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Opening: The Standard Nobody Stated

In 1996, Mojzsis and colleagues reported carbon isotope ratios from graphite inclusions trapped

inside  apatite  crystals  in  a  quartz-pyroxene  rock  on  Akilia  Island,  southwest  Greenland.  The

average delta-13-C value was minus 37 per mil, measured at 3-sigma significance, replicated across

multiple  grains.  The  host  rock  was  independently  dated  to  older  than  3.85  billion  years.  The

isotopic  signature  was  consistent  with  biological  carbon  fixation.  The  data  met  an  explicit

quantitative standard.

The dismissal did not.

Over the following decade, multiple teams challenged this result. Whitehouse and Fedo (2002)

argued the host rock was not a banded iron formation but metasomatized mafic rock, stripping the

carbon inclusions of their sedimentary context. Lepland and colleagues (2005) reported they could

not find carbon-bearing apatite at the site, an absence argument. Van Zuilen and colleagues (2002)

proposed Fischer-Tropsch type (FTT) synthesis as an abiotic pathway. Each challenge invoked a

different reason to doubt the claim.

Not one of these challenges specified the threshold at which an isotopic signal would survive.

This is not a detail. It is the entire argument.

When  a  claim  meets  3-sigma  significance  with  independent  replication,  and  the

counterargument  is  “could be abiotic” with no quantitative criterion for  distinguishing biogenic



from abiogenic signatures, the two sides are not playing the same game. One has stated its standard.

The other has not. The asymmetry is not in the data. It is in the discourse.

This pattern repeats across the entire early Earth biosignature literature, and it is not random.

What This Paper Does

We do not argue that any particular early Earth biosignature claim is correct. We do not need to.

Instead, we document a structural property of the debate itself: the standards applied to dismiss

biosignature claims are systematically weaker than the standards met by the original evidence.

We proceed in three parts.

First, we define a taxonomy of dismissal categories (Part 1). These are the recurring patterns of

argument used to challenge early Earth life claims. Each category has explicit inclusion criteria. We

are not cataloging every paper. We are identifying the structural moves.

Second, we construct an evidence table (Part 2). Each major biosignature claim occupies a row.

Each dismissal category occupies a column. The cells show which categories were invoked against

which  claims.  The  overlap  count  tells  you  how  many  different  dismissal  categories  a  single

observation survived. We call observations surviving two or more categories “battle-tested.”

Third,  we  show  the  structural  asymmetry  (Part  3).  Original  claims  presented  quantitative

evidence: mass spectrometry ratios, 3-sigma confidence, replication across samples, independent

geochronology.  Dismissals  presented  qualitative  arguments:  “could  be  abiotic,”  “could  be

deformation,”  “could  be  metasomatic.”  The  gap  between  the  standards  is  not  ambiguous.  It  is

measurable.

The conclusion is uncomfortable but unavoidable. The battle-tested observations, the ones that

survived  the  most  dismissal  categories  under  the  most  different  epistemic  frameworks,  are  the

strongest evidence in the entire field. The discourse has been treating them as the weakest.

Part 1: The Taxonomy of Dismissal

We identify six categories of argument used to challenge early Earth biosignature claims. Each is

defined by the type of evidence invoked, not by whether the challenge is correct.



Category 1: Isotopic Reinterpretation

Definition: Any argument that an isotopic signal could have an abiotic origin, without specifying

the quantitative threshold for distinguishing biogenic from abiogenic signatures.

Inclusion  criterion: The  challenge  must  invoke  an  unspecified  or  unquantified  abiotic

pathway. If the challenger provides experimental evidence demonstrating the alternative pathway at

comparable rigor (as van Zuilen et al. 2002 did with FTT synthesis), the dismissal is classified as

symmetric rather than asymmetric.

Examples: - Whitehouse and Kamber (2002): carbon isotope signatures can be produced by

abiotic processes (no threshold specified) - Van Zuilen et al. (2002): FTT synthesis can produce

light carbon (with experimental demonstration, classified as symmetric)

What makes this asymmetric: The original claim provides a number (delta-13-C = minus 37

per mil at 3-sigma). The dismissal provides no number. There is no stated delta-13-C value that

would be accepted as biogenic. The standard of proof for the claim is explicit.  The standard of

proof for the dismissal is invisible.

Category 2: Morphological Challenge

Definition: Any argument that morphological features could be deformation, metasomatic texture,

or other non-biological structures, without statistical or morphometric analysis distinguishing the

proposed forms from biological ones.

Inclusion  criterion: The  challenge  must  rest  on  visual  or  qualitative  assessment  of  shape

without  quantitative  morphometrics.  If  the  challenger  provides  statistical  shape  analysis,  the

dismissal is classified as symmetric.

Examples: -  Allwood  et  al.   (2018):  Isua  “stromatolites”  are  deformation  structures  (no

morphometric test distinguishing biogenic cones from tectonic cones) - Brasier et al. (2002): Apex

chert  filaments  are  secondary artefacts  (no statistical  comparison of  biological  vs  hydrothermal

filament morphologies)

What makes this asymmetric: The original discoverer photographs and describes structures

with taxonomic comparison to modern analogs. The challenger looks at the same structures and

says “could be geological.” There is no agreed-upon morphometric criterion that would distinguish

the two. The opinion of the challenger carries equal weight to the measurement of the discoverer,

without either side acknowledging this imbalance.



Category 3: Contextual/Geological Doubt

Definition: Any argument that geological context undermines the biogenic interpretation, without

providing positive evidence for the alternative geological scenario.

Inclusion  criterion: The  challenge  must  invoke  geological  uncertainty  as  grounds  for

dismissal  without  demonstrating  the  alternative  geological  history  with  comparable  field  and

petrographic evidence.

Examples: - Fedo and Whitehouse (2002): the Akilia quartz-pyroxene rock is not a BIF but

metasomatized mafic rock (alternative scenario without demonstrating metasomatic pathway with

comparable  evidence)  -  Various:  Isua sedimentary protolith  challenged as  metasomatic  (without

geochemical mass balance showing the metasomatic conversion is feasible)

What  makes  this  asymmetric: Proving  a  rock  is  a  BIF  requires  detailed  field  mapping,

petrography,  whole-rock  geochemistry,  and  sometimes  oxygen  isotopes.  Claiming  it  “could  be

metasomatic”  requires  neither  mass  balance,  nor  reaction  pathway,  nor  demonstration  that  the

observed chemistry can be produced by the proposed process. The discoverer must reconstruct the

entire geological history. The challenger needs only to suggest a different one.

Category 4: Methodological Challenge

Definition: Any argument that the analytical method used cannot uniquely identify the claimed

signal, without specifying what method would be sufficient.

Inclusion criterion: The challenge must argue that the technique is non-diagnostic without

proposing a viable alternative that would satisfy the objection.

Category 5: Null Default

Definition: The  treatment  of  “not  proven”  as  equivalent  to  “not  real.”  Absence  of  certainty  is

converted into certainty of absence.

Inclusion criterion: The challenge must explicitly or implicitly treat the absence of definitive

proof for the biogenic interpretation as proof of the abiogenic interpretation.

This is  the meta-category. It  appears  in  every single  case in  our  evidence table.  It  is  the

universal  fallback.  If  Cat  1  through  4  fail  to  dismiss  a  claim,  Cat  5  is  always  available:

“extraordinary claims require extraordinary evidence,” where “extraordinary” is never defined and

the bar is always higher than whatever was presented.



Category 6: Contamination or Artifact

Definition: Any argument  that  the  signal  is  a  modern  contaminant,  laboratory  artifact,  or  data

processing artifact.

Inclusion criterion: The challenge must propose a specific contamination pathway or artifact

mechanism. Arguments that simply invoke the possibility of contamination without specifying the

pathway are classified under Cat 5 (Null Default) instead.

Part 2: The Evidence Table

The Battle-Tested Observations

Every observation in our matrix survived two or more dismissal categories.  There are no weak

cases in this set. The observations that the field treats with the most skepticism are, by our measure,

the ones that have been tested the hardest.

Observation Cat 1 Cat 2 Cat 3 Cat 4 Cat 5 Cat 6 Overlap

Mojzsis 1996: Akilia carbon isotopes 1 0 1 0 1 0 3

Nutman 2016: Isua stromatolites 0 1 1 0 1 0 3

Schopf 1993: Apex chert microfossils 0 1 1 1 1 0 4

Rosing 1999: Isua graphite 1 0 1 0 1 0 3

Viking LR 1976 (beyond Earth) 1 0 0 0 1 1 3

Venus PH3 2020 (beyond Earth) 1 0 0 1 1 1 4

Cat  5  (Null  Default)  appears  in  every  row.  This  is  not  a  coincidence.  It  is  the  structural

backbone of the dismissal pattern.

Beyond Earth: The Pattern Generalizes

The asymmetry is  not  unique to  early  Earth  geology.  The same taxonomy applies  to  planetary

biosignature claims.

Viking Labeled Release (1976). Levin’s experiment detected reproducible gas evolution from

Martian soil consistent with metabolism, with a thermal sterilization control that behaved exactly as

designed. The dismissal invoked unspecified oxidant chemistry. The specific oxidant (perchlorate)

was not confirmed until Phoenix in 2008, 32 years after the dismissal was accepted. Levin spent 40



years  defending  the  result.  The  dismissal  required  no  comparable  longitudinal  defense.  The

asymmetry  is  temporal:  the  burden  of  proof  remained  on  the  claimant  for  decades  while  the

dismissal was accepted without identifying its proposed mechanism for three of those decades.

ALH84001 (1996). McKay et al. presented multi-line evidence: magnetite crystals, PAHs, and

nanofossil structures, all from the same Martian meteorite. Each line was dismissed independently

with different abiotic alternatives, none of which explained all lines simultaneously. The dismissal

applied  a  reductionist  standard  (each  line  must  be  independently  conclusive)  while  the  claim

applied a holistic standard (the convergence of independent lines is the evidence). This is a distinct

variant of the asymmetry: multi-line reductionism.

Venus Phosphine (2020). Greaves et  al.  detected PH3 via radio spectroscopy,  modeled all

known abiotic  production pathways,  and showed them quantitatively insufficient.  The dismissal

focused on data processing artifacts and statistical significance without proposing a viable abiotic

pathway. The speed asymmetry is notable: years of observation and analysis to build the claim,

weeks to challenge it via public data reanalysis.

In all three cases, Cat 5 (Null Default) is the fallback. In all three, the dismissal standard is

lower than the claim standard. The taxonomy generalizes.

The Detailed Asymmetry

The evidence table is not just binary. Each claim-dismissal pair can be scored for the rigor applied

to each side.

Claim Claim Standard Dismissal Standard Asymmetry

Mojzsis 1996
3-sigma isotopic,

replicated

“could be

abiotic” (qualitative)
Extreme

Nutman 2016
Multi-line (morphology,

chemistry, context)

Morphological opinion,

different sampling zone
Strong

Schopf 1993
Taxonomic comparison,

multiple specimens

“hydrothermal

artefact” (no

morphometrics)

Moderate*

van Zuilen 2002
Quantitative mass

spectrometry

Experimental FTT

demonstration
Symmetric

*The  Schopf  case  is  complicated.  Brasier  et  al.   (2002)  raised  legitimate  methodological

concerns about the sampling context and reproducibility of the original microfossil identifications.

The Apex chert debate is not a clean asymmetry case. We include it  because the dismissal still



operated without  quantitative morphometric  criteria,  but  we note  that  the challengers  had more

substance here than in the Isua or Akilia cases. The asymmetry is moderate, not extreme.

The last row is the exception. Van Zuilen and colleagues did not merely suggest an abiotic

alternative.  They  demonstrated  it  experimentally,  showing  that  FTT  reactions  could  produce

isotopically light carbon under plausible early Earth conditions. This is the only case in our dataset

where the dismissal met a standard comparable to the original claim.

This exception is instructive. Symmetric dismissal is possible. It is also vanishingly rare. We

return to this principle, which we call the Van Zuilen Standard, in the Discussion.

Part 3: The Structural Asymmetry

The Labor Imbalance

Consider what happened after Mojzis 1996. Whitehouse and Fedo (2002) challenged the host rock

interpretation.  Lepland  and  colleagues  (2005)  claimed  they  could  not  find  the  carbon-bearing

apatite. Each challenge required the original team to mount a new defense. Manning, Mojzsis, and

Harrison  (2006)  conducted  a  painstaking  geological  mapping  campaign  to  reconfirm  the

sedimentary protolith and the presence of graphite-bearing apatite in the correct stratigraphic unit.

The original claim: one field season, one suite of isotopic analyses, 3-sigma significance with

replication.  The  defense:  a  second,  more  detailed  field  campaign  by  Manning,  Mojzsis,  and

Harrison (2006), additional geochemistry, a separate publication, painstaking geological mapping

to reconfirm the sedimentary protolith. The challenges: “we looked and couldn’t find it” (Lepland

2005) and “could be metasomatic” (Whitehouse and Fedo 2002).

The labor ratio is roughly 3:1 in favor of the challengers. Three units of effort (original claim

plus defense) versus one unit (the challenge). And after all that work, the claim is still treated as

disputed. The challengers never needed to produce a defense of their challenge. Nobody mapped

the  metasomatic  pathway  in  comparable  detail.  Nobody  demonstrated  that  Lepland’s  sampling

protocol  was  equivalent  to  Mojzsis’s.  The  burden  of  proof  remained  entirely  on  the  original

claimant.

This is the structural asymmetry, and it is not limited to one case.

The Sampling Asymmetry

Nutman  et  al.   (2016)  sampled  a  rare  low-deformation  zone  in  the  Isua  supracrustal  belt  and

identified conical structures they interpreted as stromatolites. Allwood et al. (2018) examined the



same  belt  but  sampled  a  more  deformed  zone,  found  deformation  features,  and  declared  the

stromatolites non-biogenic.

Nutman and colleagues (2019) pointed out the sampling discrepancy: Allwood had sampled a

different  structural  domain.  The  structures  in  the  low-deformation  zone  remained  unchanged.

Allwood’s  critique was,  in  Nutman’s  view,  circular:  sample a  deformed area,  find deformation,

declare the original claim invalid.

The asymmetry here is procedural. The critic is not required to sample the same material as the

discoverer. The critic is not required to demonstrate equivalent sampling conditions. The burden of

proving that the original samples were “the right ones” falls entirely on the discoverer. The critic

can sample anywhere, find anything, and the result counts as a challenge.

The Threshold Problem

Across every case in our evidence table, one pattern recurs: the original claim states its standard

explicitly (delta-13-C values, replication criteria, statistical significance), while the dismissal does

not state its standard at all.

What delta-13-C value would be accepted as unambiguously biogenic? What morphometric

criterion would distinguish a biogenic cone from a tectonic cone? What geological evidence would

be sufficient to confirm a sedimentary protolith?

Nobody  has  answered  these  questions.  The  dismissal  standard  remains  undefined,  which

means it can always be met. “Could be abiotic” is not falsifiable. “Could be deformation” is not

falsifiable. “Could be metasomatic” is not falsifiable. These are not scientific arguments. They are

philosophical positions dressed in geological language.

This is not an argument against skepticism. Skepticism is essential. This is an argument for

symmetric  skepticism:  the  standard  applied  to  the  claim should  be  the  standard  applied  to  the

dismissal. Van Zuilen 2002 showed that this is possible when the dismissal met the same standard

as the claim. The rest of the literature shows that it is rare.

Discussion: The Filter IS the Finding

We have documented three structural properties of the early Earth biosignature debate:

Systematically  weaker  dismissal  standards. Original  claims  present  quantitative

evidence.  Dismissals  present  qualitative  alternatives.  The  threshold  for  dismissal  is

undefined.

1. 



Asymmetric  labor  requirements. Defending  a  claim  requires  more  work  than

challenging one. The cumulative effect is a discourse that rewards skepticism without

requiring it to be rigorous.

Battle-tested observations are treated as weaker. The observations that survived the

most  dismissal  categories  are  the most  thoroughly tested evidence in  the field.  The

discourse treats them as the most suspect.

The consequence is  a  systematic filter  that  removes anomalous readings from the accepted

record, not because they have been refuted, but because they have been doubted. The doubt itself

becomes the evidence against them. The filter does not distinguish between “refuted with evidence”

and “challenged with opinion.” We call this principle the Van Zuilen Standard: a dismissal should

meet the same evidentiary rigor as the claim it challenges. When Van Zuilen et al. demonstrated

FTT synthesis experimentally, they did not merely suggest an alternative. They proved one. That is

the model. The rest of the literature falls short of it.

The filter IS the finding. The dismissed readings are the dataset. And the standard applied to

that dataset has never been stated.
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