~3.9 . e
planet with S Primitive Mantle
crustal/mantle - S > 400 ppm
sultur ~2x Y Sl S (> 2.1x10%° g)
terrestrial levels
Core

S~ 14%




0 Gyr

Mineral Epoch| Phyllosian Theiikian Siderikian
m'mmy Clay-rich Sulfate-rich Anhydrous Ferric Oxide-rich
‘ ) circum-neutral pH Jow piH Jow pH
Environment water-rich water-imited? water-limited
a . - Ag‘ﬁ Moachian Hesperian Amazonian
el By =3, 70y ~5.00yr
Bib g et a 006
loss to space A
(impact erosion &
solar wind ablation)
weathering / impact
precipitation Ca-, Mg- &
& burial Fe-sulfates
(early sulfite?)
T
I
degassing, weathering, d . !
hydrothermal (volc./impact) €gassing | . P
| ! oxidation Fe-oxides
_ Zhydrothermal, |
inorganic sulfate
. _c_:[lis_t_ - _‘_ | reduction?
crust/mantle .
differentiation Early Martian
Sulfur Cycle
Mantle




Sulfur Outgassing on Earth

» estimated size of Earth’s outgassed S reservoir is
model dependent

> Terrestrial history complicated by S loss from
crust-mantle recycling (i,.e., plate tectonics)

» estimate integrated total S through surface
reservoir

» for modest
assumptions

* Integrated over time
~1.1x10% g

* 11% of Earth’s
primitive mantle sulfur
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Sulfur Outgassing on Mars - 1

Mars differentiated much earlier than Earth

=>50% differentiation of Mars primitive mantle
versus ~25-30% for terrestrial mantle (and S is an
incompatible element)

no plate tectonics - no mantle recycling — what
comes to the surface stays on the surface

§ Mars crust
Tavg>4Gyr

Earth
continental crust
Tovg=2.5Gyr
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Sulfur Outgassing on Mars -2

» assume 11% S outgassing — likely a lower limit

»> adopt 400 ppm S in primitive mantle — also likely a
lower limit

» Martian near-surface S reservoir:

« ~2.3%x10%2 g from S S (W)
outgassing J—

« ~2x current Earth value n
but ~20% integrated value i

» ~2-3km with average
GRS/soil composition

 estimates from magmatic
history ~4-10% lower but
all lower limits

« 2 102" — 10%2 g Sulfur




Martian Sedimentary Mass -1

> For calculation, adopt lower S value of 102" g

» Chemical Sedimentary Mass:

 For sulfates assume crustal cation 5 5x1(21
proportions — Fe, ,Mg, ,Ca, ,S0,*2H,0 - g

» For chlorides assume soil S/CI ratio (3.6) %1020

» Assume negligble carbonates _

* For sedimentary silica assume one mole
silica for each mole of sulfate and chloride 2x1021 g
— Si0,°1.5H,0

FeMgSi,0g+4H"+2H,0 = Fe*+Mg®*+2H Si0,
Clinopyroxene

» Total Chemical Sedimentary Mass: 8x102" g
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Martian Sedimentary Mass -2

Ratio between clastic (Ph) & chemical (Ch)
constituents studied on Earth — estimates for total
sedimentary mass range from 3:1 to 6.5:1

Ratio likely higher on
Mars — greater role for
Impacts and pyroclastics
providing particulates

Assume Ph/Ch =5

Indicates Martian
sedimentary mass Ha
5X102%2 g for 102" g S and [ 0 100 1000 10000
5X1023 g for 1022 g S o . Physical denudation rate (t/km/yr)

» Martian sedimentary mass is 2 2% - 20%
terrestrial sedimentary mass




Some Conclusions

» Martian sedimentary record has distinctive chemical and
mineralogical character compared to Earth due to
basaltic crust:

« chemical and clastic minerals and sedimentary rock fragments
are Fe-Mg-rich

» chemical precipitation pathways differ (e.qg., evaporative
minerals and evaporation sequences)

» Martian sedimentary mass much older than terrestrial
sediments due to early formed crust and probable
distinctive sedimentary recycling history

» Assuming degassed sulfur reacts to form chemical
mineralogical constituents, it it possible to estimate the
overall Martian sedimentary mass

« 25x10%2-5x%x10%¢g
« 22-20 % of the size of the terrestrial sedimentary mass
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