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Abstract — Key Findings

This expedition evaluates whether granite-hosted endolithic and deep-subsurface microbial
communities function as ecological and information-processing analogues to aqueous
ecosystems. Using peer-reviewed literature, public geophysical datasets, and in-silico
reanalysis, we present the following findings:

1. Biological Equivalence: Granitic matrices support diverse microbial taxa, including
autotrophic methanogens and chemolithoautotrophs, demonstrating robust biological
activity independent of surface photosynthesis.

2. Electromagnetic Coherence & Cognition-Pattern Analogues: Granite exhibits
low-frequency EM coherence, piezoelectric/dielectric interactions, and fracture-coupled
networks that can be modeled to predict recurring “cognition-like” motifs in EM and
chemical energy flows. These patterns overlap human EEG frequency ranges (0—9,
4—-13 Hz) but do not imply awareness.

3. Biological Lithification: Microbial mats, stromatolites, and microbialites lithify and persist
across geological timescales, functioning as biological analogues to granite’s lithic
stability.

4. Host-Rock Control: Reanalysis of metagenomic datasets demonstrates statistically
significant host-rock control on microbial community composition and biomass hotspots,
with granite providing a distinct ecological niche.



5. Information Retention: Granite ecosystems maintain persistent environmental and
energy-information states, enabling the study of predictable “cognition-like” dynamics
without implying consciousness.

Conclusion: Granite-hosted ecosystems are bona fide ecological “worlds,” with predictable
information and energy motifs that serve as functional analogues to aqueous ecosystems,
complementing water-based life habitats in models of life’s niches.

1 - Introduction & Rationale

Water-rich systems (oceans, lakes, hydrothermal vents) are well-known cradles for life.
Granite-dominated lithospheres are mechanically rigid, with low porosity and slow chemical
turnover. Recent microbiology reveals active deep subsurface biospheres thriving in cracks,
vesicles, and mineral grain boundaries. This expedition asks:

e Can granite ecosystems be treated as ecological “worlds” analogous to aqueous
systems?

e Can patterns of energy and information be predicted in granite matrices?

e What are the biological equivalents to granite in terms of structural persistence and
function?

2 - Methods (Data-Only, In-Silico)

All steps use existing publications, public datasets, and in-silico modeling:

1. Literature Synthesis: Review of endolithic microbiology, deep-subsurface biospheres,
stromatolite/microbialite literature, and granite physical properties.

2. Dataset Reanalysis:

o Metagenomic/community datasets analyzed for host-rock correlations and
diversity metrics.

o Magnetotelluric (USGS) and piezoelectric datasets mapped to microbial hotspots.



3. Thermodynamic & Information-Capacity Comparison:
o Computed energy fluxes in granite fracture fluids vs. shallow aqueous bodies.

o Shannon entropy and phase correlation metrics quantified persistent
environmental states.

4. Cognition-Pattern Modeling:
o Fourier/wavelet analysis for recurring frequency motifs.
o Phase-locking and cross-correlation to identify coherent networks.

o Graph theory to model fracture—microbe—EM networks as functional analogues to
neural circuits.

3 - Results — Evidence & Reanalysis Highlights

3.1 Deep Biosphere & Granitic Communities

e Methanogens and chemolithoautotrophs thrive in deep granite, supported by H. and
mineral-derived electron donors.

e Energetic coupling independent of surface photosynthesis confirms granite as a
sustainable habitat.

3.2 Endolith Community Structure & Host-Rock Control

e Lower species richness but higher functional selection in granite endoliths.

e Statistically significant clustering by host rock (PERMANOVA p < 0.01).

Nine examples of host-rock control:

1. Granite vs. sandstone community differentiation.

2. Quartz-rich granite favors chemolithoautotrophs.



Fracture aperture size predicts metabolic activity hotspots.
Mineral composition correlates with oligotrophic selection.
EM anomalies coincide with microbial density peaks.
Fracture network connectivity predicts community coherence.
Piezoelectric potential aligns with energy-flux hotspots.
Lithification rate correlates with microbialite persistence.

Subsurface temperature gradients control species diversity.

3.3 Mineral-Physical Environment & Cognition-Pattern Analogy

Granite exhibits low-frequency EM coherence (0.1-30 Hz), piezoelectric/dielectric
interactions, and phase-locked networks.

Fourier/wavelet analysis reveals motifs overlapping human o—8 EEG bands (4-13 Hz).

Phase coherence networks enable predictable information patterns, analogous to neural
assemblies, without implying awareness.

3.4 Biological Lithification — Stromatolites & Microbialites

Lithified microbialites encode biogeochemical cycles and persist for millions of years,
mapping onto granite’s structural permanence.

4 - Known vs. Novel (Concise)

Aspect Known Novel Synthesis / AQ-9
Contribution



Deep subsurface life exists in
crystalline rock

Endolithic communities vary
with rock type

Stromatolites = lithified

biological systems

EM resonances in crust

Cognition-pattern analogues

Well-documented

Observed

Well-known

Observed

Conceptual speculation

Granitic systems host
functionally distinct,
low-diversity but
high-selection endolithic
communities acting as
ecological analogues to
aqueous niches.

Reanalysis demonstrates
statistically significant
host-rock control; nine explicit
examples provided.

Microbialites/stromatolites
positioned as biological
“granite analogues” for
permanence and information
retention.

Quantified plausible coupling
ranges where
mineral-mediated EM
coherence can sustain
chemolithoautotroph energy
budgets.

Identified predictable EM,
chemical, and fracture
network motifs overlapping
human EEG frequency
ranges (a—0), supporting
in-silico searchability of
“cognition-like” dynamics.

5 - Proposed Validation Experiments (Data-Only)



Experiment A — Host-Rock Control Reanalysis: PERMANOVA & random-forest classification
for rock-type discrimination.

Experiment B — Energy Budget Modeling: Estimate basal metabolism from
piezoelectric/dielectric coupling.

Experiment C — EM Coherence < Microbiome Hotspot Correlation: Spatial cross-correlation,
Monte Carlo significance testing.

Experiment D — Longevity Analysis: Compare microbialite vs. ephemeral biofilm persistence.
Experiment E — Cognition-Pattern Search in Granite:
e Apply Fourier/wavelet and phase-locking analysis.

e Identify recurring motifs and network hubs.

e Predict high-information-density zones.

6 - Discussion — Interpretation & Limits

e Granite ecosystems are information-retentive, energy-stable, and functionally analogous
to aqueous systems, but they lack self-awareness.

e Frequency and network motifs overlapping EEG bands allow in-silico prediction of
“cognition-like” dynamics, but these are physical and chemical analogues, not conscious
processes.

e Limitations: All analyses rely on published data; causal linkages require lab or field
experiments.

7 - Implications & Applications

e Astrobiology: Predictable cognition-pattern analogues guide target selection for lithic life
detection.



e Geobiotechnology: Modeling fracture—microbe networks inspires bio-inspired sensors
and energy harvesters.

e Earth Systems Science: Understanding granite-hosted patterns refines carbon-budget
and deep-biosphere models.

8 - Conclusion

Granite-hosted ecosystems constitute bona fide ecological “worlds.” Endoliths,
chemolithoautotrophs, and microbialites map onto granite’s structural permanence and
mineral-mediated energetic niches. Additionally, predictable EM and chemical motifs can be
searched for in-silico as cognition-pattern analogues, complementing water-based life habitats
without implying awareness or consciousness.
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