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Introduction: Over the last decade of NASA Mars 

rover explorations, each site with sedimentary rocks 
has revealed diagenetic records including authigenic 
minerals, alteration products, concretionary forms, 
veins, and/or secondary porosity [1-3]. All of these 
records imply the presence of past fluids that could 
have harbored habitable environments.  On the watery 
planet Earth, diagenetic environments are ubiquitous 
throughout the sedimentary record, but still warrant 
further investigation to understand the subtle expres-
sions. The use of multiple terrestrial analogs can pro-
vide valuable environmental constraints on boundary 
conditions of physical and chemical parameters that 
are likely to influence where habitable conditions exist 
or existed in the past (Figs. 1-3).  

Major Diagenetic Records: Four major categories 
of diagenetic records on Mars indicate various 
groundwater compositions and environmental condi-
tions, based on terrestrial analogs comparisons.  The 
diverse evidence suggests abundant, although perhaps 
sporadic, aqueous activity where water cycled through 
the Martian crust.  

1. Concretions. Interpretations of the Meridiani 
Planum “blueberries” and “newberries” are bolstered 
by terrestrial analog studies [4-7] that show how com-
mon and widespread concretions are across many sed-
imentary rock types of different geologic ages. These 
cemented mineral masses have distinctive authigenic 
mineral compositions and the common spheroidal 
forms show self-organized in-situ distribution and 
spacings (Fig. 1). Additional nodules are also present 
in Gale Crater [8]. Although siliceous host grains on 
Earth might be relatively inert (chemically non reac-
tive), the similar diagenetic concretionary forms and 
variable compositions of Mars nodules suggest multi-
ple events and diverse groundwaters.  

2. Veins. Tabular, sheet-like veins imaged by the 
Opportunity rover on the Cape York bench [2,3] indi-
cate sulfate-rich waters infilling cracks of the host rock 
(Fig. 2).   In terrestrial examples, the diagenetic precip-
itates are commonly of gypsum, calcite, or quartz from 
secondary aqueous solutions that hydraulically force 
their way along discontinuities (e.g., fractures, or bed-
ding planes) [9].  Cross-cutting relationships may be 
used to infer late-stage diagenesis that can be associat-
ed with uplift and exposure. 

3. Alteration Zones. Distinctive alteration patterns 
in host rocks occur in walls of Endurance and Victoria 
craters [10], and hydrothermal alteration minerals are 
observed on Home Plate [11].  Overprinting chemical 
or mineralogic gradients may be used as proxy “ther-
mometers” [12] for past waters and their flow paths 
(Fig. 3).   

4. Secondary Porosity.  Empty crystal molds such 
as those at Meridiani Planum [1] suggest dissolution of 
past minerals.  Such molds, oversized pores, and vugs, 
or evidence of corrosion, dissolution, or modified ef-
fects on primary grains or earlier diagenetic phases are 
interpreted as secondary porosity effects on chemically 
reactive and susceptible grains.  

Applications and Future Explorations: Sedimen-
tary rocks hold great promise for discovering proxy 
records of past water on Mars, and diagenetic settings 
are particularly important avenues for exploring habit-
able environments. Thus, more studies on terrestrial 
diagenetic settings [13] will: 1. conform with NASA 
exploration strategies, 2. provide environmental rec-
ords for determining the spatial and temporal range of 
habitable environments, and 3. provide testable 
“ground truth”.  Future Mars exploration missions 
need the best possible tools to detect and characterize 
diagenesis. In the search for understanding habitable 
environments, the burgeoning studies on microbial life 
detection and preservation require a solid geologic 
context that analog studies can provide.  
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Fig. 2. Vein-fill diagenetic records at centime-
ter scales from Earth (top) and Mars (bot-
tom). A. Gypsum vein in Triassic Moenkopi 
Formation, Capitol Reef National Park, Utah 
(image: W. Farrand).  B. Homestake gypsum 
vein on bench of Endeavour Crater (sol 2769 
P2574 L257 filters, NASA/JPL). 

Fig. 3. Diagenetic alteration patterns, reflected 
by color changes at outcrop (meter) scales 
from Earth (top) and Mars (bottom).  A. Iron 
oxide color variations in the Jurassic Navajo 
Sandstone, Grand Staircase Escalante National 
Monument, Utah (image: M. Chan). B. Diagene-
sis-related color changes in the wall of Victoria 
Crater, Meridiani Planum (sol 967 P2595 L257 
filters, NASA/JPL). 
 

Fig. 1. Spheroidal diagenetic records at cen-
timeter scales from Earth (left) and Mars 
(right).  A. Iron-rich concretions in the Jurassic 
Aztec Sandstone of Red Rock Canyon, Nevada 
(image: W. Farrand). B. Iron-rich “newberries” 
in the Matijevic formation on the rim of Endeav-
our Crater (sol 3212, P2558, L357 filters, 
NASA/JPL). RAT brush spot is ~ 5 cm across. 
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