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Introduction:  While many works examine sedi-

mentary processes on Mars during the hydrologically-

influenced Noachian, little is known about how sedi-

ments lithify in the hyperarid, dusty, aeolian-dominated 

Amazonian Eon where stable water is negligible. Dis-

tinct from most dry terrestrial soils, Martian regolith ap-

pears to be inherently cohesive, as observed in the frag-

mentation of Martian duricrust under wheel pressure 

during the Mars Exploration mission [1] .  

Recent studies [2] suggest that the ubiquitous pres-

ence of nanophase iron oxide in Amazonian Martian 

dust may be a primary reason for the cohesiveness, and 

it may drive burial lithification during this eon. Chow et 

al. [2][3] demonstrated that desiccated Martian soil sim-

ulants can form strong solids under compaction without 

any added binders, and they hypothesize that this endog-

enous nanophase iron oxide serves as a binder when de-

formed. However, experiments to test this phenomenon 

and create realistic compaction models require analog 

sediment settings on Earth to clarify depth-porosity var-

iations.  

We develop an initial uncertainty envelope for sedi-

ment depth thresholds for burial lithification by creating 

porosity-depth profiles of diverse sediment types using 

terrestrial analogs. Understanding thresholds for Mar-

tian burial lithification has wide applications, including 

illuminating the depth to which groundwater can reside 

on Mars, and understanding the formation of “dust-

stone,” a sedimentary rock type unique to Mars, identi-

fied by Bridges & Muhs [4]. Lewis et al. [5] also used 

terrestrial analog porosity-depth profiles in a seminal 

discovery about the geologic evolution of Aeolis Mons. 

Tarnas et al. [6]  relied on terrestrial porosity models in 

their habitability study which demonstrated that radiol-

ysis by itself could produce sufficient redox energy to 

sustain a habitable environment in the subsurface of pre-

sent-day Mars.  

Methods:  Porosity, depth, and bulk density data 

from sediment cores and wire logs were taken from pub-

lished literature for three main sediment types: loess de-

posits [7], deep sea sediments [8], and sand and shale 

from oil and gas reservoirs [9]. Loess deposits and deep 

sea sediments such as pelagic clay were both chosen due 

to their content of aerosol dusts, which may be consid-

ered analogous to Martian aerosol dusts. Pelagic clays 

accumulate in oceans through long distance aeolian 

transport from deserts, and are similar to Martian dust 

in cohesiveness and grain size [10]. Sandstone was cho-

sen because it is abundant on both Earth and Mars, and 

shale was chosen because it is fine-grained, globally 

sourced, and mixed on both Earth and Mars.  

The data were plotted and modeled in Matlab ac-

cording to both the Clifford Scaling Law [11] and 

Athy’s Law [12]. The non-linear curve fitting tool 

lsqcurvefit was used in Matlab to solve for the parame-

ters K and c in the Clifford Scaling Law and Athy’s 

Law, respectively. The Clifford Scaling Law expresses 

porosity as a function of depth, 

 

                , 

where α(o) is initial surface porosity, z is depth in 

meters, and the parameter K is the porosity decay con-

stant in meters. α is expressed as a percentage from 0 to 

1, where 1 is 100%. 

Assuming negligible pore pressure and constant 

grain density, Athy’s Law expresses porosity as a func-

tion of depth, 

 

   , 

where z is depth in meters, g is the gravitational 

constant, ρs is the bulk density of the sediment in kg/m3, 

ρa is the density of air, and c is a parameter dependent 

on compaction properties of the sediment, here in m2/N. 

 

 

              , 

where α(o) is initial surface porosity.  

Fig. 1. Porosity-depth profile for sediment cores 

from reservoir shale in the South East Niger Delta.  

 

Discussion: The low coefficient of determination 

(R2) for loess core data in Fig. 2 suggests that the data  
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Fig. 2. Porosity-depth profile for sediment cores from 

the Loess plateaus in the Baoji region of China 

 

Table 1: Parameters c (m2/N) and K (meters) for five 

different sediment types. 

 

do not fit the exponential model well and that porosity 

is generally decoupled from depth in this setting. 

While the porosity-depth relationship has also been 

modeled linearly at shallow depths [13], these loess data 

do not fit a linear model either. Furthermore, as the 

lower gravity field of Mars may affect depths for lithi-

fication relative to Earth, it may also affect whether lin-

ear, exponential, or some other relationship dominates 

at shallower depths, particularly the threshold depth of 

that “shallow” inflection point on Mars. 

Table 1 shows that constants c and K obtained from 

the non-linear regression for each model express varia-

bility. Models of other data sets of shale and sand, for 

example [14], show up to an order of magnitude of dif-

ference in c compared to these data.   Parameteric 

variability amongst the same and between different 

sediment types may indicate a larger uncertainty for 

these models than recognized, possibly affecting the 

prior works [5,6]. Ongoing work will quantify 

parametric uncertainty by calculating it using 95% 

MonteCarlo-bootstrap confidence intervals.  

Our references also highlight the geologic diversity 

of sediment lithification. Contrasting with models, real 

sediments are deposited with widely varying porosities. 

Grains of different types will interact with one another 

to produce porosities that differ from these models. 

Mixed lithology and excess pore pressure can create 

scatter in data plots.  

 Various processes affect the compaction of sedi-

ments, which change the value of the empirical param-

eter c used in Athy’s Law. These processes include the 

repacking and crushing of sediment grains, plastic de-

formation, and dissolution and reprecipitation of miner-

als. It is not known in what way these dynamically in-

tertwined processes differ on Mars with respect to their 

effect on that parameter c.  Using approximations for 

values of this parameter, which we have shown may 

have great variability even among terrestrial sediments, 

may then compound errors when used for calculating 

bulk density of Martian sediments and for determining 

thresholds for burial lithification. The porosity decay 

constant K used in Clifford’s Law may be subject to 

similar error.  

While some sediment types analyzed here were 

analogous to Martian dust in terms of grain size, the li-

thology differs [4]. Martian sediments are derived from 

more mafic units while terrestrial sediment trend felsic. 

Future works will consider mafic sediment types of sim-

ilar grain size. It also remains to be investigated what 

the depth thresholds are for the applicability of these 

models for each sediment type. Understanding the ex-

tent of uncertainty as it pertains to depth and sediment 

type will lend insight into the unknowns present in Mar-

tian terrain. 

Summarily, our findings suggest that there may be a 

larger uncertainty envelope for the porosity-depth rela-

tionship than has previously been recognized. This will 

affect burial lithification models on Mars, and may have 

wide-reaching implications for past and future works.  
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