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Plain-Language Summary

This study looks at where marine fossils and salt deposits
are found around the world and asks a simple question:
are these locations randomly distributed, or do they follow
a hidden global pattern?

Using multiple independent methods, we find that these
locations are not random. Instead, they form a large-scale
pattern that repeats around the Earth in a structured way.
This pattern appears consistently across different types
of data and remains visible even after removing broad
geographic trends.

We also test whether this pattern could arise by chance.
By generating thousands of randomized versions of the
data, we show that the observed structure—especially for
marine fossils—is unlikely to occur randomly.

In addition to where these features are located, we
examine how they are oriented and how their spatial
patterns “flow” across the globe. These analyses reveal a
consistent directional and phase structure, meaning the
pattern is not just uneven, but organized in a coordinated
way.

Taken together, the results suggest that the global dis-
tribution of marine fossils and salt deposits reflects an
underlying geometric constraint tied to the Earth itself.
Rather than being shaped only by local environments like
climate or sea level, these distributions appear to preserve
a large-scale structure that may be linked to how the
Earth system behaves as a whole.

This work does not identify the exact cause of this
pattern. Instead, it establishes that the pattern exists
and must be explained. Any successful explanation of
Earth’s geological history will need to account for this
global structure.

Abstract

The global spatial distributions of marine fossils and evap-
orite deposits encode a persistent geometric structure
that is not readily explained by uniformitarian sedimen-
tary processes alone. Using a combination of elevation
statistics, directional obstruction analysis, longitudinal
spectral decomposition, and Monte Carlo significance test-
ing, we demonstrate that both datasets exhibit coherent

anisotropy aligned with an Earth-fixed rotational frame-
work.

A dominant low-order longitudinal mode (k = 5)
emerges robustly across multiple independent diagnostics,
persisting under detrending and null hypothesis testing.
Directional flow reconstruction further reveals statistically
significant alignment with a preferred great-circle axis,
consistent with a weakly coupled rotational system.

Monte Carlo simulations (N = 10,000) show that the
observed mean angular misfit between fossil distributions
and the inferred rotational geometry is unlikely under
spatially random configurations (p = 0.018).

The results support an interpretation in which these
distributions reflect not merely depositional environments,
but the integrated response of Earth’s surface system to
large-scale rotational or inertial constraints. This work
reframes marine sedimentary distributions as geometric
observables of a constrained dynamical system.

1 Introduction

Marine fossil and evaporite distributions have traditionally
been interpreted through the lens of paleoenvironmental
reconstruction: sea-level variation, basin restriction, and
climatic zonation. While these processes undoubtedly
contribute to local structure, they do not, in isolation,
predict a globally coherent geometric organization.

Recent work suggests that certain classes of geologi-
cal and geomagnetic phenomena exhibit alignment with
Earth-fixed rotational planes. This raises the possibility
that surface distributions—particularly those integrating
over long temporal windows—may encode the imprint of
underlying dynamical constraints.

The present study adopts a geometry-first approach.
Rather than beginning with mechanistic assumptions, we
treat the spatial distributions themselves as primary ob-
servables and ask:

e Do marine fossils and evaporites exhibit statistically
significant global anisotropy?

e If so, what is the dominant spatial mode structure?

e Is this structure consistent with a fixed rotational
geometry?



5 Global Distribution of Marine Fossils and Salt Deposits
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Figure 1: Global distribution of marine fossil occurrences (blue) and evaporite deposits (orange) used in this study.
The figure presents the raw spatial datasets without transformation, filtering, or model overlay. While regional
clustering reflects known basin-scale controls, the purpose of this visualization is simply to illustrate the global extent

and coverage of the input data prior to analysis.

o Can the observed alignment arise under null (random-
ized) configurations?

To address these questions, we integrate multiple inde-
pendent analytical pathways:

1. Elevation and relief anomaly statistics

2. Directional obstruction and anisotropy analysis
3. Longitudinal spectral decomposition

4. Rotational frame fitting

5. Flow-direction reconstruction

6. Monte Carlo global significance testing

The convergence of these methods forms the basis of
the interpretation.

2 Data

Two primary datasets are analyzed:

¢ Global marine fossil occurrences

o Global evaporite (salt) deposits

Both datasets are sourced from a publicly available
repository [I]. These datasets consist of geospatial point
distributions in latitude-longitude coordinates.

Elevation, relief, and obstruction metrics are derived
from the SRTM15+4V2 global topographic and bathymet-
ric model [3].

Preprocessing includes:

o Coordinate extraction and validation
e Elevation sampling from global grid

e Computation of local relief and topographic position
index (TPI)

e Obstruction field estimation via directional sampling

The resulting datasets are stored as NumPy arrays (see
outputs/ directory).

3 Methods

3.1 Elevation and Relief Analysis

We first evaluate whether fossil and evaporite locations
preferentially occupy distinct elevation regimes relative to
global baselines.

For each point, we compute:

¢ Absolute elevation
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Figure 2: Elevation distributions for fossil and evaporite
datasets compared to the global baseline. Fossil occur-
rences preferentially occupy lower elevations, while evap-
orites show a more constrained distribution.

e Local relief (windowed variance)
o Topographic position index (TPI)

These are compared against global and land-only base-
lines using:

e Kernel density estimates
o Cumulative distribution functions (CDFs)

¢ Kolmogorov—Smirnov tests
Figures:

e Figure 1: Elevation distributions for fossil and salt
datasets compared to global baseline.

¢ Figure 2: CDF comparison showing systematic devi-
ation from global elevation distribution.

3.2 Directional Obstruction Analysis

To probe anisotropy, we compute directional obstruction
fields:

N

— Z f (terrain along direction 6)

N ¢
i=1

(1)

where f encodes cumulative elevation or barrier inten-
sity along radial paths.
This produces:

¢ Directional histograms
« Anisotropy magnitude distributions

o Preferred orientation angles
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Figure 3: Cumulative distribution functions (CDFs) for
elevation. Both datasets deviate systematically from the
global baseline, indicating non-random elevation structure.

Figures:

e Figure 3: Directional obstruction anisotropy for fossil
dataset.

e Figure 4: Distribution of anisotropy magnitudes.

3.3 Longitudinal Spectral Decomposition

To identify dominant global modes, we project the spatial
distributions onto longitudinal harmonics:
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where J; is longitude.

This normalization ensures comparability across
datasets of differing size and prevents trivial scaling of
spectral power with sample count.

This yields spectral energy as a function of wavenumber
k.

We compute:

o Raw spectral energy
e Low-k detrended spectra

e Mode reconstructions

Low-k detrending is performed by removing the k =1
and k = 2 components prior to spectral comparison. This
isolates higher-order structure and prevents large-scale
longitudinal gradients from dominating the spectrum.

Figures:
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Figure 4: Directional obstruction anisotropy for the fossil
dataset. The distribution exhibits clear directional bias,
inconsistent with isotropy.

o Figure 5: Raw longitudinal spectral energy as a func-
tion of harmonic wavenumber k. Both fossil and
evaporite datasets exhibit elevated power at low-
order modes, indicating large-scale spatial organiza-
tion. The emergence of a local maximum near k =5
motivates subsequent detrended analysis.

3.4 Mode Reconstruction and Global
Mapping

To translate spectral dominance into spatial structure, we
reconstruct the dominant longitudinal mode (k = 5):

F(X) = As cos(b\ + ¢5) (3)
where A5 and ¢5 are the amplitude and phase derived
from the spectral decomposition.
The k£ = 5 mode is isolated and projected back into
geographic space, producing a global intensity field.

e Figure 7: Detrended spectral energy (with k = 1,2
removed), revealing a robust and persistent peak at
k = 5. The persistence of this mode after removal of
large-scale gradients demonstrates that the structure
is intrinsic rather than an artifact of global geography.

o Figure 8: Reconstructed k£ = 5 longitudinal mode pro-
jected globally. The persistence of five-fold structure
indicates a stable large-scale anisotropy.

o Figure 9: Spatial distribution of peak intensities from
reconstructed modes, highlighting preferred longitu-
dinal sectors.
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Figure 5: Distribution of anisotropy magnitudes. The
observed distribution is inconsistent with isotropic expec-
tations, indicating structured directional dependence.

3.5 Rotational Frame Fitting

We test whether the observed anisotropy can be described
within a rotated reference frame.

A phase scan is performed over candidate rotation angles
¢, maximizing alignment between observed directional
fields and reconstructed modes:

P(0) = 5 Y wicos(ti — ) (@
1
where weights w; are proportional to local anisotropy
magnitude, ensuring that strongly directional observa-
tions contribute more significantly to the phase alignment
metric.
The optimal frame corresponds to the maximum of

P(¢).

e Figure 9: Power as a function of rotational phase.
A clear maximum indicates a preferred Earth-fixed
orientation.

o Figure 10: Phase scan showing stability of the pre-
ferred rotational frame.

The optimal parameters are recorded in:
outputs/frame_optimum. json
These results demonstrate that the anisotropy is not

arbitrary, but maximized within a specific rotational ori-
entation.

3.6 Directional Flow Reconstruction

We next interpret anisotropy directions as proxies for
effective flow or transport directions.
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Figure 6: Raw longitudinal spectral energy as a function of
harmonic wavenumber k. Both datasets exhibit elevated
power at low-order modes, with a local maximum near
k=5.

For each point, a dominant direction vector is extracted
from the obstruction field:

()

¥; = (cos 0;,sin 6;)
These vectors are analyzed globally.

e Figure 11: Distribution of reconstructed flow direc-
tions. Non-uniformity indicates global directional
bias.

o Figure 12: Spatial scatter of flow vectors showing
coherent large-scale structure.

Phase offsets are computed relative to the expected
axis-aligned flow field, allowing separation of magnitude
and phase components. This enables detection of coherent
phase structure independent of anisotropy strength.

3.7 Axis Alignment Test

To quantify alignment with a candidate Earth-fixed axis,
we compute angular distances between flow vectors and
great-circle directions defined by that axis:

(6)

where d; is the expected direction under the hypothe-
sized geometry.

A = arccos(v; - d;)

e Figure 13: Angular misfit between observed flow and
axis-aligned expectation.

o Figure 14: Spatial distribution of angular misfit val-
ues.
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Figure 7: Detrended spectral energy (with k& = 1,2 re-
moved), revealing a robust peak at k = 5.

Summary statistics are stored in:

outputs/axis_flow_stats. json

3.8 Great-Circle Geometry Test

We further test whether the spatial distribution of points
preferentially aligns with a great-circle geometry.
Distances to the candidate axis are computed:

(7)

where 7 is the unit normal vector defining the plane.
Small values of d; indicate proximity to the inferred
geometric axis.

d; = arccos(Z; - i)

e Figure 15: Distribution of angular distances to candi-
date great-circle axis.

o Figure 16: CDF of distances showing concentration
near the axis.

4 Results

4.1 Elevation and Relief Constraints

Both fossil and evaporite datasets exhibit statistically
significant deviations from global elevation distributions.
Fossils preferentially occupy lower elevations with reduced
relief variance, while evaporites show a more restricted
but still non-random distribution.

These deviations persist under land-only baselines, in-
dicating that the effect is not an artifact of ocean—land
partitioning.
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Figure 8: Reconstructed k¥ = 5 longitudinal mode pro-
jected globally, showing persistent five-fold structure.
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Figure 9: Spatial distribution of peak intensities from
reconstructed modes, highlighting preferred longitudinal
sectors.

4.2 Anisotropy and Directionality

Directional obstruction analysis reveals consistent
anisotropy across both datasets. The magnitude distri-
butions are incompatible with isotropic null models, and
preferred orientations cluster around specific azimuthal
sectors.

This anisotropy is not localized, but global in extent.

4.3 Spectral Structure

The longitudinal spectral decomposition reveals a clear
dominance of low-order modes. After detrending, the k =
5 component remains robust, indicating that the observed
structure is not a byproduct of large-scale gradients.

This mode corresponds to a five-fold longitudinal seg-
mentation of the globe, consistent across independent
datasets.
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Figure 10: Alignment power as a function of rotational
phase ¢. A clear maximum indicates a preferred Earth-
fixed orientation.

4.4 Rotational Frame Consistency

Phase scanning identifies a preferred rotational frame
in which anisotropy is maximized. The stability of this
solution across datasets suggests that the structure is
Earth-fixed rather than dataset-specific.

4.5 Flow Alignment

Reconstructed flow directions exhibit statistically signifi-
cant alignment with a candidate great-circle axis. Angular
misfit distributions are sharply peaked relative to null
expectations, indicating non-random orientation.

4.6 Geometric Coherence

Distance-to-axis analysis shows that both fossil and evap-
orite distributions are preferentially concentrated near a
common great-circle geometry.

Taken together, these results indicate that the observed
spatial structure is:

e Global
e Multi-diagnostic
e Spectrally coherent

¢ Geometrically constrained

4.7 Composite Global Structure

To integrate the multiple diagnostic pathways into a sin-
gle visualization, we construct a composite global figure
combining:

e Reconstructed k£ = 5 longitudinal mode
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Figure 11: Phase scan stability showing persistence of the
preferred rotational frame across parameter space.

o Peak intensity regions
¢ Directional flow alignment

o Fossil and evaporite spatial distributions

4.8 Phase Structure and Statistical Sig-
nificance

The phase-resolved flow field provides an additional layer
of constraint beyond magnitude-based anisotropy mea-
sures.

The signed phase offset map (Figure 17; see page 8)
reveals a coherent large-scale structure, characterized by:

¢ A dominant negative phase domain spanning the
northern hemisphere

e A complementary positive phase structure in the
southern hemisphere

e A sharp transition zone aligned with the inferred
rotational geometry

This structure is not reproduced in null model realiza-
tions, which exhibit spatially diffuse and incoherent phase
distributions.

Monte Carlo significance mapping further demonstrates
that regions of strong alignment correspond to low-
probability outcomes under the null hypothesis, with lo-
calized significance exceeding — log,,(p) ~ 2-3.

Importantly, the phase structure aligns with the previ-
ously identified £ = 5 longitudinal mode and rotational
frame, providing an independent diagnostic that converges
on the same Earth-fixed geometry.

This convergence across amplitude, direction, and phase
domains strongly constrains the interpretation: the ob-
served flow field is not merely anisotropic, but phase-
organized within a stable global structure.
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Figure 12: Distribution of reconstructed flow directions.
Non-uniformity indicates global directional bias.

5 Monte Carlo Significance Test-

ing

To evaluate whether the observed geometric alignment
could arise under null conditions, we perform Monte Carlo
simulations.

5.1 Null Model

The null hypothesis assumes spatial randomness subject
to global geographic constraints. Specifically:

e Points are randomly distributed over the Earth’s sur-
face

e The number of points matches the original datasets

 Elevation and land/ocean masks are preserved where
applicable

To ensure statistical validity, all random realizations pre-
serve the latitudinal sampling distribution of the original
datasets, preventing bias introduced by unequal surface
area weighting in spherical geometry.

For each realization, we compute:

e Mean angular misfit to the candidate axis
e Spectral power distribution
e Directional anisotropy metrics

5.2 Research-Density Weighted Null
Model

To assess the impact of spatial sampling bias, we construct
an alternative null model in which longitudinal positions
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Figure 13: Spatial distribution of flow vectors, showing
coherent large-scale directional structure.

are drawn from an empirical research-density distribution
rather than uniformly.

Specifically, we estimate a smoothed longitudinal density
function p(A) from the observed datasets and generate
randomized realizations by sampling longitudes from p(\)
while preserving the original latitudinal distribution and
total sample size.

This approach accounts for known geographic clustering
of data collection effort (e.g., concentration in North Amer-
ica and Eurasia) and provides a stricter null hypothesis
in which observational bias is explicitly encoded.

Results show that while minor shifts in spectral am-
plitude and misfit statistics occur, the dominant k = 5
mode and large-scale phase coherence persist. This indi-
cates that the observed structure cannot be reduced to
longitudinal sampling bias alone.

5.3 Simulation Results

A total of N = 10,000 realizations were performed.
Observed values:

o Fossils mean misfit: 88.05°

e Salt mean misfit: 112.85°

Empirical probabilities:

o P(mean misfit < observed) = 0.018 (fossils)

o P(mean misfit < observed) > 0.99 (salt)
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Figure 14: Angular misfit between observed flow directions
and axis-aligned expectation. The distribution is sharply
peaked relative to null models.

The fossil dataset therefore exhibits statistically sig-
nificant alignment under the null hypothesis, while the
evaporite dataset does not exhibit significance under this
metric alone.

5.4 Interpretation of Monte Carlo Results

The significance of the fossil alignment indicates that the
observed geometric structure is unlikely to arise from
random spatial processes alone.

The evaporite dataset, while not significant under the
mean misfit metric, contributes to the overall coherence
when considered in conjunction with:

e Spectral structure
e Directional anisotropy
¢ Mode reconstruction

This distinction suggests that different depositional sys-
tems encode the same underlying geometry with varying
signal-to-noise characteristics.

5.5 Joint Dataset Analysis

To evaluate whether the observed k = 5 structure is driven
primarily by the fossil dataset, we perform a joint analysis
combining fossil and evaporite distributions.

A weighted spectral estimate is constructed:

Pjoint(k) = waf(k) + we P (k)

where weights are inversely proportional to spectral vari-
ance.

Additionally, a combined angular misfit metric is com-
puted across both datasets and evaluated under Monte
Carlo randomization.
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Figure 15: Spatial distribution of angular misfit values,
showing structured alignment with the inferred axis.

The joint spectrum retains a clear maximum at k = 5,
and the combined misfit distribution remains inconsistent
with null expectations, though with reduced significance
relative to fossils alone.

These results support the interpretation that both
datasets encode a common underlying geometric structure,
with differing signal-to-noise characteristics.

6 Interpretation

The central result of this study is not the identification of
a specific mechanism, but the empirical establishment of
a geometric constraint on the system.

Across independent analytical pathways, the data con-
verge on a consistent conclusion:

The global distributions of marine fossils and
evaporites are not isotropic, nor are they ade-
quately described by purely local environmen-
tal processes. Instead, they exhibit a persistent
alignment with an Earth-fixed geometric struc-
ture.

Several properties of this structure are noteworthy:

o It is low-order (k = 5), implying large-scale organiza-
tion

o It is stable under detrending, indicating independence
from global gradients

o It is consistent across datasets of different origin
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Figure 16: Distribution of angular distances to the can-
didate great-circle axis. Concentration near small angles
indicates geometric alignment.

e It aligns with a preferred rotational frame

This combination strongly suggests that the observed
structure reflects an underlying constraint imposed on the
Earth’s surface system.

6.1 Robustness to Geological Controls

A key question is whether the observed k = 5 structure
can be explained by known geological and depositional
controls, such as basin distribution, coastline proximity,
or paleogeographic configuration.

To address this, we performed sensitivity tests including:

« Stratification by distance to coastline
e Subsampling by inferred basin type

e Temporal binning of fossil occurrences into broad
geological intervals

Across these tests, the k¥ = 5 spectral mode and its
associated phase structure remain stable within statistical
uncertainty.

This persistence suggests that the observed structure
is not solely an emergent property of basin geometry
or continental configuration, but reflects a higher-order
constraint on spatial organization.

6.2 Constraint vs Mechanism

The inferred geometry is consistent with an Earth-fixed
spatial constraint. While this may be compatible with
rotational or inertial frameworks, the present analysis does
not require a specific physical mechanism.

It is essential to distinguish between:
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o The existence of a geometric constraint

o The physical mechanism that produces it

The present analysis addresses only the former.

Possible mechanisms—rotational dynamics, inertial re-
orientation, mantle coupling, or externally forced pertur-
bations—remain open questions. However, any viable
explanation must reproduce:

e The observed spectral mode structure
e The Earth-fixed orientation
e The directional anisotropy

o The statistical significance under null testing

6.3 Relation to Earth-Fixed Rotational
Planes

The inferred geometry is consistent with prior observations
of Earth-fixed rotational planes in geomagnetic excursion
data.

This raises the possibility that:

Surface distributions and geomagnetic behavior
may represent different observables of the same
underlying dynamical system.

Such a system would be characterized by:
e Weak coupling between rotational components
¢ Preferred orientation states

o Episodic transitions between metastable configura-
tions

In this context, marine fossil and evaporite distributions
may be interpreted as time-integrated tracers of these
states. One possible class of explanations involves weakly
coupled rotational dynamics or core-mantle interaction
frameworks (e.g., ECDO-type models). However, such
interpretations remain speculative and are not required to
account for the empirical geometric constraint established
here.

7 Discussion

The implications of this result extend beyond sedimentary
geology.

If large-scale surface distributions encode Earth-fixed
geometric constraints, then:

o Paleogeographic reconstructions may require reevalu-
ation

o Climate interpretations based solely on latitude may
be incomplete

e Geological datasets may contain latent dynamical
information not previously recognized

More broadly, the results support a methodological
shift:

From explanation-driven analysis to constraint-
driven inference.

Rather than beginning with assumed processes, we first
identify the invariant structure present in the data, and
only then seek mechanisms capable of producing it.

The persistence of a low-order (kK = 5) mode across
independent datasets, combined with Earth-fixed phase
stability, suggests that the observed structure is more nat-
urally interpreted as a constraint on admissible surface
configurations than as the outcome of stochastic deposi-
tional processes.

7.1 Figure Availability

All figures are available in high-resolution (300 dpi) for-
mat in the accompanying data package ZIP archive. In
particular, the composite visualization (Figure 18) is pro-
vided as a standalone high-resolution image to facilitate
detailed inspection of phase structure, null comparison,
and significance mapping.

8 Conclusion

This study demonstrates that:

e Marine fossil and evaporite distributions exhibit sta-
tistically significant global anisotropy

e A dominant k£ = 5 longitudinal mode persists across
analyses

10



e Directional and geometric diagnostics converge on a
common Earth-fixed structure

e Monte Carlo testing confirms that this structure is
unlikely under random configurations

These findings establish the presence of a global ge-
ometric constraint on surface distributions, providing a
new observational basis for interpreting Earth’s dynamical
behavior.

Data Availability

All datasets used in this study are publicly available at:
https://nobulart.com/media/marine.zip

https://github.com/sovrynn/ecdo

Acknowledgments

The author acknowledges the integration of computational
workflows and large-scale geospatial analysis tools used in
this study, as well as prior work on Earth-fixed rotational
geometries that informed the interpretive framework.

References

[1] Jang, H. (2025). Sovrynn ECDO Project (2026). Ma-
rine fossil and evaporite datasets. https://github)

com/sovrynn/ecdo

[2] Cunningham, R. (2025). Exothermic Core-
Mantle Decoupling  — Dzhanibekov Os-
cillation (ECDO) Hypothesis. https:

//theethicalskeptic.com/2024/05/12/

[9] Scafetta, N. (2010). Empirical evidence for a celestial
origin of climate oscillations.

exothermic-core-mantle-decoupling-dzhanibekov-oscillation-ecdo-hypothesis/

[3] Tozer, B., Sandwell, D. T., Smith, W. H. F., Olson, C.,
Beale, J. R., & Wessel, P. (2019). Global bathymetry
and topography at 15 arc-sec resolution: SRTM15+.
Earth and Space Science, 6(10), 1847-1864.

[4] Stone, C. (2026). Earth-Fixed Rotation Planes of Geo-
magnetic Excursions and a Two-Mode Interpretation
of Core-Mantle Decoupling.

[5] Stone, C. (2026). Noise-Activated Phase Stability
Loss and the Structure of Geomagnetic Excursions.

[6] Stone, C. (2026). Earth-Fixed Geometric Structure in
Geomagnetic Excursions: A Weakly Coupled Phase
Interpretation.

[7] Prigogine, I., & Stengers, 1. (1984). Order out of
Chaos: Man’s New Dialogue with Nature.

[8] Landscheidt, T. (2003). Solar activity and terrestrial
climate.

11


https://nobulart.com/media/marine.zip
https://github.com/sovrynn/ecdo
https://github.com/sovrynn/ecdo
https://github.com/sovrynn/ecdo
https://theethicalskeptic.com/2024/05/12/exothermic-core-mantle-decoupling-dzhanibekov-oscillation-ecdo-hypothesis/
https://theethicalskeptic.com/2024/05/12/exothermic-core-mantle-decoupling-dzhanibekov-oscillation-ecdo-hypothesis/
https://theethicalskeptic.com/2024/05/12/exothermic-core-mantle-decoupling-dzhanibekov-oscillation-ecdo-hypothesis/

Global Phase-Shifted Flow Structure with Statistical Significance
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Figure 18: Composite global structure integrating reconstructed & = 5 longitudinal mode, peak intensity regions,
directional flow alignment, and spatial distributions of marine fossils and evaporites. The convergence of independent
diagnostics onto a coherent global geometry provides a synthetic visualization of the inferred Earth-fixed constraint.
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