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How Large is the Martian Sedimentary Record?How Large is the Martian Sedimentary Record?


 
for comparison, terrestrial sedimentary record is 
2.7×1024g


 

direct measure from Martian stratigraphic
 

records 
(as done on Earth) not possible


 

indirect estimate from sulfur degassing history

Crust
S ~ 2,000 ppm

(4.3x1022 g)

Primitive Mantle
S > 400 ppm
(> 2.1x1023 g)

Core
S ~ 14%

CrustCrust
S ~ 2,000 S ~ 2,000 ppmppm

(4.3x10(4.3x1022 22 g)g)

Primitive MantlePrimitive Mantle
S > 400 S > 400 ppmppm
(> 2.1x10(> 2.1x1023 23 g)g)

CoreCore
S ~ 14%S ~ 14%

Mars is a S-rich 
planet with 

crustal/mantle 
sulfur ~2×

 terrestrial levels
 

Mars is a S-rich 
planet with 

crustal/mantle 
sulfur ~2×

 terrestrial levels



Ancient SulfurAncient Sulfur
Cycle on MarsCycle on Mars
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Sulfur Sulfur OutgassingOutgassing
 

on Earthon Earth


 
estimated size of Earthestimated size of Earth’’s s outgassedoutgassed

 
S reservoir is S reservoir is 

model dependentmodel dependent


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


 

estimate integrated total S through surface estimate integrated total S through surface 
reservoirreservoir

EarthEarth
 

for modest for modest 
assumptionsassumptions
••

 
integrated over time integrated over time 
~1.1~1.1××10102323

 
g g 

••
 

11% of Earth11% of Earth’’s s 
primitive mantle sulfurprimitive mantle sulfur



Sulfur Outgassing
 

on Mars -
 

1Sulfur 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

Tavg

 

>4Gyr

Tavg

 

≈2.5Gyr

Tavg

 

=0.1Gyr



Sulfur Outgassing
 

on Mars -2Sulfur Outgassing
 

on Mars -2


 
assume 11% S assume 11% S outgassingoutgassing

 
––

 
likely a lower limitlikely a lower limit


 

adopt 400 adopt 400 ppmppm
 

S in primitive mantle S in primitive mantle ––
 

also likely a also likely a 
lower limitlower limit


 

Martian nearMartian near--surface S reservoir: surface S reservoir: 

sulfates
phyllosilicates
other hydrated phases

Bibring

 

et al., 2006

••
 

~2.3~2.3××10102222

 
g from S g from S 

outgassingoutgassing
••

 
~2~2××

 
current Earth value current Earth value 

but ~20% integrated valuebut ~20% integrated value
••

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

••
 

estimates from magmatic estimates from magmatic 
history ~4history ~4--1010××

 
lower but lower but 

all lower limitsall lower limits
••

 
≥≥

 
10102121

 
––

 
10102222

 
g Sulfurg Sulfur



Martian Sedimentary Mass -1Martian Sedimentary Mass -1


 
For calculation, adopt lower S value of 10For calculation, adopt lower S value of 102121

 
gg
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Chemical Sedimentary Mass:Chemical Sedimentary Mass:
••

 
For For sulfatessulfates assume crustal assume crustal cationcation

 proportions proportions ––
 

FeFe0.40.4

 

MgMg0.40.4

 

CaCa0.20.2

 

SOSO4422HH22

 

OO

••
 

For For chlorideschlorides assume soil S/assume soil S/ClCl
 

ratio (3.6) ratio (3.6) 
and 50:50 mix and 50:50 mix ––

 
NaClNaCl

 
: Mg: Mg0.670.67

 

CaCa0.330.33

 

ClCl22
••

 
Assume Assume negligblenegligble

 
carbonatescarbonates

••
 

For For sedimentary silicasedimentary silica assume one mole assume one mole 
silica for each mole of sulfate and chloride silica for each mole of sulfate and chloride 
––

 
SiOSiO221.51.5HH22

 

OO

••
 

Total Chemical Sedimentary Mass:Total Chemical Sedimentary Mass:

5.55.5××10102121
 

gg

22××10102020
 

gg

----

22××10102121
 

gg

88××10102121
 

gg

H2

 

SO4
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Martian Sedimentary Mass -2Martian Sedimentary Mass -2


 
Ratio between Ratio between clasticclastic

 
((PhPh) & chemical () & chemical (ChCh) ) 

constituents studied on Earth constituents studied on Earth ––
 

estimates for total estimates for total 
sedimentary mass range from sedimentary mass range from 3:13:1 to to 6.5:16.5:1


 

Ratio likely higher on Ratio likely higher on 
Mars Mars ––

 
greater role for greater role for 

impacts and impacts and pyroclasticspyroclastics
 providing particulatesproviding particulates


 

Assume Assume Ph/ChPh/Ch
 

= 5= 5


 
Indicates Martian Indicates Martian 
sedimentary mass sedimentary mass 
5X105X102222 gg for 10for 102121

 
g S and g S and 

5X105X102323 gg for 10for 102222
 

g S  g S  


 

Martian sedimentary mass is Martian sedimentary mass is ≥≥
 

2% 2% -- 20% 20% 
terrestrial sedimentary massterrestrial sedimentary mass



Some ConclusionsSome 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.g., 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

•
 

≥
 

5×1022

 

– 5 ×1023

 

g
•

 
≥

 
2 -

 
20 % of the size of the terrestrial sedimentary mass
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