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ABSTRACT

The Cosmological Pangaea framework reconstructs modern cosmology strictly from general relativity and

thermodynamic principles. It replaces the singular Big Bang singularity with a finite, causally connected

primordial object characterized by zero gravitational entropy. This paper derives cosmic multiplicity,

commonly referred to as a multiverse, as a direct geometric consequence of this minimal ontology under the

GR-Razor methodological constraint. No auxiliary fields, extra dimensions, inflationary mechanisms, or

probabilistic branching are introduced. A single finite primordial object fractures along latent symmetries

(proto-Pangaea rows), imparting distinct boundary conditions. Each resulting domain evolves independently

under the classical Einstein vacuum equations Rµν = 0. This essay synthesizes the canonical framework with

the multiplicity derivation, providing a self-contained exposition. It addresses large-scale directional

asymmetries, such as the reported Dark Flow, through primordial fracture geometry. The model remains fully

falsifiable and aligned with observational constraints from general relativity.

Figure 1. The perfect primordial object prior to fracture. Latent geometric potentialities (proto-Pangaea rows) are encoded as faint

symmetry creases within the zero-entropy configuration.

1.  Introduction and Objective

This document consolidates the core Cosmological Pangaea reconstruction with the expanded derivation of

multiplicity. The objective is to demonstrate that a GR-compliant multiverse arises deductively from three

minimal surviving axioms once auxiliary ontological additions are eliminated by the GR-Razor. The analysis



Cosmological Pangaea  |  Geometric Derivation of Multiplicity C. Rich Walker

osf.io/vf5cw  |  DOI: 10.17605/OSF.IO/VF5CW Page 2

engages observational debates on large-scale directional asymmetries, particularly coherent peculiar velocities

known as Dark Flow, by offering a purely geometric explanation rooted in primordial fracture patterns.

All cosmological phenomena, including large-scale structure, the thermodynamic arrow of time, and apparent

acceleration, emerge from symmetry breaking and entropic evolution within unmodified general relativity.

2.  Minimal Surviving Axioms (Post-GR-Razor)

The GR-Razor enforces rigorous methodological economy: every element must derive from established

gravitational theory without unverified extensions. The retained primitives are:

• Axiom D (Distinction): The sole irreducible ontological primitive, logically prior to spacetime, fields, or

particles.

• Classical GR vacuum equations: Rµν = 0 as the sole dynamical law.

• A single finite primordial object with zero gravitational entropy: The most ordered possible initial state,

finite in spatial extent and perfectly symmetric.

Gravitational entropy, associated with the Weyl curvature tensor in the Penrose sense, vanishes in this initial

configuration. All subsequent structure and multiplicity follow deductively from these axioms.

3.  Pre-Fracture State: The Primordial Object and Proto-Pangaea Rows

The primordial object exists as a closed, finite geometric entity of maximal symmetry. Latent divisions, the rows

of proto-Pangaea, reside as encoded geometric potentialities (symmetry creases or preferred fracture planes)

inherent to its finite configuration. No additional fine-tuning is required.

This finite initial state contrasts with the infinite-density singularity of the standard model, ensuring causal

connectedness at the outset while maintaining zero gravitational entropy. The proto-Pangaea rows constitute the

minimal geometric seed from which multiplicity later emerges.
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Figure 2. The fracture event. Non-uniform geometric cuts triggered by Axiom D separate the primordial object into distinct rows of

proto-Pangaea, with geometry and entropy emerging simultaneously.

4.  The Fracture Event: Distinction as the Irreducible Trigger

Distinction initiates the process through non-uniform fracture. Each separation constitutes a unique geometric

"cut" that assigns distinct boundary conditions to the resulting domains without invoking new physical

mechanisms. Upon fracture, spacetime geometry unfolds and gravitational entropy begins its monotonic increase

as Weyl curvature develops along fracture surfaces.

The non-uniformity of the cuts ensures heterogeneity among the proto-Pangaea rows, seeding all subsequent

large-scale structure. The Einstein vacuum equations govern the independent evolution of each domain thereafter.

5.  Geometric Derivation of the GR-Compliant Multiverse

Following fracture, the separated rows evolve as causally disconnected geometric domains under identical

vacuum dynamics Rµν = 0. Multiplicity is therefore a structural consequence of the post-fracture geometry rather

than an added hypothesis.

Each domain shares the same fundamental laws and primordial origin yet differs in the precise details of its

fracture cuts. This geometric variation produces diverse large-scale structures while preserving complete

compliance with classical general relativity. Terminal equilibrium arises naturally from entropy saturation and

gradient collapse within each domain.
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Unlike conventional multiverse proposals (eternal inflation bubbles, string-theory landscapes, or many-worlds

branching), the present framework introduces no extra fields, dimensions, or probabilistic mechanisms, all of

which are eliminated by the GR-Razor. This constitutes the world's first fully GR-compliant multiverse.

Figure 3. The GR-compliant multiverse. Purely geometric multiplicity arises as separated domains evolve independently from a shared

primordial origin under identical vacuum equations.

6.  Engagement with Large-Scale Directional Asymmetries: The Dark Flow Debate

Kinematic studies of galaxy clusters have reported coherent peculiar velocities, termed Dark Flow, directed

toward a preferred sky region approximately between Centaurus and Vela (galactic coordinates near l = 283

degrees, b = 12 degrees). Early measurements indicated bulk flows of several hundred to roughly 1,000 km/s on

scales extending to ~800 Mpc or more. Subsequent analyses, including those from Planck, have placed tighter

upper limits (~250-300 km/s on comparable scales), with much of the original signal potentially attributable to

foregrounds or systematics; the debate continues with residual indications in select datasets.

Landscape multiverse models interpret such flows as arising from entanglement or gravitational imprints from

adjacent universes, introducing corrections to the Newtonian potential. The characteristic scale is on the order of

10^3 H^(-1).
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In the Cosmological Pangaea framework, non-uniform fracture asymmetry across proto-Pangaea rows generates

coherent primordial gravitational gradients. These residual gradients propagate as directional biases in large-scale

flows without requiring external mass concentrations beyond the observable universe or modifications to the

gravitational potential. The observed "pull toward one side" is reinterpreted as an intrinsic imprint of the

primordial fracture geometry.

Predicted observable signatures include:

• Scale-dependent dipole amplitudes in peculiar velocity fields;

• Preferred directions in galaxy cluster merger axes and post-merger relaxation;

• Potential alignments with CMB low-l anomalies (e.g., hemispheric asymmetry or the Cold Spot).

These predictions depend quantitatively on the specific cut geometry and are modellable, offering a clear

observational distinction from landscape-based explanations.

Figure 4. Galactic coordinate map illustrating the preferred direction of large-scale bulk flows. In the Cosmological Pangaea framework,

this directional bias arises from primordial fracture geometry rather than external influences.

7.  Falsifiability Criteria

The framework is rigorously testable through forthcoming observations:

• Peculiar velocity surveys: Coherent dipoles or merger asymmetries consistent with fracture-imprint patterns,

without evidence of superhorizon mass concentrations or entanglement-driven potential corrections.
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• CMB anomaly correlations: Alignment of low-l features with directions predicted by fracture propagation

geometry.

• Absence of competing relics: Lack of independent signatures favoring inflationary scalar fields or

landscape-specific mechanisms.

Future data from missions such as Euclid, the Nancy Grace Roman Space Telescope, and next-generation CMB

experiments will provide decisive confrontation.

8.  Comparative Analysis with the String-Theory Landscape Multiverse

The string-theory landscape multiverse, derived from the vast ensemble of approximately 10^500 metastable

vacua in compactified string theory, constitutes one of the most widely discussed frameworks for multiplicity in

contemporary theoretical physics. In this approach, different compactification geometries, flux configurations,

and brane arrangements yield distinct low-energy effective field theories, each characterized by unique values of

the cosmological constant, particle masses, and coupling constants. Multiplicity typically arises through eternal

inflation, wherein quantum tunneling events between vacua generate an exponentially expanding multiverse of

"bubble universes," each realizing a different vacuum from the landscape. Observational implications, such as the

small positive value of the cosmological constant, are often explained via anthropic selection within this

ensemble.

In contrast, the Cosmological Pangaea framework derives multiplicity strictly from the unmodified vacuum

equations of general relativity (Rµν = 0) applied to a single finite primordial object of zero gravitational entropy.

The GR-Razor eliminates any requirement for extra dimensions, fundamental strings, D-branes, or flux

compactifications. Multiplicity emerges as a purely geometric consequence of non-uniform fracture along latent

proto-Pangaea rows: each resulting domain inherits distinct boundary conditions yet obeys identical dynamical

laws. No additional ontology is introduced; the variation among domains is confined to differences in primordial

cut geometry, not to distinct low-energy physical laws.

Key distinctions include the following:

Ontological Minimalism and GR Compliance

The string landscape presupposes an ultraviolet completion beyond classical general relativity, incorporating

ten-dimensional (or eleven-dimensional M-theory) spacetime, supersymmetry breaking, and

quantum-gravitational effects. Cosmological Pangaea operates entirely within four-dimensional classical general

relativity, with the Einstein vacuum equations as the sole dynamical principle. All multiplicity follows

deductively from Axiom D (Distinction) and the finite zero-entropy initial state, satisfying the GR-Razor without

auxiliary entities.

Mechanism of Multiplicity
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In the string-theory multiverse, domains arise via stochastic quantum processes (tunneling) and eternal inflation,

producing causally disconnected bubbles with potentially incommensurate physical constants. In Cosmological

Pangaea, multiplicity is deterministic and geometric: fracture propagates as a classical symmetry-breaking event,

yielding domains that share identical fundamental laws but differ in large-scale geometric imprint. Terminal

equilibrium in each domain results from entropic saturation rather than vacuum decay.

Explanation of Large-Scale Asymmetries (e.g., Dark Flow)

Landscape models invoke nonlocal entanglement or gravitational corrections from adjacent universes, modifying

the Newtonian potential with a superhorizon scale L_1 on the order of 10^3 H^(-1). Cosmological Pangaea

attributes such directional biases exclusively to residual primordial gravitational gradients originating in fracture

asymmetry. No external mass concentrations or potential modifications are required, preserving the purity of the

Einstein equations.

Falsifiability and Predictive Power

The string landscape is frequently criticized for limited falsifiability, as the enormous number of vacua renders

specific predictions statistically challenging without additional selection mechanisms. Cosmological Pangaea

generates concrete, geometry-dependent predictions, dipole amplitudes in peculiar velocities, alignments of CMB

low-l anomalies with fracture propagation directions, and absence of inflationary relics, that can be confronted

directly by forthcoming surveys (Euclid, Roman Space Telescope, next-generation CMB experiments). Failure to

observe such patterns would falsify the framework.

Thermodynamic and Initial-State Consistency

Both approaches address the low-entropy initial condition, yet Cosmological Pangaea enforces zero gravitational

entropy (Penrose-Weyl criterion) at the classical level through the finite symmetric primordial object. The string

landscape typically relies on quantum-gravitational mechanisms to select or generate suitable vacua, introducing

further theoretical layers.
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Figure 5. Schematic comparison of the string-theory landscape multiverse and Cosmological Pangaea. The string landscape requires

extensive quantum-gravitational ontology; Cosmological Pangaea achieves multiplicity through minimal classical geometry.

The string-theory landscape multiverse extends beyond general relativity by invoking a rich

quantum-gravitational ontology and probabilistic selection, whereas Cosmological Pangaea achieves multiplicity

through minimal geometric evolution within established gravitational theory. The latter thereby offers a more

parsimonious, observationally discriminating alternative that remains fully compliant with the Einstein vacuum

equations. This comparison underscores the distinctive explanatory economy of the Cosmological Pangaea

framework while highlighting its potential to resolve the same observational tensions, such as coherent

large-scale flows, without the ontological overhead of string-theoretic constructions.

9.  Summary

The GR-compliant multiverse in Cosmological Pangaea is not an added postulate but a deductive geometric

consequence of the minimal axioms: Axiom D, the vacuum Einstein equations Rµν = 0, and a single finite

primordial object of zero gravitational entropy. The initial fracture unfolds spacetime into multiple domains that

differ only in their primordial cut geometry while obeying identical fundamental laws.

By reframing anomalies such as Dark Flow as fracture-imprint artifacts, the framework advances a parsimonious,

purely general-relativistic alternative to landscape or entanglement-based multiverse models. All major

cosmological phenomena emerge naturally from geometric structure and entropic evolution.

This consolidated essay provides a single, self-contained reference for understanding the world's first

GR-compliant multiverse. Quantitative modeling of specific fracture geometries will yield precise predictions for



Cosmological Pangaea  |  Geometric Derivation of Multiplicity C. Rich Walker

osf.io/vf5cw  |  DOI: 10.17605/OSF.IO/VF5CW Page 9

upcoming observational datasets, further evaluating the framework's explanatory power.
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