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Lichens on Mars vs the Hematite Hoax. 

Why Life Flourishes on the Radiation- Iron-Rich Red Planet.
(Fungus, Melanin, Calcium Oxalate, Photosynthesis)

       Rhawn Gabriel Joseph*          
Cosmology.com

Abstract
There is life on Mars as documented with 100 comparative photos. This evidence includes pigmented/melanized 
fungi and lichens, fungi shedding crustose and secreting calcium oxalate, fungi preparing to spore, spores on the 
surface sprouting embryonic mushrooms, fungus growing out of the ground, lichens with hollow stalks, vast 
colonies of lichens attached to rocks and oriented skyward similar to photosynthesizing lichens on Earth, and 
documentation that the claims of spherical hematite are a hoax--a byproduct of religious extremism at NASA--
which is why the hematite claims were immediately rejected as inappropriate and implausible by a number of 
investigators who proposed instead they are tektites and accretionary lapilli produced by meteor impact and 
volcano. Be they on the surface or attached to Martian rocks they have no resemblance to terrestrial hematite. The 
“spheres” of Mars are uniform in shape and size (1mm or 3mm to 6 mm) and all were initially described as 
“yellow” “orange” “purple” and “blue” the pigmented colors of photosynthesizing organisms.  Terrestrial hematite 
“spheres” are colored red to dark red, consist of less than 2% hematite which form a thin layer on the surface and 
have a wide variety of sizes and shapes and are infiltrated by fungi and lichens. A review of the Opportunity teams’ 
methodology and instrumentation reveals that data was contaminated and confounded by numerous uncontrolled 
variables including problems with instrument calibrations and they relied on inference, speculation, data 
manipulation, and spectra from panoramic images that were selectively eliminated in a failed attempt to make it 
conform to laboratory samples. The iron-rich radiation-intense Red Planet provides an ideal environment for 
fungus and lichens to flourish and promotes growth and sporing and production of melanin which protects against 
while simultaneously utilizing radiation for metabolic energy. Algae secrete calcium and lichens and fungi produce 
calcium oxalate that “weathers” and dissolves minerals and metals which are utilized as nutrients and are stored on 
cellular surfaces. Terrestrial species are iron-rich and precipitate hematite which makes these fungi and lichens 
ideal bioindicators of metal and minerals; whereas on Mars they are likely supersaturated with these and other 
minerals and metals as reflected by spectral data.  Fungi and lichens secrete calcium oxalate which coats and 
surrounds mycelium, but upon exposure to dry surface conditions forms waves of calcium “cement” that may 
cement these organisms to layers of calcium oxalate fossilizing and making them “harder than rock.” Yet others 
grow out of the ground and are obviously alive. Given evidence documenting biological residue in Martian 
meteorites, biological activity in soil samples, seasonal increases in methane and oxygen which parallel biological 
fluctuations on Earth, and pictorial and quantitative morphological evidence of stromatolites fossilized tube worms 
and metazoans, growth of mushrooms and fungi, and vast colonies of rock-dwelling lichens, it is concluded that 
the evidence is obvious: There is life on Mars. 

Key Words: Hematite Hoax, Tektites, Accretionary Lapilli, Calcium Oxalate, Lichens, Martian 
Mushrooms, Puffballs, Volcanos on Mars, Meteor Impact,  Hematite spheres, Whewellite
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I. INTRODUCTION: LICHENS, FUNGUS, METEORS, VOLCANOES, HEMATITE

1. Spheres of Mars: Lichens/Fungus vs Hematite, Meteor Impact, Mineral Precipitation, Volcano

Vast “colonies” of spherical formations have been photographed  by the rover Opportunity upon 

the surface of Mars in the cratered planes of Meridiani Planum. What they are has been subject to great 

debate. Depending on locale, those on the surface range from less than 1mm to 3mm to 6mm in diameter 

(see Figures). Those attached to rocks and sandstone have appendages resembling “stems” topped with 

bulbous caps (see Figures). A number of investigators have argued that surfacing hugging spherical 

specimens are fungal puffballs and those attached to rocks are identical to colonies of lichens (Dass, 

2017; Joseph 2006, 2014a, 2016; Joseph et al. 2019, 2020a,b; 2021; Rabb, 2018; Small 2015). Other 

investigators favor mineralized hydrated crystals fashioned as a consequence of bolide impact (Knauth et 

al. 2005; DiGregorio 2004; Royer et al. 2008), or the accretion of lapilli produced following volcanic 

eruption (DiGregorio 2004). Then there is the “hematite hoax.”

2. Hypothetical Hematite: 

NASA (2009) and the Mars Opportunity rover team have claimed the spheres are hematite 

(Christensen et al. 2004; Klingelhöfer et al. 2004; Soderblom et al. 2004; Squyres et al. 2004). Hematite 

is a mineralized iron oxide which, over thousands or tens of millions of years, slowly forms in hot springs 

(Anthony et al. 2005; Morel 2013), as well as in volcanoes when temperatures rise above 950 C (1740 F). 

NASA (2009) and the Mars rover Opportunity team, therefore, have hypothesized that Martian hematite 

may have been created in boiling hot springs and hydrothermal vents millions or even billions of years 

ago. However, there is no evidence to support this hypothetical hot springs/thermal vents scenario. Nor is 

there evidence of volcanic activity. 

In an attempt to explain away the fact that the environment of Meridiani Planum has never been 

conducive to the creation of hematite, it has been claimed that under "dry laboratory conditions" 

"goethite" can be "converted to hematite" at 300°C (Christensen and Ruff, 2004). Mars, however, is not a 

laboratory,  equatorial temperatures, as reported by NASA, seldom exceed 20°C. The last time surface 

temperatures may have reached or exceeded 300°C may have been when Eagle Crater was struck by a 

meteor at some unknown date in the past, or 3.8 billions of years ago during the heavy bombardment 

phase of planetary development. 

In the absence of any direct evidence, those favoring the hematite hypothesis have based their 

arguments on false colors painted on panoramic images, the averaging of temperatures from those 

panoramas--despite the fact that the temperature gauges were not working-- or data manipulation and the 
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selective removal of panoramic spectra in an attempt to make it resemble laboratory samples (Christensen 

et al. 2004; Klingelhöfer et al. 2004; Soderblom et al. 2004). 

The problems with these Martian-hematite claims and scenarios are legion (Burt et al. 2005; 

DiGregorio 2004; Joseph 2006, 2008; Joseph et al. 2019, 20201a,b; Knauth et al. 2005). For example, the 

Opportunity team did not have the instrumentation capable of selectively examining the spheres for 

hematite. Moreover, unlike terrestrial hematite which is red or dark-red (Anthony et al. 2005), the 

Martian spheres were initially described as  “yellow” “orange” and “purple” (Soderblom et al. 2004) and 

“blue” (NASA 2009). The only terrestrial analogs for  “yellow” “orange” “purple” and “blue” spheres are 

pigmented and melanized lichens, algae, plants and mushrooms (Joseph et al. 2019, 2020,a,b,c).

An examination of supposed terrestrial analogs indicates there is little resemblance to the spheres 

of Mars. Depending on locations, the surface-spheres of Mars are uniform in size (1 mm, or 3mm to 6 

mm) and spherical appearance (Knauth et al. 2005; Lin 2016). As a candidate for terrestrial analogs Chan 

et al. (2004) has proposed the “moqui marbles” (“hematite spheres”) of Utah; which in fact differ 

dramatically from one another (Figures 8,9,13, 23, 25, etc), ranging in size from 1mm to 203 mm or more 

(Anthony et al. 2005; Chan and Parry 2002; Knauth et al. 2005) and have a wide range of shapes 

including what is best described as sharp pointed and jagged, and amorphous/nebulous, spherical-round 

(“female”), and those with numerous grooves and a Saturn-shaped spinning-top central bulge (“male”).  

By contrast the surface spheres of Mars have a distribution resembling vast colonies covering dozens to 

hundreds of meters and with a uniform shape, whereas the only analogs for those attached to rocks are 

photosynthesizing lichens (Joseph et al. 2019, 2020,a,b)

Furthermore, the hematite composition of the  “hematite spheres” of Earth, is less than 2% and 

forms only a thin veneer upon the surface (Anthony et al. 2005; Chan & Parry 2002), with the remainder 

often consisting of sandstone infiltrated with fungi and lichens which provide the “cement” which binds 

these concretions together (Ayupova et al 2016; Claeys 2006; Owocki et al. 2016l Rajendrana et al. 

2017).  In addition, the outer surface of these terrestrial concretions are sometimes colonized by lichens. 

The spheres of Mars were initially described as “purple” “orange” and “yellow” (Soderblom et al. 

2004) as well as “blue” (NASA 2009) and in some photos also appear light-blue and blueish-green 

(Joseph et al. 2020a)--colors associated with melanized pigments and life. As to “blue berries” the only 

analogs are found on Earth: living organisms. The Opportunity team later ceased to mention these colors 

and instead described the spheres as pale white, the only analog examples of which are the spheres of 

Mars. Because living analogs are not acceptable to NASA (2009), its administrators present us with a 
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tautology: the white spheres on Mars are hematite because there are white spheres on Mars. 

“White” or “pale white” hematite is not round or spherical but appears as jagged, crystalized, 

sharp-edged and metallic-silver or crystal white (Beske-Diehl and Li 1993; Grove et al. 2017).  Unless 

water bleached and hydrated  terrestrial hematite is characteristically dark-red to black in color (Anthony 

et al. 2003).  Terrestrial hematite does not resemble the spheres of Mars as documented by the 

comparative photographs in this report. Moreover, the Martian stems are hollow (Figure 5).

Not surprisingly, attempts to characterize the spheres of Mars as consisting of hematite are beset 

by so “many contradictions” that this interpretation was immediately challenged as “inappropriate” (Burt 

et al. 2005). Therefore, reasonable alternative explanations and origins have been offered  (DiGregorio, 

2004;  Joseph, 2006, 2008; Knauth et al. 2005; Royer et al. 2008); e.g., bolide impact, volcano, mineral 

precipitation, lichens and “Martian mushrooms.” Each of the views, including the biology of the radiated 

iron rich Red Planet, iron uptake, radiation as nutrient, melanization, biological weathering, oxalate 

“cementing” of spherical specimens, the “hematite hoax” and religious extremism among NASA 

scientists and administrators will be discussed in the following sections.  

Figure 1: Opportunity - Sol 40. Lichen-mushrooms (lichenized fungi?) to 8 mm in length, with stems 
approximately 1 mm (or less) in width and bulbous caps 3mm to 6mm in diameter.



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                5                                                                  The Journal of Cosmology
Rhawn Joseph

Figure 2: Opportunity Sol 37. Lichen-mushrooms (lichenized fungi?) on the surface and up outcrop are 
up to 8 mm in length, with stems approximately 1 mm in width and bulbous caps 3mm to 6mm in 
diameter. The bulbous caps may be fruiting bodies. 
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Figure 3:  Dibaeis is a genus of lichenized fungi in the Icmadophilaceae family. 

Figure 4: Opportunity - Sol 88. These lichen/fungi are up to 8 mm in length, with stems and apothecia 1 mm to 3 
mm in width, with bulging hyphae atop and just beneath the rock surface. The bulbous cap may be a spore 
producing fruiting body. Note  RATT grinding instrument impression red-circled. Stems are hollow (see Fig. 5). 



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                7                                                                  The Journal of Cosmology
Rhawn Joseph

Figure 5:  Sol 88. Hollow stems/stalks serve to draw up and distribute nutrients and moisture.

Figure 6:  (Left:  Photo by Janet Pesaturo / One Are Farm)     (Right: Suillus cavipes, Hollow Bolete.  Photo by Gary B.)
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Figure 7: Sol 182. Martian Fungal Puffballs. There is no resemblance to terrestrial “hematite” spheres.

Figure 8. Terrestrial “hematite” spheres have a variety of shapes, sizes and are dark red to red in color  
and only the surface layers consist of hematite (Photo from andreyadreams.com). 
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Figure 9. Terrestrial “hematite” spheres / “Moqui Marbles, Southeast Utah. 

Figure 10: Sol 182. Martian Fungal Puffballs. There is no resemblance to terrestrial “hematite” spheres.
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Figure 11: (Left) Fungal puffball (Basidiomycota) with stalk. (Right)  Sol 257, Martian fungal Puffballs 
with stalk. 

Figure 12: Opportunity Sol 37. Lichen-mushrooms (lichenized fungi?). These organisms have long 
stems and bulbous spherical caps. Those that have stalks/stems are supported by substrate above the 
ground. Those on the surface have only a short thick visible stalk
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Figure 13: Terrestrial “hematite” spheres / “Moqui Marbles” Southeast Utah. 

Figure 14: Sol 221. Martian fungal puffballs (Basidiomycota). No resemblance to terrestrial “hematite.”
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Figure 15: Sol 1148.  Martian fungal “puffball.” Compare “lemon-shape” bulge/stalk with Fig 15.

Figure 16: Terrestrial fungal “puffball” (Basidiomycota). Note and compare “lemon-shape” stalk bulge.
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Figure 17: (Left) Sol 182. Martian fungal puffball. (Right) Terrestrial fungal “puffball” 
(Basidiomycota). Note “lemon-shape” stalk/bulge.

Figure 18: (Bottom Left & Right) Lichen Lycoperdon with mycelium growing from bulge/stalk. From 
Dufour, 1891. (Center) Sol 306. Martian fungal puffball embedded in what maybe calcium oxalate. 
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Figure 19: (Left) Sol 182.  Note organic appearance the Martian specimen and membranes separating 
the hemispheres.   (Right) Terrestrial puffball doublet.

Figure 20: Hematite doublet. Grooved. No membranes. No Resemblance to puffballs. 
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Figure 21: Terrestrial puffball doublets. Center photo by Rebriev et al. (2020). Right Photo by Joseph 
OBrien, USDA Forest Service.  Note membranous tissue connecting the hemispheres. 

Figure 22: Martian puffball doublets. Note membranous tissue connecting the hemispheres. 
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Figure 23: (Left) Sol 147. Martian Puffballs. (Right) Terrestrial “Hematite” spheres are not uniform in 
shape or size and are dark red in color. Photo by Dr. Dennis Eberl. 

Figure 24: Sol 1145 and Sol 1148. Martian puffballs growing out of the ground and increasing in size.
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Figure 25: Terrestrial “Hematite” spheres are dark red in color and differ greatly shape and size. 

Figure 26: Martian spherical puffballs are uniform in shape, size (3mm to 6mm) and color. 
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3. Meteor Impact: 

“Unlike all known terrestrial concretions” the surface-spheres of Mars “are uniformly spherical... 

and... uniform in their size distribution” and do not resemble the hematite spheres of Earth (Burt and 

colleagues 2005). Given the “high sphericity and near-uniform sizes of the spherules” Knauth et al. 

(2005) have proposed an “alternative explanation involving deposition from a ground-hugging turbulent 

flow of rock fragments, salts, sulphides, brines and ice produced by meteorite impact.” Based on their 

analysis of the 1mm-in-diameter spherules Royer et al. (2008) also argued in favor of impact origin: the 

spheres formed from the aggregation or vapor condensation produced by large meteoritic impact cloud. 

DiGregorio (2004) points out that accretionary spherical lapilli are often produced by meteorite 

strike such as is evidenced by the Chicxulub K/T boundary impact and other craters that are littered with 

spherical silica-rich glass tektites and accretionary lapilli ash that accreted around a nucleus of water (see 

Figure 27). He notes tektites begin as molten projectiles that spin through the atmosphere and develop a 

variety of aerodynamic shapes including “spheres” and that if they collide they may melt together 

forming doublets or triplets similar to some of the spheres on Mars. 

Because tektite and lapilli also have voids and vesicles, DiGregorio (2004) argues when hydrated 

and if colonized by microbes, and if their contents include iron, there could result a wide variety of 

mineral phases, including, hypothetically, eventually producing hematite; thus accounting for the 

detection of hematite grains in the sands of Mars.  Knauth et al. (2005) and DiGregorio (2004)  have also 

suggested that an examination of the cracks in these impact-produced rocks and minerals may provide 

evidence of biology. However, DiGregorio also acknowledges that terrestrial accretionary lapilli and 

tektites have a silicate (not hematite) mineralogy.  On the other hand, given that the spherical-hematite 

claims are based on speculation and faulty instrumentation, then it is quite possible that at least some of 

the Martian spheres may be tektites and lapilli as proposed by Burt et al (2005), Knauth et al. (2005), 

Royer et al (2008) and DiGregorio (2004). 

4. Volcanic Precipitation Origin

DiGregorio (2004) also proposed that Martian ground-level spheres may have a volcanic origin 

thereby resulting in the accretion of lapilli: tightly bound collections of fine sand, dirt,  and volcanic ash 

which forms a hard outer shell that surrounds a porous core and vesicles (see Figure 28). When hydrated 

in an iron-rich medium, these microscopic vesicles could serve as preferential sites for hematite 

precipitation. However, there is no evidence of a volcano in Meridiani Planum. 
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Figure 27: Tektites From Meteor Impact: Note dark color, pitted surface and only resemblance to the 
Martian spheres is that some concretions have  semi-spherical shapes. (Top) Colombianite Tektite, 
Columbia  (Bottom Left Tektites, from China, photo by Moussa Minerals & Fossils). (Center Bottom) 
Tektites embedded in stone and ash. (Bottom Right) Tektites from Southeast Asia. 
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Figure 28: Volcanic accretionary lapilli from Oahu, Hi (photo U.S. Geological Survey). Note dark grey 
color and spherical to semi-spherical shapes. 

Figure 29:  Embedded volcanic accretionary lapilli from the Minoan volcanic Santorini ash deposits. The 
problem with these terrestrial analogs is there is no evidence of a volcano or volcanic activity in the 
history of Meridiani Planum, Mars.
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5. Supersaturated Precipitation Origin: 

Based on his observations of spherical shape and size distribution Eberl (2021) has proposed 

spherical formation via the accretion of supersaturated crystals. Eberl (2021) observed what may be a 

gradual shift in shape depending on if the spheres are located on the crater rim or crater floor: left-skewed 

in the crater, right-skewed on the rim, with shapes progressively intermediate between the two. He has 

suggested this may be due to different crystal growth mechanisms and a consequence of very high levels 

of supersaturation that induced nuclei precipitation. 

6. Biological (Algae, Lichens, Fungi) Origins: 

Eberl’s (2021) observations are not incompatible with biology. Different levels of moisture would 

also effect the growth (and fossilization) of fungi and lichens as would the amount and duration of 

sunlight on the rim vs the crater floor. 

Lichens are a symbiotic organism consisting of a fungus and an algae/cyanobacteria. 

Kaźmierczak (2016, 2020) has provided comparative evidence suggesting that some spheres located on 

crater rims contain colonies of fossilized algae, with inner structures reminiscent of chloroplasts. Lin 

(2016) focusing on Martian surface spheres less than 1mm in diameter, believes that some resemble ooids 

fashioned by grains of sand cemented together by the calcium secretions of algae/cyanobacteria. Other 

investigators have also observed what may be spherical ooids attached to sandstone and rock and adjacent 

to specimens that resemble green algae, lichens, and veins of what may be calcium (Joseph et al. 2020d) 

or gypsum which is a favored habitat of algae (Bothe 2019; Jung et al. 2019). 

 Another team of investigators, examining 1mm-in-size-specimens that appeared in the crests of 

old rover tire tracks, have identified what may be tiny mushrooms with stems (Joseph et al 2021). The 

larger 3mm to 6mm ground-level spheres photographed on the surface of Mars are said to resemble 

spherical fungus as determined by over 30 experts who examined these photographs (Joseph 2016); an 

interpretation accepted by several teams of investigators and independent scientists (Dass, 2017; Joseph 

2006; Joseph et al. 2019, 2020a,b,c, 2021; Rabb, 2018; Small 2015).  

 By contrast, spheres attached to rocks have elongated stems and topped by bulbous caps oriented 

skyward similar to colonies of photosynthesizing terrestrial lichens (Dass 2017; Joseph 2006, 2016; 

Joseph et al. 2019, 2020a,b,c; Rabb, 2018).  Only colonies of terrestrial lichens resemble these rock-

anchored Martian specimens (Figures 3, 34). 
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7. Weathering

Rock-dwelling endolithic crustose lichens and communities of algae and fungi grow between the 

grains inside “solid” rock leaving only the fruiting body exposed on the surface (Freidmann et al. 1988; 

Johnston & Vestal 1993).  As to rock-dwelling Martian lichens, Chan (2004) argued these are hematite 

spheres that have been“weathered” out of the rock--a scenario for which there are no terrestrial analogs. It 

is well established, however, that fungi and lichens biologically weather surrounding stone, rock, metal 

and minerals via infiltration, hyphal and thallus growth, penetration and  pressure induced swelling. 

Fungi and endolithic (rock dwelling) lichens, including those living in the Mars-like deserts of 

Antarctica, also produce oxalic acid (oxalate) and other acids (Russ et al. 1996), which induces the 

weathering and dissolution of surrounding metals, minerals, and stone. The secretion of oxalate acids will 

dissolve minerals, iron and other metals which serve as nutrients for the fungus/algae/lichen consortium 

(Chen et al. 2000; Gadd, 1999; Glasauer & Gadd, 2013). Metal and mineral uptake promote biological 

metabolism, the production of chlorophyll (Chen & Sun, 2011) and provide energy for photosynthesis 

(Tooulakou et al. 2016) which contributes to the biogensis of these acids (Seal & Sen 1970).  As 

surrounding rock and minerals dissolve, the morphology of these organisms is increasingly revealed and 

making it appear as if they are weathered from stone when it is these organisms which are weathering and 

metabolizing the surrounding substrate as they grow and engage in photosynthesis (Figures 30-38). 

Figure 30: Sol 88. These Martain lichen/fungi are up to 6 mm in length, with stalks  2 mm to 3 mm in 
width, with hyphae atop and just beneath the rock surface. The bulbous cap may be a spore producing 
fruiting body. 
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Figure 31: Sol 88. These Martian lichen/fungi may be biologically weathering via oxalate acid, the 
surrounding matrix, dissolving and taking up metals and minerals.  The bulbous cap may be a spore 
producing fruiting body. Oxalate is produced during daylight hours, thereby corresponding to increased 
metabolic and oxygen-producing photosynthetic activity and biological weathering of matrix.
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Figure 32: Sol: 85. Martian Lichen/fungi specimens are approximately 2 to 8 mm in length. These 
lichen/fungi may be biologically weathering via oxalate acid, the surrounding matrix, dissolving and 
taking up metals and minerals.  The bulbous cap may be a spore producing fruiting body. Oxalate is 
produced during daylight hours, thereby corresponding to increased metabolic and oxygen-producing 
photosynthetic activity (Tooulakou et al. 2016; Johnston & Vestal 1993) and acting to dissolve 
surrounding matrix which is utilized as nutrients by and builds up on the cellular surface of lichens. 
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Figure 33: Sol: 85. Martian Lichen-fungi are  approximately 3 to 8 mm in length and likely engaged in 
photosynthesis.
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Figure 34: (Top) Sol 88. These Martian lichen/fungi  are similar in morphology to (Bottom) the Lichen 
Dibaeis baeomyces which are pigmented, oxygen-producing photosynthesizing organisms. 
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Figure 35: Sol: 85. Colonies of Martian lichens attached by stems to rocks.

Figure 36: Sol: 85. Martian Lichen/fungi may be engaged in photosynthesis, biologically weathering surrounding 
matrix, and dissolving and taking up metals and minerals via oxalate acid which promotes photosynthesis. 
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Figure 37: (Top) Sol 232: Gas-vent apertures for the release of oxygen secondary to photosynthesis 
within microbial mats; photographed in Gale Crater. (Bottom) Cone-like tubes for the venting of oxygen 

produced by photosynthesizing algae (reproduced with permission from Freeman et al. (2018)
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Figure 38: Sol  232  (Top):  Specimens  similar  to  gas-vent  apertures  for  the  release  of  oxygen  
secondary  to  photosynthesis.  Photosynthesizing  organisms  respire  oxygen  and  release  gas  
bubbles  via  the  surrounding  matrix  (most  noticeable  in  water).  (Bottom)  Open  globular  
structures,  interpreted  as  formed  by  gas  bubbles  via  cyanobacteria  oxygen  respiration  
within  microbial  mats  (from  Bengtson  et  al.  2009, reproduced  with  permission).
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II. BIOSIGNATURES: CALCIUM OXALATE WHELWELLITE

8. Algae/Cyanobacteria Calcium Biosignatures 

Fungi (mycobiont) and algae (photobiont) comprise the lichen symbiotic consortium. Calcium 

and calcium carbonate are precipitated in the mucous of cyanobacteria/algae via photosynthetic CO2or 

HCO3  (Barnes and Chalker, 1990; Graham et al. 2014; Mei et al. 2020). Calcium carbonate is a 

biological byproduct of their photosynthetic activity: Their mucous secretions of polysaccharides  act as 

binding sites for Ca2+ thereby producing carbonate minerals and concentrations of calcium (Dittrich and 

Sibler, 2010; Kupriyanova et al. 2007; Samylina et al. 2016).  Hence, cyanobacteria/algae produce 

calcium and calcium carbonates whereas fungi are capable of precipitating numerous metal oxalates 

including soluble Fe and calcium oxalate (Gadd 1999; Graustein et al., 1977; Palmieri et al. 2019; 

Verrecchia, 1990). Coupled with high intake of iron (Bajpai et al. 2009; Hauck et al. 2007), lichens can 

produce oxalate acids, calcium carbonates or cement-like calcium.

Despite destruction by weathering and UV and other forms of ionizing radiation (Ertem et al. 

2017; Bibring et al. 2006) calcium carbonate has been detected on Mars (Boynton et al. 2009; Krall et al. 

2014; Sutter et al. 2012; Wray et al. 2016) Wray et al. (2016), for example, found evidence of calcium-

rich Martian carbonates as detected by the Compact Reconnaissance Imaging Spectrometer aboard the 

Mars Reconnaissance Orbiter. The Thermal and Evolved Gas Analyzer on the Phoenix polar lander 

identified CO2 release consistent with breakdown of Ca-rich carbonate in Martian soils (Boynton et al. 

2009; Sutter et al. 2012), an interpretation supported by results from the Phoenix Chemistry Lab 

(Kounaves et al. 2010). Moreover, calcium biosignatures and calcium encrusted cyanobacteria and 

"Nostoc balls" have been observed in Gale Crater (Figures 42-45;  Joseph et al. 2020d). 

9. Whewellite Calcium “Cement” and Martian Hyphae/Mycelium 

  Oxalate is produced during daylight hours, thereby corresponding to increased metabolic and 

oxygen-producing photosynthetic activity (Tooulakou et al. 2016; Johnston & Vestal 1993). Terrestrial 

lichens and fungi secrete calcium saturated oxalate acid that may be transformed into calcium oxalate 

monohydrate crystals (Ascaso et al. 1982; Russ et al. 2013; Gadd, 1999; Glasauer & Gadd, 2013). Some 

species of algae and bacteria are  oxalic acid consumers (Palmieri et al. 2019) and thus the fungi may 

feed the algae oxalate which promotes the synthesis of chlorophyll which is essential for photosynthesis.  

Calcium oxalate crystals and the monohydrate (whewellite) and the dihydrate (weddelite) are 

produced extracellularly by fungi and lichens (Gadd, 1999; Glasauer & Gadd, 2013).  Weddellite may 
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form white encrustations on lichen and fungal hyphae/mycelium or form calcium hard layers on the 

surrounding surface (Figures 52-60).  Lichens preferentially produce whewellite when on dry rock, and 

weddellite on hydrated rocks (Ascaso et al. 1982; Russ et al. 2013). Weddellite is a metastable mineral 

and decomposes to whewellite (Frey-Wyssling, 1981). Thus, whewellite is a monohydrate and weddellite 

a dihydrate which may assume a crystaline-tetragonal encrusted cemented appearance when exposed to 

dry surface conditions (Gadd 1999; Glasauer & Gadd, 2013).  Depending on species, substrate, and moist 

vs dry condition, the crystals might appear as chain-like encrustations or mineral-like veins upon the 

surface, or form semi-independent masses or form waves of calcium-cement on the surface (Arnott, 

1995; Horner et al., 1995; Glasauer & Gadd, 2013). Depending on photosynthetic activity and the 

availability of moisture, their shapes and mass may change and wax or wane. 

Studies have shown that oxalate crystals thicken and increase in size along cellular surfaces and 

will fill wall surface and voids (Gadd 1999; Russ et al. 1996; de la Torre Noetzel & Garcia 2020). 

Calcium oxalate may also form a membrane or sheath that wraps around and encrusts the hyphae, 

mycelium, fruiting bodies and algae photobionts (Russ et al. 1996). Oxalate, in so doing, provides 

cellular protection against environmental extremes (de la Torre Noetzel & Garcia 2020) but may harden 

and produce a calcium-enamel cement when exposed to prolonged dry conditions.

Martian lichens and fungi also appear to produce copious amounts of oxalate/whewellite which 

surrounds and coats mycelium, hyphae and fruiting bodies (Joseph et al. 2021 as depicted in Figures 

42-50. This interpretation is supported by the fact that terrestrial lichens (and fungi) not only show high 

rates of survival when exposed to Mars-like conditions including the ability to rapidly regain 

photosynthetic capabilities (Brandt et al. 2015; De la Torre Noetzel et al. 2017; Meesen et al. 2014) but 

will secrete copious amounts of calcium oxalate monohydrate whewellite (de la Torre Noetzel and Garcia 

2020; see also de la Torre Noetzel et al 2018). For example, when de la Torre Noetzel and Garcia (2020) 

exposed samples of lichens to space and Mars-simulated conditions for 18 months whewellite (calcium 

oxalate monohydrate) crystals formed on fungal cell wall surfaces and the lichen medulla.

Terrestrial spherical basidiomycetes (puffballs) and their interwoven hyphae also secrete and 

become encrusted with oxalate crystals (Gadd 1999). Spherical fungal puffballs (basidiomycetes) have 

been identified on Mars (Joseph 2016; Joseph et al. 2020a,b,c,d, Joseph et al. 2021). Martian algae, 

fungal, lichens and spherical puffballs have also been observed in association  with veins of calcium and/

or oxalate (Joseph 2020d; 2021) and with what appear to be mycelium, hyphae and dimpled photobionts 

that are encrusted with a white substance reminiscent of calcium oxalate whewellite (Figures 45-50). 
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Oxalate crystals are produced extracellularly along fungal wall surfaces, within the lichen medulla 

(Gadd 1999; de la Torre Noetzel & Garcia 2020) especially when exposed to dry or extreme surface 

conditions (Russ et al. 1996) and may form sheaths that envelop, surround and encrust the hyphae and 

mycelium tangles (Russ et al. 1996; de la Torre Noetzel & Garcia 2020) and in so doing forming a 

crystaline-tetragonal encrusted appearance (Gadd 1999; Glasauer & Gadd, 2013). Lichens exposed to 

Mars conditions produce calcium oxalate. As documented in sequential photos from Mars, spherical 

specimens resembling lichens, fungi and puffballs appear to be secreting or have become encased in or to 

be shedding whewellite and/or leprose/crustose (Figures 43, 52, 56-60; Joseph et al. 2021). Moreover,  

what may be oxalate has been observed to surround networks of  Martian hyphae, mycelium, and fruiting 

bodies; and, as documented in sequential photos, filling in and covering what appear to be dimpled-donut 

shaped fruiting bodies or photobionts (Figures 45-50; Joseph et al. 2021).        

Figure 39: Sol 304: Calcium biosignature within a rock crevice. Note holes produced in thick layers of 
calcium via oxygen release due to photosynthesis.
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Figure 40: Sol 890: Calcium deposits within a microbial mat presumably fashioned by photosynthesizing 
algae.  Note holes produced in veins/layers of .calcium via oxygen release due to photosynthesis.

Figure 41: Sol 304 & Sol 890: Enlarged.  Note oxygen-holes produced in veins/layers of calcium. 
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Figure 42:  CR0_473216607PRC_F0442414CCAM02853L1. Calcium carbonate encrusted 
cyanobacteria (similar to Nostoc flagelliforme)m spherical "Nostoc balls," and vesiculous thalli (large and 
small micritic clots)  possibly due to intracellular Ca- carbonates bio-mineralization or to calcification of 
extracellular calcium oxalate substances which have form calcified sheaths which surround and has 
embedded cyanobacteria.  Note numerous oxygen vent created secondary to oxygen photosynthesis and 
gas release. 
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Figure 43:  A lichenized fungus “cemented” into a calcium oxalate matrix. Calcium oxalate is 
synthesized during photosynthsis and is related to high levels of iron and mineral uptake following 
“liqufication” via oxalate acids. Note numerous holes like produced via oxygen gas release. Because 
calcium oxalate will under cementation when exposed to dry surface conditions, coupled with iron 
uptake, this specimen may have become solidified and fossilized and thus “harder than rock.” 
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Figure 44: Sol  298: Specimens  similar  to  dimpled  ooids  and  algae  (cyanobacteria)  on  the  surface 
and  interior of  a Martian rock. The white deposit may consist of calcium or gypsum, which are 
associated with cyanobacteria.   
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Figure 45: Sol 298.   Specimens similar to spherical ooids, dimpled lichens,   green-blue-green-algae 
(cyanobacteria) and colonies of tubular algae-like organisms within the rock crevice.    The   thin white   
tube-like formation flowing downward (framed in red) is enveloping the bulbous specimen which may be 
a fruiting bodies. The white substance likely consists of calcium oxalate which is produced via the 
mucous secretions and metabolic activity of lichens and fungi. 
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Figure 46: Growth. Sol 192 (left column) Sol 260 (right column). White specimens resembling 
plasmodium, bulbous fruiting sporangia and interconnected networks of mycelium and hyphae calcified 
with calcium oxalate crystals (weddelite). The dimpled specimens may be fungi, lichens or photobionts 
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Figure 47: Growth. (Left Column) Sol 192                            (Right Column) Sol 270

      
Figure 48: Sol 270 White specimens resemble plasmodium, the bulbous fruiting sporangia and 
interconnected networks of mycelium and hyphae calcified with calcium oxalate crystals (weddelite). The 
dimpled specimens may be fungi or Photobionts. 



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                40                                                                  The Journal of Cosmology
Rhawn Joseph

Figure 49: Strands that snake across and sometimes rise above the surface. These appears to calcified 
fungal mycelium or encrusted plasmodium and protoplasmic tendrils punctuated with fossilized bulbous 
fruiting bodies (sporangia) that have become encrusted and seemingly calcified with calcium oxalate 
crystals (whewellite/weddelite) which is secreted by fungi and lichens.
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Figure 50: Sol 270 Donut-shaped fungi/lichens or photobionts --approximately 1-2 mm in size-- adjacent 
to networks that resemble plasmodium and bulbous fruiting sporangia which have become encrusted with 
calcium oxalate.

Figure 51: Fungal hyphae 'harvest'  nutrients produced by the photobiont via fungal hyphae branching 
and encircling and penetrating a number of globose photobiont cells in order to harvest the photosynthetic 
products. From Schneider (1987).
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10. Oxalate Acids, Whewellite & Calcium “Cement” Concretions

Cyanobacteria/algae produce calcium  (Gadd 1999; Graustein et al., 1977; Verrecchia, 1990) and 

terrestrial lichens and fungi secrete calcium saturated oxalate acid  that may be transformed into calcium 

oxalate monohydrate crystal and calcium-cement (Ascaso et al. 1982; Russ et al. 2013; Gadd, 1999; 

Glasauer & Gadd, 2013). When exposed to environmental extremes and dry conditions, these oxalate 

accretions may form a hard, wavy, whewellite-calcium-phosphate-cement-like-crust which becomes 

harder than rock (Del Monte et al. 1987; Russ et al. 1995, 1996). 

Mars is iron-rich (Boynton et al., 2008; Bru ̈ckner et al., 2008) and upon oxidation the primary 

product is ferric (Fe3+) iron and which is found in Martian volcanic rock and numerous minerals 

including Fe(II)-bearing basaltic rocks and pyroxenes (Arvidson et al., 1989; Bibring and Langevin, 

2008; Christensen et al., 2001). Iron oxides provide metabolic energy for iron-cycling organisms, 

including algae, lichens, and fungi (Conorton et al. 2017; Wang & Pantopoulos 2011); species which can 

oxidize numerous organics and minerals thereby reducing ferric iron (Aisen et al. 2001; Lloyd, 2003).  

Ferric iron is the terminal electron acceptor for numerous organisms (Lloyd, 2003; Aisen et al. 2001).  

Lichens have high levels of iron uptake. Colonies of lichens living in iron-rich environments may 

produce waves of oxalate-whewellite-calcium-enamel that builds on surrounding surfaces forming a 

whewellite cement (Del Monte et al. 1987;  Glasauer & Gadd, 2013). As noted terrestrial lichens exposed 

to Mars-like conditions also produce what appears to be copious amounts of whewellite (de la Torre 

Noetzel & Garcia 2020). 

Spherical Martian puffballs (basidiomycetes) have been identified by over 30 experts in fungi, 

lichens, and geomorphology (Joseph 2016; see also Dass, 2017); a view endorsed by several teams of 

international experts (Joseph et al. 2019, 2020a,b,c, 2021). Terrestrial spherical basidiomycetes and their 

interwoven hyphae secrete and become encrusted with oxalate crystals (Gadd 1999). Calcium and/or 

Calcium Oxalate-crustose like crystal coatings have also been observed on Martian spherical specimens 

identified as basidiomycetes (Figure 52, 56-60; Joseph 2021).

Gray spheroidal-cement-like concretions embedded in wavy-cement-calcium-like substrate have 

been observed in Eagle Crater (Bell et al. 2004; Squyres et al. 2004; Herkenhoff et al. 2004) and 

described as "harder than surrounding rock" (Squyres et al. 2004). The Opportunity team proposed that 

these gray spheroids had undergone "cementation" and had somehow became embedded in these waves 

of “cement” (Herkenhoff et al. 2004). What this “cementation” consist of was never determined by the 

Opportunity team other than to point out that these spheres and “cement” had a composition distinctly 
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different from the underlying substrate (Herkenhoff et al. 2004).  

Oxalate builds up on the external surface of the organism and infiltrates soil, sandstone and 

limestone crust, and dissolves Fe and other minerals, which in turn provide nutrients to the entire 

community of organisms (Chen et al. 2000 Freidmann 1982; Johnston & Vestal 1993; Weed & Norton 

1991; Hen & Gong 1995) including, possibly, the algae symbiote; and which may promote 

photosynthesis. And it may form a calcium-oxlate “cement” particularly when exposed to a prolonged 

dry surface conditions and environmental extremes--such as would be encountered on iron-rich Mars.

It is unproven but reasonable to assume that Martian lichens and fungal puffballs  

(basidiomycetes) also produce oxalate/whewellite which may “cement” surrounding surfaces. In response 

to long periods devoid of moisture, it is possible that not just the substrate but the iron- and oxalate/

whewellite saturated lichen/puffballs may die, become harder than rock and fossilized. This would 

account for the gray spheroidal-cement-like concretions embedded in wavy-cement-like substrates that 

have been described as harder than rock (Figures 56-60).  These are not unexplainable anomalies but 

additional evidence of life on Mars. 

 Figure 52: Sol 257: Evidence of what may be leprose, crustose, or the secretion of calcium oxalate 
“cement.”
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Figure 53: Terrestrial crustose lichen embedded in Whewellite calcium oxalate “cement.”

Figure 54: Whewellite-Rich Rock, Southwest Texas (from Jon Russ, et al. 1999). 
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Figure 55: Whewellite-Rich Rock, Southwest Texas (from Jon Russ, et al. 1999). 

Figure 56: Sol 29. Martian organisms embedded in calcium-oxalate-like “cement.”
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Figure 57: Sol 39. Martian organisms embedded in calcium-oxalate-like “cement.”
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Figure 58: Sol 39. Martian organisms embedded in calcium-oxalate-like “cement.”
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Figure 59: Sol 41. Martian organism embedded in calcium-oxalate-like “cement.”

Figure 60: Sol 28. Martian organism embedded in calcium-oxalate-like “cement.”
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             III. BIOLOGY OF THE RADIATED IRON-RICH  RED PLANET 

11. Overwhelming and Conclusive Evidence of Life on Mars

The Evidence for life on Mars is pervasive and includes (1) fossilized stromatolites, microbial 

mats, tube worms, metazoans, and calcareous algae (Baucon et al 2020; Bianciardi et al 2014; Joseph 

2014a; Joseph et al 2020d,e,g); Kazmierczak 2016, 2020; Noffke 2015; Rabb, 2018; Rizzo et al. 2020; 

Ruff & Farmer 2016; Small 2015);  (2) biological residue discovered in Martian meteorites (Thomas-

Keprta,  et  al.  2009; McKay et al. 2009); (3)  living organisms including algae, fungi, and lichens (Dass 

2017, Joseph 2014a 2016; Joseph et al. 2019, Joseph et al 2020a,b; Krupa 2017; Levin et al. 1978; Levin 

& Straat 2016; Rabb 2018, Small 2015); (4) biological activity detected in Martian soil samples (Levin & 

Straat 1976, 1977, 2016); (5) the consensus of 70 experts who agreed fungi were growing on Mars 

(Joseph 2016); (6) over a dozen puffballs that increased in size and emerged from beneath the soil in just 

three to seven days (Joseph et al. 2019, 2020a,b,c); (7) spheres and stemmed-mushrooms which emerged 

in old tire tracks formed by the rover Opportunity (Joseph et al. 2021); (8) massive black araneiforms that 

emerge in the Spring, grow rapidly, and then rapidly wane in the Autumn and Winter only to re-emerge 

the following Spring; and which most likely represents the growth of massive colonies of black fungi, 

lichens, algae, methanogens, and sulfur reducing organisms (Ganti et al. 2003; Ness, 2001; Joseph et al. 

2020e, 2021; Kereszturi et al. 2012); (9) sequential images of black fungal bacterial growth on the 

rovers (Joseph et al. 2019s, 2020a, 2021); (10) sequential photos documenting fungal growth, 

multiplication, shape-shifting, disappearance, and movement to new locations (Joseph et al. 2021); 

(11) the continual replenishment and Spring/Summer increases in atmospheric methane and oxygen 

which parallels the biological production of oxygen and methane on Earth (Joseph et al. 2019, 

2020a,b,c); (12) and vast colonies of lichens attached by hollow stems to rocks and topped by 

bulbous caps oriented skyward and which are nearly identical to photosynthesizing lichens on Earth 

(Joseph et al. 2019, 2020a,b,c). 

As noted, it is well documented that terrestrial fungi, algae, and lichens can survive prolonged 

exposure to Mars-like environment. For example,  De la Torre Noetzel and colleagues (2017) also 

exposed the lichen Xanthoria elegans to simulated Mars-analogue conditions for 1.5 years including 

direct exposure to ultraviolet (UV) irradiation, cosmic radiation, temperatures and vacuum conditions. It 

was found that the lichen photobiont (algae) showed an average viability rate of 71%, whereas 84% of 

the lichen mycobiont (fungi) survived--although they were adapted to and evolved on Earth. Moreover, 

50-80% of alga and 60-90% of the fungus symbiote demonstrated normal functioning (Brandt et al. 
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2015). This included the ability to engage in photosynthetic activity post-exposure to these harsh 

environments with minimal impairment (Meesen et al. 2014). 

Given these high rates of survival among organisms that evolved on Earth, it is reasonable to 

assume Martian organisms would not just survive but long ago evolved the ability to utilize the iron-

rich radiation intense environment of the Red Planet so as to enable them to flourish. As will be 

detailed in the following sections, Martian organisms need not have evolved unique characteristics 

alien to Earth but only to adapt their cellular biology to take advantage of prevailing conditions.                 

12. Biology of the Iron Red Planet

Spectroscopic data from surface and orbital  missions have indicated the presence of ferric (Fe3+) 

iron across numerous mineral phases throughout the surface of Mars, including ferric oxides, iron oxides, 

magnetite, and crystalline hematite (Arvidson et al., 1989; Bibring and Langevin, 2008; Bru ̈ckner et al., 

2008; Christensen et al., 2001, 2008; Klingelho ̈fer et al., 2004; Morris et al., 2006; Poulet et al., 2007;  

Ruff et al., 2008). Hydrated mineral phases have also been observed including sulfate (Klingelho ̈fer et 

al., 2004; Gendrin et al., 2005; Milliken et al., 2008) which plays a significant role in the biological 

reduction of iron via iron-sulfur (FeS) proteins and metabolic enzymes (Conorton et al. 2017; Kobayashi 

and Nishizawa 2012). Iron oxides provide metabolic energy for iron-cycling organisms, including algae, 

lichens, and fungi (Conorton et al. 2017; Wang & Pantopoulos 2011); species which oxidize numerous 

organics and minerals thereby reducing ferric iron (Aisen et al. 2001; Lloyd, 2003).  Ferric iron is the 

terminal electron acceptor for numerous organisms (Lloyd, 2003; Aisen et al. 2001).  

Terrestrial organisms require iron, the metabolism of which, in plants, lichens, algae, plankton 

and diatoms, promotes the formation of chlorophyll and oxygen respiration photosynthesis (Sunda & 

Huntsman, 2015; Gevais et al. 2002; Conorton et al. 2017; Briat et al. 1995, 2015; Aisen et al. 2001) and 

enhances their tolerance to environmental extremes (De Conti et al. 2020).  Almost all cells employ iron 

as a cofactor for oxygen transport, energy metabolism and DNA synthesis (Aisen et al. 2001; Briat et al. 

1995;  Conorton et al. 2017; Kobayashi & Nishizawa 2012). The chemistry and redox reactivity of iron 

makes it ideal for binding proteins and oxygen, and for electron transfer and the mediation of numerous 

catalytic reactions (Aisen et al. 2001; Kobayashi & Nishizawa 2012). Thus, the iron-rich low oxygen red 

planet is an environment in which a variety of organisms may flourish and dwell. Moreover, in low 

oxygen environments (such as Mars), high levels of iron can readily shuttle between oxidized ferric 

(Fe3+) and reduced ferrous (Fe2+) without any disruption of cellular redox equilibrium or negative 

reaction to oxidative stress (cf Galaris & Pantopoulos 2008; Wang & Pantopoulos 2011). 
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In fungi and lichens, iron enters via the mycelia and hyphae and is transported to the inner 

membranes and outward outer cortex.  Lichens are mineral rich. The detection of “iron” in any form, on 

the surface of Mars, may be a biosignature of life.  

Mars is mineral, metal, and iron-rich (Boynton et al., 2008; Bru ̈ckner et al., 2008) and upon 

oxidation, the primary product is ferric (Fe3+) iron and which is found in volcanic rock and numerous 

minerals including Fe(II)-bearing basaltic rocks and pyroxenes (Arvidson et al., 1989; Bibring and 

Langevin, 2008; Christensen et al., 2001). These different mineral phases are not due solely to oxidation, 

but weathering (Bibring and Langevin, 2008; Christensen et al., 2008); including biological weathering 

(Budel et al, 2004: Chen et al. 2000; Johnston & Vestal 1993; Hen & Gong 1995). Biologically, Fe2+ is 

utilized for reducing and may be oxidized to Fe3+ which is utilized for chelating (Kobayashi & Nishizawa 

2012). Thus  Fe2+ and Fe3+ are interactive and complimentary and enhance the viability of terrestrial and 

Martian organisms.  

13. Iron, Hematite, Lichens & Oxalate

Oxalate acids infiltrate soil, sandstone and limestone crust, and dissolves Fe and other minerals, 

which provide nutrients to the entire community of organisms (Chen et al. 2000 Freidmann 1982; 

Johnston & Vestal 1993; Weed & Norton 1991; Hen & Gong 1995). Mineralization of oxalate also 

releases free aqueous metals, which precipitate as Fe and Mn oxides (Johnston & Vestal 1993; Ugolingi 

1986). Lichen acids have polar groups (COOH, CHO, and OH) that induces water-soluble-metal complex 

formation (Ugolingi 1986).  Hence, oxalate complexes are soluble, will become hydrated, and may leak 

deeper into the rock or into the surrounding soil, and may be carried upward and deposited on the surface 

of the rock, via capillary action, when water is depleted  (Johnston & Vestal 1993). In consequence, Fe, 

A1, and Mn oxides, as well as hematite may be carried outward and  accumulate at around these lichen-

dominated rocks and soil  (Johnston & Vestal 1989; Weed & Norton, 1991; Hen & Gong 1995). 

High concentrations of iron is a lichen characteristic (Bajpai et al. 2009; Hauck et al. 2007). Many 

species feed on iron. It can be predicted that the lichens and fungi observed on the iron-rich red planet 

likely have a greater uptake of iron as compared to terrestrial species. Hence, on Mars, spectral signatures 

associated with various metals, oxides and minerals may reflect the high metal/mineral content of 

Martian organisms.
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14. Martian Metal Biosignatures: Hematite & Lichen/Fungal Biochemical Mineral Iron Uptake

Lichens via the secretion of oxalate acids dissolve minerals and metals. Like a variety of plants 

(Connorton et al. 2017; Parajuli & Chettri 2020) they uptake and store iron, hematite and Fe2+ and Fe3+  

ions (Backor & Loppi, 2009; Backer & Fahselr 2008; Kobayashi & Nishizawa 2012; Puckett et al. 1973; 

Marie et al. 2016).  In fungi and lichens, iron enters via the mycelia-hyphae and is transported to the inner 

membranes and the outer cortex of the mycobiont cell walls where it may be bound and stored within or 

on the surface of the endodermis, epidermis, exciple and epithecium (Backor & Loppi, 2009; Collins and 

Farrar, 1978; Kasama et al. 2003). However, the mycobiont (fungus) and its hyphae, which makes up 

approximately 90 % of total lichen biomass, accumulates most of these heavy metals (Backor & Loppi, 

2009) which may then be distributed to the photobiont.

Fe2+ and Fe3+ ions are employed by the photobiont’s (algae’s) extracellular tissues for the 

generation of melanin, chrophyll and photosynthesis (Backer & Fahselr 2008; Connorton et al. 2017; 

Hauck et al. 2009; Kobayashi & Nishizawa 2012; Mehra & Farago 1994; Kasama et al. 2003).  Iron and 

other metals are essential for algal, fungal and lichen metabolism which is why lichens often colonize 

iron-rich rocks and metal saturated environments (Beck 1999; Purvis & Halls, 1996). 

Lichens have a high capacity for metal and mineral deposition, and the concentration of Fe and 

other metals appears to directly correspondence to the amount of metal in colonized sites (Brodo, 1973; 

Looney et al., 1985; Lange and Ziegler, 1963; Pandey & Upreti 2000). Lichens may become metal-rich 

reservoirs (Singh et al. 2013).  Lichens are not only metal rich, but are excellent biological indicators 

signifying the presence of iron, magnetite, and hematite in soil and rock (Paukov et al. 2015; Marie et al. 

2016) and within and upon their cellular walls.

  Given the iron-rich conditions of Mars, this raises the possibility that Martian lichen and fungi 

may be supersaturated with iron. Hence, the detection of iron and spectral signatures assumed to indicate 

hematite would also be an indicator of the presence of lichens and associated bio-communities including 

fungi and algae; especially on Mars. Moreover, high concentration of iron, coupled with the secretion of 

calcium-oxalate “cement” might also make some of these Martian organisms much harder, stronger, and 

durable, and reducing flexibility as compared to terrestrial species. Once they die, the high iron content, 

plus calcium-cement, may contribute to fossilization; and as such some of those attached to rocks may 

remain intact and anchored to their substrate even after they die. 
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15. Red Planet Radiation, Iron & Melanin

Mars with its obviously oxidized iron-red surface appears to be an iron-electron receptor 

unlimited world with widespread readily available iron and sulfate electron donors. Mars is thus perfectly 

suitable for melanin and oxygen producing photosynthesizing organisms in a high CO2 environment. 

Ferric (Fe3+) (and ferrous Fe2+) iron is widespread across the surface (Arvidson et al., 1989; Boynton et 

al., 2008; Bru ̈ckner et al., 2008; Christensen et al., 2001, 2008; Bibring and Langevin, 2008); and ferric 

iron is the terminal electron acceptor for numerous organisms (Lloyd, 2003; Aisen et al. 2001).  

Lichens, algae, fungi, and numerous species of iron-reducing microbes flourish in Fe2+,

crystalline-Fe3+ and hematite (Fe2O3) rich environments (Cornell and Schwertmann, 1996; Roden and 

Zachara, 1996). These include Shewanella (Kosta and Nealson, 1995)--a gram-negative, proteobacteria-- 

that grows and feeds on hematite and respires on a variety of organic electron acceptors found in hematite 

(Bosea et al. 2009; Fredrickson et al. 2008, Gralnick & Hau 2007; Lowy et al. 2006).

The surface of Mars is a radiation intense environment. Lichens are symbiotic organisms 

consisting of an algae and fungus. Fungi thrive in and are attracted to radiation intense environments 

(Becket et al. 2008; Dadachova et al. 2007; Tugay et al. 2006; Wember & Zhdanova 2001). 

Mars is an iron-rich planet. Via iron uptake the terrestrial fungi-lichen consortium synthesizes and 

produces melanins (Kasama et al. 2003) which provide a defense against UV radiation and other 

environmental stressors (Dadachova et al. 2007). Fe content is higher in melanized than in non-melanized 

species (Fortuna et al. 2017)  It has been documented that the lower cortex of the lichen is heavily 

melanized and has high levels of Fe, and when deprived of the cortex there follows a sharp and 

significant decline in Fe and melanization (Fortuna et al. 2017). 

There is a direct association between high levels of iron and melanization. Thus iron-rich  Mars 

provides an environment that promotes melanization. Melanin protects lichens and fungi from radiation 

damage (Mirchink et al. 1972; Nosanchuk & Casadevall 2003; Saleh et al. 1988) and environmental 

extremes and low temperatures (Robinson 2001). This iron-melanin relationship also enables fungi to 

harness radiation which may be utilized as a source of “food” and metabolic energy (Dadachova et al. 

2007). The same relationship would likely prevail on Mars. 

16. Melanin, Photosynthesis, Radiation Intense Martian Environments

It is well established that melanized organisms are the dominating species in a variety of extreme 

environments (Dighton et al. 2008; Robinson 2001; Wember & Zhdanova 2001) including soils saturated 

with radionuclides (Zhdanova et al. 2004). Simple eukaryotes including melanized fungi can withstand 
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radiation doses up to 1.7×104 Gy (Saleh et al. 1988). This is well below Martian ground level radiation 

which has been estimated to range from "0.67 millisieverts per day" (Hassler et al. 2013) to 200 nm 

(Acun ã et al., 1998)--well within the tolerance levels of a variety of prokaryotes (Moseley & Mattingly 

1971; Ito et al. 1983) and eukaryotes including fungi (Dadachova et al. 2007; Novikova 2009; Tugay et 

al. 2006; Zhdanova et al. 1991, 2004) and lichens (De la Torre Noetzel et al. 2017; De la Torre Noetzel & 

Garcia 2020;  Novikova et al. 2016).  Melanin not only promotes survival, but photosynthesis in a variety 

of plants as well as lichens and algae.

It has also been repeatedly demonstrated that terrestrial lichens and fungi easily survive 

thermophysical Mars-like environments that simulate the atmospheric pressure, high CO2 concentration, 

low temperatures, limited water availability, and reduced light of Mars (de Vera et al. 2010, 2014; Brandt 

et al. 2015; Onofri et al. 2012). For example, terrestrial lichens exposed to 22 day of Mars-like conditions 

not only remain viable but engaged in photosynthetic activity (de Vera et al. 2010; see also Onofri et al. 

2012; de la Torre Noetzel et al., 2018). Likewise, the fungal and algae symbiotes that comprise the lichen 

consortium also survived; and if provided minimal shelter will rapidly adapt physiologically by 

increasing photosynthetic activity  (de Vera et al. 2014).  Those fully exposed to Mars surface simulation 

and Mars-like UV radiation with wavelengths >200 nm and Mars-like atmosphere also remained viable 

(89% of mycobionts and 79% if the photobionts) and regained 99% of their photosynthetic capabilities 

(Brandt et al. 2015) even when provided minimal water (Billi et al., 2011; Onofri et al., 2012; de Vera et 

al., 2014; de la Torre Noetzel et al., 2018). However, with long term 18-month exposure, terrestrial algae 

cells may begin to shrink in size (de la Torre Noetzel & Garcia 2020).  It must be emphasized: these are 

organisms that evolved on and are adapted to terrestrial conditions, but which nevertheless survived 

Mars-like conditions. Certainly organisms that evolved on Mars would have enhanced survival 

capabilities far in excess to those possessed by terrestrial organisms. 

Terrestrial fungi, lichens, and prokaryotes remain viable even after long-term direct exposure to 

space, and to gamma and solar UV radiation  (Horneck et al. 2002; McLean & McLean 2010; Nicholson 

et al. 2000; Novikova et al 2016; Onofri et al. 2012; Sato et al. 2011; Tugay et al. 2006; Sancho et al. 

2007; Raggio et al. 2011). Despite helium and iron ions at doses up to 2 kGy, X-rays at doses up to 5 kGy 

and γ rays at doses from 6 to 113 kGy these organisms retain their ability to engage in photosynthesis (De 

la Torre Noetzel et al. 2017). Even if their DNA is damaged by radiation above their tolerance levels, 

these genes are quickly replaced due to a redundancy of genes with repair functions (White et al. 1999).
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Fungi, lichens and numerous species of microbe are attracted to and thrive in highly radioactive 

environments (Becket et al. 2008; Dadachova et al. 2007; Tugay et al. 2006; Wember & Zhdanova 2001).  

Fungi flourish on the outskirts and along the walls of the damaged highly radioactive Chernobyl nuclear 

power plant (Dighton et al. 2008; Zhdanova et al. 2004). Novikova et al. (2016) and Vesper et al. (2008) 

have also reported that fungi are invigorated and grow rapidly within the International Space Station as a 

consequence of the heightened radiation levels. In laboratory and field experiments, it has been 

documented that melanized fungi not only grew towards soil particles contaminated with radionuclides, 

but engulf and possibly consume these particles (Zhdanova et al. 1991; 2002). 

Figure 61: Radioactive Fungi from Chernobyl 

 Ionizing radiation enhances the bioelectric properties of melanin and the growth of melanized 

microorganisms (Dadachova et al. 2007). For example, the capacity of irradiated melanin to reduce 

NADH increases 4-fold and significantly increases electron-transfer and growth rate as compared to non-

irradiated melanin and non-melanized cells, even when deprived of nutrients (Dadachova et al. 2007). 

Melanins absorb all wave lengths of UV and visible light (Nicolaus 1968; Rikkinen, 1995; 



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                56                                                                  The Journal of Cosmology
Rhawn Joseph

Huneck and Yoshimura, 1996), and in conjunction with other biological pigments (e.g. chlorophyll) 

convert electromagnetic-photonic energy into biochemical energy necessary for photosynthesis (Nicolaus 

1968;  Rikkinen, 1995; Huneck and Yoshimura, 1996).  As noted, vast colonies of Martian specimens, 

with long stems attached to rocks and oriented skyward and topped with bulbous caps have been 

observed on Mars (Joseph et al. 2020a,b,c). Those upon rock and the surface were also initially described 

as pigmented purple, orange and yellow (Soderblom et al. 2004), the same as innumerable 

photosynthesizing species on Earth--but on Mars likely enhanced due to iron-related melanin. Therefore, 

it has been proposed those attached to rocks are engaged in photosynthesis thus accounting for the 

seasonal increases and continual replenishment of atmospheric oxygen (Joseph et al. 2020a,b). 

Lichens come in a variety of colors--including blue, purple, orange and yellow--and it is believed 

different pigments are related to differential metal uptake (Engstrom et al. 1980; Hauck et al. 2009). 

Metal-induced pigmentations also protect against or serve to absorb and utilize solar radiation (Bjerke 

and Dahl, 2002; Nybakken et al., 2004; Hauck et al., 2007).  The spheres of Mars have also been 

described as having a variety of colors, including and especially purple, orange and yellow (Soderblom et 

al. 2004) as well blue and blueish-green (Joseph et al. 2021)--colors that are never associated with 

terrestrial hematite, but pigmented photosynthesizing organisms. 

It is believed that stable free radicals in melanin function as “radioprotectors” and prevent high-

energy electrons from entering a cell, and/or act to absorb radiation energy which is converted to 

metabolic energy that is utilized by the cell (Dadachova et al. 2007) thereby stimulating cellular growth 

and proliferation (Conter et al. 1986; Croute et al. 1982). Dadachova et al. (2007) have reported that 

when exposed to radiation 500 times higher than background levels fungal cells grew rapidly and 

proliferated. Tugay and colleagues (2006) and Zhdanova et al. (1991, 2004) exposed micro-fungi and 

fungi to pure or mixed radiation (137 Cs, 123 Te, 109 Cd, 121 Sn), gamma irradiation (121 Sn) 200-400 

Gy, and mixed gamma and beta radiation (137 Cs) (100-150 Gy (equivalent to an electron dose of 

300-500 Gy), and found that 60% of fungal strains exhibited positive radiotropism, significant growth, 

and enhanced spoor production. Furthermore, these and other species rapidly adapt to abnormally high 

radiation levels and exhibited enhanced tissue and cellular regeneration and growth --a property described 

as "radiostimulation,"  and "adiotropism" (Levin 2003; Tugay et al. 2006; Zhdanova et al 2004).

Based on their experimental results and a review of the relevant scientific literature Dadachova et 

al. (2007) proposed “that the ability of melanin to capture electromagnetic radiation combined with its 

remarkable oxidation-reduction properties may confer upon melanotic organisms the ability to harness 



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                57                                                                  The Journal of Cosmology
Rhawn Joseph

radiation for metabolic energy.” Thus, it appears that in conjunction with melanin, radiation serves as an 

energy source for metabolism (Dighton et al. 2008; Tugay et al. 2006) and as such, and in conjunction 

with iron, produces nutrients and pigments which would enable various organisms to thrive and flourish 

in the radiation intense extreme environments of Mars. 

Green, yellow, orange, blue, and purple-pigmented lichens, fungi, and algae have been observed 

on Mars (Levin et al. 1978; Krupa 2017; Rabb 2018; Small, 2015; Joseph 2006, 2016, Joseph et al. 

2021). Organisms that evolved on Mars would have adapted to and would be invigorated by the high 

levels of radiation and high concentrations of iron and other minerals and metals which would enhance 

melanization and photosynthesis. Minerals, metals, iron, radiation, would provide a source of nutrition 

and metabolic energy thereby contributing to pigmentation and enhancing the ability to survive and 

engage in photosynthesis on Mars. 

Figure 62: NASA and the Mars Opportunity team describes the Martian spheres as  purple, blue, orange 
and yellow (Soderblom et al. 2004): the colors of spherical fungi. Clockwise: Purple calvatia 
cyathiformis puffball. Yellow puffball Bovista colorata. Orange Poison Puffball Scleroderma citrinum. 
Blue Leratiomyces puffballs. Orange puffball Calvatia rubroflava/rugosa. 
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Figure 63: Photographed by rover Opportunity. Vast fields of spherical specimens, many with stalks above the 
surface. The “greenish” color may indicate chlorophyll. 

Figure 64: Photographed in Gale Crater (Left) Martian lichen/mushrooms and green algae. (Right): Sol 853. 
Martian green algae, lichens, dimpled-lichen-mushrooms, and oxygen air vents.
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Figure 65: Sol: 85. Colonies of blue and purple Martian lichens attached by stems to rocks and blue 
puffballs upon the surface.

Figure 66: Sol 1143 documents area of soil devoid of spherical structures (circled in red). Seven days 
later, at least 18 purple spherical specimens have appeared in that same area. 
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17. Spores on Mars: Leprose, Crustose, and Embryonic Lichens/Fungus

Fungus exposed to high levels of radiation display enhanced spore production (Tugay et al. 2006; 

Zhdanova et al. (1991, 2004). Likewise, there is evidence that some Martian fungal puffballs have 

changed the crown of their sphere in preparation for spore production (Figures 67, 69-71) whereas in yet 

other photos fluffy white spore-like material litters the surrounding surface and within which have 

sprouted embryonic tubular and mushroom-like formation (Figures 72, 73; Joseph et al. 2021). Coupled 

with sequential photos showing growth, movement, and behavior (Joseph et al. 2021), evidence of spores 

and fungal embryos is additional evidence that life is reproducing and flourishing on the Red Planet. 

Figure 67: Martian mushrooms (puffballs) preparing to spore through their top cap. Note holes/apertures.
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Figure 68:  Terrestrial fungal puffballs) preparing to spore and sporing through their top cap.

Figure 69: Martian mushrooms (puffballs) preparing to spore through their top cap. Note holes/apertures.
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Figure 70: Martian mushrooms (puffballs) preparing to spore through their top cap. Note holes/apertures.
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Figure 71: Martian mushrooms (puffballs) preparing to spore through their top cap. Note holes/apertures.
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Figure 72: Martian mushrooms (puffballs) surrounded by fluffy white spores within which embryonic fungi are 
growing (see Figure 73). 
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Figure 73: Embryonic fungi growing with spores surrounding Martian mushrooms (see Figure 72). 
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Figure 74: (Top row) Mars, Gale Crater, Fossilized Fungi (Middle row) Martian Embryonic fungi (Left bottom) Gale 
Crater, Mars, Green algae and tubular fungi (Right bottom) Terrestrial fungi, cladonia-squamules Photo credit: https://
www.ukfungusday.co.uk/
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  IV. BIOLOGY OF HEMATITE

Mars is an ideal planet for organisms that flourish in an iron-rich, radiation intense, low oxygen 

environment (Joseph et al. 2019). Lichens, algae, fungi, and numerous species of iron-reducing microbes 

flourish in Fe2+, crystalline-Fe3+ and hematite (Fe2O3) rich environments (Cornell and Schwertmann, 

1996; Roden and Zachara, 1996) including Shewanella (Kosta and Nealson, 1995)--a gram-negative, 

proteobacteria-- that grows and feeds on hematite and respires on a variety of organic electron acceptors 

found in hematite (Bosea et al. 2009; Fredrickson et al. 2008, Gralnick & Hau 2007; Lowy et al. 2006). 

Like their counterparts on Earth, Martian fungi, lichens, and algae would not just uptake 

substantial amounts of minerals and metals, including iron and hematite, but would likely become 

supersaturated with these metals which build up on their external cell walls. Therefore, these Martian 

organisms would be expected to reflect spectral signatures associated with various minerals, oxides and 

metals, including hematite; particularly as they would be concentrated on the outer cellular surfaces. 

There is indirect evidence based on the analysis of spectra obtained from orbit, that grains of 

hematite may lay upon the surface of select regions of Mars. Rocks, pebbles and stone of varying sizes 

and shapes may contain or be covered with a thin layer of  hematite. However, as to any hypothetical 

spherical concretions, their existence would require the cementing actions of various prokaryotes, lichens, 

and fungi which, on Earth, help form these concretions (Ayupova et al. 2016; Claeys 2006; Owocki et al. 

2016). Even smaller fragments of hematite may indicate biology, as various organisms precipitate 

hematite by extracting energy from iron (Bosea et al. 2009; Fredrickson et al. 2008; Gralnick & Hau 

2007) whereas “hematite” spheres of earth are infiltrated with microbiota and may be colonized by 

lichens. In addition, terrestrial hematite filaments and tubes are similar to structures produced by iron-

oxidizing bacteria which suggests the former are fashioned by the latter (Ayupova et al 2016; Claeys 

2006; Rajendrana et al. 2017).  These “tubes” may serve as capillaries. In conjunction with the increased 

pressure of oxalate acids and their dissolving action on minerals and metals, these tubes and capillaries 

would drain away or draw outward soluable minerals and hematite particles to the outer surface thereby 

forming a thin layer atop and surrounding these concretions (Claeys 2006; Lowy et al. 2006).

Fungi also play a role in hematite formation (Ayupova et al. 2016, Claeys 2006; Owocki et al. 

2016), the mineral substrates of which have been found "attached to fungal filaments, embedded in the 

fungal mycelium" (Claeys 2006).  Fungi also secrete and precipitate soluble Fe and calcium oxalate 

(Gadd 1999; Graustein et al., 1977; Verrecchia, 1990) which can dissolve and reorganize and shift the 

location of various metals, including hematite, including along their cellular surfaces. 
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Lichenized fungi may also “cement” these grains, minerals and metals together via the secretion 

of calcium (Clayes (2006). There is also a strong attachment of fungal hyphae to these minerals, such that 

"fungi engulf whole blocks of minerals in the hyphal network, irrespective of mineral surface 

topography" (Claeys 2006).  The subsurface layers of spherical hematite contains numerous filaments 

with structures similar to fungal hyphae (Ayupova et al. 2016; Claeys 2006) wheres the outer surface may 

be colonized by lichens.

NASA (2009) and Squyres et al. (2004) have argued that Martian hematite was most likely 

created in boiling hot springs and hydrothermal vents billions of years ago. Likewise, numerous species 

of bacteria and archaea flourish in hot springs and hydrothermal vents including anaerobic 

hyperthermophiles, sulfate reducing bacteria and thermophilic archaebacteria (Gerday & Glansdorff 

2007; Durvasula & Rao 2018; Robb et al. 2007). 

As noted, these and other water-dwelling organisms will also “cement” sediment particles 

together, and via capillary action force soluble minerals and hematite particles to the outer surface of the 

resulting concretions (Claeys 2006; Lowy et al. 2006). In so doing they may cemented together a sphere 

covered with a thin layer of hematite. This would account for why so called terrestrial “hematite” spheres 

contain less than 2% hematite which is concentrated as a thin layer on the surface.    

V. THE HEMATITE HOAX

18. The Spherical Hematite Hypothesis Refuted

In 1998, the spectral signature of “hematite" had been tentatively identified on the Martian surface 

as based on photographs utilizing color filters taken from space by NASA's Mars Global Surveyor 

spacecraft's infrared Thermal Emission Spectrometer (NASA 2009). The spectra was interpreted to 

represent what was believed to be fine or coarse grains of specularite (Fe2O3)--a crystalline hematite  

(Christensen et al. 2004; Morris et al. 2004; Squyres et al. 2004). On Earth fine and coarse grains of 

hematite form in iron-rich hydrothermal waters (Anthony et al. 2005; Morel 2013; Catlin & Moore, 2003; 

Kirkland et al 2004) with the assistance of a variety of microorganisms. 

In 2004, the rover Opportunity’s alpha proton x-ray spectrometer, upon examining outcrop in 

Eagle Crater, detected sulfur-related spectra. It was estimated the outcrop consists of 40% sulfur that was 

hypothesized to have been deposited and hydrated in salty/acidic water that streamed across the surface 

and which may have formed a shallow lake. The spectral signature of the mineral jarosite was also 

detected by the rover's Mossbauer spectrometer. Jarosite is a hydrated iron sulphate mineral that may 

form in acidic hydrothermal waters; and which are also the home of innumerable organisms. 
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 NASA and the Opportunity team, however, did not expect to find the hundreds of thousands of 

purple, blue, orange and yellow spheres upon the surface or the vast colonies of lichen-mushroom-shaped 

specimens attached by stems to rocks. Hence, they did they have instruments capable of selectively 

examining these specimens. The instruments and tools at their disposal were not even mineral specific. 

Moreover, the temperature gages failed and the response functioning of their instruments continually 

changed "over the course of the mission,” and this required ad hoc "instrument calibration" adjustments 

(Glotch and Bandford, 2006). Failure was not an option. Because of these malfunctions and as they 

lacked the tools to conduct a proper investigation, NASA and the Opportunity team began to speculate 

and draw conclusions based on inference, data manipulation, false colors, and panoramic images that 

included sand, soil, dust, and outcrops, reflected sunlight, albedo, unknown temperatures, and instruments 

that were not functioning properly; and then the presence of  hematite was inferred (see methods as 

reported by Bell et al. 2004; Christensen et al. 2004; Glotch and Bandford, 2006; Klingelhöfer et al. 

2004; Squyres et al. 2004) even though, as documented in this report, there was no resemblance to 

terrestrial hematite and vast colonies were attached to rocks by stems and oriented skyward.  Not 

surprisingly, the methodology employed and their claims the spheres consist of hematite has been shown 

to be “contradictory,” profoundly flawed, unconvincing (Joseph et al. 2020a,b; Lin 2016; Knauth et al. 

2005; Small, 2015; Rabb, 2018) and “inappropriate” (Burt et al. 2005).

Hematite was never directly or positively detected in any of the spheres by the spectrometers. 

Although the Opportunity team observed specimens with lichen-like mushroom features jutting up from 

rocks within Eagle Crater (Bell et al. 2004; Squires et al. 2004), there was no attempt to determine if they 

consisted of hematite. Nevertheless, despite recognizing that the spheres upon the surface were a different 

color than hematite (Soderblom et al. 2004)--which is generally dark red (Anthony et al. 2005; Morel 

2013)-- and were significantly smaller than terrestrial hematite, ranging in size from 0.6 to 6 mm in 

diameter (Herkenhoff et al., 2004) and uniformly round where terrestrial hematite has a variety of shapes,  

the Opportunity team assumed these spheres must be hematite. They arrived at this conclusion based on 

inference and the interpretation of panoramic images that included sand, soil, dust, and outcrops, and as 

based on generalized all-inclusive spectra recorded by the Opportunity's Mössbauer Spectrometer, Alpha 

Particle x-ray Spectrometer and Miniature Thermal Emission Spectrometer (Bell et al. 2004; Christensen 

et al. 2004; Klingelhöfer et al. 2004; Rieder et al. 2004; Squires et al. 2004); equipment that was not 

hematite specific.

Christensen and colleagues (2004), admitted they never examined any spheres but instead relied 
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on panoramic images to determine "the mineral abundances and compositions of outcrops, rocks, and 

soils" via the "Miniature Thermal Emission Spectrometer (Mini-TES)." According to Christensen et al. 

(2004) they assumed the spheres are hematite based in part on the results from the Mini-TES which 

collected “infrared spectra” which was “combined with panoramic images and as based on 

thermophysical properties, atmospheric temperature profiles and atmospheric dust and ice opacities...”  

However, no ice was observed and the atmospheric temperature was unknown because the temperature 

sensors had failed! Christensen et al. (2004) also acknowledged their data was affected by "reduced 

spectral contrast" and was "likely contaminated" by sand, dust, and other materials, and which led them 

to "overestimate the hematite."  As admitted by Glotch and Bandfied (2006), the data was a "poor fit" and 

did not match laboratory samples. 

The spectral signatures were contaminated and confounded by numerous unknown and 

uncontrolled variables including reflected light from the Opportunity, jutting outcrops, and layers of 

obscuring dust and sand. It was impossible for the Opportunity's suite of spectral sampling instruments to 

obtain selective and accurate spectral signatures. All data collected included dust, dirt, sand, outcrops, 

large flat oblong rocks, surrounding matrix and soil, and were affected by reflected light and unknown 

atmospheric temperatures and variable solar radiance; and then the “data” was combined, adjusted, 

averaged, and then attributed to the spheres which were falsely claimed to contain hematite (see methods: 

Christensen et al. 2004; Klingelhöfer et al. 2004; Rieder et al. 2004). As admitted by Grotzinger et al. 

(2005): the spectra from rocks lying on the surface were "indistinguishable from that of the average 

spectral character of dust.”

The Opportunity team had no solid data. It was all guesswork and speculation.

Klingelhöfer and colleagues (2004) acknowledged that the "images obtained by the Microscopic 

Imager” were believed to "imply" hematite and were therefore "assigned to hematite" (Klingelhöfer et al. 

2004). Furthermore, the possible presence of hematite was inferred based on the averaging of what were 

assumed to be high and low temperatures derived from outcrops and plains (Klingelhöfer et al. 2004)--

when the temperature gages had failed (Glotch and Bandfield 2006). 

Nor did they obtain spectra from any of the spheres, but from photos that included not spheres but  

flat oblong rocks which were then inexplicably mischaracterized as spheres (see Figure 6 in Bell et al. 

2004). Moreover, Bell et al (2004) claimed the spheres contained hematite when their “results” were 

based on panoramic photographs depicting multiple features and was contaminated by solar radiance, 

atmospheric irradiance, surface temperature variations and albedo thus confounding the data.
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Christensen et al. (2004) also admit that they removed spectra "by first deconvolving each 

spectrum with an end member library of 47 laboratory minerals and four scene spectra...and then 

subtracting" spectra until this "derived spectrum" could be interpreted to resemble "a laboratory hematite 

sample." Thus, the inferred presence of hematite was based on data manipulation and the selective 

elimination of spectral signals until arriving at a spectrum that was interpreted to be similar to the spectral 

signature of a sample of hematite photographed in a laboratory; the lighting and controlled conditions of 

which, of course, would be completely different from Eagle Crater or a natural terrestrial environment.

Although soils and outcrop matrixes of Eagle Crater likely contain considerable iron and jarosite 

(Bell et al. 2004; Christensen et al. (2004; Herkenhoff et al., 2004; Klingelhöfer et al. 2004; Rieder et al. 

2004; Squyres et al. 2004), the fact is: no evidence of spherical hematite was found, the presence of iron 

was inferred to indicate hematite, and not one of the thousands of mushroom-shaped and lichen-like 

specimens were individually or selectively examined by Opportunity's suite of spectral sampling 

instruments for any evidence of hematite. Nevertheless, NASA and the Opportunity's team of 

investigators claimed the spheres consisted of hematite despite having no accurate data or hard evidence 

to support this assumption. In fact, Bell et al (2004) admitted the data is "not consistent" with solid 

hematite but jarosite and ferric iron and exhibited “crystalline ferric iron spectral signatures." Ferric iron 

is not hematite.  The hematite claims are also refuted by subsequent studies conducted by the rover 

Curiosity and which detected only "minor" amounts of hematite in samples obtained from multiple 

locations (Treiman et al. 2016; Rampe et al. 2017; Yen et al. 2017).

NASA (2007) and the Opportunity teams’ claims are based on inference and “inappropriate” 

contradictory assumptions that should not have been published. Evidence of life is everywhere, but they 

had been so convinced by NASA’s incessant mantra “there is no life on Mars” they were unable to see 

what was right before their eyes. So they manipulated  data and falsely claimed the spheres are hematite. 

The “moqui marbles” (“hematite spheres”) of Utah have been proposed as analogs (Chan et al. 

2004). These “marbles” come in all shapes and sizes and hematite is found only as a thin residue on the 

surface (Anthony et al. 2005; Chan & Perry 2002) whereas the subsurface is rife with life (Ayupova et al. 

2016; Claeys 2006). Furthermore, the hematite “spheres” of Earth are generally dark red or black  

(Anthony et al. 2005) whereas the spheres of Mars were initially described as “yellow” “orange” and 

“purple” (Soderblom et al. 2004); pigments associated with photosynthesizing organisms including 

lichens and fungi which may appear purple, orange or yellow. Curiously, in later reports, the Martian 

spheres were described as pale white and their rainbow of colors were never mentioned again. Instead,  
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the dull gray of the spheres embedded inside oxalate-calcium-like outcrop matrix became the standard 

color (Bell et al. 2004; Squires et al. 2004); the same color as terrestrial puffballs (Joseph 2016; Joseph et 

al. 2019; Joseph et al. 2020a,b). 

The problem with claims about pale or white colored solid hematite spheres is they don’t exist on 

Earth; unless machined by humans. Terrestrial hematite that are light or silver-or-pale-white in color are 

jagged, sharp-edged, crystalized (Figures 75) and do not have a round spherical shape (Anthony et al. 

2005; Beske-Diehl and Li 1993; Grove et al. 2017). NASA (2009) therefore, resorts to a tautology and 

claims the white spheres of Mars consist of hematite because there are white spheres on Mars. 

Figure 75:   Terrestrial hematite that is silver-white or pale-white in color are jagged and/or sharp-edged, 
crystalized and do not have a round spherical shape. Pale or white colored hematite spheres do not exist 
unless hand- or machine tooled. NASA’s claims about white spherical hematite on Mars is a hoax. 

There is no factual evidence that the ground-level spheres, or the rock dwelling lichen with their 

long stems and bulbous tops consist of hematite (Joseph et al. 2019, 2020a,b). Claims to the otherwise are 

beset by contradictions, confounding uncontrolled variables, faulty and inadequate instrumentation, lack 

of factual data, and are refuted by the total absence of terrestrial analogs.  This is why the claims 

published by the Opportunity team were immediately challenged as implausible, contradictory, not 

believable, and inappropriate (Burt et al. 2005; DiGregorio, 2004; Joseph, 2006, 2008; Knauth et al. 

2005; Royer et al. 2008). The fact is: The spheres of Mars have no resemblance to terrestrial “hematite” 

spheres which are the wrong color and have a wide range of shapes. The spheres of Mars resemble 

colonies of photosynthesizing lichens atop rock, or fungal puffballs growing upon the surface. 



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                73                                                                  The Journal of Cosmology
Rhawn Joseph

Figure 76: Hematite spheres, Southern Utah. 

Figure 77: Martian fungal puffballs. 
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                   VI. VAST COLONIES OF LICHENS IN EAGLE CRATER



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                75                                                                  The Journal of Cosmology
Rhawn Joseph



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                76                                                                  The Journal of Cosmology
Rhawn Joseph



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                77                                                                  The Journal of Cosmology
Rhawn Joseph



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                78                                                                  The Journal of Cosmology
Rhawn Joseph



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                79                                                                  The Journal of Cosmology
Rhawn Joseph



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                80                                                                  The Journal of Cosmology
Rhawn Joseph



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                81                                                                  The Journal of Cosmology
Rhawn Joseph



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                82                                                                  The Journal of Cosmology
Rhawn Joseph



The Journal of Cosmology, 30, 2021, 1-102

Lichens on Mars v Hematite Hoax                                                83                                                                  The Journal of Cosmology
Rhawn Joseph

      VII. NASA’S RELIGIOUS WAR AGAINST LIFE ON MARS

It is not the institution “NASA” which fabricated and generated the hematite hoax, but a well 

entrenched self-perpetuating religious group who first took power following the heyday of “Operation 

Paperclip” and so as to counterbalance and supervise nearly a thousand NAZI scientists who were put in 

charge of NASA’s Space Program (Jacobsen 2014; Pyle & Pruden 2017). These NAZI slave-labor war 

criminals included high ranking NASA scientists SS-Sturmbannführer Werner Von Braun and Arthur 

Rudolph (Neufeld 2002, 2004; Hunt, 1985). The religious zealots supervising NASA’s NAZIs 

immediately began hiring those who shared their religious convictions, recruiting entire congregations 

from their Temples of worship who were given positions of power and authority at NASA (Silverstein 

2008; Joseph 2017). And this religious group took control of hiring, firing, the funding of research, and 

began to remake science so it conformed to their religious beliefs; and those beliefs required vehement 

opposition to the search for extraterrestrial life which they believed to be contrary to the teaching of the 

first book of Moses: Genesis (Greene, 2000, 2013; Jastrow 1978). To quote tribal leader and NASA 

administrator Robert Jastrow (1978): “Now we see how the astronomical evidence supports the Biblical 

view...the essential elements in the astronomical and Biblical accounts of Genesis are the same.” And 

according to Dr. Phil Abelson, NASA consultant confidante and editor-in-chief of the journal Science: 

“The Bible says there is no life on other planets” (DiGregorio 1997). Thus, in 1971 when Mitchell and 

Ellis (1971) reported the discovery of 100 dormant microbes (Streptococcus mitis) inside a lunar camera 

retrieved from the moon, NASA tribal leader Dr. Leonard D. Jaffe stepped forward to discredit the 

discovery by claiming they were recent contaminants from a “dirty work bench” (Joseph 2016b). 

Their next victim was Dr. Levin whose Viking Labeled release experiments NASA administrators 

vehemently opposed (DiGregorio 1997) because searching for life on Mars was "contrary to Torah” 

(Greene, 2000, 2013) and contrary to the teaching of “the Bible” (DiGregorio 1997). Dr. Levin reports he 

attended a meeting with 20 NASA administrator including Dr. John Olive and Dr. Phil Abelson, when 

the discussion turned to religion. Abelson began shouting “The Bible tells us there is no life on Mars” --a 

view that was endorsed by NASA administrators. Nor surprisingly, when the Mars Viking LR experiment 

produced positive results and thus evidence of life on Mars, the same administrators immediately 

denounced the results as “false positives” (DiGregorio 1997). 

Dr. Levin was not the first or the last to be victimized by this religious cabal.  In 1961 and over 

the following two years, three brilliant scientists, George Claus, Bartholomew Nagy, and Nobel Laureate 

Harold Urey, reported biological residue and an assortment of fossilized bacteria, including algae and 
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cyanobacteria, in the Orgueil meteor  (Claus & Nagy 1961; Nagy et al. 1963). The discovery led to world 

wide publicity followed by a campaign of threats, harassment, intimidation, slander and defamation by 

NASA scientists and administrators who dispersed funds to successfully defame and discredit these 

scientists (NASA Grant NsG-366; Anders & Fitch 1962; Fitch & Anders 1963). When Dr. Urey refused 

to recant, NASA and its agents denounced him as a "fraud" who "deliberately contaminated" the meteors 

and had perpetrated  a “hoax" (NASA Grant NsG-366; Fitch & Anders 1963; Joseph 2017). 

Dr. Harold Urey’s pioneering work on isotopes won him the Noble Prize in chemistry in 1934. In 

the 1950s he and his former student, Stanley Miller, produced over 20 amino acids, the building blocks of 

life, in a now famous experiment designed to determine whether the presumed chemical conditions of 

Earth early in its history could initiate the genesis of life (Miller & Urey 1959). It didn’t matter that Urey 

was a world famous member of the “tribe.”  No one is safe from NASA’s religious zealots. 

Dr. David McKay and his team were so afraid of NASA administrators and their fellow NASA 

“scientists” that they labored in secret until announcing their discovery of nanofossils and biological 

residue in Martian meteorite ALH (Mckay et al. 1996). However, these same administrators then 

provided tens of millions of dollars in funding to impugn and discredit McKay’s discoveries. 

Scientific journals have also fallen victim. Case in point: The Journal of Cosmology (JOC) had 

been founded in 2009 and in less than 2 years began generating tremendous media attention and 

published the works of over 1,000 scientists from almost every major university in the world--including 

the works of 40 scientists from NASA--with editions edited by Nobel Laureate Sir Roger Penrose of 

Oxford University, and two editions edited by NASA Senior Scientists including Dr. Joel Levine who 

held a press conference at NASA headquarters in February of 2011, praising JOC's exemplary editorial 

policies of rigorous peer review (Joseph 2017). However, two months later, in May of 2011, when NASA 

scientist, Richard Hoover, published in JOC evidence of extraterrestrial microfossils (Hoover 2011) --and 

which generated world-wide attention-- NASA’s religious cabal, led NASA's Chief Scientist Paul Hertz, 

demanded that JOC and Hoover retract the article or suffer severe consequences  (Joseph 2017). JOC and 

Hoover refused.  Hertz then began a defamatory campaign to discredit JOC which Hertz and others at 

NASA slandered and libeled; referring to JOC as a "joke" "not a real journal" and falsely claiming JOC 

"does not peer review" (Science Magazine 2011). Hertz, using the authority of NASA, maliciously 

destroyed JOC’s reputation because it published evidence that conflicted with the beliefs of NASA’s 

religious leadership. Even death threats are believed appropriate including warnings of “hanging 

Hoover" (Science Magazine 2011). 
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This self-perpetuating anti-science religious cabal have held power at NASA since its inception 

(Joseph 2017) and they and their allies and members of the news media have continued these defamatory 

slanderous and threatening attacks into the present. NASA chief scientist Dr. Velvl Greene reports he 

was warned by dozens of NASA personnel that searching for life on Mars was "contrary to Torah," and 

he "shouldn't be doing this kind of work... because it goes contrary to Torah... It’s forbidden by Jewish 

law...” and he admitted there are hundreds of “scientists” at NASA who hold these beliefs (Greene, 2000, 

2013). NASA has awarded millions of dollars to religious groups, including "The Center of Theological 

Inquiry" for the explicit purpose of advising NASA on how to respond to reports of extraterrestrial life 

(Joseph 2017); and NASA’s top scientists consult with their religious leaders for advise on if they should 

or should not search for life on Mars (Greene, 2000, 2013). 

It’s the history of science: Copernicus was so frightened of the public, and the scientific 

community, he refused to allow his master work to be published until after his death. Giordano 

Bruno was denounced by the scientific community, arrested, tortured and burned at the stake for teaching 

that stars were suns, like our own, and there was life on other planets. Galileo was threatened with death 

and forced to recant. Nobel Prize winner Urey was hounded and threatened by NASA for discovering 

microfossils in meteors. Hoover was threatened with death

New, paradigm shifting discoveries have always been opposed by the howling mobs and the 

status quo who, with their torches and pitchforks come lumbering forth, hooting and grunting in fear, 

seeking to destroy what frightens them and what they don’t understand.

Be it science or religion, the status quo always protects the faith.

19. The Spirit of God & Life On Mars

It has been said: "Religion is the science of worshipping god." The discovery of life on Mars is 

not incompatible with belief in God. Only those who think they speak for god believe the evidence is 

incompatible and contrary to the teaching of their Lord. 

There are a variety of religions and "holy" books accepted as divinely inspired.  However, the 

"religious objections" to life on Mars are generally held only by those who hold to “orthodox”  “Western” 

religious beliefs, and these zealots include those at NASA who believe the search for life on Mars is 

"contrary to the Bible" "contrary to Torah" and a violation of various religious laws. These "religious 

fanatics" speak out of ignorance. A close reading of their “Bible” makes it obvious that life is 

everywhere. 

Not every worship the same “god” or “gods.” But most might agree that all things come from 
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"God" and all things return to "God." The cosmos, this universe, a single molecule, atom, particle, 

alternate dimensions, the future and the past,  are manifestations of "god"  (the quantum continuum). 

In the opening passages of the beautiful poetry of Genesis, we are told: “The Earth was formless 

and void and darkness was over the face of the deep, and the spirit of god hovered over the 

waters" (Genesis 1:2).What is the "spirit of god" if not "life"? Is not the entire universe a manifestation of 

the "spirit of god?" Then: even before Earth was formed and was only a "void,"  life--the spirit of god-- 

was everywhere... and wherever there is water, there is life: the spirit of god hovering over the waters. 

Water is the most common molecule in the universe--"the face of the deep." The universe is "wet" 

and water-ice clinging to dust particles permeate space; and there are oceans of water splashing upon the 

shores of innumerable worlds--including Mars of long ago. Why wouldn't the spirit of god have hovered 

over all the waters of this cosmos? 

"God" did not create one planet or one solar system or one galaxy. God created innumerable life 

forms that dwell on this planet. There are billions of people speaking thousands of different of "tongues" 

and dialects, and hundreds of millions who worship and sing the praises of "god" in their own unique 

way. And there are innumerable worlds in the heavens above... All these planets, myriad life forms, and 

those who worship and sing the praises of this “holy spirit” are a cosmic symphony of life, a celestial 

orchestra playing the songs of life in the eyes and ears of god.

Only Earth has life? One planet out of an infinity of worlds?  An orchestra consisting of only one 

instrument that plays only a single note? Why would god "create" such an orchestra?  Why would god 

create only one living planet? Does a television or radio have only one channel?  Why would "god" 

create life on one planet and then stop? 

All of life on Earth, in the universe, is a manifestation of the symphony of life that glorifies "god" 

--from which all things come and all things return. Of course there is life on Mars. The evidence is 

obvious. The “spirit of god” is not limited to Earth but is limitless and encompasses the entire cosmos.

I am not a religious person.  These discoveries of life on Mars are based on science. But for a 

religious person this evidence should be seen as further proof that Life, the Spirit of God is everywhere. 

         VIII. CONCLUSIONS: EVIDENCE OF LIFE ON MARS      

This author does not argue with the likelihood that hematite grains and crystals are to be found on 

Mars. However, lichens and fungi also dissolve, biologically weather and precipitate hematite and high 

concentrations of iron is a lichen characteristic (Bajpai et al. 2009; Hauck et al. 2007). Many species feed 

on iron and hematite which in turn can induce changes in pigmentation and increase melanin production 
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which protects against radiation which is used as a nutrient. On Mars, it is likely that lichen and fungi 

may become supersaturated with iron and hematite. Hence, on Mars, spectral signatures associated with 

various metals, oxides and minerals may reflect the high metal/mineral content of Martian organisms. 

However, as documented in this report there is no evidence to support the “inappropriate” claims 

that the spheres of Mars are hematite which have the wrong color size and shape. The Martian spheres 

resemble puffballs and lichens in almost all respects, even growing out of the ground and shedding spores 

within which embryonic fungi begin to grow. 

The claims about hematite spheres on Mars are a hoax; a consequence of NASA’s power of 

authority to enforce conformity of thought and its anti-science refusal to even consider the possibility of 

life on Mars. NASA has refused to equip any of the rovers with life detection technology, refuses to 

search for life, refuses to examine any specimens for life, and refuses to acknowledge any evidence for 

life, and has destroyed the careers of many scientists for “heresy.” Coupled with the dire professional 

consequences of disobedience, the pressure to conform was so powerful that NASA scientists and the 

Opportunity team were unable to see what was right before their eyes. The evidence conflicted with 

everything they had been taught to believe and thus they missed the opportunity to make one of the 

greatest discoveries in the history of science: There is life on Mars. Instead, following the dictates of 

NASA which demands uniformity of thought, they ignored the evidence, falsely claimed to have 

discovered Martian hematite spheres and published what should have never passed peer review.  

NASA cannot be trusted.  Case in point: In addition to the hoax, NASA destroyed or has hid all 

but 300 of the over 10,000 photos from the Phoenix mission and has refused this author’s Freedom of 

Information Act demands for access. NASA destroyed or hid over 1000 photos from the Curiosity 

mission. NASA adds layers of noise to photos and thick layers of false colors to obscure details. When 

NASA unexpectedly photographs obvious evidence of life they turn off the camera and move the rovers 

to a different location. Why is that?  For the same reason they perpetrated the hematite hoax and what 

may be the most horrific fraud in the history of science. 

The evidence for life is obvious. In our last report: “Fungi on Mars? Evidence of Growth and 

Behavior from Sequential Images” we documented the following:

 Massive Black Formations Grow Every Spring: Far north and south of the equator, with the 
coming of Spring and the release of meltwater, huge dark / black formations appear, then grow larger--up 
to 300 meters, and then blacker, and with the coming of Autumn, they disappear. The following Spring, 
the exact same patterns emerge. Moreover, the patterns of growth are identical over thousands of meters 
in one location, but assume a different pattern (all identical) in a far distant location. Thus, we have 
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repeating patterns coupled with waxing then waning--and this is consistent with biology: black fungi, 
black algae, black mould, black lichens--which are nourished by melt water, and become pigmented, then 
become dormant in Autumn.

NASA's explanation? Melting carbon dioxide! Carbon dioxide is a translucent white, not black, 
and when it melts, it becomes a gas, it does not spread across the surface

Black Fungi/Bacteria Growing On The Rovers: Evidence that black fungi and bacteria are 
growing on the rovers. 

White Fungal Masses Growing On The Rover: After photographing a white fungal mass 
alongside a rock, the rover became contaminated with what appears to be identical white fungal masses.

White Fungal Masses Growing In Rock Shelters / Crevices: We presented sequential images of 
these white masses that look like fungus--they grow lager, they multiply, they move to different locations 
with tendrils leading the way, and they disappear.

Vast Colonies Of Lichens On Rocks: These specimens have long hollow stems, bulbous caps, 
they arch skyward, they look like vast colonies of thousands of lichens engaging in photosynthesis. 
Something is producing and replenishing Martian oxygen every spring and summer--a pattern identical to 
biological fluctuations on Earth.

Fungal Puffballs Growing On The Ground: We present evidence of dozens of mushroom-
shaped spheres that grow out of the ground and that hundreds grow atop old rover tracks.

Growth of Mycelium & Calcium Carbonate Oxalate: Fungal and lichen mycelium / hyphae 
growing on the surface, sometimes rising up and over obstacles, and covered with masses of calcium 
carbonate oxalate which increases in mass and density. 

Spores & Embryonic Mushrooms: Fungal puffballs that shed white fluffy spores within which 
grows embryonic fungi.

Growth, Movement, Multiplication: These are the hallmarks of life.

CONCLUSIONS: THERE IS LIFE ON MARS

There is now conclusive evidence for current and past life on Mars, including: positive findings 

from the two biology experiments conducted during the Viking Mission; biological residue discovered in 

several Martian meteorites; microstructures resembling thrombolites; macrostructures nearly identical to 

concentric domical stromatolites and microbial mats; fossils that resemble tube worms Ediacarans and 

metazoans; green algae; fungi that grow and multiply or wax and wane or move to different locations; 

bacteria and fungi growing on the rovers; fungal puffballs growing out of the ground and increasing in 

size; vast complex arctic colonies which emerge and grow hundreds of meters during the Spring and 

wane and disappear every Autumn; seasonal fluctuations and Spring/Summer increases in methane and 

oxygen which parallels the biological fluctuation of oxygen and methane on Earth; and vast colonies of 

hollow stemmed lichens attached to rocks and oriented skyward and likely engaged in photosynthesis and 

producing and replenishing the oxygen atmosphere of Mars.

The evidence is obvious and in total must be considered conclusive: There is life on Mars. 
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