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Abstract
Many scientists believe Mars was wet and habitable in the ancient past but have disagreed if the Red Planet is still
habitable. In May of 2020, the scientific community was stunned by the publication of "Fungi on Mars? Evidence
of Growth and Behavior From Sequential Images;” accompanied by 50 sequential photographs of specimens that
resemble terrestrial fungi, lichens, and spherical fungus that appeared to be growing on Mars. Member of this
same research team next publishing evidence of what they believe to be tube worms, crustaceans and thermal vents
discovered in Endurance Crater. This same team and other scientists have also published research they claim
depicts fossils, stromatolites, and living algae and lichens growing on Mars. These reports and findings are briefly
reviewed, alternative explanations are provided, and it is acknowledged that the evidence is compelling. However
no one has yet proved any of the specimens are alive or biological. It is also questionable, based on terrestrial
analogs, if life could survive on the surface as they might quickly die due to gamma rays. Based on a brief review
of biogeochemical cycles, atmospheric oxygen and methane and other biosignatures, and thermal anomalies that
may be melting subglacial deposits of frozen water, it is probable the Martian subsurface may be habitable and
inhabited. Martian life would also have evolved and adapted to the harsh environment. Although reported findings
are compelling and provocative more evidence including extraction and direct physical examination are required. It
is concluded there is no conclusive proof of current or past life on Mars.
Key Words: Mars, Martian subsurface, Hydrothermal vents, Terrestrial analogs, Methane on Mars, Oxygen,
Extraterrestrial Biosignatures, Fungi, Lichens, Algae, Rhawn Joseph, Fungi on Mars.

1. Was Ancient Mars Wet and Habitable?
Discovering life in our universe is one of the significant scientific challenges of the twenty- first
century, which is why Mars has been a target for the search for extraterrestrial life due to its proximity to
Earth and its location within the habitability zone. Most astrobiologists and the leaders of the various
NASA Mars rover crews believe ancient Mars was wet and habitable (Bianciardi et al. 2014; Noffke
2015; Rizzo & Cantasano, 2016; Squyres & Knolls, 2005; Vago & Westall, 2017; Grotzinger et al.,
2014); and possibly even inhabited by variety of bacteria and possibly simple eukaryotes (Grotzinger et
al., 2015; Squyres et al. 2005). These beliefs are supported by evidence of hydrated clays and minerals
(Ehlman et al. 2011; Squyres et al. 2004; Treiman & Essen, 2011; Vaniman et al. 2014) and ancient
rivers, lakes, and possibly an ocean (Carr 2007; Duxbury et al. 2001; Malin and Edgett 1999; Grotzinger
et al., 2014, 2015; Rampe et al. 2020). Early Mars and Earth also share a similar geological history
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(Mangold et al. 2016; Ehlmann et al. 2011). These commonalities include mineralogy, metals, and basalt
composition of crust (Grotzinger et al., 2014, 2015; Treiman & Essen, 2011; Vaniman et al. 2014).
2. Is there Proof of Current or Past Life on Mars?
Some scientists have alleged that these commonalities include early onset of life on both planets
(Joseph et al. 2020a) and have published evidence of structures on Mars they believe to be microbiolites,
thrombolites, and stromatolites (Bianciardi et al. 2014; Noffke 2015; Rizzo & Cantasano, 2016; Joseph et
al. 2019, 2020; Ruff & Farmer, 2016) and cite evidence from Martian Meteorite ALH 8001 (McKay et al.
1996) as support. However, the findings of what was claimed to be "nanobacteria" and various
biosignatures discovered in ALH 8001 (McKay et al. 1996) have been disputed and rejected by most
scientists. As also acknowledged by Rizzo and Cantasano (2016), microstructures interpreted as
microbiolites and thrombolites have been dismissed as illusions.

Figure 1. Reproduced and quoted From Joseph et al. (2020b) “(Top row): Lake Thetis stromatolites with collapsed
domed (Photo credit: Courtesy Government of Western Australia Department of Mines and Petroleum). (Bottom
row) Left: Sol 529. Right: Sol 308. Photographed in Gale Crater: Martian specimens with evidence of concentric
lamination and fossilized fenestrae.”
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Figure 2. Reproduced and quoted From Joseph et al. (2020b): “(Top): Lake Thetis stromatolites with
collapsed domed (Photo credit: Lyn Lindfield And TheTravellingLindfields.com, reproduced with
permission). (Bottom) Left: Sol 122. Sol 308. Photographed in Gale Crater: Martian specimen with
evidence of concentric lamination and fossilized fenestrae. (From Joseph et al. 2020a).

Is There Life on Mars? Where’s the Proof?
Journal of Astrobiology, 7, 38-75, 2021
Copyright © 2021

40

JournalofAstrobiology.com

Journal of Astrobiology

Admittedly, it is difficult to reject the macrostructures interpreted as representing concentric
domical stromatolites, given their similarities to Lake Thetis in Western Australia (Joseph et al. 2020b).
NASA (2021) also believes these Australian lakes are analogs for ancient Mars lakes and are currently
searching for Lake Thetis-like stromatolites. However, NASA has not acknowledged any of the reports
that there are stromatolites on Mars.
Joseph et al. (2019; 2020a,c, 2021) have also reported what they believe to be fungi, fungal
"puffballs," algae, and lichens growing on Mars but have not provided proof. Members of this same team
have also recently reported the discovery of what they interpret to be “tube worms” and crustaceans”
adjacent to what may be thermal vents in the dried lakes beds of Endeavor Crater. Should the scientific
community accept the evidence for current and past life on Mars without conclusive proof? Should the
evidence be ignored because NASA refuses to acknowledge its existence? The reasons for doubt will be
detailed in a later section.
3. The Geobiology of Mars: Water, Minerals, Methane, Mud Volcanoes, and Thermal Vents
Is there life on Mars? Is modern-day Mars habitable? To address these questions, we must consider
claims for current and past life in the context of what we know about the habitability of Mars and its
geology.
A wide range of alteration minerals like zeolites, opal, smectite, montmorillonite, etc. has been
observed on Mars in a wide diversity of settings (Fraeman et al. 2020; Vaniman et al. 2014; Grotzinger et
al., 2015; Squyres et al. 2005), all of which may support a bacterial community of chemotrophs.
Chemoautotrophs obtain nutrition and energy by the oxidation of organic or inorganic molecules that
serve as electron donors. Chemotrophs and "metal-eating bacteria" acquire electrons from metals that
become oxidized, and there is abundant evidence of oxidation on Mars, such as its red color, the result of
iron oxidation. Chemotrophs can be either autotrophic or heterotrophic, and they and chemolithotrophs
often colonize extreme habitats.
Joseph (2021) has reviewed several reports that he believes indicate that iron-rich Mars provides a
habitable environment for Martian organisms, including fungi and lichens, which he hypothesized may be
supersaturated with metals. Joseph and his team (2021b) have also detailed the fact that the mineralogy of
Endeavor Crater is similar to the habitat created by tube worms and their symbiotes and identifies tubular
structures and adjacent holes in the surface that they believe to be tube worms and thermal vents.
Unfortunately, although he and his team provide “extraordinary evidence” they do not provde proof.
The Martian crust has high levels of sulfur (King & McLennan, 2010; Macey et al. 2020) as well as
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perchlorates and possibly potassium salts which may sustain sulfur-reducing organisms and halophiles
(Cannon et al. 2012; Houtkooper & Schulze-Makuch, 2010; Leuko et al. 2010; Macy et al. 2020; Norlund
et al. 2010). Joseph et al. (2020e, 2021) have hypothesized that these organisms, along with methanogens,
may dwell within subsurface hydrothermal vents, geysers, and mud volcanoes may be responsible for the
massive araneiforms that appear every Spring. However, according to NASA, these formations are due to
sublimating carbon dioxide. The problem with both arguments is there is no proof, and it is difficult to
conceive how CO2, which is translucent and when melting becomes a gas, could cause dark stains that
wax and wane in size.
On the other hand, it has been reported that cultures of an extreme thermoacidophile bacteria,
Metallosphaera sedula (M. sedula) - an ancient inhabitant of terrestrial thermal springs - show substantial
growth on terrestrial mineral ores and on samples of Martian meteorite NWA (Noachian breccia
Northwest Africa) 7034 (Milojevic et al. 2021). We will re-examine the thermal vent argument and
Joseph et al’s (2021) discovery of tubular specimens in the later section.

Figure 3. Reprinted and quoted from Joseph et al. (2021). “Mars HiRISE orbital photos. (Left) Day 1.
(Central) Day 22. (Right) Day 34. The linear specimens appear to grow outward and downward. Final
length of dark linear specimens is estimated at 60 meters, with an estimated growth rate of 5 to 10 meters
per day.”
4. Minerals, Metals and Martian Life
Hydrated minerals and metals are abundant on Mars (Christensen & Ruff 2004; Ehlmann et al.
2011; Klingelhöfer et al. 2004; Grotzinger, et al 2015). These metals and minerals include calcium
sulfates, K-Na bearing jarosite, magnetite, Fe-Mn; as identified by the suite of instruments on the rovers
and as based on spectra obtained from orbit and analysis of Martian meteorites like Miller Range (MIL)
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03346 and Allan Hills 84001 (Halevy et al. 2011; Ling & Wang, 2015; Norlund et al. 2010; Pineau et al.
2020; Treiman & Essen, 2011; Vaniman et al. 2014; Christensen & Ruff 2004; Klingelhöfer et al. 2004;
Soderblom et al. 2004; Squyres et al. 2004) What may be gypsum and quartz have also been observed
(reviewed by Joseph et al. 2020e).
These findings are analogous to terrestrial environments (Sánchez-García et al. 2020), which, of
course, are infested with a variety of organisms, and this, in turn, have implications for Mars (Norlund et
al. 2010; Macey et al. 2020). This has led to the suggestion that bacteria, algae, and fungi may have
precipitated or dwell within the analogous mineral and metal substances on Mars (Robbins, 2021; Joseph
et al. 2019, 2020b), and this may account for green colors that haven been observed on Martian rock and
sandstone; i.e., colonization by algae (Joseph et al. 2020; Latif et al. 2021, Jung et al. 2020). A
hypothesis, however, is not proof; and as acknowledged by Joseph et al. (2020e), some of these Martian
minerals on Earth have a natural green color.
Joseph et al. (2019; 2020e, 2021) have interpreted "veins" of white substances like calcium
carbonate and calcium oxalate, which in Earth are secreted by algae and lichens (eukaryotic algae- fungi
symbiotic organism). Joseph (2021) has also presented what he believes is photographic evidence of
fossilized spherical organisms that are "cemented" in layers of calcium carbonate oxalate. Although
NASA's rover Opportunity team also observed these "cement" concretions, they did not refer to the
possibility of life and did not determine what this cement-like matrix consists of, Joseph's (2021)
hypothesis is interesting, but it is only a hypothesis.
There is some evidence of calcium carbonate on Mars (Archer et al. 2014; Boynton et al. 2009;
Cannon et al. 2012; Krall et al. 2014; Wray et al. 2016), but no proof. The search for organic compounds
is critically important in determining if living organisms colonize an extraterrestrial environment.
Since the Martian surface and subsurface rocks are still inaccessible for first-hand experimentations,
Martian meteorites can provide valuable information regarding the biogeochemistry of Mars. Carbonate
minerals have been identified in Martian meteorite ALH 84001 and various localities of Mars, like in the
soils of the Northern martian plains, Columbia Hills of Gusev crater, and Martian dust (2-5 wt. %) (Niles
et al. 2013). Carbonate rocks and phyllosilicates have also been detected in Vera Rubin Ridge (VRR) in
Gale Crater (Edgar et al. 2020; Rampe et al. 2020), for which there is considerable evidence of an ancient
and perhaps recent paleolacustrine environment (Grotzinger et al., 2014, 2015; Rampe et al. 2020). This
evidence supports a high probability of past and present life. "Probability," however, is not proof.
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5. The Surface of Mars Is a Gamma Radiated Deadly Environment
Earth and Mars also have many differences, including size, volume, magnetic field, atmospheric
pressure, orbit, temperatures, availability of water, etc. Present surface conditions on Mars are quite
hostile as the Martian surface is bombarded with high UV and gamma radiation (Cucinotta et al. 2013).
However, the high-energy radiation condition of Mars might not be a hindrance to life (Atamanyuk et al.
2012; Joseph 2021; Onofri et al. 2012, 2019).
There is evidence for silica on Mars. Silica has great potential for microfossil preservation on Earth,
wherein in hot spring environments, the iron-silicate biomineralization acts as a shield against UV
radiation. However, studies have shown that very high-energy radiation can also destroy biomolecules
through radioracemization (Cataldo & Iglesias-Groth, 2017).
Joseph et al. (2019, 2021) theorize that the radiated environment of Mars may facilitate fungi,
algae, and lichens and cite numerous studies that document that fungi thrive in highly radioactive
environments on Earth, including in the ruins of the Chernobyl nuclear facility. Unlike Mars, however,
Earth has an ozone layer, and this filters out gamma rays. This team of scientists also cites numerous
studies demonstrating that various organisms can survive for over a year outside the International Space
Station (ISS). However, organisms placed outside the ISS are always in sealed or sheltered containers (de
la Torre Noetzel et al. 2020; Onofri et al. 2019).
Specimens believed to be lichens, algae, fungi, and fungal puffballs have been photographed on the
surface (Joseph et al. 2019, 2021). If this interpretation is correct, these organisms would be exposed to
the life-neutralizing effects of gamma radiation. If they are like terrestrial organisms, which this team
cites as analogs, then they would likely die. However, Joseph (2021) argues that organisms on Mars
evolved on Mars and would have adapted. We must ask: Where is the proof?
Reports documenting that bacteria, lichens, fungi, and algae can survive in Mars "simulated"
environments has been cited in support of the life on Mars data (Joseph et al. 2019, 2021). A "simulated"
environment, by definition, is simulated. It is not Mars. It is true that many of those exposed regain
photosynthetic capability and can reproduce (de la Torre Noetzel et al. 2020; Onofri et al. 2019).
However, the long-term effect on future generations is unknown. Will they mutate and develop lifeneutralizing disabilities? Will subsequent generations lose the ability to reproduce? Would they become
extinct after a few generations? It is interesting that many years ago Joseph (2010) recognized that longterm exposure to the radiated environment of Mars might doom future generations to bizarre mutations
resulting in extinction.
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Again, however, it has also hypothesized that organisms that evolved on Mars would have adapted
and would be able to flourish in this extreme environment (Joseph (2021). This team has also published
sequential photographic evidence of what they believe to be fungi growing in rock crevices and beneath
rocks where they would presumably be sheltered from deadly gamma rays. Not to belabor a repeated
point: even when supported by photographic evidence, this is not proof but a hypothesis. Similarities in
morphology are not proof of life, even if they look nearly identical to terrestrial species.

Figure 4. Reprinted and quoted from Joseph et al. (2021). “Sols 528, 529, 530. (Gale Crater) White
amorphous mass alters shape, location, and almost completely disappears from inside the crevice of a
rock shelter over a three day (sol) period. Central mass is approximately 6 mm in diameter on Sol 528
and a thin tendril of white appears extends downward and another upward along the lip of the crevice. On
529 the lower tendril has disappeared and there are two tendrils snaking upward. On 530 the white mass
and tendrils have nearly disappeared.”

Joseph et al (2019) acknowledged that terrestrial organisms exposed to Mars simulated
environments are most likely to survive if provided shelter or shielding. Studies on terrestrial subsurface
environments have also predicted that if extant life is present on Mars, subsurface conditions should
provide an ideal environment for sustaining life (Michalski et al. 2018). Unfortunately, there is no
convincing evidence and no photographs of subsurface Martian organisms. As to the specimens in rock
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shelters, although provocative, we do not know what they are.
Joseph and his team almost always cite the "positive" results from the 1976 Viking Labeled Release
as evidence of life just beneath the surface and emphasize Bianciardi et al.'s (2012) computerized analysis
that affirmed the LR data. However, the LR results were dismissed by NASA and other investigators as
"false positives" as acknowledged but disputed by Levin (2010), who developed the LR experiment.
Davis (2021), citing NASA's inability to sterilize equipment and Joseph et al.'s. (2019) argument
that life from Earth was sent to Mars attached to spacecraft and equipment, also dismisses the "life from
Mars" LR results by asking: "Did the LR experiments find life from Mars or life from Earth?" Did the LR
"nutrient" and the sheltered environment of the Viking and LR equipment contain terrestrial bacteria?
Although the interpretation offered by Davis (2021) may be construed as evidence that life from Earth
can live on Mars, the question would remain: how long before they become extinct?
It is curious that reports and observations of current life on Mars began in 2006 (as noted by
Joseph) and have increased with each subsequent rover mission. Joseph et al. (2019) even noted that the
rovers' presence might stimulate the growth of the Martian organisms. Although these increasing reports
may be due to "more eyes" looking at more photographs, it is tempting to speculate that if these structures
are alive, maybe they "hitchhiked" to Mars attached to the rovers and all the other spacecraft that have
landed or crashed upon the surface (Davis 2021). If true, then this would be evidence of life from Earth
on Mars and not evidence of Martian life. Moreover, Joseph et al. (2021) hypothesize that "fungi"
attached to the side of a Martian rock contaminated the rover. Of course, this is purely speculation.

Figure 5. Reprinted from and quoting Joseph et al. (2021): “(Left / Sol 1089) Contamination of open
compartment of the rover with (Right Sol 1162) white amorphous mass. If a fungus, then it is possible the
rover may have been contaminated when this specimen was photographed 27 days/Sols earlier.”
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Figure 6. Reprinted from and quoting Joseph et al. (2021): Top (Sol 52). “Rover Curosity: Mastcam
photo of the interior, flooring, and shelter of an exposed compartment after 51 Martian days/Sols. Bottom
(Sol 1089). Possible fungal contamination or bio-corrosion of the interior, walls, and flooring of an
exposed compartment in the chem cam desk after 1089 days/Sols. Another possibility: Salt which came
to adhere only to the interior of the surface perhaps secondary to moisture? Or perhaps fungi may have
been transported to Mars already attached to the rover (Joseph et al. 2019).”

6. Water, Thermal Vents & Life
Large volumes of water and water-ice have been detected sequestered in the southern and northern
polar caps of Mars (Byrne et al. 2009; Orsei et al. 2018, 2020; Lauro et al. 2020), and that may extend
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deep into surrounding terrain (Arnold et al. 2019; Sori et al. 2019; Feldman et al. 2002). Some of these
subsurface glaciers are melting because they are heated by unknown thermal anomalies (Arnold et al.
2019; Sori et al. 2019). Joseph et al. (2020e, 2021) have hypothesized that these thermal anomalies may
cause the pressure-induced eruption of life- infested geysers and mud volcanoes on Mars and have
published photos from orbit in support.
The Eridania basin on Mars contains small impact generated, inter-connected basins which may be
heated by an anomalous source beneath the surface. Recent studies have predicted the source of heat in
this area to be magmatic (Michalski et al. 2017) or radiogenic (Ojha et al. 2021) in origin (e.g., 238U,
232Th, and 40K). All these findings support the hypothesis that deep beneath the Martian surface, there
may be thermal vents that have been colonized by archaea and bacteria, including sulfate-reducing
organisms. On Earth, these organisms proliferate even without sunlight via radiolysis and
chemolithotrophy (Tarnas et al. 2021). This is one of the reasons the ExoMars mission (2022) is designed
to drill two meters below the surface of Mars in search of life.
7. Tube Worms and Crustaceans on Mars?
In an initial report published at Researchgate and Cosmology.com, on August 7, 2021, Dr. Rhawn
Joseph stated that during the course of searching the Mars rover Opportunity raw image data base he
observed tubular and spiral specimens similar to terrestrial worms in photographs of the surface of
Endurance Crater, Mars, and that several of the larger “worms” and “anomalous” oval-shaped specimens
were adjacent to holes and/or had appendages similar to crustacean pleopods. These findings led to a
detailed examination of all images captured by the Opportunity’s microscopic imager on Sol 299 and
between the dates of Sol 177 to 199. Thousands of mushroom-shaped and tubular- and spiral “worm-like”
specimens were observed, and dozens of oval-shaped specimens including those with web-like
appendages reminiscent of crustacean pleopods were identified.
According to Drs Grotzinger and Squyres, leaders of NASA’s Mars rover teams, Endurance Crater
(Meridiani Planum) may have been a briny lake heated by thermal vents--the favored habitat of tube
worms. Squyres and Grotzinger also predicted that eukaryotes and filamentous organisms may have
dwelled in the lakes of Endeavor Crater and may have become fossilized.
Joseph and his team submitted their findings to the Journal of Astrobiology (JOA) and the article
was extensively peer reviewed and repeatedly revised. In the final version--accepted for publication by
two of the three Editor-in-Chief of JOA--the Endeavor Crater tubular specimens have the classic features
of “tube worms,” spiral worms, and “worm tubes;” many of which were photographed near, adjacent to
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or on the rims around holes in the ground that may have served as thermal vents.
Quoting and paraphrasing from Joseph et al. (2021b): As based on orbital and ground level
studies conducted by NASA, there is evidence of underground aquifers 1 m below the surface that may
have been heated by thermal vents. All the tubular specimens were also photographed in close proximity
to these holes leading down beneath the surface.
Joseph and his colleagues (2021b) also report: “As based on surface and orbital studies, Endeavor
Crater’s mineralogy and sulfur-enriched environment is also typical of a tube-worm briny-lake thermally
heated environment. Tube worms and their symbiotes pump sulfur back into the soil. These holes may be
the remnants of thermal vents as predicted by NASA's rover crews.
Several of the photographs reproduced and republished in "Tube Worms and Worm Tubes on
Mars" depicted what may be mineralized/fossilized “worm-like” specimens immediately anterior to a
“worm tube” and embedded in the surface of what may be calcium-calcite matrix--also associated with
tube worms and their symbiotes.
In addition, shrimp-shaped and spiral-shaped “worms” and oval-shaped Martian specimens with
appendages similar to the pleopods of crustaceans (Figures 4, 30, 31) have been observed in close
proximity to the tubular structures of Endurance Crater. On Earth crustaceans are often observed in close
proximity to tube worm colonies. Moreover, the disposition and state of preservation of these Martian
tubular specimens upon the surface--if they are in fact tube worms and worm tubes--is indicative of
recent rapid evaporation of these briny waters; and leaves open the possibility that some of these Martian
“tube worms” may be dormant. Likewise, according to Squyres and colleagues (2004) the overall
environmental conditions of Endurance crater and the surrounding terrain are indicative of “episodic
inundation by shallow surface water, followed by evaporation, exposure, and desiccation...” and “that the
area over which these aqueous processes operated was at least tens of thousands of square kilometers in
size.” They go on to conclude: “Because liquid water is a key prerequisite for life, we infer that
conditions at Meridiani may have been habitable for some period of time in martian history.”
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Figure 7. Mars, Endurance Crater. (Left: 1M145405702EFF3500P2957M2M1 / Right:
1M145852648EFF3505P2957M2M1) Fibrous open “worm tubes” with numerous scoops/leaflets at
theentrance of the tube? ___ 2.5 mm (reproduced from Joseph et al. 2021b).

Figure 8 1M145849709EFF3505P2976M2M1. 1M145852935EFF3505P2906M2M1. Note “pleopods”
that resemble those of crustaceans. (reproduced from Joseph et al. 2021b).
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According to the claims of Joseph et al.(2021b) these findings indicative of putative tube worms,
worm tubes and associated biological communities, support the hypothesis that Endurance Crater, and its
surroundings, provided a thermally heated salty marine-environment in which these and other organisms
evolved and flourished.
“Worm tubes” are distinct from the soft-bodied worms within. Worm tubes are generated by
mucus and non-mucus mechanisms which differ in their preservation durability. Tube worms are also
sensitive to touch and if disturbed or threatened by predators, the worm will retract deep inside the tube.
Tube worms can also exit the tube and migrate across the surface or through ocean or lake water in search
of nutrients or a new habitat. It has been documented that some species of tube worm will grow a
posterior extension (root/bush) that tunnels into the (often carbonate-rich) sediment; roots which are
permeable and take up hydrogen sulfide.
According to Joseph et al. (2021b): “It is also well established that tube worms live
autotrophically with hydrogen sulfide as their energy source and form symbiotic relationships with
chemoautotrophic bacterial endosymbionts. Endurance Crater is rich in sulfides and tube worms may
release up to 90% of the sulfate produced during sulfide oxidation back into the sediment via their
“roots;" and sulfate is a common feature of Endurance Crater. The microbial community dwelling with
tube worms within the substrate, also produce calcium carbonate, thereby cementing together microbial
mats, and providing layers of calcium-laden rock which is also colonized by tube worms. Evidence of
calcium-laden microbial mats and microbialites have been previously observed in Meridiani Planum.
Analysis of spectra and surface and orbital investigations have also provided evidence of carbonate and
calcium carbonate on Mars.”
This team also reports: “The carbonates produced by associated tube worm communities and
symbiotes are also high in Mg, calcite, dolomite and aragonite; and this biological “cement” is commonly
found in the substrate of ancient and modern colonies of tube worms. Likewise, Endurance Crater is
enriched with sulfate, carbonate, Mg spectites, Mg/CA/Fe carbonates and possibly calcium carbonate and
dolomite; and all these Martian minerals are directly associated with tube worm-symbiotic biological
activity on Earth.”
As depicted in the photographs presented in their report, “these Martian tubular specimens show
typical biological features including flexibility, spirals, U-loops, tortuosity, bending, twisting, and
curving directional changes. Therefore, the Martian tubular structures meet the criteria for biology.
However,t hese findings do not rule out the possibility all these tubular formations may be abiogenic.”
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Based on their review of the literature, the evidence of underground aquifers 1 meter beneath the
surface, the vents in the surface, and the reports by NASA's rover crews of evidence for thermal vents
and briny lakes, the authors of "Tube Worms and Worm Tubes on Mars?" conclude "it is probable these
underground aquifers are inhabited by tube worms and other organisms; and that these waters
periodically flow to the surface forming salty ponds and shallow lakes only to eventually evaporate and
seep back beneath the surface leaving the remains of these organisms adjacent to holes/vents which may
lead to and from these subsurface pools of water. Given the evidence reviewed in this report, it is
probable tube worms dwelling beneath the surface were recently propelled above ground by an outflow of
water that pooled upon the surface forming shallow lakes and ponds only to eventually recede and
evaporate. It is also probable that these holes in the surface may have been thermal vents around which
colonies of organisms flourished."
However, we must ask again: Where is the proof? In reply, Joseph et al (2021b) were forced to
acknowledge: “it is impossible to determine the exact nature of these specimens without direct physical
examination and extraction coupled with detailed biochemical analysis. Similarities in morphology are
not proof of life and abiogenic explanations cannot be ruled out. Therefore, despite the numerous
specimens that resemble “tube worms” and “worm tubes” it cannot be stated with certainty that tube
worms colonized the putative watery-briny environment of Endurance Crater."
8. Origins, Oxygenation, Oxidation, DNA and Life
To understand some critical aspects of how life on Earth or Mars evolved, it is crucial to understand
terrestrial biogeochemical cycles, particularly related to the mystery of methane on Mars. It is essential to
understand and discuss possible analog terrestrial environments like hydrothermal vents and why extant
life, if anything like terrestrial life, may or may not thrive on present-day Mars.
There are two competing explanations for the origins of life on Earth. Some propose that life on
Earth came from other planets (Arrhenius 1908; Crick 1981; Joseph et al. 2020a). However, others,
including NASA, endorse an Earthly-abiogenesis and have proposed various hypothetical scenarios to
create life (Corliss et al. 1981; Russell 2011). For example, abiotic synthesis of organic molecules in
submarine hot springs, high thermal energy fluxes, and catalytic reactions in minerals (Fe-Mg clay
minerals) might have triggered life on Earth. Some scientists have even proposed that life began in a
thermal vent on Mars and then spread to Earth (Kirschvink & Weiss, 2002; Schulze- Makuch et al. 2008).
Has Joseph and his team (2021b), with their reports of tube worms and thermal vents provided
ammunition to support the hypothesis life began in thermal vents on Mars and spread to Earth? If so, they
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have done so inadvertently as they propose the Martian tube worms evolved 500 million years ago
(Joseph et al. 2021b), and life on Mars and Earth came from other solar systems (Joseph et al. 2020c;
Joseph & Schild 2010).
The possibility of abiogenesis in this solar system has also been disputed by many scientists,
including Nobel Laureate Francis Crick (1984), the discoverer of the double helix. Those proposing an
alien origin for life argue that a single cell, DNA, and the nucleotides that comprise a single gene are too
complicated to have arisen on Earth; to fashion a single gene or a life-sustaining genome would have
required 10 billion or even trillions of years (Crick 1981; Joseph & Wickramasinghe, 2011).
Although the origins of life are in dispute, almost all scientists agree that Earth was colonized over
3 billion years ago. For example, geologists have discovered Archean era biosignatures in the Earth's
mantle, volcanic rocks, and pillow lavas from the Greenstone belt in Pilbara, Australia, suggesting there
was life on Earth over 3.8 billion years ago (Nemchin et al., 2008; Nutman et al., 2016; O'Neil et al.,
2008; Rosing and Frei, 2004; Furnes et al. 2004; Banerjee et al. 2006). Over hundreds of millions of
years, oxygen on Earth was produced via photosynthesis; and between 2.4 to 2.0 GA, after the Great
Oxidation Event (GOE) (2.4 – 2.0 Ga), the interaction between an oxygenated atmosphere and the
surrounding hydrosphere, coupled with the creation of protective atmospheric ozone, led to a
proliferation of life on Earth (Van Cappellen 2003).
Oxygen has been detected in the atmosphere, within soil samples, and in meteorites from Mars
(Hartogh et al. 2010; Leshin et al. 2013; Ming et al. 2014; Shaheen et al. 2015; Rahmati et al. 2015;
Sutter et al. 2017; Valeille et al. 2010). Trainer et al. (2019) discovered that atmospheric oxygen shows
seasonal variations, increasing by 30% in the Spring and Summer, paralleling the biological production of
oxygen on Earth secondary to photosynthesis (Joseph et al. 2020c). On Earth, the primary source of
oxygen is the photosynthetic activity of algae, cyanobacteria, lichens, and plants. These findings and
parallels do not prove the existence of photosynthesizing life on Mars. Franz et al. (2020) and
Hogancamp et al. (2018) have proposed various hypothetical abiogenic scenarios that could explain the
oxygen of Mars, including "abiotic photosynthesis."
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Figure 9. Reproduced and quoted from Joseph et al. (2021c) “(Top) Sol 869: Specimens resembling
mineralized fossils of tubular worms and metazoans, approximately 1 to 2 mm in length. (Bottom Left):
Sol 1905 (“ichnofossils”) compared with Sol 869 (bottom right). Reprinted from Joseph et al. (2020a).
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Figure 10. Reproduced and quoted from Joseph et al. (2021c) “(Top) Sol 809. (Bottom) Sol 809. Similar
specimens in two different locations, photographed alongside tubular, curved, and other fossil-like
structures which resemble a variety of metazoans. Reproduced from Joseph et al. 2020a.
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Additional studies of meteorites from Mars suggest the possible presence of oxygen and evidence
of oxidation, over 3.7 Ga (Tuff et al. 2013; Farquhar et al., 1998). Analysis of Martian meteorite NWA
7034 suggests that oxygen was produced from multiple sources and had increased 2 billion years ago
(Agee et al. 2013). It has also been suggested that Mars may have undergone a GOE by or before 2 Ga
(Lammers et al. 2003); findings that again parallel those of Earth. The mean volume of Martian
atmospheric oxygen has been estimated at 0.174% (Franz et al. 2017) and which may be similar to the
levels of oxygen, on Earth, during the "Great Oxidation Event" (Joseph et al. 2020z).
Does this mean there was also a proliferation of photosynthesizing and oxygen-breathing life on
Mars leading up to a possible GOE on the red planet, as argued by Joseph (2020a)? Elewa (2021) and
McKay (1995) have also suggested that life evolved on Mars, with McKay (1995) proposing that life may
have evolved even more rapidly on Mars than Earth. Is there any evidence in support of these views?
Specimens that have been interpreted to represent fossilized tube worms and those with metazoanlike features have been reported (DiGregorio 2018; Baucon et al. 2020; Elewa 2021; Joseph et al. 2020c),
and as noted, features on Mars have been hypothesized to resemble algae and lichens. Unfortunately,
these are hypotheses, and there is no proof that life evolved on Mars and no proof that atmospheric
oxygen has a biological source.
9. Martian Methane, Mud Volcanos, Geysers, and Sulfur
Oxygen was not the only essential ingredient for the explosion of life on Earth. Sulfur is also an
essential component of life. Different sulfate-reducing bacteria and photosynthetic cyanobacteria play an
indispensable role in the sulfur cycle (Habicht & Canfield, 1996; Macy et al. 2020) by contributing to the
chain redox reactions. Martian sulfur cycles have been extensively studied, and there have been attempts
to draw a parallel between the two planets (Farquhar et al. 2000; Franz et al. 2014); e.g., that sulfurreducing bacteria could have lived on Mars (Macey et al. 2020). Multiple sulfur isotopes like S-33, S- 36
has been used as possible biosignatures for detecting life in terrestrial environments and Martian
meteorites (Ono 2008).
Methane is also an essential component of life on Earth; much (but not all) is produced by
methanogens or consumed by methanotrophs. Recent findings have detected methane on Mars (Fonti &
Marzo, 2010; Webster et al. 2015), but its origin and nature are still controversial (Moores et al. 2019).
Studying the abundance and variability of Martian Methane in its atmosphere can indicate its potential
sources--whether biotic (methanogens) or abiotic.
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Figure 11: Quoting from Joseph et al. (2020c) “Conceptual drawing of erupting geysers on Mars.”

Figure 12: Reproduced and quoting from Joseph et al. (2020d)” Satellite photo, geysers of Mars.”
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A recent study on marine methane seeps on Earth by Marlow et al. (2021) has shown that vast
quantities of methane move through the shallow subseafloor and are consumed by carbonate-hosted
microbial communities, including methanotrophs, and that the interaction of these organisms contributes
to the process of global methane dynamics. Since carbonate rocks are speculated to be present in Martian
craters like the Gale and Gusev, both of which show evidence of water in the ancient past, further study
of these and other promising areas on Mars will be crucial to understanding the origin of methane and
even life on Mars.
As noted, thermal anomalies have been detected on Mars that are somehow heating and melting
subsurface glaciers; findings that have led to the hypothesis that as pressure builds up below this causes
the eruption of geysers and mud volcanoes on Mars, and for which there is photographic evidence
(Joseph et al. 2020f, 2021). Further it has been hypothesized that just as the mud-volcanoes and geysers
of Earth are colonized by methanogens and sulfur-reducing organisms that the same may be true of Mars,
and this would account for the release of methane that has been detected in the atmosphere (Joseph et al.
2020f, 2021). However, Webster et al. (2015) have argued that mud volcanos are not the source of
Martian methane.
10. Fungi, Algae, Stromatolites, Lichens, Life On Mars? Where is the Proof?
In 1976, after the Mars Viking LR experiments detected evidence of life on Mars, NASA and other
scientists disputed the results as "false positives" due to the detection not of life but of chemicals and salts
in the soil (Levin 2010). Only a few scientists believe the LR detected life (Bianciardi et al. 2012; Joseph
2019), whereas Davis (2021) believes the life detected was transported to Mars from Earth within the
Viking equipment.
McKay et al. (1996) claimed to have discovered nanobacteria and biosignatures in Martian
meteorites ALH 8001, but these findings have also been disputed and their validity rejected by most
scientists. In 2006, Joseph coined the term "Martian mushrooms" after examining specimens
photographed by the rover Opportunity, a report that was largely ignored.
Subsequently Rizzo and Cantasano (2009), Bianciardi et al. (2014), and Noffke (2015) published
what they believed to be microstructures of microbiolites and thrombolites. Rizzo and Cantansano (2016)
have admitted that many scientists believe these are illusions, whereas NASA has never acknowledged
this "evidence."
In 2014 Joseph published pictorial evidence of what he believed to be algae, lichens, stromatolites,
and lichens on Mars, and two years later (Joseph 2016) published a study reporting that 70 experts in
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fungi, lichens, geomineralogy, and geomorphology, reached a consensus, agreeing-after examining
photos of specimens on Mars-there is a high probability of life on Mars, even identifying the specimens
by name, i.e., "puffballs" and "Basidiomycota." Although Dass (2017), in her review of these findings,
called the evidence of life "obvious," Dass is a consensus of "one," whereas the 70 experts reported by
Joseph (2016) only agreed on a "high probability" and not a 100% probability.
Subsequently teams of over 24 scientists, all experts in their respective fields, and published a series
of peer-reviewed articles, coupled with photographs from Mars, and reported what they interpreted to be
domical stromatolites, fossils resembling "cyanobacteria" "tube worms" "Ediacarans" and "metazoans,"
and specimens they believed to be alive, i.e., fungal puffballs, mushrooms, green algae, and lichens
(Joseph 2019, 2020a-f). These reports received a lot of attention (over 50,000 readers, in total at
Researchgate) and were supplemented by independent studies that purported to identify fossils of
burrowing organisms on Mars (DiGregorio 2018; Baucon et al. 2020; Elewa 2021).
And then, Joseph et al. (2021) shocked the scientific community by publishing over 50 sequential
photographs of what they claimed to be evidence of growth, movement, and behavior on Mars.
Specifically, this team provided sequential photos of over 24 spherical structures that appear to have
emerged from the soil and increased in size; white specimens within rock shelters that multiplied in
number shifted in location or disappeared; networks of white vein-like material that appeared to increase
in mass and which they interpreted as mycelium and hyphae with the white substance representing the
secretion of calcium oxalate. They also presented sequential photos of "araneiforms" that increased in
mass and/or length by up to 300 meters every Spring, only to wane and disappear by Autumn and Winter
(Joseph et al. 2020f; 2021). The Joseph et al. (2021) report generated over 400,000 readers at
researchgate and a wide range of reactions in blogs and media reports: from acceptance as proof of life on
Mars to vehement denials, ridicule, and personal attacks. Those in denial focused almost exclusively on
the surface level spheres they claimed had already been proven to be hematite by the rover Opportunity
team in 2004 (see Christensen et al. 2004; Klingelhöfer et al. 2004; Soderblom et al. 2004; Squyres et al.
2004).

Is There Life on Mars? Where’s the Proof?
Journal of Astrobiology, 7, 38-75, 2021
Copyright © 2021

59

JournalofAstrobiology.com

Journal of Astrobiology

Figure 13. Reproduced and quoting from Joseph et al. (2021). “Sol 1145 vs Sol 1148. Nine spherical and
semi-spherical specimens lay upon the coarse grain sand of Meridiani Planum. Three days later, 12
additional spheres and semi-spheres appear and the original 9 have increases in size and diameter.
Specimens are approximately 3-8 mm in size. Photographed by rover Opportunity.

Figure 14. Reproduced and quoting from Joseph et al. (2021). “Sol 1143 documents area of soil devoid
of spherical structures (circled in red). Seven days later, at least 18 spherical specimens have appeared.”
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Figure 15. Reproduced and quoting from Joseph (2021). (Top) Terrestrial “spherical” hematite vs
(bottom) Martian fungal shaped Spheres.
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Joseph (2021) responded by calling the hematite claims a "hoax," accused the Opportunity team of
data manipulation and even faking data, and documented what he called a "hoax" by quoting from what
he called the "flawed" and "contradictory" methodology from the Opportunity teams' 2004 reports; and
further supported his argument by presenting over 50 photos documenting that these spheres have no
resemblance to terrestrial hematite (see Figure 13).
As pointed out by Joseph (2021) and Robbins (2021), the 2004 Opportunity team initially described
these surface spheres as "yellow," "orange," and "purple" in color (Soderblom et al. 2004), whereas
NASA also referred to the color "blue:" the colors of life (Joseph 2021). However, in later publications,
the spheres were described by NASA's Opportunity team as "gray." Hematite is usually red or dark red.
Burt et al. (2004), after reviewing the Opportunity team's reports, referred to the hematite claims as
"inappropriate" and "contradictory." DiGregorio (2004), Knauth et al. (2005), and Royer et al. (2008) also
detailed the many contradictions inherent in the references to hematite and instead argued that the
ground-level spheres are nearly identical to lapilli and tektites, which are produced by meteor impact and
volcanic eruption. Robbins (2021) also noted a similarity to lapilli and tektites and argued that the
smallest spheres (less than 1mm) resemble terrestrial soil concretions constructed with the assistance of
microbes. DiGregorio (2004) also acknowledged that these larger Martian spheres (3mm to 6mm), i.e.,
lapilli and tektites, maybe infiltrated by bacteria.
Although the hematite claims may have been discredited this does not prove that these ground-level
spheres are fungal puffballs, the interpretation favored by Joseph and his team. Given the evidence of
numerous meteor strikes as well as volcanic activity as recently as 50,000 years ago, it is probable that
the larger spheres (3 mm to 6 mm) at a minimum include lapilli and tektites and the smaller spheres (less
than 1mm) include soil concretions (DiGregorio 2004; Knauth et al. 2005; Royer et al. 2008; Robbins
2021).
Ironically, Joseph and his team (2021b) by reporting evidence of tubular structures and thermal
vents in Meridiani Planum may have provided support for the Opportunity teams claims that Martian
spherical hematite was fashioned in thermal vents.
These interpretations do not rule out the possibility that fungal puffballs are atop the Martian soil.
However, what appears to be "growth" and size increases also does not prove that these spheres are living
organisms. Another possible explanation for "growth" is that a powerful "wind" blew away topsoil,
uncovering buried lapilli and tektites, making it appear they are growing larger and emerging from the
soil. Joseph et al. (2021) argue against the wind hypothesis but have not disproved it.
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Several publications have reported "green" specimens photographed on Mars, which have been
interpreted to represent photosynthesizing algae (Joseph 2014; Joseph et al. 2020e; Krupa, 2017; Latif
2021). This evidence includes carpets of "green" spherical, "green leafy masses," "layers" of green, etc.,
atop Martian rocks and along the surface, sometimes near water pathways. If these specimens are truly
"green," then it is reasonable to assume they might be algae as it is not likely these are vast carpets of
green minerals for which there is no evidence. The problem with the algae hypothesis is that we do not
know the true color.
Recall that NASA and the Opportunity team first reported that the spheres on Mars are "yellow,"
"orange," "purple," and "blue" but later referred to them as "gray." Examining the Opportunity teams'
"false color" composites of surface features also reveals what looks like pools of blue water surrounded
by green masses (see Joseph et al’s. 2020c citation of Bell et al. 2004). Until NASA equips the rovers
with equipment that can transmit true colors, it is premature to identify masses of "green" as "green
algae."
Sequential photos showing that "white" specimens within rock shelters appear to grow, multiply
and even move to different locations have also been presented (Joseph et al. 2021). It is not likely that
these observations are due to shifting shadows because if so, the same patterns should repeat daily, and
they do not. If they are not alive, the only other viable explanation is that wind is uncovering or
conversely covering up these rock-shelter specimens with dirt and debris. Until wind is ruled out
conclusively, we cannot conclude that these specimens are living organisms.
The "growth" of what may be thousands of massive "araneiforms" is a mystery, an anomaly, that
has no terrestrial analogs. Joseph et al. (2020f, 2021) hypothesize that these are massive colonies of
surface-dwelling algae and fungi nourished by meltwater coupled with methanogens and sulfur-reducing
organisms expelled by mud volcanoes.
There have been six reports that include three statistical analyses of what the authors believe may
be the fossilized impressions of burrowing organisms (DiGregorio 2018; Baucon et al. 2020; Joseph et al.
2020 e,g, 2021b; Elewa, 2021). In addition, Joseph et al. (2020g) have provided photographic evidence
coupled with comparative statistical analysis of what they believe to be an assemblage of fossils
embedded in the dried lake beds of Gale Crater. These include specimens they believe closely resemble
and/or which are identical to terrestrial "Namacalathus," "Lophophorates," and "Kimberella." However,
without extraction and detailed analysis, these reports and these statistical results cannot be accepted as
proof of past life fossilization. And, as already discussed, the Joseph team now report tubular formation
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they believe to be fossilized, mineralized, and dormant tube worms adjacent to vents in the surface.
What appears to be vast colonies of lichens attached to rocks by hollow stems and topped by
mushroom-shaped bulbous caps have also been reported by Joseph et al. (2019, 2020 a,c,d, 2021; Joseph
2021). As pointed out by his team of scientists, the only terrestrial analogs are photosynthesizing lichens
attached to rocks. Joseph et al. (2020a,c,d) hypothesize that these "lichens" are responsible for seasonal
fluctuations and Spring/Summer increases in atmospheric oxygen, which parallel biological fluctuations
in oxygen production on Earth. However, members of this same team have also hypothesized that
abiogenic photosynthesis of water molecules released from subsurface reservoirs may contribute to
oxygen production on Mars (Joseph et al. 2020d). However, oxygen is a prominent biomarker;
atmospheric oxygen on Mars, as discussed and theorized by the Joseph team, maybe abiogenic in origin.
Recently, Armstrong (2021) published a statistical comparison of these Martian lichen-like
specimens vs. terrestrial lichens and hematite spheres. He reports that the Martian "lichens" are nearly
statistically identical to those of Earth but have no resemblance to hematite. Nevertheless, does this mean
these are lichens or that they are alive? There is no photographic evidence documenting these lichen-like
specimens are growing, moving, bending, or engaged in any life-like behavior. Conversely, we must
accept the fact that there is no abiogenic process known on Earth that can "weather" lichen-mushroom
shapes out of rocks; and as to Mars, there are thousands of these structures oriented above their rock
surface toward the sky (Joseph 2020 a, c, d, 2021); and some of those that have been broke, have what
may be hollow stalks.
It has been theorized that the "lichens of Mars" --those attached to rocks and oriented skyward-may be supersaturated with metals and iron and that some of these specimens, because of their high metal
uptake, maybe fossilized and "harder than rock” (Joseph (2021).
Of all the data provided by these scientific teams, the "lichen attached to rocks” hypothesis may be
the most viable as the only analogs from Earth are lichens. There is no evidence that wind or rain can
weather, out of rock, specimens that look like thousands of mushrooms or lichens atop rocks. Perhaps
these are fossils? NASA's rover teams believe that fossils have formed on Mars.
There is no evidence that these lichen-like Martian specimens are alive. If they are fossils, then this
means that Joseph and his team have not discovered life on Mars but evidence of past life. Again, we
must stress: although the evidence is compelling, it cannot be considered proof of current or past life.
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Figure 16. Reproduced and quoting from Joseph et al. (2021). “Sol 85 photographed by the rover
Opportunity. Example of vast colonies of lichen-like formations with stems, attached to rocks and jutting
upward and topped by bulbous caps.”
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Figure 17. Reproduced and quoting from Joseph et al. (2021). “(Top) terrestrial lichens growing on
rocks. (Bottom) Martian lichens growing on Rocks. Note hollow stems (circled in red) from specimens
broken off by the Opportunity RATT grinder.”
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11. Conclusion
There is compelling evidence that Mars is habitable and has been for billions of years. However,
there is no 100% proof. There is evidence of atmospheric oxygen and methane, gasses that on Earth are
largely produced by biological activity. What the source is on Mars is unknown.
Joseph and his colleagues have provided the scientific community with a wealth of data and the
evidence is intriguing and vital. They may have even discovered life on Mars. However, although
compelling, there is no proof. More evidence is required including and especially the physical extraction
and direct examination of these and other specimens.
One of the problems with the Joseph data is that most of the specimens photographed are on the
surface where they would be exposed to deadly gamma rays. Rock shelters, caves, and the subsurface of
Mars are much more likely to sustain life. True, some life-like specimens have also been photographed in
rock shelters; but there is no proof of what they are. Joseph and his team argue that life on Mars evolved
and adapted to life on Mars, and therefore, if terrestrial life may or may not survive is irrelevant.
In conclusion, it is unknown with 100% certainty whether there is extinct or extant life on Mars or
whether Mars can support life above the surface. It is highly probable various organisms would survive
and may dwell below the surface, perhaps in subglacial rivers and subsurface lakes of water-ice or within
thermal vents and underground aquifers. Samples from Mars may provide the answers to these questions.
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